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Empirical Demonstrations of How the Model Parameters Relate to rWG, AD, and ICC(1) 

We conducted twenty-four simulations in order to show the relationships between the 

parameters of the model and the resulting ICC(1) and agreement values.  Twelve of the 

simulations employed a uniform underlying response distribution and the other 12 simulations 

employed a slightly skewed distribution. For each set of 12 simulations, we had six group effects 

that ranged from no group effect (sa=0) to a large group effect (sa =2.0).  Further, for each 

group effect, we simulated two shrinkage conditions: no shrinkage (q1=1, q2=0), and moderate 

shrinkage (q1=.15, q2=0.8), both with w1=30, w2=4 for the Beta distribution.  Other parameters 

included the following: the number of items (J) equaled 6; the number of Likert scale response 

options (A) equaled 5; the number of individuals per group (nk) equaled 10; and the number of 

groups (K) equaled 50.  The loading on F was b=0.7.  Each simulation was done with 1000 

replications. For each of the 1000 replicates, one ICC(1) estimate was obtained, while AD and 

rWG(J), estimates were estimated for each of the 50 groups.  The 50 estimates were then averaged 

to obtain one representative value for each replicate. In addition, rWG(J) was estimated with both 

a uniform null response distribution and a skewed null response distribution to reflect the 

respective distributions by which the data were created.  The results are presented in Tables S1 

and S2. 

________________________________ 
 

Insert Tables S1 and S2 about here. 
________________________________ 

 Regarding Table S1, the bolded numbers are the cases where ADM(J) indicates agreement 

relative to the practical significance value of .85.  For these cases, SD alpha is sufficiently large 

and/or there is large enough skewness induced by the random shrinkage effect. rWG(J) is only 
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practically significant, relative to a .70 cutoff, in part of these cases (highlighted in gray).  The 

group effect according to ICC(1) exists, relative to a .05 cutoff, for most cases.  The exception 

being the case where SD alpha is zero. 

As shown in Table S2, when the underlying response distribution is slightly skewed, AD 

is practically significant in all cases where there was shrinkage. Also, in most of these cases, SD 

alpha was moderate to large.  rWG(J) computed with a uniform null response distribution is also 

practically significant in all of the cases (highlighted in gray) where AD is practically significant.  

However, a different pattern emerges for rWG(J) computed with a skewed null response 

distribution, where the skewed null response distribution matches the underlying distribution by 

which the data were created.  Here, rWG(J) is only practically significant when SD alpha is very 

large (i.e., 2.0) and when there is shrinkage. The group effect according to ICC(1) exists for most 

cases, unless SD alpha is zero.  
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Table S1 
Results from the Uniform Underlying Distribution 
 

Case SD_Alpha Theta 1 Theta 2 ICC1 rWG_ U rWG_ S AD 
1 0.0 1.00 0.0 0.001 0.270 0.270 1.149 

2 0.0 0.15 0.8 0.001 0.405 0.405 1.065 

3 0.3 1.00 0.0 0.073 0.311 0.311 1.121 

4 0.3 0.15 0.8 0.099 0.450 0.450 1.037 

5 0.6 1.00 0.0 0.236 0.409 0.409 1.046 

6 0.6 0.15 0.8 0.299 0.542 0.542 0.960 

7 1.0 1.00 0.0 0.442 0.536 0.536 0.910 

8 1.0 0.15 0.8 0.520 0.650 0.650 0.823 

9 1.5 1.00 0.0 0.613 0.649 0.649 0.745 

10 1.5 0.15 0.8 0.681 0.740 0.740 0.662 

11 2.0 1.00 0.0 0.713 0.722 0.722 0.614 

12 2.0 0.15 0.8 0.769 0.796 0.796 0.540 

Note. The underlying uniform distribution was defined such that the probabilities for each of the 5 Likert scale 
options was .20. Bolded numbers are the cases where AD indicates agreement. Numbers highlighted in gray 
indicate the cases where rWG(J) is practically significant.  RWG_U = rWG(J) where the uniform is used as the null 
response distribution. RWG_S= rWG(J) where the "correct" distribution (distribution by which data were created) 
is used as the null response distribution. 
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Table S2 
Results from the Slightly Skewed Distribution 
 

Case SD_Alpha Theta 1 Theta 2 ICC1 rWG_ U rWG_ S AD 
1 0.0 1.00 0.0 0.001 0.656 0.319 0.902 

2 0.0 0.15 0.8 0.001 0.773 0.477 0.813 

3 0.3 1.00 0.0 0.074 0.666 0.336 0.892 

4 0.3 0.15 0.8 0.099 0.779 0.492 0.804 

5 0.6 1.00 0.0 0.240 0.693 0.389 0.857 

6 0.6 0.15 0.8 0.303 0.795 0.534 0.774 

7 1.0 1.00 0.0 0.455 0.739 0.478 0.781 

8 1.0 0.15 0.8 0.532 0.826 0.606 0.701 

9 1.5 1.00 0.0 0.631 0.791 0.580 0.670 

10 1.5 0.15 0.8 0.698 0.861 0.686 0.597 

11 2.0 1.00 0.0 0.733 0.829 0.657 0.569 

12 2.0 0.15 0.8 0.787 0.887 0.745 0.503 

Note. The slightly skewed distribution was defined such that the probabilities of the Likert scale options was as 
follows: P1=0.5, P2=0.15, P3=0.2, P4=0.35, 0.25. Bolded numbers are the cases where AD indicates agreement.  
Numbers highlighted in gray indicate the cases where rWG(J) is practically significant. RWG_U = rWG(J) where the 
uniform is used as the null response distribution. RWG_S= rWG(J) where the "correct" distribution (distribution by 
which data were created) is used as the null response distribution. 
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Explanation of the Omega Parameters in the Model  

The following graph demonstrates the distribution of Beta with two different choices of 

omegas. When both omegas equal 1, the Beta distribution is uniform, while for the other choice 

its range is much smaller. Thus, we can control the shrinkage of the response distribution.  In the 

case where both omegas equal 1, the mean and variance are 0.5 and .0833, respectively.  In the 

second case, where w(1)=30 and w(2)=4, the mean and variance are 0.8823 and 0.00297, 

respectively.  The variance in the first choice (omegas equal 1) is 28 times larger.  The example 

with the smaller variance shows the effect of shrinkage.  

________________________________ 
 

Insert Figure S1 about here. 
________________________________ 
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Figure S1 
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Graphical Displays of the Study 2 Results from the Simulated Datasets. 

In this supplement, we present histograms of the simulated data corresponding to six 

examples. The first five examples are those previously presented in Study 2 (Table 4) and the 

sixth is of a "null case," where the data were simulated for independent observations.  In each of 

the figures below, the five groups that were selected were arbitrarily chosen to be the first five 

out of the 50 groups.  The histograms within the figures are presented to assist in understanding 

the results for the scenarios in Study 2, with overall interrater agreement reported within the 

figures just for rWG. 

In Figure S2, we present the results for one item out of the six items in the scale. Each 

row shows 5 histograms of 5 groups, and each row corresponds to one of the six examples.  The 

title in each row indicates what was the mean estimated rWG averaged over the 50 groups. Thus, 

the mean value, based on 50 groups for each row, applies to each of the 5 arbitrarily selected 

groups in the same row. Each column in S2 corresponds to the same group.  

________________________________ 
 

Insert Figure S2 about here. 
________________________________ 

 

Figure S3 displays the same histograms as those in Figure S2, but ordered according to 

group. In this order, the examples can easily be compared. Each sub plot or group (i.e., Group 1 

to Group 5), shows 6 histograms of the six examples corresponding to that group.  

________________________________ 
 

Insert Figure S3 about here. 
________________________________ 
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Figure S2 
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Figure S3 
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Demonstrations of Alternative Sampling Schemes for Constructing Confidence Intervals 

	 In this supplement, we present results pertaining to the accuracy of resampling schemes 

in producing confidence intervals that include the known parameters for rWG(J), ADM(J), and 

ICC(1) when group sample size and number of groups per study vary.  As discussed in the text, 

group sample sizes were 3, 5, 10, 15, and 20, whereas the number of groups per study were 15, 

30, 45, and 60.  For the 24 combinations of group sample size and number of groups per study, 

we obtained confidence intervals for rWG(J), ADM(J), and ICC(1) for each of the five example 

applications, listed in Table 2, of our multi-level model.  In doing so, we performed four 

repetitions of each example application. The following figures correspond to the five examples in 

Table 2.  For each example, the X axis denotes the case “ID” number corresponding to each of 

the 24 combinations of group sample size and number of groups per study.  These combinations 

and ID numbers are as follows: 

________________________________ 
 

Insert Table S3 here. 
________________________________ 

The red curve in each figure shows the "true" parameter value obtained by simulations based on 

the model. The “true” parameter is designated by MC and is the median of 1,000 Monte Carlo 

samples.  TT denotes sampling from both individual and group levels, while TF denotes 

sampling only from the upper, group level. The upper and lower confidence interval limits are 

designated as “U” and “L,” respectively. The legend for each figure, using rWG as the example, 

is: 

_______________________________ 

Insert Figure S4 about here 

_______________________________ 
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As shown across figures, bootstrapping results were similar when sampling is based on both 

individuals and groups in comparison to only groups, with a slight advantage for only sampling 

from the group level when group size is very small (i.e., three).  That is, the “true” population 

parameter was more frequently within the confidence interval limits for sampling only groups 

when the sample size is three persons per group. 

________________________________ 
 

Insert Figure S5 about here. 
________________________________ 
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Table S3 
Group Sizes and Number of Groups per Study for Additional Simulations 

ID Number of Groups Group Size 
1 15 3 
2 30 3 
3 45 3 
4 60 3 
5 15 5 
6 30 5 
7 45 5 
8 60 5 
9 15 10 
10 30 10 
11 45 10 
12 60 10 
13 15 15 
14 30 15 
15 45 15 
16 60 15 
17 15 20 
18 30 20 
19 45 20 
20 60 20 
21 15 30 
22 30 30 
23 45 30 
24 60 30 
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Figure S5 
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