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ARTICLE INFO ABSTRACT

Keywords: Purpose: Cluster randomized controlled trials (cRCTs) are popular in school-based research designs where schools
Cluster randomized controlled trial are randomized to different trial arms. To help guide future study planning, we provide information on antici-
Effect size

pated effect sizes and intra-cluster correlation coefficients (ICCs), as well as school sizes, for dating violence (DV)
and interpersonal violence outcomes based on data from a ¢cRCT which evaluated the bystander-based violence
intervention ‘Green Dot’.

Methods: We utilized data from 25 schools from the Green Dot High School study. Effect size and ICC values
corresponding to dating and interpersonal violence outcomes are obtained from linear mixed effect models. We
also calculated the required number of schools needed for future studies utilizing available methods that do and
do not consider variation in school size.

Results: Observed effect sizes for DV outcomes range from 0.06 to 0.11. Observed ICC values for DV outcomes
range from 0.0006 to 0.0032. The upper limit of 95% ClIs for the true ICCs range from 0.0023 to 0.0070.
Conclusion: School-based evaluations with violence outcomes are expected to have small effect sizes. Observed
ICCs are less than 0.005 and upper limit of of 95% ClIs for the true ICCs are less than 0.01. Designing school-based
cRCTs should account for the ICC, even if its value is assumed to be negligible. Furthermore, variation in school
sizes should also be accounted for to avoid having too few schools to achieve the desired power.

Intra-cluster correlation coefficient
Sample size calculation

Dating violence

Sexual violence

1. Introduction

Cluster randomized controlled trials (cRCTs) are trials in which
entire clusters of subjects are randomized to different trial arms, and the
intervention is applied to entire clusters [1,2]. Popular examples of
possible clusters include, but are not limited to, health care organiza-
tions, communities, and in regard to our focus, schools. Although
schools are randomized, outcomes are obtained at the student-level.

In violence prevention effectiveness evaluations, school-level cRCTs
are regularly being used. There are several possible advantages to
randomizing schools as opposed to individual students. In general,

applying the intervention to the entire school is advantageous in that
contamination is avoided [3-5] and school-wide implementation is
logistically more convenient [6]. School-level cRCTs provide an
approach to rigorously evaluate interventions that address outcomes
that are unlikely to be disclosed without student anonymity (such as
reports of violence victimization or perpetration) [7]. In many cases,
interventions are better suited to school-wide delivery rather than to
individuals [5,8].

Researchers conducting school randomized trials must explicitly
account for between-school differences in outcomes that are not
explained by covariates, i.e., clustering, both while designing the study,
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which is our focus in this manuscript, as well as when analyzing data
collected from the study. In practice, to calculate the number of schools
needed to conduct a cRCT with a pre-specified significance level and
statistical power to test for an intervention effect, multiple pieces of
information are required. Besides the desired significance level, power,
and effect size, numerical information is needed on school sizes (number
of subjects from whom data are collected) and the intra-cluster corre-
lation coefficient (ICC) [9], which quantifies the degree of clustering.
Therefore, as emphasized in other settings (e.g. Refs. [3,10,11,14,15],
there is a significant need for studies to publish not only their infor-
mation on effect sizes but ICC values as well.

Although the information on effect sizes, school sizes, and the ICC is
needed, accurate information may be difficult to have in hand when
calculating the required number of clusters. Essentially, although results
from trials include effect size estimates in some form, often design fea-
tures such as variability in school sizes, and especially ICCs, are not fully
reported. For instance Ref. [16], were able to obtain effect size estimates
from 5 studies and perform a meta-analysis from which they reported
effect sizes of —0.21 [95% CI: —0.41, —0.02] for dating violence
victimization and —0.01 [95% CI: —0.04, 0.05] for dating violence
perpetration. However, in a systematic review by Ref. [17], only one of
the cRCTs reported ICC values [6] among 38 studies included in their
review manuscript.

This lack of reporting in the literature can make designing a future
cRCT challenging. The purpose of this manuscript is to offer guidance
and best practice for the study design of future violence prevention
cRCTs in school settings. Utilizing data from the Green Dot High School
(GDHS) study, we provide information on observed school sizes, effect
sizes, and ICC values specific to victimization and perpetration outcomes
related to sexual and dating violence in teens. These student-level
violence outcomes of focus are descriptively presented in Table 1. Spe-
cifically, sexual & dating violence in teens includes stalking (repeated
pattern of following, harassing, or threat), sexual violence (SV) (un-
wanted sexual contact), physical and psychological dating violence,
sexual harassment (unwanted derogatory sexual comments or gesture),
and reproductive coercion with a dating relationship [12,13,18].
Finally, we present the required numbers of clusters for observed and
generalized effect size and ICC values to facilitate expectations for future

Table 1
Individual student level outcome characteristics.

Variables Mean (SD) Median (Min - 1st quartiles — 3rd
Max) quartiles
School/Cluster Size 553 (205) 576 (227-963)
Victimization
Unwanted sex 0.69 (3.12) 0 (0-30) 0-0
Physical DV 0.31 (1.43) 0 (0-10) 0-0
Psychological DV 2.90 (6.56) 0 (0-40) 0-2
Sexual Harassment 2.86 (5.44) 0 (0-30) 0-3
Stalking 1.49 (4.05) 0 (0-30) 0-1
Reproductive 1.16 (3.45) 0 (0-30) 0-1
coercion
Perpetration
Unwanted sex 0.41 (2.82) 0 (0-30) 0-0
Physical DV 0.19 (1.11) 0 (0-10) 0-0
Psychological DV 1.32 (4.52) 0 (0-40) 0-1
Sexual Harassment 0.77 (3.34) 0 (0-30) 0-0
Stalking 0.48 (2.86) 0 (0-30) 0-0
Total violence 11.42 3 (0-280) 0-12
(26.50)

Total number of individuals: n = 13816 (Intervention: 7046; Control: 6770).
DV = Dating Violence.
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study planning.
2. Method
2.1. Bystander-based violence prevention intervention evaluated

This analysis was based on previously collected data from the cRCT
design which evaluated the bystander-based violence prevention inter-
vention ‘Green Dot’. Details on the GDHS study can be found in previous
publications [12,13,19,20]. The high school version of ‘Green Dot was
adapted by the developer based on the prior college version. Unique to
the high school-based Green Dot is its use of Rape crisis center staff
trained as intervention educators to provide this intervention to students
in two phases. In phase 1, students received a 50-min long school-wide
general speech. These cogent speeches provided students with training
to identify the green and red dots and their potential role as active by-
standers to prevent and reduce SV at schools [21]. In phase 2, students
were selected by teachers and school administrators to participate in
intensive popular opinion leader (POL) training. Students were chosen
as leaders whom others respected, followed, or emulated, and they
didn’t need to have academic, athletic, or social leadership skills [12,
13]. The training lasted for 5 h and included role-playing and more
interactive skill-building for employing bystander behaviors. While
POLs were identified and invited, the training sessions were kept open to
other students when space permitted [12,13]. Both training phases
focused on violence victimization, as well as perpetration and other
prosocial behaviors to identify circumstances that may lead to violence.
Both phases also trained students to act directly, to distract, or to dele-
gate to others to prevent and reduce the risk of violence [12,13]. The
intervention training focused not only on SV and DV, but also on sexual
harassment, stalking, and other interpersonal violence. Using a diffusion
approach, the speeches provide the foundational training, but the
intensive POL education offers the opportunity for peers to diffuse the
bystander behaviors as part of the school culture [22].

2.2. Study design and data collection

As described in Ref. [21]; Green Dot was implemented in 26 schools
randomized to the intervention (Green Dot) versus control (standard
awareness education) conditions. Details for data collection methods are
discussed elsewhere [21,23]. Briefly, school-based surveying was con-
ducted such that all students, grades 9 to 12, were invited to complete an
annual 99 item paper-and-pencil, anonymous questionnaire that took
approximately 25-40 min to complete. Training began in fall 2010;
surveys were conducted over a 5-year (2010-2014) period. Study
personnel traveled to each school every year to identify 1 or 2 days in the
spring semester on which the majority of the students would be present.
These 26 schools were selected based on their statewide distribution
from 13 administrative districts; two schools per district were random-
ized to intervention or control arm. In this manuscript, Year 4 (2013)
data are used as this is the year when the study was fully implemented; i.
e., the maximum proportion of POLs in GDHS study were selected at that
year [12,13]. One school in the control arm dropped out at year 2 (2011)
[21]; therefore, in this manuscript, data from 25 remaining schools (13
intervention, 12 control) are analyzed. To perform this secondary data
analysis, we have obtained permission from the primary investigators of
the study. The study protocol was approved by the University of Ken-
tucky IRB (13-0680-F1V).
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2.3. Calculation of effect size and ICC

The effect size of interest is based on Cohen’s d, defined as the dif-
ference in means divided by the standard deviation [24]. The outcome
variables in this manuscript are continuous variables calculated from
instruments described in details in the appendix of [21]. In order to
calculate the effect size corresponding to any given outcome, linear
mixed effects models were utilized. For the jth student from the ith
school in the GDHS, the linear mixed effects model [25] is formulated as
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This approximation only works well if k is “large” due to the use of
critical values, z, from a standard normal distribution. Therefore, critical
values from a t-distribution may be preferred. For instance, we utilize an
R (R core [29] function provided by Ref. [3]. If the calculated number of

vi =Py + P 1:(Green Dot) + p,X; + b;+¢;; i= 1, 2, 3, &, 25j= 1,2, 3, & m i

In this model, y; is the value of the outcome from the jth student in
the ith school, I;(Green Dot) is the intervention indicator for school, and
X; is the baseline school-level mean of the given outcome from the i
school. Furthermore, b; is the ith school’s random effect/intercept which
has a mean of 0 and a variance denoted by 62,.,,,, » which quantifies
variability in school-specific means. Finally, ¢; is a random error with
mean 0 and a variance denoted by 62, which quantifies within-school
variance. As a result, the variance of the outcome is 62, ,0n + Cihin-
Therefore, based on this statistical model, the effect size is calculated as
the difference in means between the two trial arms, f;, divided by the

standard deviation of the outcome, given by /02, . +02.. . Asa

result,

B
2
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The ICC is inherently estimated with the linear mixed effects model
via the use of the two variance components [9,25,26]. Specifically,

O.Zz'lwz'en
fee= G[Eelween + Uvzuillzin7
showing that the ICC is the proportion of the total variance in the
outcome that is a result of between-school variation.

These models are fit using the GLIMMIX procedure of SAS 9.4 [27].
Confidence intervals (95%) are calculated for each ICC using the pro-
cedure proposed by Ref. [28], as implemented in SAS code from
Ref. [10]. The upper bounds of these intervals are presented in our re-
sults to provide conservative values.

We note that the primary analysis of data from the GDHS study
utilized school-level sums of student responses to account for clustering
due to the longitudinal evaluation of the anonymous student survey. In
this manuscript, we analogously analyze student-level data and account
for clustering via the incorporation of a random effect.

2.4. Calculation of required number of clusters

In GDHS, students are clustered by schools, and schools were ran-
domized. As violence prevention studies often examine student-reported
outcomes for interventions delivered at the school level, study design
must consider the number of clusters or schools. In order to calculate the
required number of clusters to design a cRCT to assess the efficacy of the
intervention versus control, information on desired level of significance
(a), type II error rate (f = 1 — power), the standard deviation of the
outcome variable, the cluster size ( m; the average high school size), the
ICC, and the effect size are needed. It can be shown (see pages 54 and 78
of [3] that the required number of schools per arm, k, can be approxi-
mated by,

clusters per arm is less than 20, their function replaces 2;_,/» and z;_4
with t(l —%,k—2> and t(1 —p, k—2), respectively, which are the cor-

responding critical values from t-distribution with k-2 degrees of
freedom. We note that although an ICC value of 0 corresponds to the
case of independence, the sample size approach utilizes degrees of
freedom equaling to the number of clusters minus 2 which accounts for
the possibility of clustering as is required in the data analysis. Due to the
use of k within the degrees of freedom, their function utilizes an iterative
process to provide a final value for k. To use this function, the initial
value of k, calculated using the sample size formula above, has to be
more than 2. Note also, the solution for k may not be an integer, and
therefore the reported value for k should be the calculated value
rounded up to the next integer to ensure the nominal power.

For school-based studies, school sizes are often not fixed. Unfortu-
nately, variation in cluster sizes is a source of imprecision in the above
sample size calculation [30-32]. To account for this potential impreci-
sion, the above formula can be adjusted using the coefficient of variation
(cv = Sdf’“m’m; here, sd. jseersize 1S the standard deviation of school size) of

m
school sizes. As given by Ref. [32], the adjusted number of clusters per
arm should be, kqg = m, % We note that
this adjustment should be made prior to rounding, as described in the
previous paragraph, or the required number of clusters per arm may be
one more cluster than is actually needed. To carry out calculations that
account for cluster size variation, we incorporate the adjustment of [32]
within the R (R core [29] function provided by Ref. [3]. In the Appendix,
we demonstrated a way to modify the R code provided by Ref. [3] to

calculate the required number of schools to design a cRCT.

where 0 =

3. Results

The GDHS included 25 schools having an average size of 553 (SD =
205) (Table 1), with sizes ranging from 227 to 963 (Table 1). Table 2
presents calculated effect sizes, ICCs, and upper limits of corresponding
95% confidence intervals based on analyzing violence outcomes from
GDHS, adjusted for baseline characteristics. For various cluster sizes and
variations in cluster sizes, Table 3, 4 and 5 provide the minimum
number of clusters required per trial arm to have at least 80% or 90%
power for two-sided tests at the 5% significance level.

The estimated effect sizes for different violence outcomes range from
—0.06 (physical DV) to —0.10 (sexual harassment) for victimization and
—0.06 (unwanted sex) to —0.08 (sexual harassment) for perpetration.
The effect size for all violence is —0.11 (victimization or perpetration or
both). We note that the negative effect size indicates that the interven-
tion reduces the incidence of violence in the intervention arm compared
to the control arm.

The estimated ICC values for violence outcomes range from 0.0006
to 0.0032. The ICC value for all violence (victimization or perpetration
or both) is 0.0018. The upper limit of 95% CIs for the true ICCs range
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Table 2
Observed effect sizes, ICCs and upper limits of corresponding 95% confidence intervals, and minimum numbers of clusters per arm for fixed and varying cluster sizes
for given ICC and ICC UL values for both 80% and 90% power at a two-sided significance level of 0.05.

Variable Observed ICC ICCUL  Number of clusters required per trial arm
Effect Size”
Power = 80% Power = 90%
For ICC For ICC UL For ICC For ICC UL
Fixed Varying Fixed Varying Fixed Varying Fixed Varying
cluster cluster size* cluster cluster size* cluster cluster size® cluster cluster size®
size” size” size” size”
Victimization
Unwanted sex —0.08 0.0006  0.0026 9 9 13 14 11 11 17 18
Physical DV —0.06 0.0008 0.0032 14 14 22 23 18 18 30 31
Psychological —0.07 0.0032  0.0070 19 19 29 29 22 23 38 39
DV
Sexual -0.10 0.0017 0.0044 8 8 12 13 10 11 16 16
Harassment
Stalking —0.08 0.0003  0.0024 8 9 13 13 10 10 16 17
Reproductive —0.06 0.0022  0.0055 20 21 32 33 24 25 43 44
coercion
Perpetration
Unwanted sex —0.06 0.0019  0.0050 19 19 30 31 22 23 40 41
Physical DV -0.07 0.0008 0.0032 11 12 19 19 14 14 22 23
Psychological —0.07 0.0003  0.0023 10 10 16 16 12 12 20 21
DV
Sexual —0.08 0.0025  0.0060 13 14 22 22 17 17 26 27
Harassment
Stalking —0.07 0.0017  0.0049 14 14 22 23 18 18 29 30
Total violence —0.11 0.0018 0.0048 7 8 11 12 9 9 14 14

ICC =Intra-cluster correlation coefficient.
ICC UL = upper limit of the 95% confidence interval of ICC, represents a potential upper bound on ICC.
DV = Dating Violence.
All regression equations are adjusted for a specific baseline school-level covariate.
@ Bffect size Adjusted mean difference of outcome in intervention arm and the control arm

Y Fixed cluster size is the school size averagg %?%gﬁ%(ggeg?ﬁ%%&.
¢ Allow school size to vary utilizing the standard deviation of school size of 205.

Table 3
Minimum number of clusters required per trial arm for a range of effect sizes, ICCs and 80% and 90% power for average school size of 400 for fixed and varying cluster
size at a two-sided significance level of 0.05.

Effect Size® ICC Number of clusters required per trial arm
Power = 80% Power = 90%
Fixed Cluster Size” Varying Cluster Size® Fixed Cluster Size” Varying Cluster Size*
SD = 100 SD = 200 SD = 300 SD =100 SD = 200 SD = 300
0.05 0 18 18 18 18 22 22 22 22
0.0001 19 19 19 19 22 22 23 23
0.001 22 23 24 25 30 30 31 34
0.005 48 48 50 54 63 64 67 72
0.01 79 80 82 87 105 106 110 116
0.10 0 7 7 7 7 8 8 8 8
0.0001 8 8 8 8 8 8 8 8
0.001 8 8 9 9 10 10 11 12
0.005 14 15 15 16 18 19 19 21
0.01 22 22 23 24 27 27 28 29
0.15 0 3 3 3 3 4 4 4 4
0.0001 3 3 3 3 4 4 4 4
0.001 4 4 4 4 5 5 5 5
0.005 8 9 9 10 10 10 11 11
0.01 12 12 12 13 14 14 15 16

SD = Standard deviation.
ICC= Intra-cluster correlation coefficient.
Mean of outcome in intervention arm — Mean of outcome in control arm

a .
Effect size pooled standard deviation

b Average school size is 400.
¢ Allows school (cluster) size to vary utilizing standard deviation of cluster size.
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Table 4
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Minimum number of clusters required per trial arm for a range of effect sizes, ICCs and 80% and 90% power for average school size of 500 for fixed and varying cluster

size at a two-sided significance level of 0.05.

Effect Size” ICcC Number of clusters required per trial arm
Power = 80% Power = 90%
Fixed Cluster Size” Varying Cluster Size® Fixed Cluster Size” Varying Cluster Size®
SD =100 SD = 200 SD = 300 SD =100 SD = 200 SD = 300
0.05 0 15 15 15 15 19 19 19 19
0.0001 16 16 16 16 20 20 20 21
0.001 21 22 22 23 26 26 27 28
0.005 44 45 46 48 59 60 61 64
0.01 76 76 77 80 101 102 103 106
0.10 0 5 5 5 5 7 7 7 7
0.0001 5 5 5 5 8 8 8 8
0.001 7 7 8 8 10 10 10 10
0.005 14 14 14 15 17 17 18 19
0.01 21 21 22 22 26 26 26 27
0.15 0 3 3 3 3 3 3 3 3
0.0001 3 3 3 3 3 3 3 4
0.001 4 4 4 4 4 4 4 5
0.005 8 8 9 10 10 10 10
0.01 11 11 11 12 14 14 14 14

SD = Standard deviation.
ICC= Intra-cluster correlation coefficient.

@ Effect size

Mean of outcome in intervention arm — Mean of outcome in control arm

b Average school size is 500. pooled standard deviation

¢ Allows school (cluster) size to vary utilizing standard deviation of cluster size.

Table 5

Minimum number of clusters required per trial arm for a range of effect sizes, ICCs and 80% and 90% power for average school size of 600 for fixed and varying cluster

size at a two-sided significance level of 0.05.

Effect Size" ICC Number of clusters required per trial arm
Power = 80% Power = 90%
Fixed Cluster Size” Varying Cluster Size® Fixed Cluster Size” Varying Cluster Size“
SD =100 SD = 200 SD = 300 SD =100 SD = 200 SD = 300
0.05 0 13 13 13 13 17 17 17 17
0.0001 14 14 14 14 17 17 18 18
0.001 19 19 20 20 23 23 24 24
0.005 42 43 43 44 56 57 58 59
0.01 74 74 75 76 98 99 100 101
0.10 0 4 4 4 4 7 7 7 7
0.0001 4 4 4 4 6 6 6 6
0.001 8 8 8 8 8 8 8 9
0.005 13 13 13 14 17 17 17 17
0.01 21 21 21 22 25 25 25 26
0.15 0 3 3 3 3 3 3 3 3
0.0001 3 3 3 3 3 3 3 3
0.001 3 3 3 4 4 4 4 4
0.005 7 7 9 9 9 9
0.01 11 11 11 11 13 14 14 14

SD = Standard deviation.
ICC= Intra-cluster correlation coefficient.

2 Effect size

Mean of outcome in intervention arm — Mean of outcome in control arm

b Average school size is 600. pooled standard deviation

¢ Allows school (cluster) size to vary utilizing standard deviation of cluster size.

from 0.0023 to 0.0070. The upper limit of CIs of the true ICC of all
violence (victimization or perpetration or both) is 0.0048. Overall, the
estimated ICCs from the GDHS study data is less than 0.005. The upper
limits of corresponding ICC values are less than 0.01.

Results presented in Table 3, 4 and 5 focus on general effect size and
ICC ranges based on values observed in Table 2. More tables are
included in the Appendix. These tables demonstrate multiple important
findings. First, as expected, magnitudes of effect sizes, ICC values, and
desired power influence the calculation of the required number of
schools. As calculated by the sample size formula, effect size has an
inverse relationship with the required number of schools. The required

number of clusters or schools drastically decreases as the effect size in-
creases by only 0.05 (Table 3, 4 and 5). In contrast to effect sizes, the
sample size formula dictates that the required number of schools in-
creases with the ICC value. Similarly, the greater the desired power, the
greater the required number of schools. Second, it is evident from the
results in Table 3, 4 and 5 that the presence of even apparently negligible
ICC values can have a considerable impact on the required number of
clusters. For instance, a realistic ICC value of 0.005, which is seemingly
negligible, more than doubled or tripled the required number of clusters
across the settings. Third, accounting for variation in cluster sizes could
increase the required number of schools by more than 1 per arm in order
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to avoid sub-nominal power. The higher the cluster size variation, the
greater the impact on the required number of clusters.

4. Discussion

The effect sizes observed from this study indicate small, but notable,
reductions in student-level dating violence victimization and perpetra-
tion in the intervention schools compared to the control schools.
Student-level effect sizes for victimization and perpetration of physical
DV in our study fall within the range of effect sizes calculated by
Ref. [16] from other school-based dating violence studies in their review
paper. However, the magnitude of effect size for the perpetration of
physical DV in our study (—0.07) is larger compared to the effect size
computed in their meta-analysis (—0.01; 95% CI: —0.04, 0.05).
Furthermore, for the victimization of physical DV, the effect size in our
study (—0.06) is smaller compared to their findings (—0.21; 95% CI:
—0.41, —0.02) as their effect sizes were based on different dating
violence programs. Overall, these results demonstrate that when
designing future cRCTs for testing an intervention, it may be reasonable
to assume the magnitude of effect size between 0.05 and 0.10 for SV and
DV outcomes in school settings.

The ICCs observed in this study are small (less than 0.005), as is often
the case when cluster sizes are large [30,33-35]. This is also consistent
with previous findings that ICC and prevalence are associated [15].
Specifically, SV and DV at the student-level are not relatively frequent,
and therefore small ICCs for corresponding violence outcomes are ex-
pected. Researchers may utilize these reported effect sizes and ICCs as
guideline values when calculating the number of schools required for
their future trials.

To calculate effect sizes for each outcome, we utilized standardized
mean differences proposed by Ref. [24]. These effect size measures can
be generalized despite the unit of measurements of these outcomes in
different studies. Although these results are specific to sexual and dating
violence in school-based settings, these results can further be general-
ized to other outcomes in school settings.

The current study provides one of the broadest collections of effect
sizes and ICCs for variables relating to dating violence. Future research
is needed with other study populations and violence outcomes to
determine if similar effect sizes and ICC values are observed. In general,
we encourage the publication of effect size, ICC, and cluster size infor-
mation from cRCTs.

When there is a presence of natural clustering among subjects, ac-
counting for it is a must. When cluster sizes are large, which is the case
for school-based cluster designs, even very small ICC values have a
notable impact on the required number of clusters through design effect,
as design effect is a function of ICC values and mean cluster size, hence
the total number of subjects. For instance, the design effectis 1+ (m —
1)ICC. For an average school size of 500 and an ICC value of 0.001, the
design effect is 1.50. This means that the number of subjects needed per
trial arm needs to be inflated by 1.5 times compared to when the ICC
value was ignored (see page 56 of [3]. Therefore, even though the ICC
values we observed appear small in magnitude, their impact can be quite
notable, and hence even what may seem to be a negligible ICC should
not be ignored when designing a cRCT.

Our sample size calculations used the average school size as well as
variation in school sizes based on the GDHS study. At times, ignoring the
school size variation can result in too few clusters, and hence sub-
nominal power. As such, we strongly recommend the use of an appro-
priate sample size calculation, such as the use of the [3] function along
with the [32] adjustment, as demonstrated in the Appendix.

Although the continuous outcomes of focus are not normally
distributed, linear mixed effects models are robust and provide the
correct formula for the ICC for continuous outcomes [25,26,36].
Furthermore, our models did not adjust for any covariates except for the
baseline school-level mean of the given outcome variable to mimic a
primary data analysis. However, secondary data analyses adjusting for

Contemporary Clinical Trials Communications 23 (2021) 100831

other meaningful covariates may increase power via the potential
reduction of the ICC value and/or the within-school variance of the
given outcome. In short, adjustment for school-level covariates may
reduce the between-school variance, hence lowering the ICC value and
increasing power. Similarly, adjusting for student-level covariates may
reduce within-school variance, thus increasing power.
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