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Abstract

Background The cluster randomised trial (CRT) design is increasingly used to evaluate the impact of school-based
interventions for improving social-emotional functioning outcomes in pupils. Good knowledge is required on plausi-
ble values of the intra-cluster correlation coefficient (ICC) of the outcome to calculate the required sample size in such
studies. Using data from five school-based CRTs in the UK, we estimate, and describe patterns in, ICCs for social-emo-
tional functioning outcomes.

Methods Mixed effects linear regression models were fitted to estimate the ICC and variance components. Estimates
for baseline data were obtained by fitting “null”models that had no predictor variables; estimates at follow-up were
adjusted for trial arm status.

Results Five hundred and twenty-nine (529) ICCs were estimated. Variation across clusters in the outcomes was pre-
sent at the school, year group and classroom levels. Overall, the ICCs were not markedly different between the pri-
mary and secondary school settings. Most of the school- and classroom-level ICCs were less than 0.04 for pupil-
reported outcomes and less than 0.035 for parent-reported outcomes; a notable exception for pupil-reported
outcomes was for outcomes that reflect a common experience shared by children, such as school climate,

where the ICCs were as large as 0.1. The ICCs for teacher-reported outcomes (up to 0.1 at the school level and 0.2

at the classroom level) were larger than for pupil- and parent-reported outcomes. In the CRT that allocated schools
to trial arms and only sampled one classroom from each school, the nominal school-level ICCs for teacher-reported
outcomes took values up to 0.25. ICCs for teacher-reported measures of internalising behaviour problems and pro-
social behaviour were larger than for externalising behaviour problems.
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of the ICC to calculate sample size.

Social-emotional functioning

Conclusions When randomising school clusters, sub-sampling of lower-level clusters such as classrooms should

be accounted for in the sample size calculation. Teacher-reported ICCs are likely to be greater than those for pupil-
and parent-reported outcomes as teachers will often provide data for many or all pupils in a given school or class-
room. Differences across reporter type and across outcomes need to be considered when specifying plausible values

Trial registration STARS study (ISRCTN84130388); KiVa study (ISRCTN23999021); PACES study (ISRCTN23563048);
PROMISE study (ISRCTN19083628); MYRIAD study (ISRCTN86619085).

Keywords Cluster randomised trials, Intra-cluster correlation coefficient, Schools, Classrooms, Pupils, Mental health,

Background

Social-emotional functioning represents the capacity to
understand, experience, express, and manage emotions
and to develop meaningful relationships with others [1].
It encompasses concepts including, but not restricted
to, mental health, behaviour, well-being, emotional chal-
lenges, bullying, neurodiversity and self-esteem. As
approximately half of adult mental disorders have their
onset during adolescence [2], there has been an increased
focus on improving social-emotional functioning in chil-
dren and young people [1, 3, 4]. Schools are recognised
for the role they can play in the promotion of health in
children and young people [5-7]. They provide an ideal
setting in which to intervene to support good social-
emotional health during the key developmental years of
a young person’s life and to evaluate such activities, given
the time that children and adolescents spend in school.

The cluster randomised trial (CRT) design is increas-
ingly used to evaluate the impact of interventions
administered in the school setting for improving social-
emotional functioning outcomes [8—15]. CRTs are stud-
ies in which entire clusters of participants such as health
organisations, geographic areas or other organisations
are allocated to trial arms and outcomes are measured on
the individual participants within those clusters [16-20].
In school-based studies, the allocated clusters may be
entire schools, year groups, classrooms or teachers [21].
In the school setting, the CRT design may be preferred to
the traditional individual randomised trial (IRT) design
in which individual participants are allocated because the
interventions are naturally delivered to clusters of pupils
(e.g., educational lessons, changes in school policy) or
to avoid contamination between trial arms that might
otherwise result if individual pupils are allocated within
clusters [21].

An important consideration in CRTs is that the
responses of participants in the same cluster tend to be
more similar than those of participants from different
clusters. The method used to calculate the total number
of participants required in a CRT needs to take within-
cluster similarity into account, because, as a result of this,

each participant in a CRT contributes less information
than each participant in a trial that randomises individual
participants. The number of participants that would be
required in an IRT needs to be multiplied by the design
effect (DE) [17], also known as the variance inflation fac-
tor, to obtain the number of participants required in a
CRT. For a simple design with continuous or binary out-
comes, where the same number of participants (1) pro-
vide outcome data in each cluster, the design effect is:

DE=1+n—-1)xp

where p is the intra-cluster correlation coefficient (ICC)
of the outcome. The ICC quantifies the similarity or cor-
relation between participant responses within clusters.
It can be defined as the proportion of the total variation
in the outcome that is between clusters as opposed to
between individuals within clusters

2
%

P= of +o2

where af is the between-cluster variance component and
o2 is the within-cluster variance component. The larger p
is, the greater the design effect and, therefore, the greater
the additional number of participants that need to be
recruited in a CRT to allow for clustering.

In order to calculate the required sample size for a
CRT, good knowledge is required on plausible values of
p to assume for the outcome of interest and the type of
cluster to be randomised [22]. The challenge of identify-
ing good estimates of the ICC was highlighted in a sys-
tematic review of definitive school-based CRTs in the
UK, where the assumed ICC for the primary outcome
in the sample size calculation was often markedly differ-
ent from the ICC estimated from the resulting study data
[21]. This is consistent with findings in the wider CRT
literature [23] and may reflect the lack of availability of
relevant and precise estimates of the ICC at the time of
sample size calculation. The rate of publication of school-
based CRTs with health outcomes on pupils is increas-
ing, but, despite there being a specific reporting item in
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the CONSORT statement for CRTs [24], many authors
do not report estimates of p from their studies; just 55%
(18/33) of papers published after the 2012 CONSORT-
CRT extension were reported to have done so in the sys-
tematic review of definitive school-based CRTs [21].

Several papers have collated school-based ICCs for
social-emotional functioning outcomes [25-29], mostly
using data from studies undertaken in the United States.
In a study reporting ICC estimates from school-based
CRTs worldwide with health outcomes, the median
school level ICC for social-emotional functioning out-
comes (0.05) was not dissimilar to those for outcomes
related to smoking, alcohol use, dental/oral health, infec-
tion disease, nutrition and violence, but was slightly
higher than for physical activity (0.035), adiposity (0.027)
and general health (0.025) outcomes [30]. The literature
indicates that ICCs for social-emotional functioning out-
comes range from around 0 to 0.1 [29-31], but this is too
wide to usefully inform sample size calculations given
that the design effect can be sensitive to the assumed
ICC value, especially when large numbers of participants
are sampled from each cluster. Greater knowledge is
required on patterns in ICC values and the factors that
are predictive of them.

Several considerations need to be made when specify-
ing the ICC to calculate the sample size for school-based
CRTs. First, when designing a CRT in the school setting,
there are different levels at which cluster randomisation
can be undertaken, including schools, year groups and
classrooms. Randomising smaller, lower-level cluster
types like classrooms has a greater risk of contamination
between trial arms than if entire schools are randomised
as, in the former scenario, pupils can interact between
trial arms within the same school. Studies that randomise
lower-level clusters are, however, potentially more effi-
cient as they will typically include a larger number of
allocated cluster units, given that there are, for exam-
ple, more classroom units than school units [32]. The
potential advantages and disadvantages of randomis-
ing at each level need to be considered when planning a
school-based CRT. This requires knowledge of the com-
ponents of variance and the ICC at the levels of cluster-
ing at which randomisation might be undertaken in the
school setting, and an assessment of the potential risk of
contamination resulting from allocating clusters at those
levels [12, 33].

Second, sample size calculations are usually undertaken
for CRTs that have a simple two-level data structure,
explicitly recognising variation in the outcome at the level
of randomisation (the allocated cluster) and the level of
observation (the individual participant). In CRTs where
school clusters (level 3 — highest level) are randomised,
participation may be restricted to pupils (level 1 — lowest
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level) that are members of lower-level sub-clusters (level
2 — intermediate level), such as classrooms, that are sub-
sampled to participate in the study [10, 11, 34—36]. When
planning such studies, outcome variation at the randomi-
sation level (school), the intermediate/sub-sampling level
(e.g., classroom) and observation level (pupil) should be
taken into account [37]. The design effect for a CRT that
has a three-level structure is impacted by the relative
sizes of the components of variance at each level and the
number of intermediate-level clusters sampled from each
school [37-39]. In studies that randomise schools, the
more intermediate-level cluster units sampled from each
school the more efficient the design. Design effect formu-
lae that are appropriate for cluster trials where interme-
diate level clusters are sub-sampled [37] should be used,
but this requires knowledge of the components of varia-
tion (or ICC) at all levels of the design.

Finally, a characteristic feature of school-based trials of
interventions for improving social-emotional function-
ing of pupils is the reporting of outcomes by different
sources, specifically by the pupils themselves, parents/
carers and teachers. The components of variance and
ICC may depend on who reports the outcome and this
needs to be considered when specifying an appropriate
ICC value for the sample size calculation for a planned
school-based CRT.

In the review of ICC estimates from school-based CRTs
worldwide, outcomes categorised under social-emotional
functioning were the most common, with just over a
fifth of the 246 studies reporting such outcomes as pri-
mary [30]. The review used characteristics of the studies
(e.g., region, education stage, type of cluster allocated) to
explore patterns in ICC values and identify aspects of the
design and study setting that determine their values. The
relationships examined between those characteristics
and the ICC were potentially confounded by other design
and contextual differences across the studies. Further-
more, the analysis only used data that were reported in
the papers.

The current paper reports findings from a secondary
analysis to estimate the intra-cluster correlation coef-
ficient and components of variance for social-emotional
functioning outcomes using raw data from five school-
based CRTs in the UK. The use of raw datasets from
CRTs provides more control over the level of detail that
can be reported on the ICCs and the method of their cal-
culation as the data for the analysis are not restricted to
the information reported in the publications. For exam-
ple, the components of variance at the school, year group,
classroom and pupil levels, statistics that are generally
not reported, are readily calculated. The analysis of raw
data also facilitates the use of within-study information
to examine characteristics that are potentially associated
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with the ICC. Finally, through use of raw data, there is
the opportunity to comprehensively report the ICC for
all relevant pupil outcomes reported by different people
in those studies.

Methods

Datasets

The datasets used in this secondary analysis are from
five published school-based CRTs undertaken in the UK
that evaluated interventions for improving pupils’ social-
emotional functioning outcomes [8, 11, 14, 15, 35]. Eth-
ics approval and consent from participants were obtained
by the investigators for the original studies. Permission
to use these data in the current paper was granted by
the principal investigator for each study, while individual
participant information and consent permitting such
future secondary analyses were covered by the original
agreements. All cluster-level and individual-level data
were anonymised in the original studies. Ethical approval
for use of the datasets was granted by the University of
Exeter Medical School Research Ethics Committee.

Table 1 summarises the characteristics of the CRTs,
Table 2 summarises the demographic characteristics of
participants and Supplementary Table S1 provides infor-
mation regarding the outcomes, measures, reporters and
the methods used to calculate total scores for the meas-
ures in each study. The datasets are described below,
referring to studies by their acronym throughout.

STARS

Supporting Teachers and childRen in Schools (STARS)
[11] was undertaken in primary schools in the South
West of England. The aim of the study was to evalu-
ate whether the Incredible Years® Teacher Classroom
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Management (TCM) programme [40] improves chil-
dren’s mental health, behaviour and enjoyment of school.
Participants were pupils aged 4-9 years (Reception to
Year 4). The study used a two-arm parallel CRT design
that recruited three cohorts of schools (clusters), one
for each of the 2012/13, 2013/14 and 2014/15 academic
years. Schools were randomised to either the TCM pro-
gramme (intervention arm) or teaching-as-usual (control
arm) (Table 1). One classroom and its teacher were sub-
sampled from each recruited school for participation.
Eighty (80) schools were randomised, and 2075 pupils
were recruited to the study: 40 schools (1037 pupils) in
the intervention arm and 40 (1038 pupils) in the con-
trol arm. The TCM programme was delivered to teach-
ers in the intervention arm in six whole-day sessions,
spread over 6 months. Outcome data were collected on
the pupils at baseline (0), 9, 18, and 30 months. Teacher-
reported outcomes were provided by the same teacher
for all pupils in a given classroom at the baseline and
9-month assessments. Social-emotional functioning was
measured using the Strengths and Difficulties Question-
naire (SDQ) [41], providing a total difficulties score and
subscale scores for emotional symptoms, conduct prob-
lems, hyperactivity, peer problem and prosocial behav-
iour. Parent- and teacher-reported versions of the SDQ
were administered. Pupil behaviour was measured using
the Pupil Behaviour Questionnaire (PBQ) [42], com-
pleted by the class teacher. School climate was measured
using the pupil-reported ‘How I Feel About My School’
(HIFAMS) [43] questionnaire (Supplementary Table S1).

KiVa
KiVa [8] was undertaken in primary schools in Wales.
The study evaluated the effectiveness of the 'Kiusaamista

Table 1 Characteristics of the school-based cluster randomised trials at randomisation

Author, year (Study  Education setting;  Cluster unit Measurement Number Number of year Number Number
acronym) location allocated time points of groups of of pupils
(months) schools classes
Ford, 2019 [11] Primary schools; Schools (1 class 0,9,18,30 80 not applicable 80 2075
(STARS) South West England sampled from each
school)

Axford, 2020 [8] (KiVa)  Primary schools; Schools 0,12 22 not applicable 146 3214

Wales
Stallard, 2014 [15] Primary schools; Schools 0,6,12 40 not applicable 73 1448
(PACES) South West England

(within 50-miles of the

University of Bath)
Stallard, 2012 [14] Secondary schools; Year groups 0,6,12 8 28 225 5761
(PROMISE) East Midlands and

South West England
Kuyken, 2022 [35] Secondary schools; Schools 0,12,19,24 85 not applicable 346 8376

(MYRIAD) England, Northern Ire-

land, Scotland, Wales
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Table 2 Demographic characteristics of participants (N—sample size for variable)
STARS study
Characteristic N Intervention N Control
Female, n (%) 1037 483 (46.6) 1038 491 (47.3)
Age in years, mean (SD) 1037 6.2 (14) 1038 6.4(1.3)
White, n (%) 721 689 (95.6) 701 663 (94.6)
Eligible for free school meals (Yes), n (%) 595 70(11.8) 502 64 (12.7)
KiVa study
Characteristic N Intervention N Control
Female, n (%) 1428 717 (50.2) 1409 684 (48.5)
Age in years, mean (SD) 1423 8.8(1.1) 1394 89(1.2)
White, n (%) 1339 1176 (87.8) 1104 1018 (92.2)
Eligible for free school meals (Yes), n (%) 1353 237 (17.5) 1151 220(19.1)
PACES study
Characteristic N Health-led FRIENDS N School-led FRIENDS N Control
Female, n (%) 489 234(47.9) 472 235 (49.8) 401 231(57.6)
British White, n (%) 483 455 (94.2) 461 439(95.2) 390 359 (92.1)
PROMISE study
Characteristic N Classroom based CBT N Attention control N Control
Female, n (%) 1753 873 (50) 1673 824 (49) 1604 770 (48)
Age in years, mean (SD) 1753 14.1(1.1) 1673 14.0 (1.0) 1604 13.9(1.2)
White, n (%) 1582 1372 (86.7) 1521 1271 (83.6) 1480 1275 (86.1)
MYRIAD study
Characteristic N Intervention N Control
Female, n (%) 4088 2350 (57.5) 3994 2159 (54.1)
Age in years, mean (SD) 4232 12.2 (0.6) 4144 12.2 (0.6)
White, n (%) 4145 3237 (78.1) 4048 2965 (73.2)

Percentages for categorical characteristics based on using the number of non-missing participants as the denominator

Vastaan’ (KiVa) programme [44] to prevent and address
bullying in schools. Participants were pupils aged
7-11 years (school Years 3 to 6). The study used a two-
arm parallel CRT design with a waitlist (delayed interven-
tion) control arm. Schools (clusters) were randomised to
KiVa (intervention arm) or usual school provision (con-
trol arm) (Table 1). Schools were recruited in the middle
of the 2012/13 academic year, with outcomes measured
at the end of the 2013/14 academic year. Twenty-two
(22) schools were randomised with 146 classrooms and
3214 pupils included in the study: 11 schools (77 class-
rooms, 1578 pupils) in the intervention arm and 11
schools (69 classrooms, 1636 pupils) in the control arm.
Outcome data were collected at baseline (0 months) and
12 months. The outcomes were: bullying victimisation
and bullying perpetration measured by the Olweus Bully/
Victim Questionnaire (OBVQ) [45] and the KiVa student
online survey [46], reported by the pupils; and social-
emotional functioning measured using the Strengths and
Difficulties Questionnaire (SDQ) [41], completed by the
class teacher (Supplementary Table S1).

PACES

PACES [15] was undertaken in primary schools in the
South West of England. The study evaluated the effective-
ness of a classroom-based cognitive behavioural therapy
(CBT) prevention programme (FRIENDS for life [47]) for
reducing anxiety symptoms in children. Participants were
pupils aged 9-10 years (school Year 5). The study used a
three-arm parallel CRT design and took place between
September 2011 and July 2012. Schools (clusters) were
randomised to either receive school-led FRIENDS (led
by teachers or school staff), health-led FRIENDS (led
by trained health facilitators), or usual school provision
(Table 1). Forty (40) schools were randomised, and 73
classrooms and 1448 pupils were included in the study:
14 schools (25 classrooms, 497 pupils) in the school-led
FRIENDS arm; 14 schools (26 classrooms, pupils 509) in
the health-led FRIENDS arm; and 12 schools (22 class-
rooms, pupils 442) in the control arm. Outcomes were
measured at baseline (0), 6 and 12 months. Symptoms
of anxiety and low mood were measured by the 30-item
Revised Child Anxiety and Depression Scale (RCADS-30)
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[48], with a total anxiety score and subscale scores for
separation anxiety disorder, social phobia, generalised
anxiety disorder, panic disorder, obsessive compulsive
disorder, and low mood (major depressive disorder). The
RCADS-30 measure was reported separately by the pupil
and the parent (RCADS-30-P). Worry was measured
using the Penn State Worry Questionnaire for Children
[49], reported by the pupil. Self-worth and acceptance
was measured using the Rosenberg Self-Esteem Scale
[50], reported by the pupil. Bullying victimisation was
measured using the Olweus Bully/Victim Questionnaire
(OBVQ) [45], reported by the pupil. Life satisfaction
was measured using the Child Health Utility instrument
(CHU9D) [51], reported by the pupil. Social-emotional
Sfunctioning was measured by the Strengths and Difficul-
ties Questionnaire (SDQ) [41], reported separately by the
parent and the class teacher (Supplementary Table S1).

PROMISE

PROMISE [14] was undertaken in secondary schools in
the East Midlands and South West of England. The study
evaluated the effectiveness of classroom-based CBT (The
Resourceful Adolescent Programme [52]) for reducing
symptoms of depression, using an attention control arm
for comparison (Personal, Social, and Health Education
(PSHE) delivered by class teacher aided by two facilita-
tors) and a usual school provision control arm. Participants
were aged 12—16 years (school Years 8—11). The study used
a three-arm parallel CRT design, allocating year groups
(clusters) to either the CBT intervention, attention con-
trol, or usual school provision (Table 1). Twenty-eight (28)
year groups from 8 schools with 225 classrooms and 5761
pupils were randomised: 10 year groups (79 classrooms,
2032 pupils) to CBT; 9 year-groups (73 classrooms, 1920
pupils) to attention control; and 9 year groups (73 class-
rooms, 1809 pupils) to usual school provision. Outcomes
were measured at baseline (0), 6 and 12 months as follows:
symptoms of low mood using the Short Mood and Feelings
Questionnaire (SMFQ) [53], reported by the pupil; negative
thinking using the Personal Failure subscale of the Chil-
dren’s Automatic Thoughts Scale (CATS) [54], reported
by the pupil; self-worth and acceptance using the Rosen-
berg Self-Esteem Scale [50], reported by the pupil; anxi-
ety measured by the 30-item Revised Child Anxiety and
Depression Scale (RCADS-30) [48], reported by the pupil;
and school connectedness measured by the Psychological
Sense of School Membership (PSSM) scale [55], reported
by the pupil (Supplementary Table S1).

MYRIAD

MYRIAD [35] was a parallel arm CRT undertaken in
secondary schools across the UK. The study evaluated
the effectiveness of school-based mindfulness training
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(intervention arm) for improving student’s mental health,
compared to teaching-as-usual (control arm). Partici-
pants were pupils aged 11-14 years (school Years 7-9).
Schools (clusters) were randomised to the mindfulness
training (intervention) arm or the control arm (Table 1).
Classrooms within schools were selected to partici-
pate, sub-sampling a sufficient number of classrooms
to recruit the required number of pupils in each school.
Eighty-five (85) schools were randomised with 346 class-
rooms and 8376 pupils included in the study: 42 schools
(169 classrooms and 4144 pupils) in the intervention
arm, and 43 schools (177 classrooms and 4232 pupils) in
the control arm. Baseline data were collected on the three
pupil-reported co-primary outcomes (risk for depression
using the Centre for Epidemiologic Studies for Depres-
sion Scale (CES-D) [56], social-emotional functioning
using the Strengths and Difficulties Questionnaire (SDQ)
[41], and well-being using the Warwick-Edinburgh Men-
tal Well-being Scale (WEMWBS) [57]). These and other
secondary outcomes were administered at 12, 19 and
24 months post-baseline. The secondary outcomes were:
executive function measured by the Behaviour Rating
Inventory of Executive Function (BRIEF-2) [58], reported
separately by both the pupil and the class teacher; anxiety
using 37 of the 47 items (excluding the 10 items on the
Low Mood subscale) of the Revised Child Anxiety and
Depression Scale (RCADS) [59], reported by the pupil;
self-harm and suicidal ideation using measures devised
for the study [35], reported by the pupil; school climate
subscales (school leadership and involvement, respectful
climate, peer climate, caring adults) from the School Cli-
mate and Connectedness Survey (SCCS) [60], reported
by the pupil; mindfulness skills using the Child and Ado-
lescent Mindfulness Measure (CAMM) [61], reported by
the pupil (Supplementary Table S1).

Data analysis

Data analysis was undertaken using Stata software [62].
Mixed effects (“multilevel”) linear regression models were
fitted to continuous and binary outcomes to estimate the
variance components and intra-cluster correlation coeffi-
cient (ICC). As a mixed model is used, the ICCs for binary
outcomes are estimated on the proportions scale.

A 2-level mixed effects model was fitted to estimate the
ICCs for the STARS study that had only a single level of
clustering at the school level, since only one classroom was
sampled from each school:

Yi=a+site

where Yj; is the outcome for the / ™ individual in the i ™

school (cluster); « is the constant; s; is the random effect
of the i ™ school, assumed to be Normally distributed
with mean zero and constant variance 052; and e;; is the
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residual effect of the ™" pupil in the i ™ school assumed
to be Normally distributed with mean zero and constant
variance o 2.

The school-level ICC (p,) was calculated from the
between-cluster (asz) and within-cluster (‘73) components

of variances as:

2
Oy

Ps = 703 i O_ez
Three-level mixed effects models were fitted to estimate
the ICCs for the KiVa, PACES and MYRIAD studies that

had two levels of clustering (school and classroom):
Y = o + si + cik + €ik

where Y is the outcome for the I ™ pupil in the k ™ class-
room, in the i ™ school; « is the constant; s; is the random
effect of the i ™ school, assumed to be Normally distrib-
uted with mean zero and constant variance USZ; Cix is the
random effect of the k ™ classroom in the i ™ school,
assumed to be Normally distributed with mean zero and
constant variance 062; and ey is the residual effect of the
™ pupil in the k ™ classroom, in the i ® school, assumed
to be Normally distributed with mean zero and constant
variance o 2.

The school-level ICC (p,) was calculated from the vari-
ance components as:

2
Oy

Ps = 5 5. >
of +o;+0;

and the classroom-level ICC (p,) was calculated as:

2
9

= 2, 2
ofto;

Pc

This definition of the classroom-level ICC is appropri-
ate to use when designing cluster randomised trials where
allocation of classroom clusters is stratified by school
membership.

Four-level mixed effects models were fitted to estimate
the ICCs for the PROMISE study that had three levels of
clustering (school, year group and classroom):

Yijkl =+ s +gj + cijk + eijkl
where Y is the outcome for the /  pupil in the k
classroom, in the j ™ year group, in the i ™ school; « is
the constant; s; is the random effect of the i th school,
assumed to be Normally distributed with mean zero and
constant variance o2 gij is the random effect of the j th
year group in the i ' school, assumed to be Normally dis-
tributed with mean zero and constant variance ¢2; Cijk is

4
the random effect of the k ™ classroom, in the ;j ™ year
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group in the i ™ school, assumed to be Normally distrib-
uted with mean zero and constant variance ¢2; and ejjk is
the residual effect of the /™ pupil in the k " class, in the j
h year group in the i " school, assumed to be Normally
distributed with mean zero and constant variance o 2.

The school-level ICC (p,) was calculated from the vari-
ance components as:

2
O

2 2 2 2
o +og +os+o0;

Ps =

the year group-level ICC (p,) was calculated as:

o2

pe=——>——
¢ ogz—i—acz—i—aez

and the classroom-level ICC was calculated as:

2
9

Pc =
02+ o2

The definitions of the year group-level and classroom-
level ICCs are appropriate to use when designing cluster
randomised trials where allocation of clusters at those
levels is stratified by higher level clusters.

ICC estimates at the baseline time point were obtained
by fitting “null” or “empty” models that had no predic-
tor variables. ICC estimates at follow-up were adjusted
for trial arm status by adding the variable as a predic-
tor (fixed effect) to the above models. We did not adjust
for other covariates since adjustment factors will differ
across trials. The ICC estimates reported provide a com-
mon base of information that will be useful for planning
future studies.

Results

Altogether, 529 ICCs were estimated across the 5 stud-
ies: 222 at the school level; 30 at the year group level; 221
at the classroom level; and 56 at the “school level’, esti-
mated from the STARS study that randomised schools
and included only one classroom from each school. The
box plot in Fig. 1 summarises the distribution of ICCs by
cluster level. The median ICC was similar at the school
(0.0155) and year group levels (0.015), and slightly higher
at the classroom level (0.019). The median “school-
level” ICC for the STARS study was much larger (0.068);
the possible reasons for this are discussed later in this
section.

ICCs were estimated for 333 pupil-reported outcomes,
102 parent-reported outcomes and 94 teacher-reported
outcomes. The box plot in Fig. 2 summarises the distribu-
tion of ICCs by reporter type. Most ICCs were less than
0.04 for pupil-reported outcomes (median (90% range):
0.016 (0 to 0.05)) and less than 0.035 for parent-reported
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outcomes (median (90% range): 0.0035 (0 to 0.045)).
Teacher-reported ICCs were as large as 0.25 (median
(90% range): 0.092 (0.023 to 0.202)).

The median ICC was similar between the primary
(N'=244) and secondary school (N=285) settings (0.017
and 0.018, respectively).

The remainder of this section describes the results sep-
arately for each study to highlight the nuances of patterns
in the ICC values.

STARS study
The estimated school-level ICC and the variance com-
ponents at the “school” and pupil levels from the

parent report

teacher report

STARS study are reported in Supplementary Table S2
for the Strengths and Difficulties Questionnaire (SDQ)
(teacher- and parent-report) and the teacher-reported
Pupil Behaviour Questionnaire, and in Supplementary
Table S3 for the pupil-reported “How I Feel About My
School (HIFAMS)” measure. The ICCs should be inter-
preted in the context that only one classroom was sam-
pled from each randomised school, and it is not possible
to separate the variation at the classroom level from that
at the school level. The ICC, therefore, reflects varia-
tion at both the school and classroom levels combined.
The “school-level” ICCs ranged from 0 to 0.251. The
ICC:s for the teacher-reported SDQ total score and SDQ
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subscales (range 0.053 to 0.251) were markedly higher
than those for the corresponding parent-reported meas-
ures (range 0 to 0.049). This might be expected given
that, unlike the parents, who only report for their own
child, each teacher completed the SDQ for all pupils in
their school (at least at baseline and 9 months follow-up)
and the higher ICCs for the teacher report may reflect
variability in their tendency to give lower or higher rat-
ings generally. The ICCs for the teacher-reported SDQ
subscales were notably lower for externalising behaviour
(Conduct Problems and Hyperactivity) (median=0.085)
than for internalising behaviour (Emotional and Peer
Problems) (median=0.134) and prosocial behaviour
(median=0.213). The externalising behaviours assessed
by the SDQ are more overt and easily recognised com-
pared to the internalising behaviours. This may result in
greater variability across schools in the teachers’ abil-
ity to detect pupils’ internalising behaviour problems. In
keeping with the conceptual overlap between the meas-
ures, the ICCs for the teacher-reported Pupil Behaviour
Questionnaire (median=0.078) were notably similar in
size to those for the SDQ Conduct and Hyperactivity
subscales scores. The ICCs for the pupil-reported “How
I Feel About My School” measure, ranged from 0.052
to 0.111. The fact that the concept potentially reflects a
common shared experience of the school may account
for these ICCs being higher than for the parent-reported
outcomes.

KiVa study

The school-level and classroom-level ICCs and com-
ponents of variance for the KiVA study are reported in
Supplementary Table S4 for the teacher-reported SDQ
subscales and pupil-reported bullying-related outcomes.
The school-level ICCs ranged from 0.005 to 0.092 and
the classroom-level ICCs from <0.001 to 0.206; the larger
values at the classroom level are consistent with the
notion that the ICC is generally larger for clusters that
are naturally smaller in size [63]. Unlike STARS which
was also undertaken in primary schools, in KiVa, more
than one classroom was sampled from each school, and
it was possible to separately estimate components of
variance at the school and classroom levels. This explains
why the school-level ICCs for the teacher-reported SDQ
subscales in KiVa are markedly smaller than the nominal
ones reported for the STARS study.

PACES study

School- and classroom-level ICCs and components of
variance for the PACES study are reported for the parent-
and pupil-reported Revised Child Anxiety and Depres-
sion Scale (RCADS-30) (in Supplementary Table S5), the
parent-reported Strengths and Difficulties Questionnaire
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(SDQ) (in Supplementary Table S6) and the pupil reports
of bullying victimisation, worry, self-esteem and life sat-
isfaction (in Supplementary Table S7). The school-level
ICCs were often very low with several zero values. The
classroom-level ICCs for the pupil-reported RCADS-30
(median=0.029) were notably larger than those for the
corresponding parent report (median=0), many of which
were zero.

PROMISE study

School-, year group- and classroom-level ICCs and com-
ponents of variance from the PROMISE study are pre-
sented for pupil-reported outcomes in Supplementary
Table S8. The school-level ICCs ranged from 0 to 0.016
(median=0.005), the year group-level ICCs from 0.002
to 0.069 (median=0.015) and the classroom-level ICCs
from 0.011 to 0.035 (median=0.0215). The pattern of
clusters with smaller natural size having larger ICC val-
ues is generally observed here. The school- and class-
room-level ICCs for the pupil-reported 30-item Revised
Child Anxiety and Depression Scale (RCADS-30) in
this secondary school setting (medians 0.005 and 0.022,
respectively) were not dissimilar in size to those of the
same measure in the primary school-based PACES study
(medians 0.002 and 0.029, respectively).

MYRIAD study
School- and classroom-level ICCs and components of
variance from the MYRIAD study are reported in Sup-
plementary Tables S9 to S13. The ICCs for the teacher-
reported Strengths and Difficulties Questionnaire were
markedly larger than those for the corresponding pupil
reports, particularly at the classroom level where they
ranged from 0.077 to 0.197 for teacher reports and
from<0.001 to 0.021 for pupil reports (Supplementary
Table S9). The same finding of larger ICCs for teacher-
reported outcomes was observed for the Behaviour Rat-
ing Inventory of Executive Function (Supplementary
Table S10). These findings are expected given that in the
MYRIAD study teachers reported outcomes for multiple
pupils in the same school and often the same classroom.
The school-level ICCs for the pupil-reported Revised
Child Anxiety and Depression Scale were larger in
MYRIAD (median (range)=0.0245 (0.016 to 0.040) —
see Supplementary Table S11) than the corresponding
ICCs in the PROMISE study (median (range)=0.005 (0
to 0.014) — see Supplementary Table S8), which was also
conducted in secondary schools. The opposite finding
occurred for classroom-level ICCs with smaller values
in MYRIAD (median (range)=0.006 (0 to 0.020)) than
in PROMISE (median (range)=0.022 (0.012 to 0.035)).
A further notable result of the MYRIAD study is that
while the ICCs for teacher-reported outcomes were
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clearly larger at the classroom level than at the school
level, those for the pupil-reported outcomes were gen-
erally slightly larger at the school-level than at the class-
room level, in contrast to what is generally expected
when comparing ICCs between larger and smaller clus-
ter types. The between-cluster component of variance
was generally larger at the school level than at the class-
room level for pupil-reported outcomes. Taken together,
these MYRIAD study findings indicate that school-level
factors may be stronger determinants of pupil outcomes
than classroom-level factors in secondary schools. In pri-
mary schools, children stay with the same classroom all
day, whereas in secondary schools the structure is more
fluid, with children moving from class to class and from
teacher to teacher. Consequently, variation at the class-
room level may have less salience for secondary schools
than it has for primary schools, and school-level variation
may assume greater importance relative to classroom-
level variation in secondary schools. A further notable
contextual factor is that, unlike the other four studies, the
MYRIAD study recruited schools from across the entire
UK. This could have resulted in a wider range of school
characteristics which may explain the increased impor-
tance of school-level variation for MYRIAD.

The ICCs for the pupil-reported school climate out-
comes (Supplementary Table S13) (school-level ICCs
ranged from 0.032 to 0.072) were notably larger than the
ICCs for other pupil-reported outcomes. As found in
the STARS study for the “How I Feel About My School”
measure, the larger ICCs for school climate in MYRIAD
may reflect the fact that the responses capture the shared
experience of pupils in the same school or classroom.

Discussion

Using raw data from five school-based cluster ran-
domised controlled trials we have reported estimates of
the variance components and intra-cluster correlation
coefficients at different levels of clustering for social-
emotional functioning outcomes in children. The esti-
mates indicate that notable variation in outcomes is
present at the school, year group and classroom levels.
When calculating the sample size for planned CRTs, the
impact of the size of the variance components at different
levels should be accounted for [37].

The ICCs for clustering at the classroom level tended
to be larger than at the school level; this is consistent
with previous findings that the ICC is generally larger
for clusters that are naturally smaller in size [63, 64]. The
exception to this was the MYRIAD trial where the vast
majority of school-level ICCs for pupil-reported mental
health outcomes (SDQ and RCADS) were larger than
the corresponding classroom-level ICCs. Unlike the
other four CRTs that only included schools from one or
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two regions, the MYRIAD trial recruited a large num-
ber of schools from across the entire UK. This suggests
that larger ICCs might be expected in studies that span a
wider geographic area and recruit diverse schools.

Comparison between the STARS and KiVa studies
highlighted the impact that the design can have on the
ICC. In both studies, primary schools were the units of
randomisation, but whereas in STARS only one class-
room was included from each school, in KiVa multiple
classes were included. The nominal school-level ICCs
for the teacher-reported SDQ in STARS were markedly
larger than the school-level ICCs in KiVa. Large teacher-
reported school-level ICCs for social-emotional func-
tioning outcomes on pupils were reported in another
school-based CRT that sampled one classroom per
school [10]. In studies that sample only one classroom
per school, the variation at school level cannot be sepa-
rated from the variation at the classroom level. When
using estimates of school-level ICCs from previous
studies to plan new trials, investigators should establish
whether, and how many, classrooms were sub-sampled
from each school as this will have an impact on the rel-
evance of the ICCs for the planned trial.

School-based trials with social-emotional functioning
outcomes on pupils are characterised by the collection
of data from different responders, including the pupils
themselves, their parents and their teachers. In such
studies, the teachers are often responsible for reporting
outcomes for all pupils in a given classroom or school
cluster; consequently, the ICC may be markedly larger
for teacher-reported outcomes than pupil- and parent-
reported outcomes. Differences across reporters in the
ICC estimates for the same outcome may also be partly
due to their having different perspectives on how they
subjectively rate a particular outcome [65]. These aspects
need to be considered when specifying plausible values of
the ICC for sample size calculation for a planned CRT.

Along with the type of cluster, the outcome is a direct
determinant of the size of the ICC. Analyses of the
teacher report of the Strengths and Difficulties Question-
naire (SDQ) from the STARS and KiVa studies indicated
that the ICCs differ within the same measure across sub-
scales that quantify different outcomes. At the same time,
similarity between the ICCs for the teacher-reported
Conduct Problems and Hyperactivity subscales on the
SDQ and the ICC for the teacher-reported Pupil Behav-
iour Questionnaire measure in the STARS study suggests
that ICCs may be similar between different measures of
the same or similar outcomes.

For studies that included the teacher-reported
Strengths and Difficulties Questionnaire, ICCs were
generally largest for the prosocial behaviour subscale.
Dong and colleagues found that school-level ICCs for
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teacher-reported prosocial behaviour measured by the
Teacher Observation of Classroom Adaption—Check-
list (TOCA-C) ranged from 0.29 to 0.54, while all other
teacher-reported social-emotional functioning outcomes
had lower school-level ICCs ranging from 0.03 to 0.23
[25]. These findings may reflect greater variation across
teachers in their ability to recognise prosocial behaviour,
and the fact that many of its aspects (e.g., helping, shar-
ing, consoling and comforting) are exhibited more fre-
quently outside of the classroom/learning environment
where the teacher may not observe them [66]. Reported
behaviours that are more difficult to observe and meas-
ure may be more susceptible to variation across teachers
resulting in larger ICC estimates for these outcomes [66].
The lower ICC for teacher report of pupil conduct on
the SDQ may be due to there being less variation across
teachers regarding their awareness of conduct and hyper-
activity problems than there is for their awareness of
emotional difficulties, peer problems and prosocial behav-
iour [67]. All teachers may be aware and concerned with
challenging behaviours in schools and rate the presence
of these behaviours more similarly than other behaviours.
Furthermore, schools have behavioural policies which
may provide more guidance on how to handle conduct
problems, encouraging more consistency across teach-
ers in this regard compared with internalising behaviour
problems [68].

Using different instruments, STARS, PROMISE and
MYRIAD all measured pupil-reported school climate
and connectedness. Particularly in MYRIAD, ICC esti-
mates for school climate outcomes were markedly larger
than those for pupil-reported mental health outcomes.
Bradshaw and colleagues in a US study also noted high
school-level ICCs for school climate outcomes, rang-
ing from 0.04 to 0.1 [69]. Compared to mental health
outcomes, school climate and school connectedness
might be considered to be more directly impacted by the
school environment [70, 71], which may explain why the
ICCs for such outcomes are larger than mental health
outcomes.

The findings in this secondary analysis indicate ballpark
ranges that may be useful for testing the sensitivity of the
required sample size in school-based CRTs to different
assumed values of the ICC for socio-emotional function-
ing outcomes. For studies where outcomes are reported
by pupils and parents, 0.04 and 0.035, respectively, are
practical upper limits on plausible values for school-level
and classroom-level ICCs. A notable exception for pupil-
reported outcomes is for measures of school climate or
school experience, where the ICCs can be as large as 0.1.
The ICC for teacher-reported outcomes can be as large
as 0.1 at the school level and as large as 0.2 at the class-
room level, based on the same teacher rating many or all
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children within a given school or classroom. In CRTs that
allocate schools to trial arms and only sample one class-
room from each school, nominal school-level ICCs for
teacher-reported outcomes may be as large as 0.25.

Strengths and limitations

There are several strengths to this secondary data analy-
sis. The ICCs were estimated using data from completed
CRTs and, therefore, should be applicable to future stud-
ies as the schools and participants are more likely to
be representative of those that take part in trials than
other sources of ICCs [18] (p. 177). The reporting of
components of variance at different levels of clustering
helps facilitate the design of CRTs with more complex
design structures. The included studies were undertaken
recently enough for the ICC estimates to be relevant, and
a range of social-emotional functioning outcomes were
analysed. Furthermore, the settings of the studies span
different UK regions and both primary and secondary
school settings. Four of the five studies, however, drew
their samples from only one or two regions, which may
have resulted in underestimates of the school-level ICCs
in the UK as a whole. Alongside this, they may provide
more relevant ICC estimates for planning trials that are
to be undertaken in a single region or area of the coun-
try, given the greater variability across schools in the UK-
wide sample recruited to the MYRIAD study.

The focus of the study on the UK is a strength of this
work, resulting in focussed and rich data in a specific
setting. Simultaneously, this potentially limits the appli-
cability of the findings internationally, especially to coun-
tries with different education systems. However, a recent
review of ICCs in school-based trials revealed little evi-
dence of marked differences in the size of the ICCs across
world regions [30]. Despite being focussed on the UK, the
findings of this secondary analysis will still be of global
interest. The range of ICCs in the current study largely
overlapped with the range of ICCs (0 to 0.217) collated
for social-emotional functioning outcomes in that review
[30]. Furthermore, other high and upper/middle income
countries such as Australia have a similar school system
to the UK, increasing the likelihood that the findings
have applicability to those settings.

A further limitation is that it was only possible to
include the five studies for which access to the data were
immediately available for this secondary analysis; specifi-
cally, studies on which the authors were co-investigators
or had worked. In the systematic review of definitive
school-based CRTs in the UK with health outcomes, 11
studies other than those analysed in the current paper
had social-emotional functioning outcomes [21]. Col-
lectively, the five studies analysed in the current paper
included schools from all four constituent countries of
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the UK. Two of the analysed studies (KiVA and MYR-
IAD) included schools from Wales and one (MYRIAD)
included schools from Scotland; none of the other stud-
ies found in the systematic review included schools from
those countries. All the analysed studies in the current
paper included state schools and one (MYRIAD) included
independent schools; this reflects the characteristics of
the other studies included in the systematic review. Both
males and females were included in the analysed studies
in the current paper, reflecting the composition of other
school-based CRTs with social-emotional functioning
outcomes in the UK. The percentage in the White ethnic
group category in the analysed studies was high (rang-
ing from 75 to 95%) compared to the other studies with
social-emotional functioning outcomes (ranging from
24 to 93%). Knowledge from other school-based CRTs
with social-emotional functioning outcomes would fur-
ther enrich knowledge of patterns in the ICC. Analyses of
datasets that have diverse samples could investigate the
extent to which the ICC differs across groups defined by
ethnicity and gender. Some outcomes were only assessed
in one dataset in the current study; analysis of these same
outcomes using other datasets would help to establish
the consistency of the ICC estimates. Outcomes of rele-
vance to social-emotional functioning were not included
in the datasets, such as body image [72]. Future research
should expand and replicate this work with other relevant
studies and examine patterns for outcomes that were not
included here.

Conclusions

Knowledge of the components of variance and intra-
cluster correlation coefficient at different levels of clus-
tering is required for calculating the target sample size
for school-based cluster randomised controlled trials of
interventions for improving social-emotional functioning
outcomes in pupils. The estimates reported in this paper
will greatly aid the design of such studies and contribute
more generally to the knowledge of factors that impact
on the size of the ICC. It is important that when planning
studies, investigators consider: the type of cluster that is
allocated; whether lower-level clusters are sub-sampled
within the allocated cluster and the number that are sub-
sampled; whether the outcome is reported by pupils,
teachers or parents/carers; the concept that is quanti-
fied by the outcome measure; and whether the outcome
relates to or reflects a common experience shared by all
pupils in the same school or classroom.
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