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Abstract

Cluster randomised trials (CRTSs) are used in schools to evaluate interventions for improving
pupil health outcomes. Little is known about the methodological practices of these studies
and plausible values of the intra-cluster correlation coefficient (ICC) of pupil outcomes to

inform sample size calculation for CRTSs.

Systematic reviews were undertaken to identify the practices of definitive and feasibility
CRTs. ICC estimates for pupil health outcomes were collated from published reports of
school-based CRTs worldwide, and the relationships between these and the design and
contextual characteristics of the studies were examined. A secondary analysis of raw data
from five UK school-based CRTs explored patterns in ICCs for pupil social emotional

functioning outcomes.

The rate of publication of school-based CRTs is increasing. Estimates of the ICC are poorly
reported in such studies. Better use could be made of feasibility CRTs to assess challenges

that are specific to studies that allocate school-based clusters.

The median (interquartile range; range) ICC for pupil health outcomes worldwide was 0.031
(0.011 to0 0.08; 0 to 0.47) at the school level and 0.063 (0.024 to 0.1; -0.009 to 0.262) at the
class level. There were no clear associations between study characteristics and the ICC,

other than estimates being larger in definitive trials than feasibility CRTSs.

School-level and class-level ICCs for pupil social emotional functioning outcomes reported
by the same teacher for all pupils in the same class were larger than ICCs for the parent-
and pupil-reported versions of the same outcomes. School-level ICCs were larger in the
study that sampled only one class from each school compared to the other studies that

included pupils from multiple classes in each school.

When specifying an ICC for the sample size calculation for school-based CRTSs, the potential
impact of the different levels of clustering in the data and the outcome reporter need to be

considered.



Page intentionally left blank



Contents

[ =To [ Tox= 1o o [P 2
ACKNOWIBAGEIMENTS ... 3
AADSTIACT. 1.ttt 5
LISt Of TADIES ... 11
AUhOr's DecClaration .........oooooeiiii i 15
ADDIEVIATIONS ...ttt 17
Chapter 1: INtrOAUCTION .....cooviiiiiiiiiiiiiiieiieeeeeeeee et 20
1.1 Cluster Randomised TrialS: OVEIVIEW .........ccuuuuuiiiiiieeiiieiiiiiiins e e e e eeeeeaiinne e e e e e eeeeenens 20
1.2 Design features and methodological considerations of cluster randomised trials.....22
1.3 Trials evaluating interventions for improving health outcomes on children and
=0 (0] [T o =T | £ PR 32
1.4 Cluster randomised trials in SChool Settings. ... 34
1.5 Justification and aim of the theSiS..........coviiiiii 39
1.6 RESEAICH ODJECHIVES .....uviiiii et e e e e e e e e e e eaenees 40
1.7 OVErVIEW Of tNESIS ..cooeiiiiiiiiieee e 40
Chapter 2: THESIS OVEIVIEW .......cccoiviiiiiiiiiee e e e e e e e e 43
2.1 CRAPLET 3 OVEIVIBW ...ttt ettt ettt ettt ettt et ettt ettt et et e e e et eeeeeeeeeeeeeeeeees 43
2.2 CRAPLET 4 OVEIVIEW.....ceiiiiiiieeieeeeeeeeeeee ettt ettt ettt ettt et et ettt et et et et et e et eeeeeeeeeeeeeeeeees 45
2.3 CRAPLEI 5 OVEIVIBW ...ttt ettt et e ettt ettt et ettt e e e e e et e e eeeeeeeeeeees 46
2.4 CRAPTET 6 OVEIVIBW.....ceeiiiiiiiieeeeieeeeeeeee ettt ettt ettt ettt ettt ettt et et et et et e e eeeeeeeeeeeeeeeeeeeees a7
2.8 CNaPLEr SUMIMAIY ...vviiiiii et e e e e e e et e e e e e e e e e e s e e e e e e e e e eeesaaaas 49
Chapter 3: The characteristics and practices of school-based cluster randomised
controlled trials for improving health outcomes on pupils in the United Kingdom: A
systematic review of definitive trialS............cooiii i, 51
G J0 ST 1] 1 =Y/ 51
3.2 BACKgrOUNG ... 51
3.3 AIMS AN ODJECLVES ......eiiiiee e e e e e e e e eees 52
G |V =1 T Yo £ 52
G N =S U 70
G I 1Yo 1 11 Lo o S 99
3.7 Strengths and lIMITAIONS ..........uuuuiiiiiiiiiiii e 102
G = 3 1 0] o] o= 1] o 1SS 104
e I o] (o (1] o] 1SRRI 105



3.10 Chapter SUMMIAIY .....ccceeieieeiiiiiee e e e e e e e e e e e e e e e e e e e et e e e e e e e eeastaa e e e e eeeeeeassannnnnas 105

Chapter 4: Systematic review of the characteristics of school-based feasibility cluster
randomised trials of interventions for improving the health outcomes of pupils in the United

0] o o [ o TS 108
YN 1 0] 0 =T YU UPPPPTRRSPPII 108
A S = (o (o | (18] o [o TP TP 108
4.3 AIMS aNd ODJECHIVES ... 110
V1Y 1 T T T 111
B TS U 120
4.5.10 Estimated intra-cluster correlation coefficients ...........ccccceeie 135
SR LTt U 11 o] o TR 137
4.7 Strengths and lIMIALIONS .......cooeieiiiie e 140
VI g o] 1o =i 1 141
e I @ o 11153 o 1 1 O 142
4.10 Chapter SUMIMAIY .....ccoooiieeeeeeee e 142

Chapter 5: Intra-cluster correlation coefficients from school-based cluster randomised trials

of interventions for improving health outcomes on pupilsS ..., 145
5.1 SUMIMIETY ...ttt e e e e ettt et e e e e e et et e e a b e e e e e e e e e e e r s 145
24 = 7= 11 (o | (o 11 ] o PR 145
5.3 AIMS a@Nd ODJECHIVES.......ccoiiieeeeci e 148
5.4 MEBTNOAS ... ettt nnnnnns 148
D5 RESUIES. ...ttt nnnnnns 159
LSS I 1Yo 11 Lo o U 179
5.7 Strengths and lIMITAtIONS ...........uuiiiiiiiiiiiiiii e 181
5.8 IMPIICALIONS. ...ttt 182
IR IO o o 1153 o 1SS 182
N O @3 g F= Vo1 (T U] 0] 1=V 183

Chapter 6: Estimating intra-cluster correlation coefficients and components of variance for
social emotional functioning outcomes of pupils in school-based cluster randomised trials

................................................................................................................................ 185
G YU 111 1= Y 185
A = T Tox 1o | {0 11 ] o PP 185
6.3 AIMS aNd ODJECHIVES... ..o e 188
I Y =1 o o LTSRN 189
6.5 RESUITS.....eiiiiiiiiiiiiiiiiii ettt 206



5.0 DS CUS SION e e e 232

6.7 Strengths and IMItALIONS ............uuiiiiii e e e e e eaanes 236
6.8 IMPIICALIONS. .....oeiiiiiiiiiiiiii ettt 237
(RS I 0] o od [1 1] o] o =SSP 238
6.10 ChAPLEI SUMIMATY ...eeiiiiiiiiiieieiieiee ettt ettt ettt ettt et et ettt ettt e e et e ete e et e e e e eeeeeeeeeeeeeeeeeeeeeeeees 238
Chapter 7: DISCUSSION.......cciiiiiiiiiiiiiiiiieie ettt ettt ettt 240
7.1 Chapter summary and contribution to knowledge............ccccooviiiiiiiiiiiiiiii e 240
7.2 Strengths and IMItAtIONS ............uuiiiiie e e e e e e eeanns 249
AR L] ] o= 11 o £SO SSPPSPRN 252
7.4 FULUIE FESEAICI ..eeviiiiiiiiieiiieeeee ettt ettt ettt ettt et e et ettt e e e e et e et e e e eeeeeeeeeees 256
7.5 ClOSING FEMAIKS......ciiiiiiiiiiiiiiii ittt ettt ettt e e et e e e e e e e e e e e e e e eeeeeeeeeees 257
APPENAICES ... 258
] (=] (=] [ PP 364



Page intentionally left blank

10



List of Tables
Table 3.1. MEDLINE (via Ovid) search strategy

Table 3.2. Reasons for exclusion at full text screening

Table 3.3. Data extracted from included studies

Table 3.4. Setting and participant characteristics of included studies (N=64)
Table 3.5. Intervention type characteristics of included studies (N=64)

Table 3.6. Primary outcome characteristics of included studies (N=64)

Table 3.7. Study design characteristics of included studies (N=64)

Table 3.8. Cluster-level characteristics used to balance randomisation (N=51)
Table 3.9. Sample size calculation characteristics of included studies (N=64)
Table 3.10. Ethics and consent characteristics of included studies (N=64)
Table 3.11. Analysis methods characteristics of included studies (N=64)
Table 3.12. Other areas of methodological interest from included studies (N=64)

Table 3.13. Estimated intra-cluster correlation coefficients (ICCs) for primary outcomes
(N=29)

Table 4.1. Reasons for exclusion at full text screening

Table 4.2. Data extracted from school-based feasibility CRTs

Table 4.3. Summary of methodological characteristics of included studies (N=24)

Table 4.4. Reported intra-cluster correlation coefficients (ICCs) for primary outcomes (N=8)
Table 5.1. Reasons for exclusion at full text screening

Table 5.2. Data extracted from included articles

Table 5.3. Criteria used to select which intra-cluster correlation coefficient (ICC) or between-

cluster coefficient of variation of the outcome (CV) to extract

Table 5.4. Summary of study features and design characteristics (N=246).

11



Table 5.5. Median (IQR; range) school-level intra-cluster correlation coefficient (ICC) by

world region, outcome area and education stage (N=210)

Table 5.6. Median (IQR; range) school-level intra-cluster correlation coefficient (ICC) by
region, health outcome area and education stage summarised separately for continuous

and binary outcomes
Table 6.1. Characteristics of the school-based cluster randomised trials at randomisation

Table 6.2. Description of outcomes, outcome measures and outcome scoring
Table 6.3. Demographic characteristics of participants (N indicates sample size)

Table 6.4. STARS study intra-cluster correlation coefficients (ICCs) for the Strengths and
Difficulties Questionnaire (SDQ) outcomes at different time points

Table 6.5. STARS study intra-cluster correlation coefficients (ICCs) for the teacher-reported
Pupil Behaviour Questionnaire and the pupil-reported ‘How | Feel About My School’

measure and at different time points

Table 6.6. KiVa study intra-cluster correlation coefficients (ICCs) for the teacher-reported
Strengths and Difficulties Questionnaire (SDQ) outcomes at different time points

Table 6.7. KiVa study intra-cluster correlation coefficients (ICCs) for pupil-reported Olweus
Bully/Victim Questionnaire (OBVQ) and bullying outcomes (KiVa questionnaire) at different

time points

Table 6.8. PACES study intra-cluster correlation coefficients (ICCs) for the Revised Child
Anxiety and Depression Scale (RCADS-30) at different time points

Table 6.9. PACES study intra-cluster correlation coefficients (ICCs) for the parent-reported

Strengths and Difficulties Questionnaire (SDQ) outcomes at different time points

Table 6.10. PACES study intra-cluster correlation coefficients (ICCs) for pupil-reported

outcomes at different time points

Table 6.11. PROMISE study intra-cluster correlation coefficients (ICCs) for the pupil-
reported Revised Child Anxiety and Depression Scale (RCADS-30) at different time points

12



Table 6.12. PROMISE study intra-cluster correlation coefficients (ICCs) for pupil-reported

outcomes at different time points

Table 6.13. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil and

teacher-reported Strengths and Difficulties Questionnaire outcomes at different time points

Table 6.14. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil and
teacher-reported Behaviour Rating Inventory of Executive Function, Second Edition (BRIEF-2)

outcomes at different time points

Table 6.15. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported
Revised Child Anxiety and Depression Scale (RCADS-30) outcomes at different time points

Table 6.16. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported
Centre for Epidemiologic Studies for Depression Scale, Warwick-Edinburgh Mental Well-
being Scale, Child and Adolescent Mindfulness Measure, suicide ideation and self-harm

outcomes at different time points

Table 6.17. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported

School Climate and Connectedness Survey (SCCS) outcomes at different time points

Table 7.1. Key findings from this thesis

Table 7.2. Key recommendations for future research based on the findings from this thesis

13



List of Figures

Figure 1.1. A diagrammatic representation of an individually randomised controlled trial and

a cluster randomised controlled trial
Figure 1.2. A diagrammatic representation of the structure of this thesis

Figure 3.1. PRISMA flow diagram summarising the results of the literature search and

screening for eligibility

Figure 3.2. Published cluster randomised trials indexed in MEDLINE from inception to 30™
June 2020 (N=64)

Figure 3.3. Estimated intra-cluster correlation coefficient (ICC) for primary outcomes versus

ICC assumed in sample size calculation (N=15)

Figure 4.1. PRISMA flow diagram summarising the results of the literature search and

screening for eligibility

Figure 4.2. Published feasibility cluster randomised trials indexed on MEDLINE from
inception to 31st December 2020 (N=24)

Figure 5.1. PRISMA flow diagram summarising the results of the literature search and

screening for eligibility

Figure 5.2. The distribution of school-level intra-cluster correlation coefficients (ICCs) in
school-based CRTs (N=210)

Figure 5.3. The frequency of class-level intra-cluster correlation coefficients (ICCs) in
school-based CRTs (N=46)

Figure 5.4. Dot plots of school-level intra-cluster correlation coefficients (ICCs) by region,

outcome area and education stage

14



Author’s Declaration

The thesis comprises chapters presenting studies in their original, unpublished forms.
Chapters 3, 4 and 5 have also been written as papers published in peer reviewed academic
journals and are presented in Appendices 1-4. The contribution that | personally made to
each of these papers, and the contribution made by each co-author, is described below.

Characteristics and practices of school-based cluster randomised controlled trials
for improving health outcomes in pupils in the United Kingdom: a methodological

systematic review — presented in Chapter 3

KP, MN, ZMX, TF and OU conceived the study. ZMX and TF advised on the design of the
study and contributed to the protocol. KP, MN and OU contributed to the design of the study,
wrote the protocol and designed the data extraction form. KP and OU undertook screening
and data extraction. KP conducted the analyses of the data. All authors had full access to
all the data. KP took primary responsibility for writing the manuscript. All authors provided

feedback on all versions of the review. All authors read and approved the final manuscript.

Systematic review of the characteristics of school-based feasibility cluster
randomised trials of interventions for improving the health of pupils in the UK —
presented in Chapter 4

KP, SEd, MN, ZMX, TF, SE and OU conceived the study. MN, ZMX, TF and SE advised on
the design of the study and contributed to the protocol. KP, SEd and OU contributed to the
design of the study, wrote the protocol and designed the data extraction form. KP, SEd and
OU undertook screening and data extraction. KP conducted the analyses of the data. All
authors had full access to all the data. KP took primary responsibility for writing the
manuscript. All authors provided feedback on all versions of the paper. All authors read and

approved the final manuscript.

Intra-cluster correlation coefficients from school-based cluster randomised trials of

interventions for improving health outcomes in pupils — presented in Chapter 5

KP, MN, ZMX, TF and OU conceived the study. ZMX and TF advised on the design of the
study and contributed to the protocol. KP, MN and OU contributed to the design of the study,

15



wrote the protocol and designed the data extraction form. KP and OU undertook screening
and data extraction. KP conducted the analyses of the data. All authors had full access to
all the data. KP took primary responsibility for writing the manuscript. All authors provided
feedback on all versions of the paper. All authors read and approved the final manuscript.

16



Abbreviations

ADHD Attention Deficit Hyperactivity Disorder

BMI Body Mass Index

BRIEF Behaviour Rating Inventory of Executive Function
CAMM Child and Adolescent Mindfulness Measure

CATS Children’s Automatic Thoughts Scale

CES-D Centre for Epidemiologic Studies Depression Scale
Cl Confidence Interval

CRT Cluster Randomised Trial

CVv Between-cluster Coefficient of Variation of the outcome
DARE Database of Abstracts of Reviews of Effects

DE Design Effect

EMBASE Excerpta Medica Database

ERIC Education Resources Information Centre

GAD Generalised Anxiety Disorder

GEEs Generalised Estimating Equations

HIFAMS ‘How | Feel About My School’ measure

ICC Intra-cluster Correlation Coefficient

IDACI Income Deprivation Affecting Children Index

IMD Index of Multiple Deprivation

IQR Interquartile range

ISCED The International Standard Classification of Education
ISRCTN International Standard Randomised Controlled Trial Number
MEDLINE Medical Literature Analysis and Retrieval System Online
MeSH Medical Subject Headings

MVPA Moderate-to-Vigorous Physical Activity

NHS National Health Service

NIHR National Institution for Health and Care Research
OBVQ Olweus Bully/Victim Questionnaire

OCD Obsessive Compulsive Disorder

PBQ Pupil Behavioural Questionnaire

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PSHE Personal, Social, Health and Economic education
PsycINFO Psychological Information Database

RCADS Revised Child Anxiety and Depression Scale

RCT Randomised Controlled Trial

SAD Separation Anxiety Disorder

SCCS School Climate and Collectedness Survey

SD Standard Deviation

SDQ Strengths and Difficulties Questionnaire

SE Standard Error

SES Socio-Economic Status

SMFQ Short Moods and Feelings Questionnaire

UK United Kingdom

USA United States of America

17




UNESCO

The United Nations Educational, Scientific and Cultural Organisation

WEMWBS

Warwick-Edinburgh Mental Well-being Scales

18




Page intentionally left blank

19



Chapter 1: Introduction

This chapter presents an overview of cluster randomised controlled trials (CRTSs), describes
the contexts in which they may be used, and outlines their characteristic features and
methodological challenges. The chapter then summarises the current methodological
literature describing the use of CRTs to evaluate interventions for improving health
outcomes on children and adolescents. The chapter describes the methodological
considerations of using CRTs in school settings. The chapter then concludes by outlining

the objectives and scope of the thesis.

1.1 Cluster Randomised Trials: Overview

Randomised controlled trials (RCTs) are considered the gold standard design for evaluating
new interventions or treatments [1](pl-7). In the traditional RCT design, participating
individuals are randomly allocated to either an intervention (experimental) arm or a control
arm (either an alternative intervention or no intervention). The effect of the intervention is
then quantified by comparing outcomes on the participants between the trial arms. If the
number of individuals is sufficiently large, researchers can be confident that differences in
the outcomes observed between trial arms are a result of the intervention, rather than a
result of differences on other known or unknown factors. Random allocation prevents
selection bias by ensuring that participants with different characteristics have the same
chance of being allocated to the intervention arm [1](p1-7). It enhances the internal validity
of the comparison, that is the extent to which the observed results are estimating the true

intervention effect in the study population.

Cluster randomised controlled trials (CRTSs), also known as group randomised trials, place
randomised trials or community randomised trials, are studies in which groups (clusters) of
participating individuals are allocated to trial arms rather than individuals themselves [2-6].
CRTs differ from traditional RCTs in that rather than randomising individual participants,
entire clusters are the units of randomisation with outcomes measured on participants within
the clusters. Clusters may be health organisations (e.g., hospitals, general practices), non-
health organisations (e.g., workplaces, schools) or geographical areas (e.g., towns,
villages). A diagrammatic representation of the difference between an individually RCT and

a CRT is shown in Figure 1.1.
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Individually Randomised Controlled Trial ~ Cluster Randomised Controlled Trial

Control Intervention Control Intervention
arm arm arm arm

Fig. 1.1. A diagrammatic representation of an individually randomised controlled trial and a

cluster randomised controlled trial.

Randomisation of clusters rather than individuals may be preferred for a number of reasons
[2](p13). Clusters may be randomised because the intervention has been designed to be
delivered at the cluster level and not the level of the individual [3](p10). An example of this
would be the implementation of water fluoridation of towns. It would not be feasible to provide
fluoridated water to specific individuals, so the entire towns (clusters) would be randomised
when evaluating the intervention. Cluster randomisation is also more pragmatic here as it
reflects real life delivery. Another reason for randomising clusters is to reduce the risk of
‘contamination’ that may otherwise occur between trial arms if individuals were randomised
[3](p11-12). In other words, the CRT design minimises the possibility of individuals from
different trial arms interacting and diluting the effect of the intervention. For example, in a
trial evaluating a change in diet, individuals in the control arm might learn about the
experimental diet and implement it themselves [7]. Contamination between trial arms can
also occur at the level of the person delivering the intervention as they may find it hard to

not deliver it to participants in the control arm if individuals are randomised [3](p11-12). By
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randomising clusters, contamination is avoided as all members of a given cluster are
allocated to the same trial arm [3](p11-12), provided participants in a intervention cluster do
not interact with participants in a control cluster. The CRT design has also been used for
logistical reasons, cost and administrative convenience [3](p12).

Despite there being a number of reasons why researchers may prefer to randomise clusters
rather than individuals, cluster randomisation should only be used where there is a strong
methodological justification [3](p10). Outcomes of participants in the same cluster tend to
be more similar to each other than with outcomes of participants from different clusters. As
a result of this within-cluster similarity, a larger number of participants are required in CRTs
than if individual randomisation were used [8]. Because CRTSs typically randomise few units
(clusters), they are more susceptible than individually RCTs to imbalance in baseline
characteristics between the trial arms [8]. Researchers should provide a clear rationale for
choosing cluster randomisation over individual randomisation in order to justify the larger

sample size inherent in the CRT design [4].

1.2 Design features and methodological considerations of cluster

randomised trials

1.2.1 Intra-cluster correlation

A characteristic feature of CRTs is that outcome observations on participants who belong to
the same cluster are usually more similar to each other than observations on participants
from different clusters [4](p6-7). For example, patients registered with the same general
practice (cluster) are more likely to have similar health outcomes to each other than those
registered with different practices [9]. This similarity, or correlation, between participants in
the same cluster can occur for three main reasons. First, people may choose the cluster
they belong to, for example, individuals may choose the town they live in. Second, the cluster
may exert a common influence on all members of the same cluster, for example, school
policy may impact on all pupils in a similar way. Finally, participants may interact within their
cluster and this may lead to more similar outcomes, for example, individuals interact within

workplaces on a daily basis and this may lead to similarity with some outcomes.
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The intra-cluster correlation coefficient (ICC), denoted p, quantifies the similarity of
observations for a specific outcome on individuals within the same cluster. A common
definition used for continuous outcomes is that the ICC is the proportion of the total variation
in the outcome that is between clusters (¢%) as opposed to between individuals within
clusters (¢2)[10, 11]:

o)

p=—"—
of + a2

Under this definition, the ICC can take values between 0 and 1. The larger the ICC is, the
greater the similarity between individuals within clusters, or, equivalently, the greater the
proportion of variability in the outcome that is between clusters [10]. If the outcomes of
individuals from the same cluster are no more similar to each than the outcomes of

individuals from different clusters then the ICC is zero.

The between-cluster component of variance (¢3) [12] quantifies the variation in the outcome
between clusters; itis the square of the standard deviation (SD) of mean outcomes across
clusters. A variance quantifies how far a set of numbers are spread from the mean value,
and in the present context o2 measures how far the mean outcomes from different clusters
vary around the overall mean [12]. The within-cluster component of variance (¢3) quantifies
the variation in the outcome across participants within the same cluster; that is, how far the

participants’ outcomes in a given cluster vary around the mean outcome in the cluster.

The proportion of variance definition of the ICC is expressed differently for binary outcomes
[11], for which the overall variance of the outcome, (1 — m), depends on the outcome
prevalence, mt[13]. The definition for the ICC, pj,ineary, fOr a binary outcome is:
var(rm;)
Pb(linear) = m
where m; is the proportion with the binary trait in the ith cluster and var(m;) is the variance

of the cluster proportions (between-cluster variation). Under this definition the total outcome

variance is expressed on the linear (proportions) scale.

There is different definition of the ICC for binary outcomes where the between-cluster

variation is expressed on the logit, or log odds, transformation of m;:
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logit(m;) = In(m;/(1 — 1))

This definition of the ICC assumes that the binary outcome is the dichotomised version of
an underlying latent continuous variable that represents the tendency of an individual level
cluster member to have the binary trait [10]. Individuals for whom the value of this latent
variable is over a certain threshold, have the binary trait (coded 1) while the remaining
individuals do not have the trait (coded 0). The underlying continuous variable is assumed

to follow a logistic distribution. The definition for the ICC, pn(ogit), fOr a binary outcome is then:

var(logit(ni))
var(logit(ni)) + (n?/3)

Pb(logit) =

where var(logit(m;)) is the between-cluster variance on the logit scale, m is the
mathematical constant (~3.141592654), and =2 /3 is the within-cluster variance on the logit
scale [10].

Another way of quantifying the correlation of outcomes of participants from the same cluster
is using the between-cluster coefficient of variation of the outcome (CV) [14]:

Op
u

CV =

where g}, is the between-cluster standard deviation (the square root of the between-cluster
variance component), and y is the mean outcome across the clusters. The higher the CV,
the greater the level of variation of the outcome across clusters, and the greater the

correlation of the outcome within clusters [14].

The similarity, or lack of statistical independence, between observations on individuals from
the same cluster means that the usual methods for calculating sample size and analysing
data in individually RCTs should not be used in CRTs [4]. The use of standard sample size
methods to calculate the number of participating individuals needed in CRTs will result in
studies that contain too few individuals and lack power to detect the pre-specified
intervention effect of interest (i.e., the smallest effect that is worth detecting) [4]. The use of
standard analysis methods to estimate the intervention effect from the resulting trial data will
produce confidences intervals (Cls) that are narrower and p-values that are smaller than
they should be, thus exaggerating evidence for the benefit of the intervention [4]. Therefore,

sample size and analysis methods that take account of clustering should be used in CRTSs.
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Information about clustering (i.e., the ICC or CV of the outcome) for study outcomes is
invaluable when calculating the sample size for a planned CRT and can be obtained from
previous studies with the same type of cluster and outcomes to the planned trial [11]. Such
studies may be previous CRTs, multi-centre individually randomised trials where the "centre"
is the cluster of interest, multistage (cluster) surveys, or routine datasets [11]. In order to aid
the design of future similar studies, authors reporting results from CRTs should provide
estimates of the ICCs (or CVs) from their study. These should be reported with Cls because
CRTs typically have few clusters, resulting in imprecise ICC estimates [10, 11].

1.2.2 Sample size calculation

When calculating the sample size required for a CRT, both the total number of clusters that
need to be recruited and the number of individuals that need to be recruited from within each
cluster must be determined. In order to detect a specified intervention effect, CRTs require
more participants than traditional RCTs where individual participants are randomised
[3](p137). Correlation of outcome observations within clusters means that each participant
in a CRT provides less information than each participant in a trial that randomises

individuals.

A consideration that researchers have to make when determining the sample size for a
planned CRT is the trade-off between having large numbers of clusters and having large
numbers of individuals within clusters. The total number of clusters is the key driver for
increasing the power to detect the effect of the intervention in a CRT especially when the
assumed ICC is large [15]. The total required number of participants decreases as the
number of clusters increases, but it is often impractical and more expensive to recruit many
clusters. Many studies have an upper limit on the number of clusters that is feasible to
recruit. This may result in the study not being feasible as the maximum achievable power is
heavily limited by the number of clusters, regardless of how many individual participants are

included within each cluster [16].

1.2.2.1 Using the ICC to estimate the sample size

When the number of individuals in each cluster is fixed and known in advance, the total
number of individuals required in a CRT is calculated by inflating the number of individuals
that would be required in an individually RCT by the design effect (DE) [17]:
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DE=1+(m—1)p

where m is the mean number of participants providing outcome data in each cluster, often
referred to as the cluster size, and p is the ICC of the outcome [3](p142). When calculating
the sample size for binary outcomes must be specified on the linear (proportions) scale of

the outcome, using pyineqry- The DE is often referred to as the variance inflation factor in

the literature because it is the amount by which the variance of the intervention effect
estimate is increased as a result of using the CRT design [18]. Having calculated the total
number of participants required, this is divided by the cluster size to obtain the total number
of clusters that is required in the CRT. If the cluster size is large, then even a small ICC may
drastically increase the total number of participants required [19]. For example, with a ICC
of 0.05 (considered to be a conservatively high estimate for patient outcomes in general
practice clusters [20]) and a cluster size of 100, the total number of individuals required for

a parallel arm CRT is six times that under individual randomisation.

For scenarios where the total number of clusters available for a CRT is fixed and known, an
alternative calculation based on the same DE approach is used to calculate the number of

participants that need to be recruited from each cluster [16].

In addition to incorporating the DE, when calculating the sample size in CRTs, a degrees of
freedom correction should be incorporated to take account of the anticipated uncertainty
with which variability in the outcome across clusters is estimated in the analysis of the
intervention effect. A further inflation of the sample size should be considered to allow for
loss of efficiency that results from recruiting unequal numbers of participants from the

clusters [12].

1.2.2.2 Using the between-cluster coefficient of variation of the outcome (CV) to estimate

the sample size

The between-cluster CV can be used as an alternative measure of outcome clustering when
adjusting the sample size calculation in CRTs with binary and count/rate (i.e., incidence
rates of a disease) outcome data [3](p145-146); it is incorporated in to a modified design
effect formula. Like the ICC, the larger the CV is the greater the between-cluster variation
(or equivalently the within-cluster correlation) and the greater the inflation that is required for
the sample size calculation for the CRT [14].
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1.2.3 Analysis methods

1.2.3.1 Estimating intervention effect

When estimating the intervention effect in CRTSs, analytical methods should take account of
clustering, otherwise confidence intervals for the intervention effect will be narrower and
corresponding p-values will be smaller than they should be. Furthermore, the degrees of
freedom used for calculating the confidence interval and p-value for the intervention effect
should take account of the number of clusters in the study [21]. The use of standard
analytical methods that incorrectly assume there is no within-cluster correlation results in an
exaggeration of the amount of evidence for a true intervention effect and the precision with

which the effect is estimated [4].

In CRTs, statistical analyses of the intervention effect may be undertaken at the cluster-level
or at the individual-level. For cluster-level analyses, the outcome is summarised for each
cluster, for example, by calculating the means for continuous outcomes or percentages for
binary outcomes across individuals in the cluster. Standard analytical methods are then
used to compare the outcome between the trial arms using the cluster-level summary
statistics as the observations [22]. Important covariates that need to be adjusted for in the
analysis can be incorporated through the use of regression modelling at the cluster level
[3](p107-109). This method of analysis is valid because the cluster is both the unit of

randomisation and the unit of analysis.

Individual-level analysis of data from CRTs involves the application of regression-based
methods that allow for the within-cluster correlation. This approach is exemplified by
methods such as mixed effects (“multilevel”’) models [23] and marginal models estimated
using Generalised Estimating Equations (GEEs), usually assuming an exchangeable
correlation structure with information sandwich (“robust”) estimates of standard error [24].
These methods readily facilitate adjustment for individual- and cluster-level factors that are

potentially predictive of the outcome.

1.2.3.2 Estimating ICCs from outcome data

When publishing the results of CRTs, the ICCs for outcome variables should be reported to
help inform the design of future similar trials. Different methods can be used to estimate
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ICCs [10, 25], such as random effects analysis of variance and the regression-based
methods discussed above [10]. Regression-based methods are commonly used to analyse
data from CRTs and calculate ICCs since the ICC is estimated as part of the model fitting
process [26] or to weight the analysis [24].

As described earlier, there are different definitions of the ICC for binary data depending on
whether the binary outcome is analysed on the linear (proportions) scale or the logistic scale
[10, 27]. The ICC for binary variables can be estimated using methods that allow for
clustering. Random effects analysis of variance, marginal regression models using GEEs,
and random effects (“multilevel”) linear regression can be used to estimate the ICC for a

binary outcome on the linear scale, p,ineary [27]. Random effects (“multilevel”) logistic
regression can be used to estimate the ICC for a binary outcome on the logistic scale,

Pb(logit) [27]

1.2.4 Recruitment and consent processes

The clusters and individuals recruited to take part in CRTs should, ideally, be representative
of the wider study population. In order to improve generalisability of the findings, a diverse
range of clusters should be recruited, or investigators should ensure that settings are
representative of the wider population. Investigators should also limit inclusion/exclusion
criteria, encourage high uptake from eligible clusters and participants through means such
as incentivisation, and provide them with adequate information about the trial [3](p23-24).

Ideally, participants should be identified and recruited before the clusters are randomised
[28]. However, in some CRTS, this is not possible, in which case, the person recruiting the
participants should be blind to the trial arm status of the cluster, otherwise the number and
characteristics of recruited individuals may then differ between the trial arms, resulting in

selection bias and compromising study validity [29].

1.2.5 Consent processes

In CRTSs, consent should be obtained at the level of the cluster and the individual participant
[30]; this makes the consent process more complicated than for individually RCTs. Consent
can be sought for different components of a trial including randomisation, participation in the
intervention and data collection [30, 31]. Cluster guardians/gatekeepers are appointed to
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make decisions regarding participation in the trial on behalf of the individuals within those
clusters (e.g., headteacher of a school, community leader of a village) [32]. In CRTs, it is
rarely possible for individual participants to consent to randomisation and the intervention
as these decisions are taken at the cluster level [30]. Usually, individuals are asked only for
consent for data collection. The challenges with consent in CRTs have been documented

extensively in the literature [30-35].

1.2.6 Restricted randomisation

As there are often few clusters included in CRTs due to logistical and financial constraints,
simple randomisation may not evenly balance key cluster characteristics that are predictive
of the outcomes across the trial arms. Completely randomised designs, where the
interventions are assigned at random to clusters without reference to the characteristics of
the clusters, are the simplest. In recent years, however, it has become more common to use

some form of restricted allocation in CRTs [3](p75-76).

Restricted randomisation, or restricted allocation, involves modifying the randomisation
process to reduce the chance of poor allocations and ensure trial arms are similar (or
balanced) with respect to specific cluster characteristics while retaining the benefits of
randomisation [36]. Restricted allocation enhances the face validity of the subsequent
comparisons of the outcomes between the trial arms. Adjusting for characteristics used to
balance the allocation when analysing the data from the CRT provides greater precision for
estimating the intervention effect if those characteristics are predictive (i.e., prognostic) of
the trial outcomes [3](p76-78). Restricted allocation can be used in combination with
blocking (i.e., allocation of equal numbers of clusters to each trial arm within blocks based
on order of recruitment) to ensure balance between trial arms with respect to the number of
clusters [3](p82-83).

Besides balancing on cluster-level prognostic factors, restricted allocation may be used for
other more practical reasons. For example, one might balance the randomisation based on
cluster size to ensure that the total number of participants recruited is similar in each trial
arm [37]. If the trial is undertaken in different geographical areas then randomisation may
be balanced on location to ensure that different areas have an equal chance of being

allocated the intervention [37]. Finally, if there is the need to investigate a cluster-level
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characteristic as a potential moderator of the effect of the intervention then restricted
allocation may be used to ensure similar numbers of intervention and control clusters in
each level of the characteristic, for example, type of school (e.g. state funded versus
independent) [37]. Balancing on such characteristics increases the power of tests of

moderation.

A commonly used form of restricted randomisation is stratification. In stratified designs,
clusters are grouped into strata based on having the same characteristics on factors that
the investigators want to balance on between trial arms, such as geographic location or
socio-economic status (SES). Within these strata, clusters are then randomly assigned to
the trial arms [2](p45). This ensures balance with regard those cluster-level factors. A special
case of the stratified design where each stratum contains only two clusters (i.e., a pair of
clusters) is called a matched pair design. Under this design, one cluster from each pair is
randomly allocated to each trial arm. A disadvantage of the matched pair method is that if
one cluster from the pair drops out of the study, the other cannot be included in the analysis.
Although there can be gains in statistical efficiency from matching, clusters within each pair
need to be sufficiently similar with respect to the outcome or the method will result in a

decrease in statistical power if matching status is incorporated in the analysis [3](p84).

When there are few clusters in a CRT and a large number of cluster-level characteristics to
balance on, constrained randomisation is more practical than stratification and matching.
Constrained randomisation involves undertaking a large number of randomisations for the
recruited clusters and randomly selecting a randomisation sequence for which there is a
reasonable balance, based on pre-specified criteria, in the cluster characteristics [38, 39].

In situations where clusters are recruited and randomised sequentially over time, rather than
in a single batch, a method called minimisation can be used to allocate clusters whilst
maintaining balance on the cluster characteristics across trial arms. Under minimisation, the
assignment of each new cluster partially depends on the current balance (or imbalance) in
the cluster characteristics across trial arms and, therefore, the method is only a pseudo-
random process. Newly recruited clusters are allocated in a manner that is weighted towards

maintaining the balance in cluster-level characteristics between trial arms [40].
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1.2.7 Follow-up designs in CRTs

There are two main designs that are used in CRTs to undertake follow-up assessments on
the participants: the cohort design and the repeated cross-sectional design. In CRTS,
measurements are taken on individuals within clusters. In cohort designs the same
participants provide data from each cluster at each measurement occasion. In repeated
cross-sectional designs, a different set of participants provide data in each cluster at each
measurement occasion. The cohort design is more useful for determining how an
intervention affects individual-level outcomes as the same individuals provide outcome
across all time points [41]. The repeated cross-sectional design is more useful when the aim
is to measure the effect of an intervention at the cluster level [3](p86). In some circumstances
it is only possible to use a repeated cross-section design, for example, when evaluating

childbirth outcomes as the mothers cannot give birth at each measurement occasion [42].

1.2.8 Feasibility studies

Feasibility studies are often used ahead of the main definitive trials to explore any potential
challenges in delivering the trial, establish if the trial is something that can be done, if it
should be done and how it should be done [43]. Feasibility studies are smaller scale studies
that focus on uncertainties in the main trial. For example, challenges in the randomisation
and recruitment processes, the delivery and acceptability of the intervention, and estimating

parameters such as recruitment and follow-up rates to inform the design of the future study.

Feasibility studies undertaken prior to a definitive CRT differ from feasibility studies
performed prior to an individually RCT as they may be used to address concerns specific to
the CRT design. These can include some of the challenges discussed earlier in this chapter,
such as the possibility of recruitment bias if clusters are randomised before individual
participants are recruited [29], and estimating the ICC of the primary outcome for use in the
sample size calculation for the definitive trial, although authors warn of imprecise ICC
estimates resulting from the small number of clusters usually included in feasibility studies
[44].
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1.3 Trials evaluating interventions for improving health outcomes on

children and adolescents

In 2020, it was estimated that a third of the global population was under 20 years old [45].
In recent years, there has been an increased focus on improving childhood and adolescent
health and intervening early in life in order to prevent adult disease, particularly for public
health concerns such as obesity, physical inactivity and mental illness [46-48].
Developmental and physiological processes in children and adolescents differ from those in
adults, and some conditions may only present in childhood/adolescence or present
differently compared with adults [49], making it essential to investigate such health
challenges in childhood. However, using children and adolescents as participants in health

research presents unique challenges to the design and conduct of trials.

Children are a heterogeneous group with respect to their physiology, behaviour, physical
and mental development [50]. This makes it challenging when planning a research trial as
there is generally less information available regarding the rationale for choice of comparators
for the control arm, validity of outcome measures, and long-term adverse events compared
with trials where adults are the participants [51]. Additionally, it can be harder to recruit
children than adults to health research studies as the burden of participating in a trial may
be more apparent in children (e.g., needing a parent/carer to help them travel to the research
venue) [52]. Furthermore, consent must be obtained from parents/carers in order for their
children to participate, which may be more difficult for potentially controversial interventions
such as vaccinations against diseases [33].

Another challenge when conducting health research in children and adolescents regards the
choice of outcomes measure. Child outcome measures differ from those used for adults in
that the former have child-specific elements [53]. Children and young people grow through
developmental stages meaning it is not always appropriate to use the same outcome
measures when studying children that span different ages, or where there is a need to follow-
up children over a long period of time [53]. Some outcomes are more challenging to measure
and report in younger children and require age-appropriate tools. The language used by
researchers is important to ensure that children understand what is required of them and
what is being done [54]. There are also issues around the reliability of children’s responses
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to self-reported outcome measures, particularly for younger children [55]. One way of
overcoming this may be for outcomes to be reported by-proxy by a responsible adult (i.e.,
parents/carers, teacher) as well as the children in order to assess the outcome from different

perspectives [54].

There are additional ethical concerns when enrolling children and young people into trials.
It is important to ensure that children are protected as research subjects, and that age
appropriate information is provided to inform children of their role in the trial [50]. Assent, an
agreement given by a child/young person who is not legally empowered to give consent,
may be obtained from the child/young person for participation. Children and young people
also require proxy decision-makers (e.g., parents/carers) to provide consent on their behalf,
which may result in some children not taking part in the trial when they otherwise would have

if they were able to consent themselves [56].

1.3.1 Cluster randomised trials in child and adolescent populations

CRTs may be particularly appropriate for child health research as such trials often focus on
non-pharmaceutical interventions, such as for behaviour change, aimed at improving public
health [53]. This is because many of these interventions are delivered at the level of the
cluster. Despite this, there is still a relative lack of methodological literature examining the
use of the CRT design to investigate interventions for improving health outcomes on infants,
children and adolescents. A 2011 systematic review of CRTs in children found that the rate
of publication of such studies has increased since 2004, with studies most commonly
undertaken in health areas such as infectious diseases (21%), diet/physical activity
interventions (19%), health-risk behaviours (15%), and undernutrition (13%) [53]. The
review found that the greatest proportions of CRTs were undertaken in Europe (29%), Asia
(23%), and North America (21%). Of the studies included in the review, 72% randomised
schools as the cluster unit. The review also highlighted poor reporting, with only 34% of
CRTs adequately reporting on more than half of the CONSORT-CRT [57] criteria.
Information was often missing regarding how clustering was accounted for in the sample
size calculation (41% of CRTs) and analyses (35%), and the ICC for the primary outcomes
was only reported in 37% of trials.
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Another systematic review examining CRTs in maternal and infant health also found poor
quality of reporting, with 10 of the 35 CRTs included not reporting accounting for clustering
in the sample size calculation, and 7 not accounting for clustering in their analysis [58]. The
review also comments that the shortcomings in the reporting of the sample size calculations
made it difficult to evaluate whether an appropriate sample size was used and suggests

better reporting and sharing of ICC values are needed [58].

1.4 Cluster randomised trials in school settings

1.4.1 Within-cluster correlation of pupil outcomes in school settings

The CRT design is often used in the school setting to evaluate the effect of interventions on
pupil outcomes [53, 59]. The design respects the natural hierarchical structure in schools
(i.e., pupils nested within classes (or class-teachers), nested within year groups, nested
within schools). Often the interventions assessed using school-based CRTs are designed
to be administered at the school/class (cluster) level (e.g., change to school meal policy).
Additionally, the CRT design may be used to avoid contamination between the trial arms
that might otherwise occur if pupils are randomised, given that they interact within schools
(clusters) [50] (e.g., in a CRT evaluating an intervention for improving nutrition intake, pupils
in the control arm might learn about the recommendations and adopt them themselves).
Therefore, cluster randomisation is generally more appropriate than individual
randomisation in the school setting.

As for CRTs undertaken in other settings, for a number of reasons, the outcomes of pupils
(individuals) within the same school (cluster) will be more correlated than outcomes of pupils
from different schools. First, pupils and their parents/carers may select the school they
attend, and any given school is likely to attract pupils with similar characteristics, who are
more likely to share similar behaviours and outcomes [50, 60]. Selection into schools in this
manner results in pupils having more similar characteristics or behaviours than expected if

selection into schools was random [60].

Second, the school itself can influence the behaviour of pupils through its culture and
physical environment, ethos and policies [61]; these are termed “contextual effects". Some

researchers place a prominence on contextual effects to explain the association between
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schools and the behaviours of pupils [62]. Pupils can choose to accept the instructional
(gaining knowledge) and regulatory orders (appropriate behaviours) from a school. This in
turn, may impact on whether pupils accept the school’s values or engage with student

groups within the school that are more conducive to negative behaviours [63].

Third, the characteristics of pupils in the school can have a common influence on the pupils
within schools [50]. Such influences can be termed “compositional effects”, where the impact
of the collective properties of the members within the cluster can influence an individual's
behaviours [63]. For example, some schools will have a higher proportion of pupils from
socio-economically advantaged families, who may influence other pupils within the school
in particular ways. Compositional effects can have both positive and negative influences on
all pupils within the school [64] (i.e., increase positive and/or negative behaviours).
Compositional effects are generally a consequence of both the selection into schools and
the socialisation (interaction) of pupils within the school environment [65]. The peer
contagion effect [66], where the behaviours and feelings of pupils can be transmitted
between them, and social mimicry [67], where pupils adopt similar behaviours to increase
social acceptance and boost self-esteem, are examples of compositional effects within the

school social environment that may explain behavioural similarities amongst pupils.

1.4.2 Methodological challenges of school-based CRTs

School-based CRTs share many of the same methodological challenges as CRTs
conducted in other settings, but some challenges are more salient [50]. As explained in
Section 1.4.1, pupils who attend the same school are more likely to have similar outcomes
than pupils attending different schools. This correlation between pupils within schools must
be accounted for when designing and analysing school-based CRTs. Authors have
previously reported that ICCs for pupil health outcomes are usually smaller than for
educational outcomes in school settings [68-70]. This might be expected given that the main
purpose of schools is to provide education [71]. ICCs for health outcomes in health care
settings are well established, especially in primary health care where empirical data indicate
that ICCs at general practice level are generally less than 0.05 [3, 20, 26, 72, 73]. Less is
known about the size of ICCs for pupil health outcomes for school-based clusters.
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Recruitment of clusters in CRTs has long been reported as a challenge in the literature [4].
It is important that an adequate number of representative clusters are recruited to achieve
internal and external validity [3]. It is widely known that the additional demands placed on
schools in terms of time and costs is a barrier to the recruitment of schools [33, 74-76]. This
is similar to the recruitment of clusters in other settings such as primary care [77-79].
Researchers need to obtain agreement from school management, and potentially consult
with parents/carers and pupils before recruitment [80]. Additionally, recruiting schools and
participants to research that involves sensitive topics can lead to further barriers to
successful recruitment if the intervention does not fit the school ethos or the schools regard
the topic as too sensitive [33, 81]. This can lead to the exclusion of certain types of school

and compromise the representativeness of the sample.

There are challenges regarding informed consent in school-based CRTs. Multiple
stakeholders (i.e., researchers, parents/carers, pupils, school leaders and headteachers)
are involved in the informed consent process, which adds complexity [82]. Consent for the
school to be randomised and allocated the intervention are usually provided by the senior
leadership team of the school. There may be interventions delivered to entire
schools/classes, however, that some parents do not want their children to receive (e.g., sex
education) [32, 56, 82].

Cluster-level attrition is an issue in CRTs in general, but can be particularly salient in school-
based CRTs due to the demands of trials on schools [83]. Other methodological challenges
include validity of data that are self-reported by pupils (particularly younger children), lack of
long-term follow-up, high pupil drop-out rates, and how best to handle the analysis of data

from pupils that change schools (clusters) during the course of the study [55, 81].

1.4.3 School-based CRTs evaluating educational interventions

Some of the first RCTs were undertaken in the field of education early in the 20th century
[84]. Since the 1990s, there has been a greater focus on the use of evidence from RCTs to
inform educational decision-making [85]. Since 2010, there has been an increase in the use
of CRTs to test the efficacy of educational interventions in school settings [59, 86]. As
highlighted previously, the CRT design respects the natural clustering in the education

setting, and many educational interventions are delivered at the cluster-level. In the United
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Kingdom (UK), as of 2020, it is estimated that over a third of English schools are now
involved in RCTs [85]. Despite the increasing number of school-based RCTSs, often using a
CRT design, very few authors have investigated the unique methodological challenges
associated with the CRT design for evaluating interventions for improving educational

outcomes on pupils.

The literature in the field focuses heavily on the educational system in the United States
(US) [87-90], which may not be applicable to other educational systems. Several studies
have summarised ICC estimates for educational outcomes from school-based CRTs for use
in sample size calculations [88-92]. Prior research has reported school-level ICC estimates
between 0.10 and 0.25 for educational attainment outcomes [92]. Additionally, some authors
explored patterns between grade level and the size of the ICC finding there may be a
negative correlation between them [88, 91]. Although the size and pattern of ICC estimates
have been described for educational outcomes in the school setting, there is still a relative

lack of methodological literature on school-based CRTs with educational outcomes.

1.4.4 School-based CRTs evaluating health interventions

As for interventions to improve educational outcomes on pupils, schools provide a
convenient environment to evaluate interventions for improving the health outcomes of
pupils. Schools are an ideal setting in which to deliver health interventions as a large
proportion of the world’s child and adolescent population attend them. Worldwide, almost
90% of children aged 6 to 11 years are enrolled in primary education and 66% of adolescents
aged 12 to 17 years are enrolled in secondary education [93]. Due to the amount of time
children spend in school, schools provide a natural setting in which to recruit children and
adolescents for participation in research studies, deliver interventions for improving health,
and measure health outcomes [50, 74]. At a policy level, there is increasing awareness of
the potential for using the school setting to deliver, non-pharmacological, complex public

health interventions, and promote health from an early age [53, 94, 95].

The CRT design is well suited to the school setting when evaluating interventions for
improving health outcomes on pupils as it reflects the hierarchical structure found within
schools. The 2011 methodological systematic review examining the characteristics and

quality of reporting of CRTs measuring health outcomes on children reported that 72% of
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included studies randomised schools as clusters [53].

Even with the increasing use of the CRT design for school-based health research, few
studies have investigated the methodological challenges specific to school-based CRTs
measuring health outcomes on pupils. A recent paper highlighted that a lack of suitable ICC
estimates for use in sample size calculations is a key issue in school-based CRTs [50].
Researchers have reported ICCs for health outcomes to be generally smaller than those for
educational outcomes in school settings [61, 68, 70, 96]. For example, one study reported
that the majority of the ICCs for health outcomes such as tobacco use, alcohol use, illicit
drug use and risky sexual behaviour were lower than 0.10, compared to the ICCs for
academic achievement, which were between 0.19 and 0.25 in the same samples [70]. A
number of studies have provided estimates of ICCs from school-based CRTs or surveys but
tend to focus on specific health areas such as substance use [61, 71, 97-104], nutrition [105-
107], physical activity [61, 107-109], and mental health and behaviour [61, 69, 96], and
summarise studies from the US. Additionally, compared with ICCs for health outcomes from
CRTs in health care settings, the ICCs for health outcomes in school settings are less
established [26, 61, 72, 110-114]. For example, the University of Aberdeen
(https://www.abdn.ac.uk/hsru/what-we-do/tools/) has a database of ICC estimates for use in
sample size calculations for CRTs in healthcare settings but there are no ICCs for pupil
health outcomes in the school setting in this database [73].

Given there is currently limited literature on the methodological challenges of school-based
CRTs measuring health outcomes on pupils, they may be less well known to researchers in
this setting compared with other settings. Many issues are expected to be common to
studies that randomise school units, for example, issues with high pupil drop-out rates, and
how best to handle the analysis of data from pupils that change schools (clusters) during
the course of the study [55, 81]. However, other issues may be more specific for CRTs with
health outcomes. Some pupil health outcomes may be more difficult for teachers to report
than educational outcomes, given their primary role is to provide education. Teachers may
find it hard to understand how to rate particular health outcomes, or understand what the
measure means. There may also be more of a research burden on schools for health
interventions than educational ones as schools are more used to implementing education,
whereas health interventions may result in more disruptive changes (e.g., to timetabling)
[50]. Education policy focuses predominantly on maximising academic attainment and less
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so on pupil’s broader well-being, personal development, and health [115], resulting in less
incentive for schools to promote health. Furthermore, some challenges associated with
informed consent may be more specific to health interventions, particularly if the
interventions are polarising amongst school leaders and parents/carers, for example,

interventions surrounding sensitive topics such as vaccination and sexual health [33, 81].

Although school-based CRTs share many common methodological features with CRTs in
other settings, some features may be more relevant in schools. Despite the increase in the
number of school-based CRTs evaluating the effect of health interventions on pupils [50,
53], there is still limited knowledge regarding the current methodological practices of such

studies and more research is needed to understand the specific challenges.

1.5 Justification and aim of the thesis

The aim of this thesis is to describe the methodological characteristics and challenges
common to school-based CRTs for evaluating the effect of interventions on pupil health
outcomes and collate and explore patterns in ICCs to aid future sample size calculations. In
so doing, the thesis will provide knowledge for researchers planning CRTs of interventions
for improving health outcomes of school children. The thesis will provide estimates of the
ICC of pupil health outcomes based on school-related clusters, and examine whether design
features, such as educational level (i.e., pre-school, primary and secondary school), are
predictive of the size of the ICC. This knowledge will inform the sample size calculation and
wider design of future school-based CRTs and provide plausible parameter values for
simulation-based studies that use synthetic data to evaluate the statistical properties of
methods used to design and analyse data from such studies. Simulation involves the
random generation of synthetic data to evaluate the properties of statistical
methods. Amongst other things, simulation studies can be used to estimate: the bias of
estimates provided by statistical methods (i.e., the extent to which the estimates
systematically deviate from the truth); the coverage of confidence intervals (the probability
that the confidence interval includes the true value of the parameter that is being estimated);
the power of statistical tests (the probability that the test will provide a statistically significant
result when the intervention is effective at a specified level). Taken together, the findings
from the thesis will help inform researchers on the design, conduct and analysis of school-

based CRTs with health outcomes measured on pupils.
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1.6 Research objectives

1)

2)

3)

4)

Undertake a methodological systematic review to summarise the characteristics and
common challenges of school-based definitive CRTs used to evaluate interventions
for improving health outcomes on pupils in the UK.

Undertake a methodological systematic review to summarise the characteristics and
objectives of feasibility studies that are undertaken to aid the planning of definitive
school-based CRTs used to evaluate interventions for improving health outcomes on
pupils in the UK.

Collate and summarise estimates of the ICC for pupil health outcomes reported in
previously published school-based CRTs worldwide and describe the relationships
between the ICC and study characteristics.

Describe patterns in the size of ICC estimates using secondary analysis of raw data
from school-based CRTs used to assess interventions for improving social emotional

functioning outcomes on pupils in the UK.

1.7 Overview of thesis

The thesis describes and addresses methodological challenges when undertaking school-

based CRTs that measure health outcomes on pupils. Original research was conducted as

reported in Chapters 3 to 6. The results of these studies are brought together for discussion

in Chapter 7 (Discussion), with a consideration of the implications, strengths and limitations

of the body of work as a whole, and potential areas for further research. The original

research consists of four chapters written in their unpublished forms. Published versions of

the research undertaken in Chapters 3, 4, and 5 are in Appendices 1-4.

The studies that comprise this thesis are as follows (see Figure 1.2):

a methodological systematic review of definitive school-based CRTs used to evaluate
interventions for improving pupil health outcomes in the UK (Chapter 3)

a methodological systematic review of school-based feasibility CRTs undertaken in
advance of planned definitive trials for evaluating interventions for improving pupil

health outcomes in the UK (Chapter 4)
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e asummary of ICC estimates from school-based CRTs worldwide of interventions for
improving health outcomes on pupils (Chapter 5)

e a secondary analysis of raw data from five UK school-based CRTs to estimate the
intra-cluster correlation coefficients of social emotional functioning outcomes on
pupils (Chapter 6).

\4

Methodological
systematic reviews
of school-based
definitive and
feasibility CRTs in
the UK

(Chapters 3 and 4)

Summary of ICCs
from school-based
CRTs worldwide

(Chapter 5)

\ 4

Secondary
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Discussion of the
implications of this
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future school-
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(Chapter 7)

Fig. 1.2. Diagrammatic representation of the structure of this thesis
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Chapter 2: Thesis overview

This chapter provides an overview of the studies presented in the thesis, details the rationale
and objectives for each study, and justifies the choice of methodology used to answer the

research questions.

2.1 Chapter 3 overview

The first study in this thesis (Chapter 3) is a systematic review of articles reporting the
findings of definitive school-based CRTs that evaluated interventions for improving pupil
health outcomes in the UK. Two peer reviewed journal articles have been published based
on the study: a protocol paper [116] (Appendix 1), and the findings of the systematic review
[117] (Appendix 2). The systematic review is reported in detail in Chapter 3. The roles of the
researchers involved in the study are specified in the ‘Author’s Declaration’ section of the

thesis.

2.1.1 Aims and rationale

The aim of the systematic review was to describe the characteristics and practices of
definitive school-based CRTs, including the following aspects: participant and setting
characteristics, study design, sample size assumptions, intervention and outcome details,
analysis methods, ethics and consent procedures, number of clusters and pupils recruited

and followed-up, and the intra-cluster correlation coefficient (ICC) of the primary outcome.

To date, no systematic reviews have been published describing the characteristics and
practices of school-based CRTs of interventions for improving health outcomes of pupils.
This was, therefore, a logical and essential first step in order to establish common
methodological practices in school-based CRTs and identify gaps that could be addressed
in the thesis. Through summarising these methodological characteristics and practices, the
systematic review also provides knowledge for researchers to help them better plan and
conduct their future studies. Finally, the review provides parameter values to inform the
design of simulation studies that use synthetic data to assess the statistical properties of

methods used to analyse data from school-based CRTSs.
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2.1.2 Methodology

A systematic approach was used for this literature review as it is considered to be the best
approach for finding and synthesising evidence from studies in relation to a specific research
guestion [118, 119]. The purpose of a systematic review is to carry out a precise summary
of available primary research evidence relating to a specific research question in order to
provide informative and evidence-based answers. This type of review uses systematic
searching to find relevant papers and involves the development of a detailed pre-specified
plan and search strategy. Systematic reviews are reproducible, and the approach helps to
minimise selection bias that would arise if authors were to identify articles themselves in an
ad hoc manner. Systematic reviews are characterised by a systematic presentation and
synthesis of the characteristics and findings of the included studies [120].

The features of a systematic review include:

e Defining a clear research question that the systematic review aims to address

e Outlining the aims, providing pre-defined eligibility criteria for studies to be included
e Clear and reproducible methods

e Arrigorous search strategy to find eligible studies

e Critical appraisal of included studies

e A systematic presentation and synthesis of included studies

A systematic review starts by searching sources of evidence (e.g., databases and citation
indexes) for relevant studies, using a pre-defined search strategy. Then, using pre-defined
eligibility criteria, the titles and abstracts of studies are screened for eligibility. Potentially
eligible studies undergo another round of screening using the same criteria but this time the
full text of the article is used to assess eligibility. Each study is then assessed in terms of
methodological quality using a critical appraisal tool. Lastly, the evidence from each study
is extracted and synthesised. This process may or may not include a meta-analysis, a

statistical method used to pool the results across the studies.

The systematic review undertaken in Chapter 3 did not use a critical appraisal tool as the
aim was to conduct a review of the methodology and characteristics of the studies, rather
than collate estimates of the intervention effects. Meta-analysis of the ICC was not

undertaken as the studies were methodologically and clinically diverse (i.e., different
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outcomes and health conditions). Summarising the variability in ICC estimates is more
useful as this provides a range of plausible values within which to assess the sensitivity of

the sample size calculation for a CRT [121].

2.2 Chapter 4 overview

The second study in the thesis (Chapter 4) is a systematic review describing the
characteristics, methodological practices and objectives of school-based feasibility CRTs
measuring health outcomes on pupils. A peer-reviewed journal article was published of this
systematic review [122] (Appendix 3). The entire, unpublished version of the systematic
review is presented in Chapter 4. The roles of the researchers involved in the study are

specified in the ‘Author’s Declaration’ section of the thesis.

2.2.1 Aims and rationale

The aim of this systematic review was to summarise the design features and report the
feasibility-related objectives of school-based feasibility CRTs measuring health outcomes
on pupils in the UK. Particularly, the review aimed to summarise design features and
objectives that were related to using a clustered design, including: the percentage of clusters
that are followed up; willingness for clusters to be randomised; estimation of the ICC to
calculate the sample size for the definitive study; and the planned and achieved sample

sizes at the cluster and individual levels.

No systematic review has summarised the characteristics of school-based feasibility CRTs
for improving pupil health outcomes. Therefore, undertaking a systematic review enabled
the identification of common practices and gaps in the existing methodological literature.
The review helps to highlight areas where improvements could be made to the design and
conduct of feasibility CRTs. Furthermore, reporting the feasibility objectives from school-
based feasibility CRTs helps to identify areas in which better use of such studies could be

made to address uncertainties that are specific to the CRT design.

2.2.2 Methodology

The systematic review was the best methodology to use to address the objectives in this

study and used a repeatable approach for finding relevant papers. The key methodological
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features of a systematic review and justifications for this choice of methodology have already

been provided in Section 2.1.2.

2.3 Chapter 5 overview

The third study in the thesis (Chapter 5) summarises estimates of the ICC of pupil health
outcomes from published school-based CRTs undertaken worldwide. A peer-reviewed
journal article reporting the study findings has been published [123] (Appendix 4). The study
is reported in detail in Chapter 5. The roles of the researchers involved in the study are

specified in the ‘Author’s Declaration’ section of the thesis.

2.3.1 Aims and rationale

The aims of this study were to collate and summarise estimates of the ICC of pupil health
outcomes reported in school-based CRTs worldwide and examine the relationship between

methodological characteristics of the CRTs and the ICC.

A summary of ICC estimates for pupil health outcomes from school-based CRTs in different
settings will help researchers design future CRTs by providing plausible values that can be
used in sample size calculations. Estimates from CRTSs, rather than from surveys, may be
more relevant as this information is more generalisable and reflective of the population of
schools that participate in health-based trials [3](p175). Identifying relationships between the
ICC and design features of CRTs, such as health outcome area, educational level, and
region, will help to inform the specification of assumed ICC in sample size calculations in
situations where no relevant previous estimates have been reported for the specific outcome

in the planned study.

2.3.2 Methodology

A systematic searching strategy was used to identify relevant published school-based CRTs
reporting health outcomes on pupils. The method was used because the search strategy for
identifying school-based CRTs of interventions for improving health outcomes on pupils had
already been developed (as used in Chapters 3 and 4) and because the resulting process

used to find the papers was repeatable. A systematic search approach was the most
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practical and rigorous way of finding relevant papers reporting estimates of the ICC from

school-based CRTs with pupil health outcomes.

Mann-Whitney and Kruskal-Wallis tests were used to compare the ICC across subgroups of
papers defined by study characteristics. The Mann-Whitney test was used to compare the
ICC estimates between two subgroups and the Kruskal-Wallis test was used to compare the
ICC estimates across three or more subgroups. These tests, the non-parametric alternatives
to using the two-sample t-test and analysis of variance, respectively, were used because
the ICC is not Normally distributed.

2.4 Chapter 6 overview

The fourth and final study in the thesis (Chapter 6) was a secondary analysis using data
from five school-based CRTs to estimate ICCs and components of variance at different
levels of clustering for pupil mental health and social emotional functioning [124] outcomes
(e.g., mental health, mood, well-being, self-esteem, bullying, school climate). The roles of
the researchers involved in the study are specified in the ‘Author’s Declaration’ section of

the thesis.

2.4.1 Aims and rationale

The aim of this study was to use raw data from five UK school-based CRTs to estimate ICCs
and components of variance at different levels of clustering for pupil social emotional
functioning outcomes and compare estimates of the ICC across studies, for different levels
of clustering (e.g., school- versus class-level), for different reporters for the same outcome

(i.e., pupils, parents, teachers), and over time.

The richness of the raw data provided the opportunity to examine ICC patterns in greater
depth than was possible based on only using reported data in published papers. The
analysis of raw data also facilitated the use of within-study information to identify the
determinants of the ICC, thus avoiding the limitation of study-level confounding that results
when comparing ICC estimates across studies as was undertaken in Chapter 5. Raw data
also provided the opportunity to comprehensively report the ICC for all relevant outcomes in
the studies. This in-depth exploration of the patterns of ICCs and components of variance
will aid researchers when calculating the sample size in future CRTSs.
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2.4.2 Methodology

Mixed effects (“multilevel”) linear regression models were fitted to the pupil mental health
and social emotional functioning outcomes to estimate ICCs and variance components.
Mixed effects models are characterised by having both fixed effects for participant and
cluster characteristics (e.g., trial arm status, pupil age, percentage of children in school that
are eligible for free school meals) and random effects (residuals) that are used to explicitly
model the variation in outcome across clusters and across individuals within the clusters
[23]. Mixed effects models are fitted for data with a hierarchical or clustered structure, such
as encountered in CRTs. For example, a simple two-level model mixed model would allow
for clustering of pupils (level 1) within schools (level 2) by including random effects at each
of those levels. The school-level random effect is the effect of unobserved school
characteristics that is common for all pupils in a given school. The model explicitly

recognises the correlation of outcomes between pupils from the same school.

A two-level mixed effects model can be fitted to estimate the ICC from data that have a

single level of clustering:

Yl-j=a+ul-+el-j

« Y is the outcome for the j" individual in the i cluster
e ais the constant

« u;is the random effect of the i" cluster, assumed to be Normally distributed with 0 mean

and constant variance o2
« ¢;is the residual effect of the j individual in the i cluster assumed to be Normally

distributed with 0 mean and constant variance ¢2

Using the same formula previously described in Section 1.2.1, the ICC (p) is calculated from
the between-cluster (62) and within-cluster (6?) components of variances which are

estimated by the model using:
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2.8 Chapter summary

This chapter explained the overarching aims of the four studies in the thesis and the rationale
for investigating the specific research questions. The chapter also described the

methodological approach used in each study and justified the choice of methodology.
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Chapter 3: The characteristics and practices of school-
based cluster randomised controlled trials for improving
health outcomes on pupils in the United Kingdom: A

systematic review of definitive trials

3.1 Summary

This chapter reports a systematic review of the characteristics and practices of definitive
school-based CRTSs that assessed interventions for improving health outcomes on pupils in
the UK. A peer-reviewed journal article of the protocol [116] (Appendix 1), and an article
reporting the findings of this systematic review [117] (Appendix 2) have been published. The
role of the authors in these publications has been previously specified (see Author’s

Declaration).

3.2 Background

As discussed previously in Chapter 1, the CRT design is increasingly used in school settings
to evaluate interventions for improving child and adolescent health outcomes [50, 53]. A
systematic review published in 2011 examining the characteristics and quality of reporting
of CRTs in child health research found an increase in the rate of publication of such studies
between 2004 and 2010, with 72% using school clusters as the units of randomisation [53].
Despite this, no systematic review has specifically focussed on the characteristics and
practices of school-based CRTs assessing interventions for improving the health outcomes

of pupils.

The systematic review aims to identify common methodological challenges associated with
conducting CRTs in school settings and provides valuable information for researchers
planning similar trials. The review collates estimates of parameters (e.g., estimates of the
intra-cluster correlation coefficient (ICC), sample sizes, follow-up rates) from the included
studies that are of use to researchers. Furthermore, the findings of the systematic review
can be used to inform the design of simulation studies that use synthetic data to evaluate
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the properties of statistical methods applied in the context of school-based CRTs with health

outcomes.

3.3 Aims and Objectives

The aim of this systematic review was to summarise the characteristics and methodological
practices of definitive school-based CRTs undertaken in the UK that evaluated interventions

for improving pupil health outcomes.

The review examined several aspects of methodology and study design. These included:
participant and setting characteristics; study design; intervention type; health area and
outcome measures; recruitment and retention, sampling and allocation methods; sample

size calculation; consent and ethical approval procedures; and analysis methods.
The objectives of the systematic review were to:

e Conduct a systematic review of definitive school-based CRTs used to assess
interventions for improving health outcomes on pupils in the UK.

e Summarise the methodological characteristics of the included studies.

3.4 Methods

The systematic review was reported in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement [125]. The review protocol was
registered on the International Prospective Register of Systematic Reviews (PROSPERO)
(Registration number: CRD42020201792) and was also published in a peer-reviewed
journal article [116] (Appendix 1).

3.4.1 Search strategy
3.4.1.1 Developing the search strategy

The search strategy for the Medical Literature Analysis and Retrieval System Online
(MEDLINE) database (via Ovid) is described in Table 3.1. Development of the search

strategy is outlined below.
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Table 3.1. MEDLINE (via Ovid) search strategy

Search strategy
Randomised controlled trial terms:
1. random:.mp.
2. trial.ab, kw, ti.
Study type terms:
3. “cluster™.ab, kw, ti.
4. “communit*.ab, kw, ti.
5. group*adj2 random*.ab, kw, ti.
6. 30OR40R5
School terms:
7. exp Schools/
8. School*.ab, kw, ti.
9. 7O0R 8
Final search:
10.1 AND 2 AND 6 AND 9
11.10 limited to English language

The RCT concept

The RCT concept terms were identified using an RCT filter for MEDLINE [126].
‘random:.mp.” and ‘trial*ab,kw,ti.” were used as RCT concept terms as the current review
aimed to identify randomised controlled trials. Terms such as ‘placebo’ and ‘clinical trials’,
which were also included in the RCT filter, were removed as the review did not seek to
identify clinical trials. ‘random:.mp.” was used as .mp. represents a term that is found in any
field (i.e., title, abstract, key words). This term also works similarly to a Medical Subject
Heading (MeSH) term in that it also encompasses official words or phrases that represent
or are similar to the word of interest (i.e., ‘random’ encompassed words such as ‘randomly’
or ‘randomised’). There was no similar MeSH term for trial, therefore, ‘trial*ab,kw,ti.” was

used in its truncated form in order to identify these terms in the abstract, keywords and title.

The study type concept

The study type concept was developed based upon the sensitive MEDLINE search strategy
for identification of cluster randomised trials developed by Taljaard et al [127]. Developing
on the free text terms (cluster$ adj2 randomi$.tw., ((communit$ adj2 intervention$) OR

(communit$ adj2 randomi$)).tw., group$ randomi$.tw.), the search strategy in this
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systematic review focused on the terms ‘cluster’, ‘community’ and ‘group’ in order to develop
the study type concept terms. Therefore, the terms used in the final search strategy were
"cluster*".ab,kw,ti, "communit*".ab,kw,ti. and group*adj2 random*.ab,kw,ti.. ‘Cluster’ and
‘community’ were both truncated (removal of the end of the word) and searched for in the
abstract, keywords and title. A decision was made to remove the ‘adj2 randomi$’ from these
terms because the study type concept terms in this search were combined with the RCT
concept terms using the Boolean search command ‘AND’, thus it would be unlikely terms
from both concepts would be unrelated. Despite this, the search strategy included the term
group* adj2 random*.ab,kwi,ti. instead of using the term ‘group’ on its own as this would
result in too many unrelated results, for example, identifying terms like ‘control group’,

‘intervention group’ or ‘treatment group’.

The setting (school) concept

The setting (school) concept used the exploded schools MeSH term, exp schools/, and the
free text term, School*.ab, kw, ti. The MeSH term was chosen to increase precision and
efficiency of the search strategy as it encompasses official words or phrases that represent
the school concept, instead of listing school related terms such as ‘classroom’ or ‘year
group’. The free text term ‘School*.ab, kw, ti’ was also used as a precaution as articles can

sometimes be indexed incorrectly using MeSH terms.

Terms in the concepts study type and setting were combined with the Boolean search
command ‘OR’; for example, for the ‘setting (school)’ concept, exp schools/ OR School*.ab,
kw, ti. All three concepts (RCT concept, study type (CRT) concept, and Setting (school)
concept) were combined with the Boolean search command ‘AND’ to produce the final
search strategy. The search was then limited to English language as available resources

made it unfeasible to translate papers.

3.4.1.2 Database choice

The search was run in MEDLINE to identify peer reviewed articles published from inception
to 30" June 2020. Once the search strategy had been developed in MEDLINE, a pragmatic

decision was made not to translate the search strategy to other databases.

Scoping had identified a wealth of literature in this area, and, although other databases were

considered, MEDLINE is focused on health-related journals of interest and was manageable
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with the limited time and resources available for the review. There is substantial overlap in
the studies indexed in Excerpta Medica Database (EMBASE) and MEDLINE, therefore it

was not considered to be time-efficient to search EMBASE [128].

Subject specific databases, such as Psychological Information Database (PsycINFO), were
considered but were not used as this may have biased the search in favour of certain health
areas (i.e., in the case of PsychINFO there would be a bias towards psychological research).
Additionally, as this systematic review focused on health outcomes, using the Education
Resources Information Centre (ERIC) would have resulted in screening many studies with
educational outcomes that would ultimately be ineligible. Other multidisciplinary databases
were also considered, such as Web of Science and Google Scholar, but significant overlap
with MEDLINE was also anticipated and would have resulted in a large number of studies

to screen with little return.

In order to validate the use of MEDLINE, scoping searches were undertaken by translating
the search strategy into the EMBASE, the Database of Abstracts of Reviews of Effects
(DARE), PsycINFO and ERIC databases, and titles and abstracts of publications from 15t
January 2018 to 30" June 2020 were screened for potential eligible studies that were not
identified in MEDLINE.

3.4.1.3 Limiting the search to the UK

The review focused on the studies undertaken in UK educational settings, rather than
internationally. This was partially due to the considerable number of school-based CRTs
published worldwide identified during scoping and the limited available resources, as only
two reviewers were involved in the screening and data extraction process. Additionally, by
focusing on one education system the findings of this systematic review would be more

applicable to a given setting.
3.4.2 Eligibility criteria

The PICOS (Population, Intervention, Comparison, Outcome, Study type) framework is used
to develop health-related research questions and eligibility criteria for systematic reviews
[129]. As the systematic review did not focus on one type of intervention or comparison

group, the PICOS framework was used loosely to describe the eligibility criteria in the review.
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Eligible articles were those reporting the results from UK school-based CRTs used to
evaluate health-related interventions that measured at least one primary health outcome on

school pupils.

3.4.2.1 Population

The population of interest was children/young people of school age in full-time education in
the UK. Participants were pupils in pre-school (1-4 years), primary school (4-11 years),
secondary school (11-16 years), or sixth form/college settings (16-18 years). ‘Pre-school’
was defined as an organisation offering early childhood education to children before they
begin compulsory (primary) education [130]. This included nursery schools and

kindergartens.

The types of eligible clusters included schools, year-groups, classes/classrooms, teachers
or any other relevant school-related unit. Studies that randomised school-related units as
well as other types of clusters (e.g., communities, households) were eligible for inclusion in
the review as long as the study characteristics of interest were reported separately for the
school clusters (i.e., the authors did not pool summaries of characteristics across different
types of clusters). Any school type was eligible for inclusion, including fee-paying and special

needs schools.

3.4.2.2 Intervention

Any health-related interventions were considered. Interventions that were administered to
the teachers, parents/carers or other third party which influenced the pupil were considered
(e.g., training teachers in mindfulness), as long as the primary health outcome was
measured on the pupil themselves. Interventions that were designed to specifically improve
educational outcomes (e.g., academic test scores) were excluded. Interventions could be
targeted (i.e., intervention for a specific subset of individuals within the population) or
universal (i.e., intervention for any individuals within the population) in their mode of delivery
[131].

3.4.2.3 Comparison

Studies had to use a control/usual care comparison group(s). Any type of comparator was
eligible including active control group(s). An active control was defined as, ‘a control group
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in which participants engage in some task during the intervention period that differs from

normal practice’ [3](p88-89).

3.4.2.4 Outcome

The primary outcome had to be health-related and measured on school pupils. Studies for
which the primary outcome was not health-based (e.g., improved academic test scores)
were excluded, as well as studies that did not measure the primary outcome on pupils (i.e.,
on teachers or parents/carers).

3.4.2.5 Study type

Eligible studies had to use a CRT design. All types of CRT design were eligible, including
parallel group, crossover, factorial and stepped wedge. Non-randomised and single arm
trials were excluded as randomisation was a key methodological characteristic that this
systematic review wished to investigate. Quasi-experimental designs (i.e., no random

assignment) were also excluded.

3.4.2.6 Other eligibility criteria

Articles not published in English were excluded due to time and resource constraints to
translate the papers into English. However, as this review focused on UK-based studies,

this was not anticipated to be problematic.

Only definitive CRTs were included in the systematic review. Definitive studies were defined
as, ‘trials in which a pre-specified hypothesis is evaluated using a pre-defined methodology
in order to provide sufficient or unequivocal evidence about a treatment's benefit to the

participant [132]'.

If more than one publication of the primary outcome result for an eligible CRT was identified
(i.e., sibling paper), an index paper was designated and used for data extraction. The index

paper was defined as the first paper to publish the primary outcome.

Articles that did not report the primary outcome were excluded, along with pilot/feasibility
studies (a 'small study for helping to design a further confirmatory study' [43]),
protocol/design articles (a detailed plan of a study), process evaluations (an examination of

how an intervention improves outcomes or why it does not improve outcomes), economic
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evaluations/cost-effectiveness studies (a simultaneous comparison of the costs and
outcomes of health care interventions), statistical analysis plans (description of the methods
to be used in analyses of the trial data), commentaries (an explanatory series of notes or
comments), and papers reporting only findings from mediation/mechanism analyses (used
to explore the underlying mechanism or process by which the intervention influences the

outcome).

3.4.3 Screening and selection

Titles and abstracts of the identified studies were retrieved from the MEDLINE database and
exported to Endnote (X9) [133]. Any duplicate citations were removed using the ‘Find
duplicates’ function in Endnote. The remaining citations were independently screened by
KP and one other reviewer (OU) for eligibility against the inclusion criteria described above.
Articles were coded (1) if they were thought to be eligible, or (2) if not. Once both reviewers
had finished coding, the two Endnote libraries were merged in order to identify the articles
where the coding differed. Disagreements were resolved through discussion, and any
studies where uncertainty of inclusion remained were included in the full text screening

stage.

A new Endnote library was created with the potentially eligible articles and PDF versions of
each article were obtained for full text screening. Endnote was used to code each paper with
a reason for inclusion/exclusion, using a letter that indicated the justification. This method
was first piloted on a random sample of 15 articles. The coding reasons are provided in
Table 3.2.
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Table 3.2. Reasons for exclusion at full text screening

Code Reason

a Include

b Exclude — Not undertaken in the UK

c Exclude — Not a CRT

d Exclude — Not school-based/schools not randomised
e Exclude — Primary outcome not reported on pupils
f Exclude — Not main outcome paper

g Exclude — Sibling paper of index study

h Exclude — Pilot/Feasibility study

[ Exclude — Protocol/Design

| Exclude — Baseline results

k Exclude — Mediation/mechanism analysis

I Exclude — Cost-effectiveness/economic evaluation
m Exclude — Sub-group analysis

n Exclude — Statistical analysis plan

0 Exclude — Process evaluation

p Exclude — Commentary

Two independent reviewers (KP and OU) then assessed articles for inclusion based on the
criteria using the coding method. Once all articles had been coded, the two Endnote libraries
were merged to identify the articles where coding differed. Disagreements which could not
be resolved through discussion were sent to a third reviewer (ZMX) for a decision.

3.4.4 Data extraction

Before data extraction, each article was assigned a study ID number. Data extraction
variables were developed after examining similar methodological systematic reviews [53,
111]. A bespoke data extraction form was developed using Microsoft Excel and initially

piloted on a random sample of 10 included papers.

Developing the data extraction form was an iterative process and changes were made
following piloting and throughout data extraction. Additional variables were added to aid the
refinement and classification of the extracted data (this is detailed in Section 3.4.5). The final
list of categories and associated variables that were extracted are presented in Table 3.3.
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Table 3.3. Data extracted from included studies

Characteristic

Variables

Publication details

Author Surname; Year of publication; Title; Journal name; Corresponding author; Affiliation of first

author; Funding sources.

Setting and participant
characteristics

Country (England, Scotland, Northern Ireland, Wales); Region (e.g., South West England); School
level (pre-school, primary, secondary, sixth-form/college); School type (state, local authority,
foundation and voluntary-aided, academy, grammar, special, faith, independent); Co-educational
status (co-ed, female only, male only); Age(s) of pupils; Year group(s) of pupils; Gender (female,
male, both); Inclusion and exclusion criteria of the study at both the cluster and individual level (e.qg.,

only included schools in deprived areas).

Intervention

Health area (e.g., dental health); Was the intervention universal or targeted? (i.e., aimed at all pupils
or a subset of pupils); Was the intervention for primary prevention or secondary prevention? (i.e., did
the intervention aim to prevent or treat the health problem); Who trained the intervention administer?
(e.g., researcher); Who administered the intervention? (e.g., teacher); How was the intervention

delivered? (e.g., through marketing material); Was there an intermediate target of intervention? (e.g.,
parents/carer); Intervention typology classification® (Eldridge typology [3](p25-29) — individual-cluster,
professional-cluster, cluster-cluster, external-cluster, multifaceted); Type of control group (e.g., usual

care, active control); Was a wait-list (delayed intervention) control group used? (yes, no, not stated).
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Characteristic

Variables

Primary outcome

Health area of the primary outcome (e.g., dental health); Name of primary outcome (e.g., body mass
index); Type of outcome (e.g., continuous); Reporter of the primary outcome (e.g., pupil); Method of
data collection/reporting (e.g., questionnaire); Was the primary outcome reporter blind to allocation

status? (yes, no, not stated); Was the outcome assessment objective? (yes, no, not stated).

Study design and

analysis methods

Was justification provided for using CRT design? (yes, no, not stated); If ‘Yes’, what was the
justification? (i.e., to prevent contamination between trial arms); Unit of randomisation (e.g., school,
classroom); Was there an intermediate level of clustering? (yes, no, not stated); If there was
intermediate level of clustering, what was it? (e.g., classes); Type of CRT design used (e.g., parallel
group, cross-over, factorial); Method used to sample schools (e.g., convenience sampling); Was
allocation concealment used for the randomisation process? (yes, no, not stated); Was there
allocation concealment with respect to the pupils? (yes, no, not stated); Were pupils recruited before
the clusters were randomised? (yes, no, not stated); Were baseline data collected before clusters
were randomised? (yes, no, not stated); Number of trial arms; Allocation ratio (e.g., 1:1 ratio); Method
used to balance the randomisation (e.g., completely randomised, matched pair, stratified); What
factors were used to balance the randomisation? (e.g., deprivation); Design of follow-up (e.g., cohort,
repeated cross-sectional); Total length of follow-up (in months); Total number of follow-ups; Was the
outcome reporter blind to trial arm they were randomised to? (Yes, no, not stated); Method used to

account for clustering in the analysis (e.g., random effects linear regression); Baseline factors that
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Characteristic Variables

were adjusted for in the analysis (e.g., school size); Was an intention-to-treat analysis used? (yes,
no, not stated); Was multiple imputation used to account for missing data in the main analysis? (yes,

no, not stated); Was a subgroup analysis undertaken? (yes, no, not stated)

Sample size calculation | ICC assumed in the sample size calculation; Assumed between-cluster coefficient of variation (CV)
of the outcome in the sample size calculation (if provided); Where was the ICC (or CV) used in the
sample size calculation obtained? (e.g., pilot study, reference); Assumed design effect (if provided);
Power; Type 1 error rate; Was drop-out at cluster and/or individual level anticipated in calculation?
(yes, no, not stated); Were equal or unequal cluster sizes assumed? (equal, unequal, not stated);
Assumed coefficient of variation of cluster size; Assumed standard deviation of cluster size; Was
intermediate level of clustering explicitly allowed for in sample size (yes, no, not stated, not
applicable); Target number of clusters to recruit; Target number of pupils to recruit; Target number of
pupils to provide data at follow-up.

Ethics and consent Was ethical approval granted? (yes, no, not stated); Name of committee that provided ethical
procedures approval; Was consent/assent sought for randomisation, the intervention and data collection from the
headteacher/administrator (cluster-level consent), the parent/guardian and the child (yes, no, not
stated); Was passive “opt-out” consent used? (yes, no, not stated); Were harm/adverse events
recorded during the study? (yes, no, not stated).
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Characteristic Variables

Other areas of Number of schools, clusters and pupils that were recruited; Number of schools, clusters and pupils
methodological that were followed-up; Percentage of female pupils at baseline; Percentage of pupils of white
importance ethnicity at baseline; Deprivation level of school (e.g., the mean Income Deprivation Affecting

Children Index (IDACI) score); Coefficient of variation of cluster size; Mean (standard deviation)
cluster size; Median (interquartile range; range) cluster size; p-value for the primary analysis of
intervention effect; ICC estimate of the primary outcome; Was the ICC from adjusted analysis? (yes,
no, not stated); Did any participants change cluster membership? (e.g., move between school

clusters); Harms/adverse events; Methodological challenges highlighted by authors.

1 Added post-hoc to aid classification.
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Once agreement on the understanding of the data extraction form had been
reached, data were extracted in full by two independent reviewers (KP and OU).
If there were disagreements regarding particular items, the data obtained were
checked by a third reviewer (ZMX) and resolved by further discussion. Missing
information that was not available in the index papers was obtained from
corresponding protocol papers and other sibling publications of the studies. No
attempt was made to contact corresponding authors for missing information due

to time and practical constraints.

3.4.5 Data processing

Once the data were extracted for all included texts, some data were processed
by coding or further classification for ease of analysis. Data were originally
extracted exactly as provided in each article. If data were not provided for a
variable or the information was unclear, this was recorded as ‘not stated’. This
section details specific variables where coding/classification was used and

specifies assumptions that were made during data extraction.

3.4.5.1 Setting and participant characteristics

If a region was not stated but a local authority or city or county was provided, then
this information was used to identify the region (e.g., Exeter was recorded as
South West, England).

School type was recorded as stated in the article and then categorised as listed
on the UK government website [134]. State schools (also called comprehensive,
state-maintained, state-funded) receive funding through their local authority or
directly from the government. The most common types of state school in the UK
are local authority, foundation and voluntary-aided schools. Academies are
schools run by government and not-for-profit trusts and are independent of local
authority. Grammar schools are run by local authorities, but intake is based on
assessment of the pupils’ academic ability. Special schools cater for pupils with
special educational needs. Faith schools follow the national curriculum but can
decide what they teach in religious studies. Independent schools do not need to

follow the national curriculum and charge fees for attending pupils.

Additionally, school level and year groups across the devolved nations in the UK

were standardised in relation to their equivalent school level and year group in
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the English school system (i.e., pre-school (1 to 4 years), primary school (4 to 11
years), secondary school (11 to 16 years) and sixth form/college (16 to 18 years)).
A table comparing school year groups across nations in the UK can be found in
Appendix 5 [135].

3.4.5.2 Intervention type

The ‘health area of the intervention’ categories were decided on by examining
previous systematic reviews [53, 111]. For example, health difficulties such as
mental health, behaviour, neurodiversity (e.g., Attention deficit hyperactivity
disorder (ADHD)), well-being, quality of life, bullying, social and emotional
learning, and self-esteem were categorised under ‘Social emotional functioning

and its influences’.

‘Intervention type’ was summarised using the typology described by Eldridge et
al [3](p25-29). The categories were as follows: ‘Individual-cluster’ interventions
which include components that are directed at individual participants (e.g., pupils)
on whom outcomes are measured; ‘Professional-cluster’ interventions which
include components for training professionals in the cluster (e.g., teachers in
schools) to deliver the intervention; ‘External-cluster’ interventions which involve
using additional staff outside the cluster to deliver the intervention (e.g.,
researchers, trained facilitators); ‘Cluster-cluster’ interventions which include
components that necessarily have to be administered to entire clusters (e.qg.,
school policy); ‘Multifaceted’ interventions which include components across
more than one of the ‘individual-cluster’, ‘professional-cluster’, ‘external-cluster’

and ‘cluster-cluster’ categories.

Form of delivery was described using the most common classifications for the
methods of delivering the intervention (e.g., videos, worksheets for use in lessons

were recorded as ‘lesson materials’).

Interventions had components that were recorded as being ‘universal’, ‘targeted’
or ‘indicated’. A universal intervention was defined as ‘an intervention that is
aimed at the whole population’. A targeted intervention (sometimes called a
selective intervention) was defined as ‘an intervention which targets a subgroup
of the population deemed at risk of developing a particular health problem’. An

indicated intervention was defined as ‘an intervention which targets a subgroup
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of the population already exhibiting particular health problems or behaviours
[136].

Primary prevention was defined as ‘an intervention that aims to prevent a disease
or injury before it ever occurs’ (e.g., legislation of health eating practices).
Secondary prevention was defined as ‘an intervention that aims to reduce the

impact of a disease or injury that has already occurred’ [137].

Type of control group was recorded as ‘usual care’ or ‘active’. An active control
was defined as, ‘a control group in which participants engage in some task during
the intervention period that differs from normal practice’ [3](p88-89). If the study

had more than one control group this was also recorded.

Intermediate target of the intervention is an individual that is targeted by the
intervention (e.g., teachers) but not the primary target for whom outcomes are
measured on (e.g., pupils). The intermediate target will have influence over the

primary target of the intervention [137].

3.4.5.3 Study design

Justification for use of the CRT design was categorised into reasons commonly
cited and established in the methodological literature [3](p10-13). If the study

provided more than one reason, multiple justifications were recorded.

Factors used to balance the randomisation were categorised into common
themes. For example, Deprivation included the factors: percentage of pupils in
the school that were eligible for free school meals; Townsend Index of Deprivation
[138]; Income Deprivation Affecting Children Index (IDACI) [139]; and Index of
Multiple Deprivation (IMD) [139].

It was assumed that a completely randomised design was used unless otherwise

stated.

An objective outcome assessment was defined as, ‘a measurement that is
impartial and is usually measured by a type of diagnostic instrument (e.g.,

accelerometer)’ [140].

Allocation concealment with respect to the pupils was defined as, an approach
used to prevent selection bias by concealing the allocation sequence. In other

words, the pupil and anybody involved in recruiting that pupil do not know what
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trial arm the pupil will be assigned to if they agree to take part. Recruitment of

pupils before randomising clusters is one way of ensuring this.

For the extraction variable, ‘Were participants recruited before the clusters were
randomised?’, the CONSORT flow diagram was primarily used to determine this.
If it was not clear from the CONSORT flow diagram then information was

extracted and verified from the main text of the article.

3.4.5.4 Sample size assumptions

Target mean cluster size was calculated by dividing the target number of pupils
at follow-up by the targeted number of clusters. Some articles did not provide the
design effect (DE), therefore, this was calculated as: DE = 1+ ((targeted mean
cluster size at follow-up -1) x assumed ICC in sample size calculation). When
calculating the DE, it was assumed that all clusters had the same number of

participants.

3.4.5.5 Consent and ethical approval

Consent was defined as an agreement given by parent/carer. Assent was defined
as an agreement given by a child/young person who is not legally empowered to
give consent. Information on whether consent and/or assent was obtained for
randomisation, partaking in the intervention and data collection were extracted
from the articles. This was recorded at different levels: from the cluster
gatekeeper (individuals or bodies that represent the interests of cluster members,
clusters, or organisations)[32]; headteacher/administrator (cluster-level);
parent/carer; and child (individual-level). Consent/assent information was coded
as whether consent/assent was obtained from the child, the parent/carer, both or
neither. Passive ‘opt-out’ consent/assent was defined as, the act of participants
being included in research unless they give their express decision to be excluded
(i.e., opt-out of the research) [141].

3.4.5.6 Type of primary outcome

The primary outcome was identified as the health outcome stated in the paper as
being the primary outcome. If there were multiple primary outcomes or the
primary outcome was unclear, then the outcome presented in the title, first

outcome presented in the Outcome Measures section in the methods, or first
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outcome presented in the Results section was taken as the primary outcome (in

this order of priority).

Primary outcome health area was categorised into broad health areas defined
after consulting previous systematic reviews [53, 111]. For example, primary
outcomes in the health area of mental health, well-being or behaviour were

categorised into ‘Social emotional functioning and its influences’.

3.4.5.7 Analysis of primary outcome

The method of analysis used in each study to compare the primary outcome
between the trial arms was categorised into broader approaches of analysis. For
example, Generalised Estimating Equation (GEEs) was categorised as ‘Adjusted
individual-level analysis’. If there was uncertainty regarding which was the

primary time point, the last data collection time point was chosen.

3.4.5.8 Methodological parameter estimates

Information on recruitment and drop-out of clusters and pupils was extracted from
the CONSORT flow diagram the included papers.

The percentage of pupils who were female was extracted as this was most
commonly reported in the included studies. If there was no overall percentage of
female pupils provided across trial arms, the percentage of female pupils was

reported for the control arm.

Ethnicity was recorded as the percentage of white students as other ethnicities
were often not reported or the manner in which the information was presented

differed across studies.

Measures of deprivation were not easy to summarise across studies due to the
number of different measures of deprivation. Therefore, a record was made of
whether socio-economic status (SES)/deprivation was reported at the cluster

and/or individual level.

When recording the number of clusters followed up for the primary outcome
analysis, an assumption was made that all clusters were followed up unless

stated otherwise.
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3.4.6 Assessment of study quality

A quality/risk of bias assessment was not appropriate for this methodological
systematic review as the focus was not on the specific estimates of intervention
effects in the included studies. The review only aimed to describe the
characteristics of the studies. However, much of the information extracted in the
systematic review is indicative of quality in CRTs [57]. Examples of such
information included: justification for the use of the CRT design; whether allowed
for clustering in the sample size calculation and analysis; whether the study used
matching, stratification, or an alternative means of reducing chance imbalances

on cluster-level characteristics at randomisation.

3.4.7 Data analysis

Results of the search process were reported using a PRISMA flow diagram [125].
The reasons for exclusion at full text screening were also reported in the PRISMA

flow diagram.

Once the data had been checked and ‘cleaned’ following data extraction, Stata
16 software [142] was used to undertake statistical analysis. Study characteristics
were summarised using means and standard deviations, or medians and
interquartile ranges for continuous variables, and numbers and percentages for
categorical variables. A histogram was used to summarise the year of publication.
A scatterplot was used to summarise the relationship between the ICC assumed
in the sample size calculation and the estimated ICC for the primary outcome
from the study data. Challenges (e.g., recruitment and retention difficulties)
reported by the authors of each article were summarised narratively. Meta-
analysis of the intervention effect was not appropriate as the review focuses on

summarising methodological characteristics not evaluating the interventions
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3.5 Results

3.5.1 Study selection and PRISMA flow diagram

Figure 3.1 summarises the flow of studies through the review. The search of the
MEDLINE database from inception to 30" June 2020 identified a total of 3138
articles. After deduplication using Endnote, the titles and abstracts of 3103
articles were screened. This resulted in 159 texts which were included for full text
screening. After full text screening, 64 articles were eligible and were included in
the systematic review [143-206]. Agreement between reviewers on which articles
should be included was 100%. Ninety-five (95) articles were excluded at full text
screening, of which 19 articles were excluded because they reported on the same

study as the index paper.

Articles identified through MEDLINE
database searching
(n=3138)

Duplicates removed
’ (n=35)

Titles and abstracts Articles excluded
screened —> (n=2944)
(n=3103) a
l Full text articles excluded (n=95), with
reasons:

Articles assessed for full
text evaluation
(n=159)

Studies included in the
systematic review
(n=64)

\4

Not conducted in the UK (n=23)
Not main outcome paper (n=21)
Sibling paper of index study (n=19)
Not a CRT (n=9)

Pilot and Feasibility studies (n=5)
Commentaries (n=4)

Not school-based (n=4)
Mediation analysis/mechanism (n=3)
Protocol/Design (n=3)
Baseline results (n=2)
Sub-group analysis (n=1)
Primary outcome not reported on
pupils (n=1)

Fig 3.1. PRISMA flow diagram summarising the results of the literature search

and screening for eligibility
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3.5.2 Publication characteristics

The rate of publication of school-based CRTs evaluating interventions for
improving health outcomes on pupils in the UK has increased since the earliest
paper was published in 1993 (Figure 3.2). Twenty-three (23) articles were
published between 2001 and 2010 compared with 37 articles in the ten years
after (January 2011 to June 2020).

20+

15

10

Number of CRTs

1990 1995 2000 2005 2010 2015 2020
Year of publication

Fig. 3.2. Published CRTs indexed in MEDLINE from inception to 30" June 2020
(N=64)

The 64 articles were published in 36 different journals, most commonly the British
Medical Journal (n=9; 14%). Sixty-one (61) studies stated where the funding for
their research came from. Fifty-seven (57) different sources of funding were
identified, of which 19% (n=11) were funded by the National Institute of Health
Research (NIHR) Public Health Research programme. Further details on journals
and funding sources are reported in Appendix 6.

3.5.3 Setting and participant characteristics

England was the most common country for school-based CRTSs to be undertaken
in the UK, with 73% (n=47) exclusively conducted there. Five (8%) studies were
exclusively conducted in Scotland [156, 165, 168, 172, 193], 3 (5%) exclusively

in Wales [145, 181, 188], 3 (5%) studies exclusively in Northern Ireland [153, 163,
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192], and 6 (9%) studies were conducted in more than one country in the UK
[148, 149, 158, 183, 186, 190]. For 63% (n=40) of studies, the schools were

selected from only one geographic region (e.g. South West England).

More than half of the studies (n=36; 56%) took place exclusively in primary
schools (4-11 years), 38% (n=24) exclusively in secondary schools (11-16 years),
and 3% (n=2) took place exclusively in pre-schools (2-4 years) [162, 170]. Two
(3%) studies took place in both primary and secondary school settings [200, 201].

No studies took place in sixth-form or college settings (16-18 years).

Forty-four (69%) studies reported information regarding types of schools
recruited in the study. Of these studies, 93% (n=41) included state-funded

schools among their eligible school types.

The majority of studies focused on recruiting children of middle childhood/ upper
years of primary school age (8-11 years). Only one study each recruited pupils of
2 years old [170] and 3 years old [162], respectively. In 60 (94%) studies both
boys and girls were eligible to participate. In 3 (5%) studies only girls were eligible
[167, 174, 195], and in 1 (2%) study only boys were eligible to participate [169].

Of the 64 studies, 20 (31%) had cluster-level inclusion criteria when selecting
clusters, and 11 (17%) had individual-level inclusion criteria when selecting pupils
to participate. Thirteen (20%) studies had cluster-level exclusion criteria, and 8
(13%) had individual-level exclusion criteria.

Settings and participant characteristics are summarised in Table 3.4.

Table 3.4. Setting and participant characteristics of included studies (N=64)

Characteristic N Statistics
(n (%))
Country 64
England 47 (73)
Scotland 5 (8)
Wales 3(5)
Northern Ireland 3(5)
More than one country?! 6 (9)
Number of regions from which schools were 64
drawn?
One 40 (63)
Two 10 (16)
Three 1(2)
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Characteristic N Statistics

(n (%))
Four 1(2)
Unclear 12 (19)
School level 64
Pre-school only 2 (3)
Primary only 36 (56)
Secondary only 24 (38)
Primary and Secondary 2 (3)
School types that were included [134]3 44
State 41 (93)
Independent 6 (14)
Academies 2 (5)
Grammar 2 (5)
Special 2 (5)
Voluntary-aided 2 (5)
Foundation 1(2)
Faith 1(2)
Age of pupils eligible to participate (years) 64
2 1(2)
3 1(2)
4 5(8)
5 8 (13)
6 10 (16)
7 19 (30)
8 24 (38)
9 27 (42)
10 20 (31)
11 23 (36)
12 19 (30)
13 15 (23)
14 12 (19)
15 6 (9)
16 3(5)

1 Studies that included schools from more than one country in the United Kingdom.

2 England regions included: South West, South East (including Greater London), East of
England, West Midlands, East Midlands, North West, North East, Yorkshire and The Humber,
“Southern England”, “Central England” and “West of England”. Scotland regions included:
Glasgow, Inverclyde, Tayside, Grampian, Lanarkshire, Lothian and Fife. Wales regions
included: North Wales, South West Wales and South East Wales. Northern Ireland areas
included: South Belfast, East Belfast, Ulster, Leinster, Connacht and Munster.

3 Some studies included more than one school type. This is the number of studies that included
specific types of school.
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3.5.4 Intervention type

Interventions in the included studies targeted 11 different health areas: nutrition
(n=18; 28%) [143, 151, 155, 158-160, 165, 170, 175, 178-181, 186, 188, 195,
197, 201]; physical activity (n=15; 23%) [143, 147, 148, 155, 160, 162, 167, 170,
174,178, 180, 189, 196, 197, 205]; social emotional functioning and its influences
(n=15; 23%) [145, 146, 150, 153, 157, 161, 173, 191, 192, 198-200, 202, 203,
205]; dental health (n=7; 11%) [156, 166, 184, 185, 193, 194, 206]; smoking (n=5;
8%) [144, 149, 152, 182, 190]; injury (n=5; 8%) [169, 176, 177, 187, 196]; sexual
health (n=3; 5%) [164, 168, 204]; alcohol misuse (n=2; 3%) [154, 183]; cancer
(n=1; 2%) [172]; communication skills (for children with Autism) (n=1; 2%) [171];
and health attitudes (breast feeding) (n=1; 2%) [163].

The number of publications with interventions in the area of physical activity
increased markedly (13 published in or after 2011 compared to 2 publications
before 2011). Similarly, the number of studies evaluating interventions for
improving social emotional functioning and its influences has also increased
since 2011; of the 15 studies in this area, 13 were published since 2011. In
contrast, of the 7 articles focusing on dental health interventions in schools, the
most recent was published in 2011.

The interventions in 52 (81%) studies had components that were universal in their
administration. Nine (14%) had intervention components that were targeted (e.g.,
for deprived schools) [148, 154, 162, 166, 170, 177, 186, 199, 202], and six (9%)
had indicated components (e.g., for pupils with previous behavioural problems)
[145, 171, 182,191, 192, 198]. Sixty (94%) studies evaluated primary prevention
interventions, and 4 (6%) evaluated secondary prevention interventions [171,
182, 191, 192].

The types of intervention components included: classrooms sessions (n=36;
56%); materials (e.g., lesson materials) (n=29; 45%); non-classroom based
session (e.g., gardening) (n=6; 9%) [151, 159, 174, 180, 182, 192]; changing
school environment (n=5;%) [181, 186, 188, 197, 201]; physical activity (n=3; 5%)
[143, 147, 180]; application of dental varnish (n=2; 3%) [166, 184]; group
sessions for parents (n=2; 3%) [198, 199]; one-to-one sessions for pupils (N=2;
3%) [180, 191]; peer support (n=2; 3%) [149, 205]; dental inspection (n=1; 2%)
[156]; group meetings with teachers and students (n=1; 2%) [146]; group
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sessions for pupils (n=1; 2%) [191]; group session for teachers (n=1; 2%) [198];
meetings (n=1; 2%) [196]; parents evenings (n=1; 2%) [183]; role play (n=1; 2%)
[199]; screening (n=1; 2%) [185]; sports sessions (n=1; 2%) [169]; and supervised
tooth brushing (n=1; 2%) [193].

An intervention trainer was used to train the intervention administrator (the person
delivering the intervention) in 30 (47%) studies; this was most commonly a
member of the research team (n=13). In just over half the studies (n=33; 52%), a
member of school staff (i.e., teacher) delivered the intervention. There was an

intermediate target of the intervention in 25% of studies (n=16).

Interventions were also classified using the typology based on the primary reason
for adopting a clustered design [3] (p26). “Cluster-cluster” interventions were
evaluated in 53 (83%) of studies. These interventions include components that
necessarily have to be administered to entire clusters, such as educational
lessons [163], gardening [151], breakfast clubs [201], provision of
funding/resources [200], change in school policy [196] and advertisements [155].
In 11 (17%) studies, an “individual-cluster” intervention was evaluated. These
interventions include components which are directed at the individual participant
(pupil), such as use of fluoride varnish [166]. Just over half the studies (n=33,
52%) evaluated “professional-cluster” interventions. These interventions include
components for training professionals in the cluster to deliver the intervention. In
30 (47%) studies the teacher was either trained in or provided with guidance to
deliver components of the intervention, in 3 studies pupils themselves were
trained to deliver peer-led intervention components [149, 204, 205], and in 1 study
the school nurse was trained [192]. Thirty-two studies used “external-cluster”
interventions. Such interventions involve using additional staff outside the cluster
to deliver the intervention. External facilitators included researchers [163], trained
facilitators [202], dental professionals [185], dance instructors [174] and student
volunteers [148]. Fifty-two (81%) studies had multifaceted interventions that had

more than one of the above types of intervention component.

Sixty (94%) studies described their type of control group. Thirty-three studies
(55%) had a usual care control group, and 12 (17%) had an active control [150-
152, 158, 159, 162, 169, 177, 182, 195, 202, 203]. Sixteen (25%) studies used a
walitlist (delayed intervention) control arm where the control arm participants

received the intervention after the final data collection point [145, 148, 161, 164,
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165, 172, 176, 188, 189, 192, 194, 197, 198, 200, 205, 206]. Two studies [202,
203] had two control arms (one usual care and one active control). In the first
study [202], the active control group received an ‘attention control intervention’ in
which the class teacher delivered the usual curriculum for personal, social, and
health education (PSHE), but two facilitators assisted with lesson delivery and
engagement of the pupils. The usual care control group received no external input
from the research team in PSHE lessons. In the second study [203], the active
control arm received the ‘school-led FRIENDS (10 sessions of cognitive
behaviour therapy) programme’ where sessions were led by a teacher trained in
the programme and were supported by two facilitators. This differed from the
intervention arm where the ‘health-led FRIENDS programme’ was led by two
trained health facilitators working alongside the class teacher. The usual care
control arm continued with usual PSHE sessions provided by the school and no

external input from the research team.

Information on the type of interventions is summarised in Table 3.5.
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Table 3.5. Intervention type characteristics of included studies (N=64)

Characteristic N Statistics
(n (%))
Health area of intervention? 64
Nutrition 18 (28)
Physical activity 15 (23)
Social emotional functioning and its 15 (23)
influences?
Dental health 7 (11)
Smoking 5 (8)
Injury 5(8)
Sexual health 3 (5)
Alcohol misuse 2 (3)
Cancer 1(2)
Communication skills (children with 1(2)
autism)
Health attitudes (breast feeding) 1(2)
Delivery of intervention components 64
Universal 52 (81)
Targeted 9 (14)
Indicated 6 (9)
Level of prevention 64
Primary prevention 60 (94)
Secondary prevention 4 (6)
Type of intervention [3]° 64
Individual-cluster 11 (17)
Professional-cluster 33 (52)
External-cluster 32 (50)
Cluster-cluster 53 (83)
Multifaceted 52 (81)
Control group(s) 60
Usual care* 52 (87)
Active 12 (20)

1 Some interventions targeted more than one health area.

2 Includes mental health, behaviour, Attention deficit hyperactivity disorder (ADHD), well-being,
quality of life, bullying, social and emotional learning, and self-esteem.

8 Many studies had ‘Multifaceted’ interventions that included components in more than one of
the individual-cluster, professional-cluster, external-cluster and cluster-cluster categories.

4 Two studies used two control arms (one usual care and one active control group) [202, 203]
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3.5.5 Primary outcome

The primary outcomes spanned 14 different health areas: social emotional
functioning and its influences (n=15; 23%) [145, 146, 150, 153, 157, 161, 173,
191, 192, 198-203]; nutrition (n=10; 16%) [151, 158, 159, 165, 175, 179, 181,
186, 188, 195]; adiposity (n=7; 11%) [143, 147, 155, 160, 170, 180, 197]; dental
health (n=7; 11%) [156, 166, 184, 185, 193, 194, 206]; physical activity (n=7;
11%) [148, 167, 174, 178, 189, 196, 205]; smoking (n=5; 8%) [144, 149, 152,
182, 190]; injury (n=3; 5%) [169, 177, 187]; sexual health (n=2; 3%) [164, 204];
obstetrics (n=2; 3%) [163, 168]; alcohol misuse (n=2; 3%) [154, 183]; cancer
(n=1; 2%) [172]; communication skills (for children with autism) (n=1; 2%) [171];
gross motor skills (n=1; 2%) [162]; and safety (n=1; 2%) [176].

The most common primary outcomes were minutes per day of moderate-to-
vigorous physical activity (MVPA) (n=5; 8%) [148, 167, 174, 178, 205], and body
mass index (BMI) z-score (n=5; 8%) [143, 147, 170, 180, 197]. Forty-two (66%)
primary outcomes were continuous variables, 18 (28%) were binary variables, 3
(5%) were count variables [168, 169, 184], and 1 (2%) was ordinal [171].

Questionnaires were the method of data collection in almost half the studies
(n=31; 48%). Observations were used in 7 studies (11%) [158, 162, 169, 171,
181, 187, 199], accelerometer measurement in 6 studies (9%) [148, 167, 174,
178, 189, 205], anthropometric measurements in 6 studies (9%) [143, 147, 160,
170, 180, 197], dental assessment in 6 studies (9%) [166, 184, 185, 193, 194,
206]; diaries/recall were used in 6 studies (9%) [151, 159, 175, 186, 188, 195],
and routine data in 2 studies (3%) [156, 168].

In just over half the studies (n=34; 53%) students self-reported the primary
outcome. A member of the research team reported the primary outcome in 20%
(n=13) of studies, dentists in 9% (n=6) [166, 184, 185, 193, 194, 206], parents in
8% (n=5) [151, 155, 159, 196, 198], teachers in 8% (n=5) [153, 161, 169, 173,
201], and routine data were used in two (3%) studies [156, 168]. The primary
outcome reporter was blind to allocation status in 28% (n=18) of studies. The
primary outcome was measured using an objective method in 22% (n=14) of

studies included in this review.

Information about the primary outcomes is summarised in Table 3.6.
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Table 3.6. Primary outcome characteristics of included studies (N=64)

Characteristic N Statistics
(n (%))
Primary outcome health area 64
Social emotional functioning and its 15 (23)
influences?
Nutrition 10 (16)
Adiposity 7 (11)
Dental health 7 (11)
Physical activity 7 (11)
Smoking 5 (8)
Injury 3 (5)
Sexual health 2 (3)
Obstetrics 2 (3)
Alcohol misuse 2 (3)
Cancer 1(2)
Communication skills (children with autism) 1(2)
Gross motor skills 1(2)
Safety 1(2)
Type of primary outcome variable 64
Continuous 42 (66)
Binary 18 (28)
Count 3 (5)
Ordinal 1(2)
Method of data collection 64
Questionnaire 31 (48)
Observation 7 (11)
Accelerometer measurement 6 (9)
Anthropometric measurement 6 (9)
Dental assessment 6 (9)
Diaries/recall 6 (9)
Routine data 2 (3)
Main reporter of primary outcome 64
Pupil 34 (53)
Researcher 12 (19)
Dentist 6 (9)
Teacher 5(8)
Parent 4 (6)
Routine data 2 (3)
Researcher and parent 1(2)

! Includes mental health, behaviour, hyperactivity/inattention (ADHD), well-being, quality of life,
bullying, social and emotional learning, and self-esteem (body image).
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Characteristic N Statistics

(n (%))
Primary outcome reporter blind to allocation status 64
Yes 18 (28)
No 46 (72)
Primary outcome measurement was objective 64
Yes 14 (22)
No 50 (78)

3.5.6 Study design

Only 17 (27%) studies provided explicit justification for the use of cluster
randomisation. Of those that did, the most common reason was to avoid
contamination between individuals in different trial arms (n=13; 76%) [160, 163,
166, 170, 172, 173, 191, 192, 194, 198, 202, 203, 206]. Other justifications
provided were that the intervention was delivered at the cluster level (n=5; 30%)
[145, 161, 163, 181, 197], logistical reasons (n=2; 12%) [166, 206], and to avoid
selection bias (n=1; 6%) [172].

Eighty-eight percent (n=56) of studies randomised schools as the clusters, 6 (9%)
studies randomised classes [150, 171, 175, 193, 195, 199], and 2 (3%)
randomised year groups [166, 202]. Two reports noted that in order to optimise
statistical power, classes were randomised instead of schools, but recognised
that this may have led to contamination between trial arms within schools [150,
175].

There was an intermediate level of clustering in 10 (16%) studies. In 7 of these
studies, one class was selected from each school cluster [153, 158, 161, 163,
187, 189, 205]. In 2 studies, one class from each of Year 5 and 6 was selected
[186, 188], and in 1 study, school rugby teams were the intermediate level of

clustering [169].

Sixty-one (95%) studies used a parallel arm design and 3 (5%) used a factorial

design [190, 200, 205] A factorial study is an experimental design that allows

researchers to investigate the effects of two or more interventions. In one factorial

study, one arm was given a ‘wait list’ control, one arm was given peer mentoring,

one arm was given participative learning and one arm was given both peer

mentoring and participative learning [205]. In another factorial study, one arm did
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not receive any intervention (control arm), one arm received the Targeted Mental
Health in Schools (TaMHS) programme, one arm received educational booklets,
and one arm received TaMHS and booklets [200]. In the third factorial study, one
arm was given no planned intervention (control group), one arm was given a
family smoking education project only, one arm was given smoking and me

project only, and one arm was given both projects in sequence [190].

Forty-six (72%) articles provided sufficient information to establish the approach
used to sample schools. Of these, 33 studies initially invited all potentially eligible
schools to participate, 4 used purposive sampling [150, 155, 180, 195], 3 used
convenience sampling [161, 182, 189], 3 used simple random sampling [143,
144, 159], 2 used stratified random sampling (stratified on geographic area) [158,
160], and 1 study used a mixture of random sampling and convenience sampling
[190].

The majority of studies had two trial arms (n= 55; 86%). Five (8%) studies had
three trial arms [157, 171, 198, 202, 203], and 4 (6%) studies had four trial arms
[156, 185, 190, 205]. All studies used a 1:1 allocation ratio except for one study
which used a 2:3 ratio [163], which was chosen due to “time and financial

constraints”.

Twenty-two (34%) studies specifically stated that there was allocation
concealment with respect to the pupils (i.e., pupils did not know which trial arm
their cluster was allocated to before they agreed to take part). In 15 (23%) studies,
it was stated that there was no concealment of allocation with respect to pupils

(i.e., pupils knew which trial arm their cluster was allocated to before recruitment).

A challenge of conducting CRTs is to avoid recruitment bias that might occur if
participants are recruited after the clusters are randomised [29, 207]. One third
(n=21; 33%) of studies recruited pupils before the clusters were randomised. Only
one quarter (n=16; 25%) of studies reported collecting baseline data on pupils
before clusters were randomised. This information, however, was unclear in
many studies (n=26; 41%).

Most studies (97%) used a cohort design as their method of follow up, where the
same pupils provide data at all study waves. One study used a repeated cross-
sectional design where different pupils provided data at each wave [188], and

one study used an a priori mixed design incorporating elements of the cohort and
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repeated cross-sectional designs, with only a subset of participating pupils

providing data at every wave [186].

Total length of follow-up ranged from 2 weeks [150] to 54 months [168]. The
median (IQR) length of follow-up was 12 (6 to 22) months. Half (n=32) of the
studies had one follow-up time point, 21 (33%) studies had two follow-ups, 6 (9%)
studies had three follow-ups [148, 149, 161, 165, 170, 183], and 5 (8%) studies
had four follow-ups [152-154, 189, 193].

In 18 (28%) studies the outcome reporter of the primary outcome was blind to

trial arm allocation.

Information about study design characteristics are summarised in Table 3.7.
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Table 3.7. Study design characteristics of included studies (N=64)

Characteristic N Statistics
(n (%))
Justification provided for randomising clusters 64
Yes 17 (27)
No 47 (73)
Reason for randomising clusters? 17
Avoid contamination 13 (76)
Intervention delivered at the cluster level 5 (30)
Logistical reasons 2(12)
Avoid selection bias 1(6)
Unit of randomisation 64
Schools 56 (88)
Classes 6 (9)
Year groups 2 (3)
Number of trial conditions 64
Two 55 (86)
Three 5 (8)
Four 4 (6)
Study design 64
Parallel group 61 (95)
Factorial 3 (5)
Method used to sample schools 46
All potentially eligible schools invited 33(72)
Purposive sample? 4(9)
Convenience sample® 3(7)
Random sample* 3(7)
Stratified random sample® 2 (4)
Mixed random/convenience sample 1(2)
Type of randomisation 64
Completely randomised 13 (20)
Stratified 29 (45)
Matched 8 (13)
Minimisation 8 (13)
Constrained [190, 191] 6 (9)
Type of follow-up 64
Cohort 62 (97)
Repeated cross-sectional 1(2)
Mixed 1(2)
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Characteristic N Statistics

(n (%))
Number of follow-ups 64
1 32 (50)
2 21 (33)
3 6 (9)
4 5(8)
Length of follow-up 64
Up to 6 months 22 (34)
7 to 12 months 19 (30)
13 to 18 months 6 (9)
19 to 24 months 8 (13)
25 to 36 months 7 (11)
More than 36 months 2 (3)
Participating pupils recruited before clusters were 64
randomised
Yes 21 (33)
No 17 (27)
Unclear 26 (41)
Baseline data collected before clusters were 64
randomised
Yes 16 (25)
No 27 (42)
Unclear 21 (33)
Allocation concealment with respect to the pupils 64
Yes 22 (34)
No 15 (23)
Unclear 27 (42)

! Four studies provided two reasons for randomising clusters [163, 166, 172, 206].

2 Researchers rely on their own judgement when choosing clusters to participate and when
making sure the sample represents certain characteristics of the wider population.

8 A sample taken from clusters easy to contact or to reach.

4 Each cluster has a known probability of being chosen (either equal or unequal probabilities).
5 The study population is divided into sub-groups (strata) where clusters share common
characteristics and then a random selection of clusters is drawn from each strata.
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Most studies (n=51; 80%) reported using a form of restricted randomisation to
allocate the clusters to trial arms, balancing on selected cluster-level
characteristics between trial arms. Of these, 29 (57%) used stratification, 8 (16%)
used the matched-pair design [155, 166, 170, 179, 190, 192, 193, 197], 8 (16%)
used minimisation [163-165, 173, 174, 186, 191, 196], and 6 (12%) used
constrained randomisation [143, 147, 161, 168, 202, 203]. Randomisation was
most commonly balanced on a measure of school-level deprivation (61% of the
studies that used restricted randomisation). Other factors used to balance the
randomisation are described in Table 3.8.

Of the 51 studies that used some form of restricted randomising, only 9 (18%)
gave explicit justification for their choice of balancing factors [146, 160, 163, 179,
184, 190, 191, 204, 205]. For example, Bonell and colleagues stated that the
factors they chose were key school-level determinants of violence (the primary
outcome in their study) [146]. Other authors also chose factors that were strong
predictors of the outcomes [163, 184, 191, 204, 205]. Another justification was
that ‘schools were matched for deprivation and size as it was felt that both these
variables could have an impact on the effectiveness of the intervention on the
primary outcome, nutrition knowledge’ [179]. A further five (10%) studies only
implied there was justification for their choice of balancing factors [147, 155, 164,
202, 203].
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Table 3.8. Cluster-level characteristics used to balance randomisation (N=51)

Characteristic Statistic
(n (%))
Deprivation (school or area in which school is based) 31 (61)
Percentage of pupils eligible for free school meals 21 (41)
Townsend Index [138]* 2 (4)
Income Deprivation Affecting Children Index [139]? 1(2)
Index of Multiple Deprivation [139]® 1(2)
Unspecified* 6 (12)
Cluster size® 23 (45)
Area® 14 (27)
Pupil ethnicity summary 5 (10)
Co-educational status of school 5 (10)
School performance’ 5 (10)
School 5 (10)
Baseline measures? 3 (6)
Whether school has existing policy similar to the intervention® 3 (6)
Local sexual health services® 2 (4)
Number of classes per school 2 (4)
School type 2(4)
Other? 21 (41)

! Townsend Index quantifies material deprivation within a population.

2 Income Deprivation Affecting Children Index (IDACI) is the proportion of all children aged 0 to
15 living in income deprived families in different local areas across England.

8 Index of Multiple Deprivation (IMD) measures relative deprivation for small areas in England.
4 Did not state which measure of deprivation used.

5 Includes: Size of school; Size of year group; One versus more than one year-5 class.

6 Includes: Local authority area; Geographic area; Health and social care area; Urban vs
rural/semi-rural area; Education and Library Board Area; Catchment area; Local health
authority; Locality of the school.

“Includes: Student attainment (GCSE); Proportion of pupils staying at school beyond the age of
16; Achievement at key stage 2; Level of educational attainment.

8 Includes: Cluster-average baseline moderate-to-vigorous physical activity; body mass index;
Teacher reported baseline behaviour problems.

9 Includes: Planned road safety improvements during follow up period; School was already
participating in “safe routes to school” or other related programmes; Whether the school already
had a travel plan; Awarded “healthy schools” or “healthy schools plus” status; Existing policy on
shacks at morning break.

Includes: Local sexual health services; Family planning.
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110ther balancing factors include: Percentage of students who actively commuted to school;
Teaching of UK National Curriculum; Key Stage 1 verses Key Stage 2; Attitude of the school
towards health promotion; English-speaking versus Welsh-speaking school; Number of students
in year group; Number of year groups per school; Number of mixed-sex classes; Date of entry
of school into study; Percentage of children speaking English as an additional language;
Whether sex education was taught by a tutor or specialised team of teachers; Whether sex
education was taught mainly in Year 9 or in Year 10; Quality and quantity of current school sex
education; Percentage of pupils staying on after age 16 years; Special educational need status;
School expressed preference for allocation (control versus intervention versus no preference);
Health-promoting school status; Percentage of children in year group of interest with no dental
decay; Frequency and timetabling of personal, social, and health education lessons; Preferred
timetabling of the intervention; Facilitator of the intervention (Regional Project Manager).

3.5.7 Sample size calculation

Fifty (78%) studies accounted for clustering in their sample size calculation. The
ICC (n=43; 67%) or between-cluster coefficient of variation (CV) of the outcome
[14] (n=3; 5%) assumed in the sample size calculation was reported in 72%
(n=46) of studies. Of the 43 studies that provided the ICC assumed in the sample
size calculation, 37 randomised schools as the cluster unit, and 6 studies
randomised classes [150, 166, 171, 175, 195, 202]. Of those that randomised
schools, the median ICC (IQR; range) was 0.05 (0.02 to 0.1; 0.005 to 0.175). Of
those that randomised classes, the median ICC (range) was 0.05 (0.025 to 0.1).
Of the 3 studies that specified the CV that was used in the sample size
calculation, 2 studies assumed it to be 0.2 [169, 204] and 1 assumed it to be 0.25
[179]. The median (range) assumed design effect was 2.21 (1.22 to 8.11) (n=36).

Based on the 46 studies that provided the information, the median (IQR; range)
target number of clusters was 30 (20 to 40; 4 to 160). Based on 41 studies, the
median (IQR; range) target number of schools was 30 (20 to 42; 4 to 160). Based
on 45 studies, the median (IQR; range) target number of individuals was 964 (498
to 2000; 90 to 9000).

Of the studies that had an intermediate level of clustering (n=10), none explicitly
stated allowing for this in their sample size calculation [153, 158, 161, 163, 169,
186-189, 205]. Ninety four percent (n=60) of studies did not state whether their
sample size calculation allowed for loss of clusters at follow-up; 3 (5%) studies
provided sufficient information to indicate that the sample size calculation allowed
for loss to follow-up of clusters (i.e., they provided the assumed drop-out
percentage at cluster-level) [143, 154, 169]; and it was unclear in 1 (2%) study
[167]. Eighteen (28%) studies stated allowing for loss to follow-up of individuals
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in the sample size calculation. The median drop-out percentage at individual-level

assumed in the sample size calculation was 20%.

Information about the sample size calculations is summarised in Table 3.9.

Table 3.9. Sample size calculation characteristics of included studies (N=64)

Characteristic N Statistics
Accounted for clustering in sample size 64
calculation

Yes, n (%) 50 (78)
Assumed school-level ICC of outcome, 37 0.05 (0.02 to 0.1; 0.005

median (IQR; range)

Assumed design effect, median (IQR; 36
range)

Power?! specified in sample size 64
calculation

80% power, n (%)
90% power, n (%)
85% power, n (%)
81.6% power, n (%)
98% power, n (%)
“100% power”?, n (%)
Not stated, n (%)

Type 1 error® rate specified in sample size 64
calculation

5% level, n (5)

Not stated, n (%)

Study allowed for drop-out at cluster level 64
Yes?*, n (%)
Not stated, n (%)

Study allowed for drop-out at individual 62
level®

Yes, n (%)

Not stated, n (%)

Target number of clusters, median (IQR; 46
range)

88

to 0.175)

2.21 (1.98 to 3.53; 1.22
to 8.11)

30 (47)
17 (27)
3(5)
1(2)
1(2)
1(2)
11 (17)

53 (83)
11 (17)

4 (6)
60 (94)

18 (29)
44 (71)

30 (20 to 40; 4 to 160)



Characteristic N Statistics

Target number of schools, median (IQR; 41 30 (20 to 42; 4 to 160)
range)

Target number of individuals, median 45 964 (498 to 2000; 90 to
(IQR; range)® 9000)

1 Power is the likelihood of a significance test detecting an effect when there actually is one.

2 Although the study reported this it is not possible to have 100% power.

3 Type 1 error rate is the probability of rejecting the null hypothesis given that it is true. In other
words, the probability of a false positive result.

4Unclear in one study but enough information to assumed that authors did allow for drop-out at
cluster level.

SSummary excludes the two studies that did not use the cohort design.

6Summary excludes the two studies that did not use the cohort design.

3.5.8 Ethics and consent procedures

Ethical approval was granted for 57 (89%) studies. Six (9%) did not state whether
ethical approval had been granted [144, 177, 186, 190, 194, 206]. One (2%) study

[179] did not receive ethical committee approval because, “... the study assessed
a new curriculum and change in nutrition knowledge with no identifiable data or
anthropometry measurements, ethical approval was not required. The head
teachers of participating schools filled out a reply slip and gave consent for

participation. No individual student or teacher consent was obtained.”

Information regarding consent procedures and ethical approval was often not well
reported. Consent for participation in the trial at the level of the cluster (e.g.
headteacher/administrator/gatekeeper) was often implied rather than detailed.
Sixty three percent (n=40) of studies explained that consent (permission for
something to happen or agreement to do something) and/or assent (the
expression of approval or agreement, often verbal) was sought from both
parents/carers and their child for participation. Just under half (n=29; 45%) of
studies reported that passive ‘opt-out’ consent [82] was used for participation in
the study from either the parent/carer and/or pupil. Eight (13%) studies explicitly
mentioned that harm/adverse events were recorded during the study.

Information about the ethics and consent procedures are summarised in Table
3.10.
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Table 3.10. Ethics and consent characteristics of included studies (N = 64)

Characteristic N Statistics
(n (%))

From whom was consent/assent sought for pupil 64

participation?
Parent/carer and pupil 40 (63)
Parent/carer only 15 (23)
Pupil only 2 (3)
No/Not stated 7 (11)

Opt-out consent/assent used for parent/carer and/ 64

or pupil
Yes 29 (45)
No/Not stated 35 (55)

3.5.9 Analysis methods

Nearly three quarters of studies (n=46; 72%) analysed their data using individual-
level analysis methods that allow for clustering (e.g., mixed effects models).
Cluster-level analysis methods were used in 10 (16%) studies. Eight (12%)

studies did not allow for clustering in their analysis.

Fifty-two (82%) studies adjusted for cluster-level and/or individual-level factors in
their analysis. Twenty-seven (42%) studies adjusted for cluster-level factors in
their analysis, most commonly a measure of deprivation (n=17). Forty-five (70%)
studies adjusted for individual-level factors in their analysis, the most commonly
being baseline measure of the outcome (n=35). Other cluster-level and individual-
level characteristics adjusted for in the analysis of included studies are described
in Appendix 7.

Forty-three (67%) studies stated that they used an intention-to-treat analysis to
test the intervention effect. Only four (6%) studies reported using multiple
imputation to handle missing data in their main analysis. Just over half (n=35;

55%) the studies undertook a subgroup analysis.

Information about the analysis methods are summarised in Table 3.11.
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Table 3.11. Analysis methods characteristics of included studies (N=64)

Characteristic N Statistics
(n (%))

Method of analysis 64

Individual-level analysis that allows for 46 (72)
clustering

Cluster-level analysis 10 (16)

Did not allow for clustering 8 (12)
Adjusted analysis? 64

Yes, for cluster-level characteristics 27 (42)

Yes, for individual-level characteristics 45 (70)

No 12 (19)
Intention-to-treat analysis 64

Yes 43 (67)
Subgroup analysis 64

Yes 35 (55)

1 Some studies adjusted for both cluster-level and individual-level characteristics.

3.5.10 Other areas of methodological interest

A median (IQR; range) of 31.5 (21 to 50; 4 to 486) clusters, 29 (15 to 50; 4 to
486) schools and 1308 (604 to 3201; 17 to 27435) pupils were recruited to the
studies included in this review. One study recruited only 17 pupils [182]. The
median (IQR; range) number of pupils per cluster was 38.9 (20.9 to 99.8; 4.9 to
327.9) and the median (IQR; range) number of pupils per school was 45.4 (25.9
to 116.0; 5.9 to 327.9). The CRTs with a cohort design that reported targeted and
achieved recruitment figures at the cluster (n=45) and pupil (n=43) levels

achieved those targets in 89% and 77% of studies, respectively.

Some authors noted challenges with recruitment of the clusters [148, 157, 196].
For example, Rowland and colleagues noted that, ‘only half of the schools invited
to participate took part. Most declined because they were too busy and were
reluctant to take on the extra responsibility of school travel’ [196]. Breslin and
colleagues similarly discussed that ‘logistics and finite resources’ made the

recruitment of schools challenging [148]. Diedrichs and colleagues commented
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that a ‘crowded timetable’ was a barrier to school’s participation in their study
[157].

Challenges with the recruitment of pupils were also reported [182, 183]. Markham
and colleagues attributed the reason for failure to recruit pupils to, ‘young
people’s lack of interest [182]. This study had such significant issues with
recruitment that it was halted prematurely. Another study by McKay also
highlighted the need for better understanding of barriers and facilitators to
recruitment and stated, ‘Research is needed to assess the relative efficacy of
recruitment strategies such as incentives, mass media campaigns, the removal
of barriers to attendance (e.g., providing transport and childcare) and the use of
key community recruiters (influential individuals and organisations)’ [183].
Several authors commented on the challenges of blinding trial arm status [160,
169, 170, 198]).

Thirty out of 62 (48%) studies that provided information reported that at least one
cluster was lost to follow-up. Of the studies that lost clusters, the median (IQR;
range) percentage of clusters lost to follow-up was 6.5% (3.7% to 11.7%; 0.5%
to 39.5%). Missing data resulting from entire schools dropping out was
highlighted as a problem in some reports (for example, [162, 199, 204]).
Stephenson and colleagues stated that: “The withdrawal of one school had the

biggest effect on missing data” [204].

The median follow-up at pupil level was 79.9%. Of the 55 (86%) studies that
reported information on loss to follow-up for pupils, the median (IQR; range)
percentage of pupils missing was 21.9% (14.2% to 36.6%; 0.5% to 92.3%).

All but one study [156] reported baseline demographic information. Based on the
33 studies that provided data, the median (IQR) percentage of pupils categorised
as “White” was 76.8% (51.5% to 86.2%). Fifty-five studies reported the
percentage of female pupils at cluster level; the median (IQR) percentage was
49% (47.5% to 52.5%).

Thirty eight percent (n=24) of studies reported a p-value less than 0.05 for the
primary analysis. Seven (11%) studies provided information suggesting that
some pupils changed cluster membership during the course of the study [144,
149, 152, 153, 159, 165, 180]. Three (5%) studies reported harms/adverse events

during their study [146, 180, 184].
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In total, 29 (45%) studies reported the intra-cluster correlation coefficient (ICC) from the
analysis of the primary outcome. Eighteen (49%) of the 37 studies published after 2010
reported the ICC. Of the 29 studies that reported the ICC, 5 (17%) also reported 95%
confidence intervals. The median (range) ICC for studies in which schools were the cluster
was 0.039 (0.0005 to 0.21).

Information regarding the other areas of methodological interest, including the ICC
estimates, are summarised in Table 3.12. The ICCs reported are summarised in Table 3.13.

Table 3.12. Other areas of methodological interest from included studies (N=64)

Characteristic N Statistics
Median (IQR; range)

Ethnicity: percentage of White pupils? 33 76.8(51.51t086.2; 24 t0 95.3)
Gender: percentage of female pupils? 55 49 (47.5 to 52.5; 0 to 100)
Total number of clusters recruited 62 31.5 (21 to 50; 4 to 486)
Total number of schools recruited 63 29 (15 to 50; 4 to 486)
Total number of pupils recruited?® 60 1308 (604 to 3201; 17 to 27435)
Number of pupils per cluster 60 38.9(20.91t099.8; 4.91t0 327.9)
Number of pupils per school 60 45.4 (25.9t0 116.0; 5.9 to
327.9)

Percentage of clusters followed-up for primary 62 100 (92.5to 100; 60.5 to 100)
outcome

Percentage of pupils followed-up for primary 58 79.9(64.1t0 87.5; 7.7 to 100)
outcome 3

Observed school-level ICC of primary outcome® 26 0.039 (0.017 to 0.12; 0.0005 to
0.21)

1 Hodgkinson and colleagues [170] - ethnicity was based on adults. Sharpe and colleagues [200] - ethnicity
was based on sub-sample of pupils from primary schools. Diedrichs and colleagues [157] - ethnicity was
calculated as an average across genders in the control arm.

2Sharpe et al [200] - the percentage of female pupils was based on sub-sample of pupils from primary
schools.

3 Summary excludes the two studies that did not use the cohort design.
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Table 3.13. Estimated intra-cluster correlation coefficients (ICCs) for primary outcomes (N=29)

Author Year Cluster Outcome Health area Outcome ICC estimate
unit type (95% CI)
Stallard [202] 2012 Year  Symptoms of low mood Social emotional Continuous 0.012
groups (depression) functioning and its (<0.001 to 0.039)
influences
Chisholm 2016 Classes Stigma of mental illness Social emotional Continuous 0.1
[150] functioning and its (0.04 to 0.26)
influences
Obsuth [191] 2017 Schools School exclusion Social emotional Binary 0.028
functioning and its
influences
Connolly 2018 Schools Prosocial behaviour Social emotional Continuous 0.116
[153] (Strengths and Difficulties functioning and its
Questionnaire (SDQ)) influences
Ford [161] 2019 Schools Total difficulties (Strengths Social emotional Continuous 0.121
and Difficulties functioning and its
Questionnaire (SDQ)) influences
Axford [145] 2020 Schools Victimisation (being bullied) Social emotional Binary 0.019
(occurring at least twice a functioning and its
month in the last 2 months) influences
Campbell* 2008 Schools Smoking in the past week Smoking Binary 0.017
[149] (0.004 to 0.029)
Conner [152] 2019 Schools Ever smoking Smoking Binary 0.017

L ICC for control arm only

94



Author Year Cluster Outcome Health area Outcome ICC estimate
unit type (95% CI)
McKay [183] 2018 Schools Heavy episodic drinking in Alcohol misuse Binary 0.121
the previous 30-days (>=6
units for males and >=4.5
units for females)
Croker [155] 2012 Schools Child's eating habits Adiposity Continuous 0.07
Fairclough 2013 Schools Waist circumference (cm) Adiposity Continuous 0.06
[160]
Hodgkinson? 2019 Schools BMI z score Adiposity Continuous 0.0396
[170]
Lloyd [180] 2018 Schools BMI z score Adiposity Continuous 0.014
(0.003 to 0.069)
Breheny 2020 Schools BMI z-score Adiposity Continuous 0.001
[147]
Jago [174] 2015 Schools Moderate-to-Vigorous Physical activity Continuous 0.0005
Physical Activity
(mins/weekday)
Harrington 2018 Schools Moderate-to-Vigorous Physical activity Continuous 0.02
[167] Physical Activity (mins/day)
Tymms [205] 2016 Schools Moderate-to-Vigorous Physical activity Continuous 0.19
Physical Activity (mins/day)
Norris [189] 2018 Schools Sedentary behaviour during Physical activity Continuous 0.080

2 |CC for control arm only

the school day (mins)
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Author Year Cluster Outcome Health area Outcome ICC estimate
unit type (95% CI)
James3[175] 2004 Classes Consumption of carbonated Nutrition Continuous -0.009
drinks over 3-days (in (- 0.03 to 0.05)
glasses)
Christian 2014 Schools Combined daily fruit and Nutrition Continuous 0.003
[151] vegetable intake
(grams/day)
Redmond 1999 Schools Proportion of teeth sites with Dental health Continuous 0.16
[194] caries at 6 months
Worthington 2001 Schools Plaque score Dental health Continuous 0.023
[206]
Milsom [185] 2006 Schools Active caries in first Dental health Binary 0.027
permanent molars
Kendrick 2004 Schools Ownership of cycling helmet Injury Binary 0.09
[177]
Mulvaney 2006 Schools Use of visibility aid Injury Binary 0.21
[187] (reflective and fluorescent
slap wrap) while cycling
Kendrick 2007 Schools Knowledge score for fire Safety Continuous 0.187
[176] and burn prevention
Hubbard 2016 Schools Number of recognised Cancer Continuous 0.038
[172] cancer warning signs

3 The ICC in James (2004) was negative. True negative values are generally considered implausible in the context of cluster randomised trials.
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Author Year Cluster Outcome Health area Outcome ICC estimate

unit type (95% CI)
Henderson 2007 Schools Terminations of pregnancy Obstetrics Count 0.005
[168] by age 20
Giles [163] 2014 Schools Intention to breastfeed Obstetrics Continuous 0.12
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Three studies that randomised classes as clusters reported the ICC estimate for
the primary outcome. The ICC values were -0.009 [175], 0.012 [202], and 0.1
[205]. For many studies that reported both values there was a marked difference
between the assumed value of the school-level ICC in the sample size calculation
and the ICC estimated for the primary outcome from the study data (Figure 3.3).
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Fig. 3.3. Estimated intra-cluster correlation coefficient (ICC) for primary outcome

versus ICC assumed in sample size calculation (N=15)

The median (range) of the differences between the estimated ICC and the ICC
assumed in the sample size calculation, calculated as estimated minus assumed,
was -0.029 (-0.092 to 0.137). This indicates that, on average, the estimated ICC
was smaller than the assumed ICC. The most extreme example of this was one
study which had an estimated ICC 0.092 smaller than the assumed value [151].
At the other extreme, in one study the estimated ICC was 0.137 larger than the
assumed value [187]. The intra-class correlation coefficient of agreement

between the estimated and assumed ICCs was 0.38, indicating poor agreement.

Of the 7 studies [145, 149, 152, 183, 185, 187, 191] that reported ICCs estimated
for a binary primary outcome, none stated whether the ICC was calculated on the
proportions scale or the logistic scale [10]. Of these studies, 5 [149, 152, 183,

187, 191] used mixed effects models [23] to analyse the data, and it could be
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assumed that they reported the ICC on the logistic scale. This could potentially
account for some of the differences between the estimated and assumed ICCs.
However, further examination of these ICCs showed clear differences for only
two of these studies; 0.21 for the observed ICC versus 0.05 for the assumed ICC
in Mulvaney et al [187], and 0.028 versus 0.1, respectively, in Obsuth et al [191].

Of the 29 studies that reported the estimated ICCs, unadjusted analyses were
used to calculate the ICC in almost half of studies (h=14; 48%). Analyses adjusted
for potential prognostic factors were used to estimate the ICCs in 6 (21%) studies
[160, 167, 174, 185, 187, 189]. One (3%) study estimated the ICC separately
from the main analysis [175]. In the remaining 8 (28%) studies it was unclear
whether the ICC was estimated from an adjusted or unadjusted analysis [153,
155, 172, 176, 177, 180, 194, 202].

3.6 Discussion

This is the first systematic review to summarise the methodological practices and
characteristics of school-based CRTs used to evaluate interventions for
improving health outcomes on pupils in the UK. This section summarises the
results and discusses the findings of this systematic review. This is followed by
an assessment of the overall strengths and limitations of the systematic review,
implications for the planning and conduct of future CRTs and areas in need of

further research.

The rate of publication of school-based CRTs indexed in MEDLINE has increased
since the first UK study was published in 1993 [190]. The review identified a
specific increase since the publication of the CONSORT-CRT extension in 2004,
which has been noted by others [53]. This may partly be due to better reporting
and subsequent detection of studies using the established search strategy [127].
The CRT design lends itself well to the school setting [50], and the increase in
publications also reflects the design’s increasing popularity in school-based
health research and the growing recognition of the role that schools can play in
improving the health of children and young people [53, 115, 208]. This is apparent
in health areas, such as physical activity, nutrition and social emotional
functioning and its influences, where publications have increased markedly over
the last 10 years. The increase in such studies may be due to the UK Government

viewing schools as central to tackling issues, such as the obesity crisis, because
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they are an ideal setting in which to actively engage children and their families

across the socio-economic spectrum [46, 208].

Of the studies included in this systematic review, 78% reported sample size
calculations that accounted for clustering. This is a higher percentage than
systematic reviews of CRTs examining interventions for improving health
outcomes in primary care settings [110, 112, 113, 209]. Of the 46 articles that
reported the level of clustering assumed in the sample size calculation, almost all
used the ICC to calculate the design effect (DE) to inflate their sample size
calculation. This highlights the importance of reporting ICC estimates for use in
future studies. On average, based on the DE in the sample size calculation, the
studies in this review required just over twice as many pupils as would have been
needed if individuals had been randomised rather than clusters. This empirical
knowledge may be useful to make informed adjustments to precision estimates
in meta-analyses of intervention effects, where the included studies have not

allowed for clustering.

Only three (5%) studies allowed for loss to follow-up of clusters in their sample
size calculation. This is far lower than a previous review that found 38% of CRTs
reported allowing for cluster-level attrition in their sample size calculation [209].
Thirty studies in the current systematic review reported that at least one cluster
was lost to follow-up, demonstrating the need to allow for cluster-level attrition in
the sample size calculation, despite very few studies reporting actually doing so.
Additionally, missing data resulting from entire school drop-out was highlighted
as a problem by authors in 3 studies in this review [162, 199, 204]. Cluster-level
attrition was higher in this systematic review than reported in a previous
systematic review examining how missing data are handled in CRTs in primary

care [210] (48% versus 18%, respectively).

This systematic review found the estimated ICCs from the study data often
differed greatly from the ICC assumed in the sample size calculation. This will
partially be due to sampling variation and that some studies adjusted for
prognostic factors in the analysis. It could, however, also reflect the lack of
availability of relevant and accurate ICC estimates at the time of sample size
calculation. The current review found that less than half (45%) of studies reported

the ICC for the primary outcome. This improves to 55% (18/33) for studies
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published after 2012, an increase that may be attributed to dissemination of
methodological guidance such as the CONSORT extension to CRTs [57].

The median estimated school-level ICC in this review was 0.039. ICCs for health
outcomes in studies that randomise general practices are generally less than 0.05
[20]. In the current systematic review, just over half (54%) of school-level ICC
estimates had values that were less than 0.05. Based on previous publication
school-based ICC estimates for educational outcomes tend to be larger than for
health outcomes, generally larger than 0.1 [88, 90, 96, 211]. This is to be
expected as schools, by design, have the main function of educating rather than
improving health [71, 88]. Several studies have provided lists of estimates of ICCs
from school-based CRTs or surveys but tend to focus on specific health areas
such as substance use [61, 71, 97-104], nutrition [105-107], physical activity [61,
107-109], and mental health and behaviour [61, 69, 96], and the majority
summarise studies from the US. The distribution of school-level ICCs from UK
school-based CRTs pupil health outcomes was found to be broadly similar to the
previously reported summaries worldwide [69, 96-103, 105-109].

Only 5 of the studies that reported the school-level ICC estimates reported 95%
Cls with these. Summarising the precision of ICC estimates is important as it
provides a plausible range of values to help researchers to make an informed
choice of ICC value for use in their sample size calculations. The marked
differences for some studies in this review between the ICC assumed in the
sample size calculation and the ICC estimated from the analysis demonstrates
the need for better information on ICCs in this context. Furthermore, more
research is needed in this area to understand the factors that influence the size
of ICCs in school-based health research as previous research has found that
school-level factors such as low socio-economic status and low academic

achievement can have an impact on the size of ICCs [88].

Representativeness of cluster-level and individual-level characteristics in CRTs
is important in order to improve external validity and inclusiveness. The majority
of studies recruited schools from only one or two geographic regions, and only
recruited one type of school (e.g., state schools). There was little information
provided in the papers to assess how representative the study schools were of
the general population, and little detail on aspects of the recruitment strategy.

There was a lack of information on the characteristics of schools that declined to
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participate. This systematic review, however, found the median percentage of
pupils from a minority ethnic background was around 10% lower than the national

average [212].

Challenges of recruitment were identified in this systematic review and have been
noted in the wider literature [33, 74-76]. Just over half of the studies administered
the intervention components as classroom lessons, often with teachers delivering
the intervention. In addition, teachers were required to report primary outcomes
on the pupils in five studies in this review. These activities require additional
resources and time. The burden to teachers and schools may be a barrier to
participation in such studies and result in lack of representation of certain types
of schools. The fact that no sixth forms and colleges were eligible to participate
in any of the studies in this review is perhaps due to the burden on timetabling

during this stage in education.

In this systematic review, 80% of studies used some form of restricted
randomisation to balance cluster-level characteristics, which is in keeping with
recommendations from the methodological literature to wuse restricted
randomisation [4, 6, 213]. The review found greater use of restricted
randomisation than previously seen in other reviews of CRTs in primary care
settings [83, 110, 112, 113, 209, 214], stating around half of studies used
restricted randomisation [83, 113]. The current review also found that school-level
deprivation was the factor that was most commonly used to balance the
randomisation, particularly the percentage of children in the school that were
eligible for free school meals. This may be in part due to this information being
readily available from the UK Department for Education [215]. However, little is
known about which cluster-level characteristics are prognostic for pupil health
outcomes and few studies gave reasons for their choice of balancing factors. The
best candidates for the balancing randomisation will be school-level
characteristics that are predictive of the study outcomes, account for within-

cluster correlation, or influence effectiveness of the intervention [3, 216].

3.7 Strengths and limitations

This systematic review is the first to describe the characteristics and practices of
school-based CRTs of interventions for improving health outcomes on pupils in

the UK. The review used a clearly defined search strategy in order to identify
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school-based CRTs and make the search reproducible. The strategy built on an
existing search strategy tailored specifically to identify CRTs [127]. The screening
procedures and data extraction were undertaken by two independent reviewers,

helping to minimise errors and increase accuracy and reliability.

The review included papers spanning a wide range of different interventions
investigating many different health conditions/areas. This not only adds originality
to this review but provides a broad coverage of public health areas of interest in
both the UK and worldwide.

The review focussed on CRTs undertaken in the UK, resulting in rich data on
CRT methodology in a single education system. As a result, the findings are
readily applicable to this specific context. The findings of this review will still be of
global interest as some countries, such as Australia, have a similar school system
to the UK, and many of the findings may be applicable in those settings. The
decision to focus the review on the UK was also a pragmatic one. There was an
abundance of international literature in the field, and the time and resources for

undertaking the review were limited.

The systematic review has some limitations. Due to time constraints and to make
the review more focused, a pragmatic decision was made to restrict the search
to one electronic database which focused on health interventions. Further
scoping searches of EMBASE, DARE, PsycINFO and ERIC databases, however,
only identified one additional eligible school-based CRT that was not identified by
the MEDLINE search. Grey literature was not included due to time constraints,
but it was also unlikely that any school-based CRTs would not be indexed in

databases due to the incurred cost and time in delivering these studies.

Meta-analysis was not used in the review to pool ICCs, as a single pooled value
from a meta-analysis would not be meaningful and would not take into account
the methodological nuances of each study. It is more useful to summarise the
variability in the estimated ICCs as this provides a plausible range of values which
can then be used to inform sample size calculations in future CRTs [121].
Furthermore, articles included in this review were diverse in terms of methodology
and health area and, therefore, there was no single underlying ICC as each

scenario was different.
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3.8 Implications

This chapter has identified key implications for school-based CRT methodology.
The results provide a comprehensive summary of the common methodological
characteristics and challenges faced by researchers conducting school-based
CRTs in the UK. The increase in the number of published school-based CRTs
over recent years provides a pool of knowledge to aid the design and conduct of

future studies and identifies areas where improvements can be made.

There is evidence that the assumed ICC of the outcome in the sample size
calculation is often quite different from that observed in the study data, which
mirrors other settings where there have been renewed calls for better reporting
of ICCs [53, 110-112]. The review has highlighted the need for better reporting of
ICCs for health outcomes in order to establish plausible values to assume for
sample size calculations for CRTs in the school setting and avoid poor estimates

of the number of schools and pupils required in such studies.

More research is needed regarding whether the size of the ICC differs across
disease areas and whether ICCs are transferable across different countries and
contexts in school-based CRTs. There is a lack of published ICC estimates
relevant to school-based CRTSs in the UK. The dissemination of ICCs based on
school-related clusters would greatly aid the planning of future school-based
CRTs. Additionally, further work is needed to replicate this systematic review
outside of the UK to see if the results are similar and to explore patterns in design

features of school-based CRTs and ICCs across different world regions.

Given the high number of school-based CRTs that use some form of restricted
randomisation to balance cluster-level factors across the trial arms, it would be
informative to examine the strength of association between school characteristics
and specific pupil health outcomes and the extent to which those characteristics
account for the between-cluster variation. This knowledge would aid researchers
to identify the best candidates on which to balance the randomisation of school-

related clusters in CRTs.

The review also identified difficulties in obtaining representative samples of
schools in school-based CRTs. Recruitment was often limited to one or two

geographical regions and one school type. A representative sample of schools
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will improve the generalisability of the findings to a wider range of schools in the
study population. More research is needed, as there is inadequate knowledge
regarding the barriers to successful recruitment of a representative sample of
schools despite this being noted as a common challenge in the literature [3, 4,
81, 183]. Identifying these challenges will assist researchers to improve the

diversity of their recruitment.

The findings of this systematic review will also help to inform the design of
simulation studies for evaluating the properties of statistical methods for

calculating sample size and analysing data from school-based CRTSs.

3.9 Conclusions

Recent years have seen an increase in the rate of publication of school-based
CRTs examining the impact of health interventions on pupils in the UK. The
results of this systematic review provide researchers with data on relevant
parameters to inform simulation-based studies for evaluating the performance of
statistical methods in scenarios typical of school-based studies. The review
illustrates key methodological challenges faced when undertaking school-based
CRTs in the UK and will help future researchers to better plan for these
challenges. The review provides ICC estimates for use in the sample size
calculation of similar future school-based CRTs in the UK, but also highlights the
need for more information on the ICCs to enable better of such studies. Better
reporting of the recruitment process in CRTs will help to identify common barriers
to obtaining representative samples of schools. Finally, previous school-based
CRTs may provide useful sources of data to identify the school-level
characteristics that are strong predictors of pupil health outcomes and that,
particularly, account for the variation across schools in those outcomes. Such
characteristics would, therefore, be potentially good factors on which to balance

the randomisation and adjust for in the analysis of the intervention effect.

3.10 Chapter summary

This chapter presented findings from a systematic review of the characteristics
and methodological practices of UK school-based CRTs used to evaluate

interventions for improving health outcomes on school pupils. Following this
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review of definitive studies, Chapter 4 will examine the characteristics and

methodological practices from school-based feasibility CRTSs.
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Chapter 4: Systematic review of the characteristics of
school-based feasibility cluster randomised trials of
interventions for improving the health outcomes of
pupils in the United Kingdom

4.1 Summary

This chapter presents background information specific to the methodological
challenges of designing and conducting feasibility studies with a CRT design in
schools in the UK. The chapter then outlines the aims and objectives and
describes the methods and results of a systematic review examining the
methodological characteristics of such studies. The chapter then concludes by
discussing the results, strengths and limitations, implications and areas identified
for further research. A peer-reviewed journal article has been published of the
systematic review [122] (Appendix 3). The entire systematic review is reported
here in detalil.

4.2 Background

Prior to a definitive trial, a feasibility study may be used to determine whether the
research is something that can be done, whether it should be done and how it
should be done [43]. Feasibility studies focus on areas of uncertainty in trial
delivery, such as: the randomisation process, recruitment and follow-up rates,
acceptability to the participants of the trial processes and the intervention itself,
implementation of the intervention, data collection processes, selection of
outcome measures, potential harms related to the intervention and trial,
knowledge of parameters that inform the sample size calculation for the definitive
trial, and potential effectiveness of the intervention. The randomised pilot trial is
a type of feasibility study that involves conducting a smaller version, or part of the
future definitive trial [43]. Feasibility studies may also use a single-arm or non-
randomised parallel group design, which can be used to develop interventions
and trial methods, and test them prior to a full-scale trial [43, 217]. However, these
designs are unable to test uncertainties related to the randomisation process,

such as participants’ willingness to be randomised.
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Feasibility CRTs differ from those conducted in advance of individually RCTs in
that they may be used to address concerns that are specific to the CRT design.
These include challenges such as, evaluating the possibility for recruitment bias
in studies where clusters are randomised before individual participants are
recruited [29], and obtaining estimates of the intra-cluster correlation coefficient
(ICC) of the primary outcome to inform the calculation of the sample size for the
definitive trial. Other general feasibility considerations apply at both the cluster
and individual levels, such as ease of recruitment, rate of loss to follow-up, and
acceptability of the intervention. Methodological considerations that are unique to
the conduct of feasibility CRTs include the need to take account of clustering
when calculating the sample size for and reporting precision in feasibility

parameter estimates from such studies [44].

In recent years, CRTs have been increasingly used to evaluate interventions for
improving educational outcomes in schools [59] and complex interventions for
improving child health outcomes [50, 53, 117]. Schools provide a natural
environment in which to recruit and deliver public health interventions to children
due to the amount of time they spend there [50]. The CRT design is suited to the
natural clustered structure found in schools (pupils within classes, within
schools), but there are challenges in delivering trials in this setting that mean
feasibility studies are essential ahead of a definitive trial. For example, schools
and teachers often have stretched and limited resources, and implementing an
intervention and patrticipating in a trial can be challenging, given that the primary
focus of schools is the education of pupils. The systematic review of definitive
school-based CRTSs, described in Chapter 3, found that 52% of the studies
required a member of school staff to deliver components of the intervention [117].
Feasibility trials could be used to explore issues regarding which type of cluster
to randomise in the school setting for a given trial. For example, there may be a
choice between randomising schools and randomising classes. Randomising
schools is better for minimising the chance of contamination between trial arms,
as individual pupils will interact across classes within schools. However,
randomising classes would have the advantage of a smaller design effect and,
therefore, greater power for a fixed total number of recruited pupils compared
with schools [218]. Compared with other settings such as primary care, CRTs for
evaluating health interventions have only relatively recently been used in schools
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in the UK and, therefore, there is a smaller pool of experience available from
previous studies to draw from [50, 117]. Given these uncertainties, feasibility trials
have an important role to play in the design and execution of definitive school-
based CRTs.

Authors have previously discussed the growing literature described as ‘feasibility’
or ‘pilot’ studies, and the associated methodological challenges [43]. The
characteristics of feasibility studies generally [44, 219, 220] and cluster
randomised feasibility studies specifically [221, 222] have been summarised.
However, to date, no systematic review has focussed on the characteristics of
school-based feasibility CRTs of interventions for improving pupil health
outcomes. By summarising the design features of school-based feasibility CRTs,
the results of this systematic review will identify areas for improvement in the
conduct of such studies. Through reporting the feasibility objectives of the
included studies, this review will help to identify aspects in which better use of
feasibility studies could be made to explore uncertainties specific to the CRT
design.

4.3 Aims and objectives

The aim of this systematic review was to report the key design features,
methodological characteristics and feasibility-related objectives of school-based

feasibility CRTs measuring pupil health outcomes in the UK.
The objectives were to:

e Describe the methodological characteristics and challenges of school-
based feasibility studies with a CRT design in the UK measuring health
outcome on pupils.

e Describe the feasibility-related objectives of school-based feasibility CRTs

in the UK that measure health outcomes on pupils.
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4.4 Methods

The systematic review has been reported in accordance with the PRISMA
statement [125]. The review protocol was registered on PROSPERO
(Registration number: CRD42020218993), an international register for

systematic reviews.

4.4.1 Search strategy

The search strategy used in the systematic review was identical to the one
previously used in Chapter 3 to find definitive trials, as described in Section 3.3.1.

A brief summary of the search strategy is provided here for clarity.

Peer-reviewed school-based feasibility CRTs, indexed on MEDLINE (via Ovid),
were the source of data for the review. MEDLINE was systematically searched
from inception to 315t December 2020. The search strategy (Table 3.1) was
developed using terms from the MEDLINE search strategy by Taljaard et al [127]
to identify CRTs, and this was combined with school concept terms, including the

‘Schools’ MeSH term. The search was limited to the English language.

4.4.2 Eligibility criteria

The systematic review included school-based feasibility CRTs that measured
health outcomes on pupils and were conducted in the UK. The population of
included studies was pupils attending pre-school, primary school, secondary
school, sixth form or college settings in the UK. ‘Pre-school’ was defined as an
organisation offering early childhood education (e.g., pre-school, nursery school
and kindergarten) prior to the child beginning compulsory (primary school)
education [130].

Eligible clusters were any school-related unit (e.g., schools, classes, year
groups). Studies that randomised school-related units as well as other types of
clusters (e.g., towns, households) were only eligible for inclusion in the review if
results of the study were shown separately for the school-related clusters (i.e.,

the authors did not pool results across different cluster types).

Any health-related interventions were eligible. The primary outcome had to be

measured on pupils and be health related. Studies with education-related primary
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outcomes were excluded. All types of CRT design were eligible, including parallel

arm, crossover, factorial and stepped-wedge trials.

Only randomised, external feasibility studies (i.e., where outcome data from the
feasibility study are not included as part of a main definitive trial analysis [223])
were included in this systematic review. The definition of feasibility study used to
identify eligible papers was that used by Eldridge and colleagues [43], which
states: “A feasibility study asks whether something can be done, should we
proceed with it, and if so, how”. Thus, eligible studies had to be assessing some
element of feasibility in the intervention and/or trial methodology, ahead of a
definitive trial. This was determined by looking for the terms, ‘pilot’, ‘feasibility’ or
‘exploratory’ in the title and abstract, and by examining the aims and objectives
of each study. Internal pilot studies that are part of definitive trials, where the data
from the pilot phase are included in the main analysis [224], were excluded. Non-
randomised feasibility studies and single-arm feasibility studies were excluded as
randomisation was one of the aspects that the systematic review aimed to

examine.

If there was more than one publication of the results for an eligible feasibility CRT,
the first paper presenting quantitative results related to the feasibility objectives
was designated the key study report (index paper) and used for data extraction.
Articles that did not report the results of the feasibility objectives were excluded
along with articles only reporting protocol/design information, cost-

effectiveness/economic evaluations, and process evaluations.

4.4.3 Screening and selection

After the search strategy was run in MEDLINE, all titles and abstracts were
downloaded into Endnote X9 [133]. Duplicate citations were removed, and
remaining titles and abstracts were screened by two independent reviewers (KP
and OU) for eligibility against inclusion criteria. Citations were coded (1) if they
were thought to be eligible, or (2) if not. Once coded, the two Endnote libraries
were merged to identify citations where coding differed between reviewers.
Articles for which inclusion status was uncertain, and consensus could not be

reached through discussion, were included for full text evaluation.
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A new Endnote library was created with all potentially eligible articles. PDF
versions of each article were obtained for full text screening. Full text screening
was first piloted on a random sample of 10 articles. Endnote was used to code
each article with a letter to indicate the reason for inclusion/exclusion. The
reasons for exclusion are listed in Table 4.1.

Table 4.1. Reasons for exclusion at full text screening

Reason

Include

Exclude - Not randomised

Exclude - Not a CRT

Exclude - Not undertaken in the UK

Exclude - Not school-based/school unit not randomised
Exclude - Primary outcome not reported on pupils
Exclude - Sibling paper of index studies

Exclude - Not feasibility studies

Exclude - Protocol/Design

Exclude - Cost-effectiveness/economic evaluation
Exclude - Process evaluation
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In parallel, two independent reviewers (KP and SEd) screened articles for
eligibility based on the inclusion criteria using this coding method. Once all texts
had been screened and coded, the two Endnote libraries were merged to identify
the articles where coding differed. Any disagreements that could not be resolved

through discussion were sent to a third reviewer (OU) for a decision.
4.4.4 Data extraction

Prior to data extraction, each article was assigned a unique study ID number. The
study characteristics (variables) to extract were chosen after consultation with
experts in the field and examining similar methodological systematic reviews [53,
117, 221]. A bespoke data extraction form was developed using Microsoft Excel
and the data extraction piloted using 5 eligible studies. Modifications were made
following the pilot, and the final list of variables extracted is presented in Table
4.2.
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Table 4.2. Data extracted from school-based feasibility CRTs

Variable category

Variable

Publication details

First author’'s name; Year of publication; Journal name; Main funding source; Trial

registration status (yes — prospectively, yes — retrospectively, no).

Setting and participant
characteristics

Country (e.g., England); School level (e.g., primary school); School type (e.g., state
school, faith school); Co-educational status (co-ed, female only, male only); Age(s) of

pupils; Year group(s) of pupils.

Intervention and primary outcome

Health area (e.g., smoking); How was the intervention delivered? (e.g., through
classroom lessons); Name of primary outcome (e.g., body mass index (BMI) z-score);
Intervention typology classification (using typology in Eldridge and Kerry [3] (p25-29) —
individual-cluster, professional-cluster, cluster-cluster, external-cluster, multifaceted);

Type of control group (e.g., usual care, active control).

Study design

Justification provided for using cluster trial design (Yes/No, if “Yes’ extract justification);
Unit of randomisation (i.e., type of cluster that was randomised); Method used to
balance the randomisation (e.g., completely randomised, matched pair, stratified,
constrained, minimisation); Timing of randomisation of clusters relative to recruitment of
pupils (recruitment of pupils before randomisation, recruitment of pupils after

randomisation, unclear); Number of trial arms; Allocation ratio; Length of follow-up.

Sample size information

Justification for target sample size (extract direct quote); If the sample size was
calculated, did the calculation account for clustering? (yes/no); Targeted number of

schools, clusters and pupils; Number of recruited schools, clusters and pupils.

Ethics and consent procedures

Was ethical approval obtained? (yes/no)
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Variable category

Variable

Objectives of feasibility study

Test randomisation process (yes/no); Test willingness to be randomised (at cluster
and/or individual levels) (yes/no); Estimate recruitment rate (at cluster and/or individual
levels) (yes/no); Estimate retention/follow-up rate (at cluster and/or individual levels)
(yes/no); Test implementation of the intervention (yes/no); Test compliance with the
intervention (yes/no); Assess acceptability of the intervention (at cluster and/or individual
levels) (yes/no); Assess acceptability of trial procedures (at cluster and/or individual
levels) (yes/no); Test the feasibility of blinding procedures (yes/no); Test data collection
process (yes/no); Test outcome measures (yes/no); Estimate standard deviation for
continuous outcomes (or estimate control arm percentage for binary outcomes)
(yes/no); Identify potential harms (yes/no); Estimate potential effectiveness of
intervention (yes/no); Estimate costs of delivering the intervention (yes/no); Estimate the
ICC of the primary outcome (yes/no); Calculate the sample size required for the

definitive trial (yes/no); Any other feasibility objectives not listed above.

Other design characteristics of
methodological interest

Analysis method used to estimate potential effectiveness of the intervention (Cluster-
level analyses/ Individual-level analysis that allows for clustering/ Did not account for
clustering/ N/A); Was a p-value for effectiveness reported? (yes/no); Were baseline
cluster-level characteristics presented? (yes/no); If so, what were the baseline cluster-
level characteristics?; ICC estimates (and 95% confidence intervals); Did the study

concluded that a definitive trial was feasible? (yes/ yes (with modifications)/ no).
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After the content of the data extraction form was finalised, the principal
investigator (KP) extracted data from all included studies. A second reviewer
(either SEd or OU) also independently extracted data from all included studies
for validation. Missing information that was not available in the index papers was
not sought elsewhere and was recorded as ‘Not stated’. If there was uncertainty
regarding a particular article, the data obtained were checked by another member

of the team (MN) and resolved through further discussion.

4.4.5 Data coding and classification

Once the data were extracted for all included texts, some text data were coded
for ease of analysis. Data were extracted exactly as provided in each article.
This section discusses specific variables where coding was more challenging

and specific decisions were made regarding coding for analysis.

4.4.5.1 Publication details

Trial registration status was determined from the paper and by using trial
registration information obtained for International Standard Randomised
Controlled Trial Number (ISRCTN) registry [225].

4.4.5.2 Setting and participant characteristics

School type was recorded as stated in the article and then categorised as listed
on the UK government website [134]. State schools (also called comprehensive,
state-maintained, state-funded) receive funding through their local authority or
directly from the government. The most common types of state school in the UK
are local authority, foundation and voluntary-aided schools. Academies are
schools run by government and not-for-profit trusts and are independent of local
authority. Grammar schools are run by local authorities, but intake is based on
assessment of the pupils’ academic ability. Special schools cater for pupils with
special educational needs. Faith schools follow the national curriculum but can
decide what they teach in religious studies. Independent schools do not have to

follow the national curriculum and charge fees for attending pupils.

Additionally, school level and year groups across the devolved nations in the UK
were standardised in relation to their equivalent school level and year group in

the English school system (i.e., pre-school (1 to 4 years), primary school (4 to 11
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years), secondary school (11 to 16 years) and sixth form/college (16 to 18 years)).
A table comparing school year groups across nations in the UK can be found in
Appendix 5 [135].

4.4.5.3 Intervention and primary outcome

The intervention health area was categorised into broad health areas defined
after consulting previous systematic reviews [53, 111]. For example, health
difficulties such as mental health, behaviour, neurodiversity (e.g., attention deficit
hyperactivity disorder (ADHD)), well-being, quality of life, bullying, social and
emotional learning, and self-esteem were categorised under ‘Social emotional

functioning and its influences’.

Intervention type was summarised using the typology described by Eldridge et al
[3](p25-29). The categories were as follows: ‘Individual-cluster’ interventions
include components acting at the individual level (e.g., pupils); ‘Professional-
cluster’ interventions include components acting on the trained professionals
delivering the intervention; ‘External-cluster’ interventions involve using additional
staff outside the cluster to deliver the intervention; ‘Cluster-cluster’ interventions
include components that have to be administered to entire clusters. ‘Multifaceted’
interventions which include components across more than one of the ‘individual-
cluster’, ‘professional-cluster’, ‘external-cluster’ and ‘cluster-cluster’ categories.
(see Section 3.4.5.2).

Type of control group was recorded as ‘usual care’ or ‘active’. An active control
was defined as, ‘a control group in which participants engage in some task during
the intervention period that differs from normal practice’ [3](p88-89). If the study

had more than one control group this was recorded.

The primary outcome was identified as the health outcome stated in the paper as
being the primary outcome. If there were multiple primary outcomes or the
primary outcome was unclear, then the outcome presented in the title, first
outcome presented in the ‘Outcomes’ section in the Methods, or first outcome
presented in the Results section was taken as the primary outcome (in this order

of priority).

Primary outcome health area was categorised into broad health areas defined

after consulting previous systematic reviews [53, 111]. For example, primary
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outcomes in the health area of mental health, well-being or behaviour were

categorised into ‘Social emotional functioning and its influences’.

4.4.5.4 Study design

Justifications for the use of the CRT design were categorised into common
justifications based on potentially reasons established in the literature [3](p10-

13). If the study provided more than one reason, these were recorded.

It was assumed that a completely randomised design (i.e., without balancing the

randomisation on cluster-level characteristics) was used unless otherwise stated.

Timing of randomisation of clusters relative to recruitment of pupils was
determined using the CONSORT flow diagram. If it was not clear from the
CONSORT flow diagram then information was extracted and verified from the

main text of the article.

4.4.5.5 Sample size information

The target mean cluster size was calculated by dividing the target number of

pupils at follow-up by the target number of clusters.

The number of schools, clusters and pupils recruited and followed up was
determined using the CONSORT flow diagram. If it was not clear from the
CONSORT flow diagram then information was extracted and verified from the

main body of the article.

4.4.5.6 Feasibility objectives

A list of common feasibility objectives was made based on those extracted in
previous systematic reviews and expert knowledge of authors involved in this
review [221, 222]. An ‘Other’ category was used so that any other feasibility
objectives could be extracted. Only formal feasibility objectives were extracted
from each article. These were obtained from the Background and Methods

sections of the included articles.

4.4.5.7 Other design characteristics of methodological interest

The method of analysis used in each study to compare the primary outcome data

between the trial arms was recorded into general categories for methods of
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analyses. For example, Generalised Estimating Equation (GEEs) was

categorised as ‘Adjusted individual-level analysis’.

The Discussion and Conclusion sections of the included papers were searched
for information to help determine whether the study had concluded that a

definitive trial was feasible.

In order to determine if the feasibility CRTs included in this review had progressed
to a definitive trial, further web and literature searching was undertaken. If no
article or website was found stating whether a definitive trial had commenced,
authors were contacted to ask if their feasibilty CRT had progressed to a
definitive CRT.

4.4.6 Assessment of study quality

A formal quality/risk of bias assessment was not undertaken for this review as it
was not necessary for summarising characteristics of studies. However, some of
the data extracted and summarised are indicative of reporting quality of included
studies based on the CONSORT extension for both CRTs [57] and pilot and
feasibility studies [226]. These include provision of details on the rationale for
using the CRT design, the rationale for the target sample size and specifying

objectives related to the feasibility of a study.

4.4.7 Data analysis

Results of the search process were reported using a PRISMA flow diagram [125].
Study characteristics were described using means and standard deviations, or
medians and interquartile ranges for continuous variables, and numbers and
percentages for categorical variables. A histogram was used to illustrate how the
rate of publication of such studies has changed over time. Statistical analysis was

undertaken using Stata 17 software [227].
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4.5 Results

4.5.1 Study selection and PRISMA flow diagram

3,285 articles were identified through searching the MEDLINE database.
Following deduplication, 3,247 titles and abstracts were screened for eligibility.
Sixty-two articles were eligible for full text screening, of which 24 were included
in the review [228-251]. Agreement between reviewers on which articles should

be included was 100%. Reasons for exclusion are shown in the PRISMA flow

diagram [125] (Figure 4.1).

Articles identified through
MEDLINE database
searching
(n=3285)

Duplicates

\4

Titles and abstracts
screened
(n=3247)

y

Avrticles assessed for
full text evaluation

removed
(n=38)

Records excluded
(n=3185)

(n=62)

\4

Studies included in
the systematic review
(n=24)

and screening for eligibility
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Full text articles excluded
(n=38) with reasons:
Protocol/Design n=16

Sibling of index paper n=10
Not school-based n=4
Not feasibility studies n=2
Process evaluation n=2
Economic evaluation/
Cost-effectiveness n=1
Not a CRT n=1
Non-randomised n=1
Primary outcome not
reported on pupils n=1

Fig. 4.1. PRISMA flow diagram summarising the results of the literature search




4.5.2 Publication details

The first publication of a school-based feasibility CRT for health interventions on
pupils in the UK indexed on MEDLINE was in 2008; and the rate of publications

of such studies has increased since then (Figure 4.2).

4_

Number of CRTs 2

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year of publication

Fig. 4.2. Published feasibility cluster randomised trials indexed on MEDLINE

from inception to 315t December 2020 (N=24)

The 24 included articles in this systematic review were published across 11
different journals. For 12 (50%) studies the main funding source was the National
Institute for Health Research (NIHR). Further details on journals and funding

sources are reported in Appendix 8.

Ten (42%) articles described their study as a ‘pilot trial’, six (25%) as a ‘feasibility
trial’ [237-239, 242, 246, 247], four as a ‘feasibility study’ [233, 234, 243, 251],
two (8%) as an ‘exploratory trial’ [241, 248], one (4%) as a ‘pilot feasibility trial’
[245], and one (4%) as a ‘pilot study’ [230].

Of the 24 feasibility CRTSs, eight (33%) were registered prospectively [229, 232,
235, 236, 244, 245, 247, 251], thirteen (54%) were registered retrospectively, and
three (13%) did not state registration status [237, 240, 241].
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4.5.3 Setting and participant characteristics

Three quarters of studies (n=18; 75%) took place in England, 13% (n=3) in
Northern Ireland [230, 233, 242], 8% (n=2) in Wales [248, 250], and 4% (n=1) in
Scotland [239].

Studies in this systematic review were most likely to take place exclusively in
secondary schools (n=13; 54%). Eight (33%) studies took place exclusively in
primary schools [231, 236, 238-241, 246, 248], 2 (8%) exclusively in pre-schools
[228, 243], and 1 (4%) study included both primary and secondary schools [251].
No studies in this review took place in sixth form or college settings.

Fifteen (63%) of the 24 studies provided information regarding the types of school
included in their sample. “State” schools were most commonly included (n=14;
93%).

Only seven (30%) studies reported the co-ed status of the schools sampled. Of
these, four studies recruited only co-ed schools [229, 235, 242, 244], one study
recruited co-ed schools and single sex schools of either gender [233], one study
recruited co-ed schools and girl-only schools [234], and one study recruited girl-

only schools [249].

Pupils of early teenage years were most commonly recruited (12 years (n=11;

46%) and 13 years (n=11; 46%)). No studies recruited pupils aged 16 or over.

4.5.4 Intervention and primary outcome

The interventions described in these studies aimed to improve outcomes across
nine different health areas. Almost half aimed to improve physical activity in
school pupils (n=11; 46%). Most often resources and materials provided to
schools (n=11; 46%) or classroom lessons (n=10; 42%) were used to deliver the

intervention.

Of the 24 studies in the systematic review, 23 (96%) had intervention components

that were designed to be delivered to entire clusters (“cluster-cluster’

interventions [3](p25-30)). This included components such as classroom lessons

[249] and physical activity sessions [228]. Only 2 (8%) studies had intervention

components that were aimed at individual pupils (“individual-cluster” interventions

[3](p25-30)); the component for both studies was goal-setting [241, 251]. Three
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guarters of studies (n=18) had intervention components that were delivered by a
professional or person internal to the cluster (“professional-cluster” interventions
[3](p25-30)). This included teachers [235], other members of school staff [228],
fellow pupils/peers [247]. Eight studies (33%) had intervention components that
were delivered by someone external to the cluster (“external-cluster’
interventions [3](p25-30)), such as ‘active play practitioners’ [239], researchers
[242] and dance teachers [237].

Most studies used a usual care control group (n=21; 88%). Two (8%) studies
used an active control group. One of these studies used a goal-setting session
followed by an attention control [251]. The other study delivered personal, social,
health and economic education (PSHE) sessions which also included the young
person receiving feedback that he/she was drinking in a way that may be harmful
and provided them with an advice leaflet [245]. One (4%) study had two control
arms (a usual care group and an active control group, where clusters received

part of the intervention) [237].

A third of the primary outcomes involved measuring moderate-to-vigorous
physical activity (MVPA) (n=8; 33%). This included: MVPA (min/week-day) (n=3;
13%) [237, 238, 247]; MVPA (min/day) (n=3; 13%) [229, 232, 233]; MVPA
(min/school-day) (n=1; 4%) [239]; and mean minutes of MVPA in the hour before
the start of school in the post-baseline week (n=1; 4%) [236].

Five (21%) studies only measured outcomes on female students [230, 234, 237,
247, 249]. In 1 (4%) study the intervention was only delivered to and outcomes
measured on pupils who screened positive on an alcohol screening question to
identify individuals whose consumption level or pattern is likely to be harmful to
their health or well-being [245].

4.5.5 Study design

Only five (21%) of the 24 studies included in the review provided justification for
the use of the CRT design. Three studies justified their choice of study design
based on the intervention being designed to be delivered to entire clusters [231,
248, 249]. The other 2 studies stated that they chose the CRT design in order to

minimise contamination between trial arms [245, 251].
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Almost all studies randomised schools as the cluster unit (n=23; 96%). Only 1
study [249] randomised classrooms, with the authors’ stating that random
allocation was carried out at the level of the classroom for “pragmatic

considerations”.

Just over half the studies (n=13; 54%) used a form of restricted allocation to
balance cluster characteristics between the trial arms. Of these, 5 used
minimisation [228, 246, 248, 250, 251], 4 used stratification [231, 233, 237, 244],
3 used matched pairing [229, 239, 242], and 1 used constrained randomisation

[238]. The other 11 (46%) studies used unrestricted randomisation methods.

Most studies (n=21; 88%) had two trial arms, 2 (8%) studies had three trial arms
[237, 245], and 1 (4%) study had four trial arms [250]. Seventeen (71%) studies
allocated clusters in a 1:1 ratio. Three (13%) studies used a 2:1 ratio [232, 244,
247] in favour of the intervention group, 1 (4%) study used a 2:3 ratio [233] in
favour of the control group, and 1 (4%) three-arm study used a 2:3:2 ratio [245].

The allocation ratio used in 2 (8%) studies was unclear [230, 237].

Length of follow-up ranged from 2 to 24 months across studies. The median (IQR)
length of follow-up was 7 (3 to 12) months. One (4%) study did not state the length
of follow-up [234].

Half of the studies (n=12; 50%) recruited pupils before randomisation of clusters.
Thirteen (54%) studies reported the baseline characteristics of the schools

included in their sample.

4.5.6 Sample size information

Only 3 (13%) studies provided details of a formal sample size calculation. Of
these only 1 (4%) study based their sample size on being able to estimate
feasibility parameters (e.g., follow-up rates) with a specified level of precision
[234]. The remaining 2 (8%) studies based their sample size on power to detect
a specified intervention effect [230, 249]. Only 1 (4%) study accounted for
clustering in their sample size calculation (to evaluate the intervention effect),
which was done by using an ICC estimate to calculate the design effect (DE)
[249].

Almost all studies (n=22; 92%) gave justification(s) for their choice of sample size.

Of these, 7 (32%) studies based their target sample size on recommendations
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from previous articles [228, 231, 235, 239, 243, 245, 246]. Six (27%) studies
stated that a formal sample size calculation was not needed [229, 244, 247, 248,
250, 251]. In 5 (23%) studies, the target sample size was determined by resource
and/or time constraints [233, 236-239]. Three (14%) studies provided a general
statement that their sample size was considered sufficient to address the
objectives of the feasibility CRT [236, 242, 251], and 1 (5%) study aimed to recruit

as many clusters and participants as possible [240].

The median (IQR; range) target sample size was 7.5 (5 to 8; 2 to 20) schools, 7.5
(5 to 8; 2 to 20) clusters and 320 (150 to 1200; 50 to 1852) pupils. The median
(IQR; range) sample size achieved was 7.5 (4.5 t0 9; 2 to 37) schools, 8 (5.5 to
9.5; 2 to 37) clusters and 274 (179 to 557; 29 to 1567) pupils. The median (IQR;
range) number of pupils per cluster was 35.9 (24 to 89.4; 1.4 to 237.7) and the
median (IQR; range) number of pupils per school was 40.4 (24 to 109.3; 1.4 to
237.7). Of the 24 studies in this review, 2 (8%) included just two schools, and
allocated one to each trial arm [235, 236]. Eighteen (75%) studies reported both
targeted and achieved recruitment numbers at the cluster level, and of these 17
(94%) achieved their target. Thirteen (54%) studies reported both targeted and
achieved recruitment numbers at the pupil level, and of these 6 (46%) of studies
achieved their target. Two (8%) studies [234, 248] reported losing at least one

cluster to follow-up.

The median (IQR; range) sample size at follow-up was 6.5 (4 to 8; 2 to 19)
schools, 7 (5 to 8; 2 to 19) clusters and 197 (118 to 409; 17 to 1460) pupils.

4.5.7 Ethics and consent procedures

Twenty-two (92%) studies reported obtaining ethical approval for their study. One
study did not state whether they had obtained ethical approval or not [249]. In
another study the authors’ reported that they “did seek ethical approval but the
local research committee said it was not required as the study did not involve
patients or National Health Service (NHS) staff’ [240].

4.5.8 Analysis methods

Twenty (83%) of the 24 studies reported intervention effect estimates. Of these,
9 (45%) used an individual-level analysis method that allowed for clustering [229,

234, 237, 238, 240, 247-250], 4 (20%) used a cluster-level analysis method [228,
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231, 241, 246], 4 (20%) did not allow for clustering in their analysis [230, 232,
236, 242], and 3 (15%) did not state which analysis method they used [235, 239,
245].

Eight (33%) studies reported p-values with the intervention effect estimate, which

is at odds with published guidance for feasibility studies [57, 226].

4.5.9 Feasibility objectives

All 24 studies included in the review stated their formal feasibility objectives. The
most common objective was to estimate the potential effectiveness of the
intervention (n=17; 71%), including 2 studies that sought to undertake a definitive
test of effectiveness [230, 249]. Other common objectives included assessing
acceptability of the intervention (n=16; 67%), estimating the recruitment rate
(n=15; 63%), estimating the retention/follow-up rate (n=15; 63%), and testing
outcome measures (n=14; 58%).

The following feasibility objectives were stated specifically at the cluster-level: 10
(42%) studies sought to assess acceptability of the intervention [228, 229, 231,
233, 235, 241, 244, 245, 248, 250], 7 (29%) studies sought to estimate
retention/follow-up rate at the cluster-level [231, 233, 236, 241, 244, 248, 250]. A
quarter of studies (n=6; 25%) sought to estimate the recruitment rate at the
cluster-level [233, 236, 241, 244, 248, 250]. Four (17%) studies sought to assess
the willingness of clusters to be randomised [229, 231, 235, 244], and 3 (13%)
sought to assess acceptability of the trial procedures [229, 244, 245].

Only 1 (4%) study sought to assess the appropriateness of cluster randomisation
as a formal objective [251]. No studies sought to assess which type of cluster was
most appropriate to randomise. Four (17%) studies randomised clusters before
recruiting pupils [239, 248-250], and of these none investigated the possibility of
recruitment bias. Only 2 (8%) studies sought to estimate the ICC of the primary
outcome for use in the sample size calculation of the planned definitive study
[241, 244]. All 24 studies reported the results for additional feasibility outcomes
beyond those that they formally listed as objectives of the study.

No studies quantified the precision of their estimates of feasibility parameters,
other than for potential intervention effectiveness, cost-effectiveness and the ICC.
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Analyses were undertaken to investigate if the target sample size differed
according to whether or not the studies addressed specific feasibility objectives.
It was hard to identify clear patterns in the data as some formal objectives were
only stated in a small number of the included studies. The twelve studies that
assessed potential effectiveness aimed to recruit a median (IQR; range) of 7 (3.5
to 8; 2 to 20) schools, similar to the targeted recruitment in the remaining studies
(7.5 (6 to 8; 5to 12)).

Table 4.3 summarises the methodological and design characteristics of the

studies included in this systematic review.
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Table 4.3. Summary of methodological characteristics of included studies (N=24)

Characteristic N Statistic (n (%))

Setting

Country 24
England, n (%) 18 (75)
Scotland, n (%) 1(4)
Wales, n (%) 2 (8)
Northern Ireland, n (%) 3 (13)

School types that were included [134] [Accessed 15t September 2021]* 15
State, n (%) 14 (93)
Academy, n (%) 3 (20)
Voluntary aided, n (%) 1(7)
Foundation, n (%) 1(7)
Faith, n (%) 1(7)
Grammar, n (%) 1(7)
Independent, n (%) 1(7)

Intervention and primary outcome

Health area 24
Physical activity, n (%) 11 (46)
Physical activity and nutrition, n (%) 4 (17)
Alcohol misuse, n (%) 2 (8)
Sexual health, n (%) 2 (8)
Bullying, n (%) 1(4)
Behavioural/social difficulties (Autism), n (%) 1(4)
Body image, n (%) 1(4)
Dating and relationship violence, n (%) 1(4)
[llicit drug misuse, n (%) 1(4)
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Characteristic N Statistic (n (%))

Type of intervention [3]? 24
Individual-cluster, n (%) 2(8)
Professional-cluster, n (%) 18 (75)
External-cluster, n (%) 8 (33)
Cluster-cluster, n (%) 23 (96)
Multifaceted, n (%) 21 (88)
Intervention components 24
Resources and materials for schools, n (%) 11 (46)
Classroom lessons, n (%) 10 (42)
Physical activity lessons, n (%) 5(21)
Incentive scheme, n (%) 4 (17)
Change in school/class environment, n (%) 4 (17)
Peer support, n (%) 3 (13)
Support for parents/guardians, n (%) 3(13)
Goal setting, n (%) 2 (8)
Staff training, n (%) 2 (8)
Home activities, n (%) 2 (8)
Extracurricular physical activity, n (%) 2 (8)
Parent’s evenings, n (%) 1(4)
Drama workshops, n (%) 1(4)
Funding, n (%) 1(4)
School action group formation, n (%) 1(4)
School club sessions, n (%) 1 (4)
Screening, n (%) 1(4)
Feedback, n (%) 1(4)
Motivational interviews, n (%) 1(4)
Interactive sessions, n (%) 1(4)
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Characteristic N Statistic (n (%))

Discussions with parents/guardians, n (%) 1(4)
Gamification (competitive) techniques, n (%) 1(4)
Type of control group 24
Usual care, n (%) 21 (88)
Active, n (%) 2 (8)
Two control groups (one usual care and one active control), n (%) 1(4)
Primary outcome 24
Moderate-to-vigorous physical activity (min/day), n (%) 3(13)
Moderate-to-vigorous physical activity (min/weekday), n (%) 3(13)
Moderate-to-vigorous physical activity (min/school-day), n (%) 1(4)
Mean minutes of moderate-to-vigorous physical activity in the hour 1(4)
before the start of school in the post-baseline week, n (%)
Avoidance of unprotected sexual intercourse, n (%) 1(4)
Alcohol consumption 28-days before “Timeline Followback” questionnaire, n (%) 1(4)
Body mass index (BMI) z score, n (%) 1(4)
Body Esteem Scale, n (%) 1(4)
Bullying victimisation scale (Gatehouse), n (%) 1(4)
Drinking initiation, n (%) 1(4)
Health, nutrition and physical activity knowledge, n (%) 1(4)
Lifetime illicit drug use, n (%) 1(4)
Minutes spent on screen-based activities, n (%) 1(4)
Overweight status, n (%) 1(4)
Returning of completed vaccination consent form , n (%) 1(4)
Safe Dates and short Conflicts in Adolescent Dating Relationships Inventory, n (%) 1(4)
School-time physical activity, n (%) 1(4)
Total difficulties score (Strengths and Difficulties Questionnaire), n (%) 1(4)
Sedentary activity (min), n (%) 1(4)
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Characteristic N Statistic (n (%))

Time spent sitting (min/day), n (%) 1(4)
Study design
Justification for CRT design 24

Yes, n (%) 5 (21)
Type of randomisation 24

Completely randomised, n (%) 11 (46)

Minimisation, n (%) 5 (21)

Stratified, n (%) 4 (17)

Matched pair, n (%) 3 (13)

Constrained [38, 39], n (%) 1(4)
Number of trial conditions 24

Two, n (%) 21 (88)

Three, n (%) 2 (8)

Four, n (%) 1(4)
Length of follow-up 24

Up to 6 months, n (%) 11 (46)

7 to 12 months, n (%) 8 (33)

13 to 18 months, n (%) 3 (13)

More than 18 months, n (%) 1(4)

Not stated, n (%) 1(4)
Were pupils recruited before randomisation of clusters? 24

Pupils recruited before randomisation, n (%) 12 (50)

Pupils recruited after randomisation, n (%) 4 (17)

Unclear, n (%) 8 (33)
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Characteristic N Statistic (n (%))
Were baseline cluster-level characteristics reported? 24
Yes, n (%) 13 (54)
Ethical approval
Was ethical approval obtained? 24
Yes, n (%) 22 (92)
No, n (%) 1(4)
Not stated, n (%) 1(4)
Sample size
Type of justification for sample size 24
Formal sample size calculation?, n (%) 3(13)
Other justification?, n (%) 19 (79)
Not stated, n (%) 2(8)
Target number of schools, median (IQR; range) 18 7.5
(5to 8; 2to 20)
Target number of clusters, median (IQR; range) 18 7.5
(5to0 8; 210 20)
Target number of pupils, median (IQR; range) 13 320
(150 to 1200; 50 to
1852)
Achieved number of schools, median (IQR; range) 24 7.5
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Characteristic N Statistic (n (%))
Achieved number of clusters, median (IQR; range) 24 8
(5.51t09.5; 2to 37)
Achieved number of pupils, median (IQR; range) 24 274
(179 to 557; 29 to 1567)
Achieved mean cluster size, median (IQR; range) 24 35.9
(24t089.4;1.4to
237.7)
Objectives of the feasibility study
Feasibility objectives 24
Test randomisation process, n (%) 3(13)
Test data collection process, n (%) 8 (33)
Test willingness to be randomised (at cluster level and/or individual level), n (%) 4 (17)
Estimate recruitment rate (percentage) (at cluster level and/or individual level), n (%) 15 (63)
Estimate follow-up rate (percentage) (at cluster level and/or individual level), n (%) 15 (63)
Test implementation of intervention, n (%) 10 (42)
Test compliance with intervention, n (%) 6 (25)
Assess acceptability of intervention (at cluster level and/or individual level), n (%) 16 (67)
Assess acceptability of trial procedures (at cluster level and/or individual level), n (%) 6 (25)
Test the feasibility of blinding procedures, n (%) 0 (0)
Test outcome measures, n (%) 14 (58)
Estimate standard deviation of continuous outcomes or control arm rate for binary outcomes, 1(4)
n (%)
Identify potential harms, n (%) 3 (13)
Assess potential effectiveness of intervention, n (%) 17 (71)
Estimate intervention cost, n (%) 7 (29)
Estimate the ICC of the primary outcome, n (%) 2 (8)
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Characteristic N Statistic (n (%))

Calculate sample size for definitive trial, n (%) 5(21)

Analysis methods

Analysis method for estimating potential effectiveness 24
Individual-level analysis that allows for clustering, n (%) 9 (38)
Cluster-level analysis, n (%) 4 (17)
Did not allow for clustering, n (%) 4 (17)
Not stated, n (%) 3(13)
Did not estimate potential effectiveness, n (%) 4 (17)
p-value reported for effectiveness 24
Yes, n (%) 8 (33)

1 Some studies included more than one school type. This is the number of studies that included specific types of school. State schools receive funding through their
local authority or directly from the government; the most common ones are local authority, foundation and voluntary aided school which are all funded by the local
authority. Academies are run by government and not-for-profit trusts, and are independent of local authority. Grammar schools are run by local authorities, but intake
is based on assessment of the pupils’ academic ability. Special schools cater for pupils with special educational needs. Faith schools follow the national curriculum
but can decide what they teach in religious studies. Independent schools follow the national curriculum but charge fees for attending pupils.

2 Intervention type has been described using the typology of Eldridge and Kerry [3]. ‘Individual-cluster’ interventions contain components that are aimed at
individuals. ‘Professional-cluster’ interventions contain components that are delivered by a professional or person internal to the cluster (e.g. teacher, pupils).
‘External-cluster’ interventions contain components that require people external to the cluster to deliver the intervention (e.g. research staff, community support
consultant). ‘Cluster—cluster’ interventions contain components that have to be delivered at the cluster level (e.g., classroom lessons). ‘Multifaceted’ interventions
contain components across more than one of the ‘individual-cluster’, ‘professional-cluster’, ‘external-cluster’ and ‘cluster—cluster’ categories.

3 In one study, the sample size was based on being able to estimate feasibility parameters with a pre-specified level of precision. Two studies based their sample
size on a definitive test of intervention effectiveness.

4 Other reasons were: based their target sample size on recommendations from previous articles; stated that a formal sample size calculation was not needed; the
target sample size was determined by resource and/or time constraints; provided a general statement that their sample size was considered sufficient to address the
objectives of the feasibility CRT; aimed to recruit as many clusters and participants as possible.
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4.5.10 Estimated intra-cluster correlation coefficients

One third (n=8; 33%) of studies reported estimates of the ICC for the provisional
primary outcome of the planned definitive study. Of these, 5 (63%) studies also
provided 95% confidence intervals (Cls) for these estimates. Table 4.4 reports

the ICC estimates.

Most of the reported 95% Cls for the ICCs were wide as the sample size was too
small to precisely estimate the ICC. However, two ICC estimates did have an
upper bound of 0.03 despite those studies having only 6 [247] and 19 [240]
clusters. This still provides information of practical use regarding plausible true
values of the ICC.
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Table 4.4. Reported intra-cluster correlation coefficients (ICCs) for primary outcomes (N=8)

Author (Year) Cluster Health area Outcome Outcome ICC

unit type (95% CI%)
Jago  (2012) Schools Physical activity MVPA? (mins/weekday) Continuous 0.018
[237] (<0.001 to 0.087)
Jago  (2014) Schools Physical activity MVPA (mins/weekday) Continuous 0.0653
[238] (0.00091 to 0.12977)
Sebire (2018) Schools Physical activity MVPA (mins/weekday) Continuous <0.0001
[247] (0.0t0 0.03)
Kipping (2008) Schools Physical activity and Time spent on screen-based Continuous 0.01
[240] nutrition activities (mins) (0 t0 0.03)
Lloyd (2012) Schools Physical activity and BMI® z score Continuous 0.04
[241] nutrition (0 to 0.15)
Sahota (2019) Schools Physical activity and Healthy nutrition and physical Continuous 0.07
[246] nutrition activity knowledge
Segrott (2015) Schools Alcohol misuse Drinking initiation Binary 0.112
[248]
White (2017) Schools lllicit drug misuse Lifetime illicit drug use Binary 0.003
[250]

1 95% confidence intervals
2 Moderate-to-vigorous physical activity

8 Body Mass Index
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4.5.11 Feasibility study conclusions

Of the 24 studies included in this review, 11 (46%) concluded that the definitive
trial was feasible [228, 230, 231, 233, 235, 236, 239, 243, 246, 249, 251]. A
further 11 studies (46%) said the definitive trial would be feasible with some
modifications [229, 232, 234, 237, 238, 240-242, 245, 247, 250], and 2 (8%) said
that the planned study was not feasible [244, 248]. Through searching the
literature and via personal correspondence with the authors, it has been
confirmed that 11 (46%) of the 24 feasibility CRTs have advanced to definitive
trials [229, 230, 232, 237, 240-242, 245, 247, 250, 251]. Of these, 9 (82%) had
concluded that the definitive trial was feasible, and 2 (18%) had concluded that

the definitive trial would be feasible with modifications.

4.6 Discussion

This is the first systematic review to summarise the characteristics and objectives
of school-based feasibility CRTs of interventions to improve pupil health
outcomes in the UK. The review found an increase in the rate of publication of
school-based feasibility CRTs since the earliest included paper was published in
2008 [240]. This mirrors the increase in definitive CRTSs in this area reported in
the parallel systematic review in Chapter 3 [117], and highlights the growing use
of the CRT design in health-based research in the school-setting. The increase
in feasibility CRTs may partly be due to the publication of the 2006 MRC
guidelines for the evaluation of complex interventions [252] which emphasises
the importance of conducting feasibility studies ahead of full-scale trials. The
relatively large number of feasibility CRTs with interventions for increasing
physical activity indicates the growing importance of adolescent physical activity
as a public health priority and the use of schools as a setting to deliver these
types of intervention [253]. The review of school-based definitive CRTs also found
that the design is increasingly used to evaluate physical activity interventions
[117]. Based on what was observed in the review of definitive school-based
CRTs, there were fewer than expected feasibility studies in the area of social
emotional functioning and its influences. This is despite the increased awareness
of the prevalence of these health conditions and research funding in this area
[254].
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The studies included in the current review sought to address a range of feasibility
objectives, most commonly estimating potential effectiveness of the intervention.
It was notable, however, that few studies formally stated objectives that were
related to uncertainties that are unique to the cluster design. This finding is similar
to another review of feasibility CRTs measuring health outcomes which also
stated that few studies investigated issues specific to the complexities of the CRT
design [222]. In this chapter, only one study assessed whether a cluster design
was needed, and none used the research to decide on the type of school-based
cluster (e.g., school versus classes) that was best to randomise. It may be the
case that the need for cluster randomisation and the appropriate kind of cluster
to allocate had a strong theoretical basis, negating the need for empirical
justification, but only 5 of the 24 studies provided a rationale for the cluster design
even though the CONSORT extension for CRTs [57] recommends reporting this.
Finally, none of the 4 studies that randomised clusters before recruiting pupils

investigated the potential for recruitment bias as a feasibility objective.

Only 3 studies in the review reported details of a formal calculation for the target
sample size [230, 234, 249], with just 1 accounting for clustering [249]. These
results are similar to that found in a previous systematic review of feasibility CRTs
which reported that only 1 of the 18 studies reported a formal sample size
calculation based on the primary feasibility objective [221]. A quarter of the
included papers in this chapter stated that a formal sample size calculation was
not needed, and some authors have argued that a formal sample size calculation
is not always appropriate in feasibility studies [219]. In a recent review of current
practice in feasibility studies, only 36% reported sample size calculations [255].
Also, when surveyed, some journal editors stated they were willing to accept pilot
studies for publication that did not report a sample size calculation [255]. The
precision with which parameters are estimated in feasibility CRTs should be
reported, especially given the small number of clusters that are typically included
in such studies, although this was not done by any papers in this review.
Furthermore, a formal sample size calculation based on the feasibility objectives
that allows for clustering [44] is appropriate to ensure the study is large enough
to estimate parameters precisely and, therefore, minimise the uncertainty
regarding the assumptions that are made for the subsequent definitive study [219,
255].
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The systematic review found the median number of clusters recruited (8 clusters)
was similar to a previous review [221]. Based on results from a simulation study,
it has been suggested that as many as 30 or more clusters may be required to
obtain accurate estimates of feasibility parameters in pilot CRTs, including
estimating the number of clusters required to test the intervention effect in the
subsequent definitive CRT, due to the imprecision of estimated ICC from
feasibility studies [44]. The current review found only 2 studies recruited more
than 20 clusters [238, 251] as it is difficult to achieve this level of recruitment due
to funding and practical constraints of feasibility CRTs [44]. However, smaller
feasibility CRTs may still produce informative estimates of many parameters. Two
of the feasibility studies in the review were able to estimate the ICC with a 95%
confidence interval upper bound of 0.03, despite including only 6 [247] and 19
[240] clusters, respectively. Such a finding could rule out the need for
unachievable, large sample sizes in the definitive study. A large number of
studies report feasibility objectives in the form of percentages (e.g., recruitment
and follow-up). A formula for calculating the sample size required in feasibility
CRTs to estimate percentages of individual-level characteristics (e.g., whether
the pupil was followed up) with a confidence interval of specified width, whilst
allowing for clustering, is provided in an article by Eldridge and colleagues [44].
Using the average sample size based on the findings in this review (i.e., 8 schools
and 240 pupils), and assuming an ICC for the feasibility characteristic is 0.05, a
study of this size would be large enough to estimate percentages for pupil-level
characteristics with a margin of error no greater than 10 percentage points based
on a 95% confidence interval. There will normally be little precision for estimating
percentages based on cluster-level characteristics since this is determined by the

typically small number of schools (clusters) in feasibility studies.

Another important reason to recruit sufficient clusters to feasibility CRTs is to
assess how the intervention might be implemented and the trial delivered in a
range of different types of cluster [221]. Parameter estimates will only be useful
to the extent that the clusters and individuals in the feasibility study are broadly
representative and reflect the diversity of the population from which the sample
in the definitive trial will be drawn [221]. In the context of school-based trials,
important aspects of representativeness include single sex versus co-educational

schools, state versus independent schools, and deprived versus non-deprived
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areas. In the current review, only 54% of studies reported baseline characteristics
of the schools, although this is higher than found in a previous systematic review
of feasibility CRTs where only 11% of studies reported baseline cluster-level

characteristics [221].

In the current systematic review, of the 13 studies that reported both targeted and
achieved numbers of pupils recruited, those targets were only achieved in 46%
of studies. A previous systematic review of definitive school-based CRTs found
that only 77% of studies achieved their recruitment target of pupils [117].
Facilitators and barriers to the recruitment and retention of pupils to school-based
CRTs have been discussed in detail in the literature [81, 256, 257]. Challenges
include: the type of intervention being offered (e.g., sexual education) [81, 257];
lack of time [81]; incompatibility of the intervention with the needs of pupils or
parents or with the school’s ethos [81]; and a lack of incentivisation [256].

4.7 Strengths and limitations

In terms of strengths, the review used a predefined search strategy to identify
school-based CRTs that was previously used in a published systematic review
[117]. The strengths and limitations of the search strategy have been discussed
in Chapter 3 at length (Section 3.7). The search was not limited to articles that
included terms such as ‘feasibility’ and ‘pilot’ in case eligible texts did not use the
terms in their titles, abstracts or key words. The protocol was publicly available
prior to conducting the review. Screening, piloting of the data extraction form, and
data extraction were undertaken by two independent reviewers in order to

minimise errors.

As well as a number of strengths, this systematic review also has some
limitations. The search was limited to one database. However, MEDLINE was
chosen as health-based studies were the focus of this review. Further articles
may have been found by searching other databases, grey literature and through
citation searching but this was considered unnecessary due to the precision of
the search strategy used. While the approach was not comprehensive, it was
used to efficiently identify studies of interest that were undertaken in advance of

planned definitive CRTSs.
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Articles were only eligible for the systematic review if they reported the findings
of a feasibility study that used a CRT design, therefore potentially missing out on
relevant knowledge from other types of study design, such as non-randomised
parallel arm and single-arm feasibility studies. These types of studies were
excluded as the review was interested in studies that could be used to assess a
wide range of uncertainties for definitive CRTSs, including those related to the

randomisation process.

Data on consent procedures used by the included studies were not extracted. In
the previous review of definitive school-based CRTs [117] this information was
inconsistently reported across studies making it difficult to summarise, and
highlights the need for more comprehensive reporting of the consent procedures
in CRTs.

4.8 Implications

The systematic review has identified a number of important implications for the
planning and conduct of school-based feasibility CRTs. The findings of the
systematic review show that few studies performed a formal sample size
calculation or gave statistical justification for their choice of sample size in their
feasibility study. Despite this and the fact that studies usually include few schools,
the median sample size of the studies included in the review was large enough
to estimate pupil-level feasibility parameters (e.g., percentage followed up) with
reasonable precision. This information adds to the growing literature on sample

size for feasibility CRTSs.

Besides potential effectiveness of the intervention, ICC and cost-effectiveness,
no studies reported the precision with which feasibility parameters were
estimated. If future researchers address these issues they will minimise
uncertainty regarding assumptions that are made when planning the subsequent

definitive trial.

The characteristics of the recruited schools in feasibility CRTs could be better
described to help understand the extent to which the feasibility parameter

estimates are applicable to the planned definitive trial.
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The review also presented the formally stated feasibility objectives of school-
based feasibility CRTs, the findings of which highlight that few studies, if any,
explored challenges specific to the CRT design. For example, which type of
cluster (e.g., school vs class) would be best to randomise and the possible
existence of recruitment bias in studies that randomise clusters before recruiting
pupils. Greater use should be made of feasibility studies to explore uncertainties

specific to the CRT design.

The findings of this systematic review will also provide relevant parameter values
for simulation studies that use synthetic data to assess the statistical properties

of methods used to analyse data from school-based feasibility CRTSs.
4.9 Conclusions

Feasibility CRTs are being increasingly used in the school setting to test feasibility
prior to definitive trials. The findings from the review emphasise a need for clearer
justification regarding the sample size of school-based feasibility CRTs, and that
authors should report the precision with which feasibility parameters are
estimated. Despite the studies included in the review usually randomising a small
number of schools, the median sample size (8 clusters) would be large enough
to estimate pupil-level feasibility parameters in the form of percentages (e.g.,
follow-up rates, intervention adherence rates) with a reasonable level of
precision. Better reporting of the characteristics of the recruited schools in
feasibility CRTs could help researchers to understand the extent to which the
feasibility parameter estimates are appropriate for use in the planning of definitive
trials. Finally, better use could be made of feasibility CRTs to explore challenges

that are specific to the CRT study design.

4.10 Chapter summary

The chapter presented findings from a systematic review of the characteristics,
methodological practices and objectives of school-based feasibility CRTs
undertaken in advance of definitive CRTs to evaluate interventions aimed at
improving health outcomes on pupils and adds to the knowledge reported in

Chapter 3. Chapters 5 and 6 will present the findings from a programme of
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research aimed at addressing the lack of suitable ICC estimates, as identified by

the systematic reviews presented in Chapter 3 and 4.
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Chapter 5: Intra-cluster correlation coefficients from
school-based cluster randomised trials of
interventions for improving health outcomes on

pupils

5.1 Summary

This chapter presents a background highlighting the need to collate and
summarise intra-cluster correlation coefficient (ICC) estimates for pupil health
outcomes from school-based CRTs. The chapter then summarises the aims,
objectives, methods and results of a literature search and results of analyses
examining the ICCs from school-based CRTs worldwide. The chapter concludes
by discussing the results, strengths and limitations, implications and areas
identified for further research. A peer-reviewed journal article has been published
of the work in the chapter [123] (Appendix 4).

5.2 Background

CRTs require more participants than individually RCTs because observations on
individuals in the same cluster are usually more similar than those from different
clusters [4](p6-7). Researchers need to take into consideration the correlation
between individuals within clusters when calculating the sample size for a CRT,
otherwise the study will be underpowered [4](p6-7). This is done by inflating the
sample size that would be required for an individually randomised trial by the
design effect (DE):

DE=1+(m—-1)p

where m is the mean number of participants providing outcome data in each
cluster (cluster size) and p is the intra-cluster correlation coefficient (ICC) of the
outcome [3](p142). The ICC quantifies the similarity of observations on
individuals within clusters. For continuous outcomes, the ICC (p) is the proportion
of the total variation in the outcome that is between clusters (¢2) as opposed to

between individuals within clusters (¢;2)[10].
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P= of + a2
where ¢ is the between-cluster variance component and o2 is the within-cluster
variance component [3](p174). Under this definition, the ICC can take values

between zero and one. The larger the ICC, the greater the sample size required.

The proportion of variance definition of the ICC is expressed differently for binary
outcomes [11], for which the overall variance of the outcome, (1 — m), depends
on the outcome prevalence, m[13]. The definition for the ICC, pyqinear), for a
binary outcome is:

var(m;)
Pb(linear) = m

where m; is the proportion with the binary trait in the ith cluster and var(m;) is the
variance of the cluster proportions (between-cluster variation). Under this
definition the total outcome variance is expressed on the linear (proportions)
scale.

There is different definition of the ICC for binary outcomes where the between-

cluster variation is expressed on the logit, or log odds, transformation of ;:

logit(m;) = ln(ni/(l — ni))

This definition of the ICC assumes that the binary outcome is the dichotomised
version of an underlying latent continuous variable that represents the tendency
of an individual level cluster member to have the binary trait [10]. Individuals for
whom the value of this latent variable is over a certain threshold, have the binary
trait (coded 1) while the remaining individuals do not have the trait (coded 0). The
underlying continuous variable is assumed to follow a logistic distribution. The

definition for the ICC, mvogit), fOr a binary outcome is then:

var(logit(m;))
var(logit(ni)) + (m%/3)

Pb(logit) =

where var(logit(m;)) is the between-cluster variance on the logit scale, = is the
mathematical constant (~3.141592654), and 72/3 is the within-cluster variance

on the logit scale [10].
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In the context of sample size calculations for binary and count outcomes,
similarity between participants from the same cluster can also be quantified by
the between-cluster coefficient of variation of the outcome (CV) (the ratio of the

between-cluster standard deviation to the outcome mean [5]):

CV = %

u
where g;, is the between-cluster standard deviation and y is the mean outcome
across the clusters [5]. The CV can be incorporated into a modified design effect
formula. The ICC/CV estimate is usually unknown at the time of sample size
calculation for a CRT and ideally should be obtained from previous studies that
randomised or sampled the same type of cluster and measured the same or a

similar outcome as the one in the planned study [3](p172-173).

Previous studies have reported that ICC estimates for pupil health outcomes are
usually smaller than for educational outcomes in school settings [68-70]. ICCs for
educational outcomes from school settings might be expected to be higher than
for health outcomes as the main purpose of schools is to provide education [71].
Although, ICCs for health outcomes in health care settings are well established,
particularly in primary care [3, 26, 72], it is not known how these estimates
translate into the school setting and there is a comparative lack of reported ICC

estimates of health outcomes from school-based CRTSs.

The systematic review in Chapter 3 highlighted the poor reporting of ICC
estimates, finding that only 45% of UK school-based definitive CRTs evaluating
interventions for improving pupil health outcomes reported the ICC for their
primary outcome [117]. Much of the existing literature summarising ICCs from
CRTs or surveys in school settings is from the US, meaning these ICCs may not
be generalisable to other countries and school systems. Existing summaries
generally focus on specific outcomes such as substance misuse [61, 71, 97-104],
nutrition [105-107], physical activity [61, 107-109, 258], and mental health and
behaviour [61, 69, 96, 259], and there is a lack of estimates for other health
outcome areas, such as infectious diseases and dental health. Additionally, it has
been suggested that ICCs for pupil health outcomes need to be both country- and
outcome area-specific [71], but this hypothesis needs further investigation in the
school setting. Patterns in the size of the ICC have been explored [13, 26, 71, 98-

147



100, 102, 260-262], but little is known about the extent to which the size of ICC

estimates from school-based CRTs differ by study characteristics.

To date, no study has summarised ICC estimates from a range of health outcome
areas in different settings. Such a study would provide information on plausible
ICC values for use in sample size calculations and aid the design of future school-
based CRTs. Summarising ICC estimates specifically from CRTSs, rather than
data from surveys, is potentially more relevant for use in future sample size
calculations as such estimate may better reflect the level of variation in outcomes

amongst the types of schools that participate in such trials [3](p177).
5.3 Aims and objectives

The aim of this study was to collate ICC estimates for pupil health outcomes from
school-based CRTs across different countries, educational systems and outcome
areas. Additionally, the study sought to better understand the relationships that
design, and contextual factors have with the size of ICC estimates.

The objectives were to:

e Collate and summarise ICC estimates for pupil health outcomes from
school-based CRTs worldwide.
e Examine the relationship between the size of the ICC and study

characteristics.

5.4 Methods

In order to find articles reporting estimates of ICCs from school-based CRTs, a
systematic searching approach was used. This method used a previously
developed search strategy (see Section 3.3.1) for identifying school-based CRTs
for evaluating the effect of interventions on pupil health outcomes. The use of a

systematic approach makes it possible to replicate the study in the future.

5.4.1 Search strategy

The study used the same systematic search strategy used in Chapters 3 and 4
(see Section 3.3.1). A brief description of the search strategy is provided here.

Articles, indexed on the MEDLINE (via Ovid) database, that reported the results

of peer-reviewed CRTSs that randomised school related units and measured at
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least one health outcome on pupils were the source of data for the study.
MEDLINE was systematically searched from inception to 18" October 2021 for
eligible articles. The search strategy (Table 3.1) was developed based on a
search strategy by Taljaard and colleagues [127] for identifying CRTS, with the
addition of school-related terms. The search was limited to articles written in

English.
5.4.2 Eligibility criteria

Eligible articles reported the findings from CRTs that randomised school-related
units, measured at least one health outcome on school pupils, and presented at
least one estimate of the ICC or between-cluster CV.

5.4.2.1 Population

The eligible study population was pupils attending full-time education at either
pre-primary, primary, or lower and upper secondary educational settings
according to the United Nations Educational, Scientific and Cultural Organisation
(UNESCO) International Standard Classification of Education (ISCED) system
[263].

The term ‘pre-school’ was defined as an organisation offering early childhood
education prior to compulsory (primary) education [130]. This included nursery
schools, Head Start schools, educational childcare centres and kindergartens.
Studies that took place in higher/tertiary education settings were excluded.
Studies were excluded if they randomised after-school clubs, school-based

health centres or childcare centres (i.e., provided childcare only).

The types of eligible clusters included schools, year-groups, classes/classrooms,
teachers or any other relevant school-related unit of randomisation. Studies that
randomised both school-related units and other types of clusters (e.g., villages,
households) were eligible for inclusion in this review as long as the results of the
study were shown separately for the school-related clusters (i.e., the authors did

not pool results across the different types of clusters).

5.4.2.2 Intervention

All interventions were considered, including educational interventions.
Interventions had to be administered to the pupils or administered to an individual
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who interacted with the pupil (e.g., parents/carers, school staff) to be eligible.
Interventions could be universal (i.e., aimed at all participants) or targeted (i.e.,

aimed at a specific group of participants) in the way they were administered.

5.4.2.3 Comparison

There had to be at least one control/usual care comparison group in the study.
Any type of comparator was eligible including active control group(s). An active
control was defined as, ‘a control group in which participants engage in some

task during the intervention period that differs from normal practice’ [3](p88-89).

5.4.2.4 Outcome

Eligible articles reported at least one health-related outcome that was measured
on the school pupils. Articles reporting primary outcomes that were not related to
health (e.g., improvements in literacy), and/or primary outcomes that were not
measured on pupils (e.g., parents/carers) were still included as long as there was
at least one secondary outcome of interest related to pupil health.

5.4.2.5 Study type

All types of CRT design were eligible, including parallel arm, crossover, factorial
and stepped wedge studies. Feasibility CRTs were eligible. Non-randomised
trials, single-arm trials and quasi-experimental designs (no random assignment)

were excluded.

5.4.2.6 Other eligibility criteria

Articles had to present the components of variance and/or the ICC and/or the
between-cluster coefficient of variation of the outcome for at least one pupil health
outcome. If the ICC estimate for the outcome was provided as a range (e.g.,
“<0.1”), the article was excluded.

If there were multiple articles reporting the ICC estimates from the same study
(i.e., sibling articles), the article that first presented the ICC (i.e., earliest
publication) was designated the index article and used for data extraction.

Articles specifically reporting protocol/designs, process evaluation findings,
economic evaluations/cost-effectiveness findings, statistical analysis plans or

commentaries were excluded.
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5.4.3 Screening and selection

MEDLINE (via Ovid) was searched from inception until 18" October 2021 and all
titles and abstracts were downloaded into Endnote 20 [264]. After deduplicating
the citations, the remaining titles and abstracts were screened for eligibility by two
independent reviewers (KP and OU). Articles were coded (1) if they were thought
to be eligible, or (2) if they were not. Once completed, the two Endnote libraries
were merged to identify articles where the coding differed. If there was uncertainty
about inclusion and consensus could not be reached through discussion, articles

were included in full text screening.

PDF versions of the full texts of potentially eligible articles were obtained and
screened using Endnote. A coding scheme was developed using Endnote in
order to identify reasons for inclusion/exclusion and was piloted on a random
sample of 10 articles. The coding scheme for inclusion/exclusion reasons is in
Table 5.1.

Table 5.1. Reasons for exclusion at full text screening

Coding scheme | Reason

a Include — with ICC estimate for health-related outcome
b Exclude — No ICC estimate provided

c Exclude — ICC estimate given as a range

d Exclude — Not a CRT

e Exclude — Not school-based/school unit not randomised
f Exclude — Protocol/design article

g Exclude — No pupil health outcome

h Exclude — Process evaluation paper

[ Exclude — Commentary

| Exclude — Mediators/Moderators paper

k Exclude — Cost-effectiveness/Economic evaluation paper

I Exclude — Other
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In parallel, two independent reviewers (KP and OU) screened articles for
inclusion based on the coding method. After the articles had been coded, the two
Endnote libraries were merged. Any articles where coding differed were identified
and any disagreements that could not be resolved via discussion were sent to a

third reviewer (MN) for a decision.
5.4.4 Data extraction

After screening, selected articles were each given a study ID number for data
extraction. The variables chosen for data extraction were identified and informed
by previous similar reviews of ICCs [71, 105] and the findings and knowledge
from the studies presented in Chapters 3 and 4 [117, 122]. Using Microsoft Excel,
a bespoke data extraction form was developed and piloted on 20 eligible articles.
Modifications were made to the data extraction form following piloting. The

variables extracted are listed in Table 5.2.
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Table 5.2. Data extracted from included articles

Aspect

Information extracted

Publication details

Author surname, year of publication, title of article,

type of study (i.e., definitive or feasibility study).

Setting information

Country in which the study took place (e.qg.,
France), stage of education (e.g., primary,
secondary), gender of pupils, age(s) of pupils at

baseline.

Study design

Type of cluster unit allocated, cluster unit of
ICC/CV estimate.

Sample size information

ICC/CV assumed in the sample size calculation,
number of clusters and pupils that provided
outcome data, number of classes per school.

Health outcome

information

Health area of outcome (e.g., physical activity),
outcome description (e.g. amount of moderate-to-
vigorous physical activity), outcome type (e.g.,
continuous, binary), timing (months post-

randomisation) at which outcome was measured.

ICC information

ICC/CV of the outcome (and 95% Cls where
provided), analysis method used to calculate
ICC/CV (e.g., multilevel model [265], marginal
model using Generalised Estimating Equations
(GEEsS) [24]), whether the ICC/CV estimate was
pooled across trial arms, whether the ICC/CV
estimate was unadjusted or adjusted for prognostic
factors, whether the ICC/CV estimate was adjusted
for the baseline value of the outcome, whether the
ICC/CV was estimated from an analysis of change
scores between baseline and follow-up, whether a
repeated measures analysis was used to estimate
the ICC.
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The ICC/CV estimate(s) of one health outcome, measured on school pupils was
extracted from each article. This method was used as estimates for multiple
outcomes from the same study would likely be correlated and contribute relatively
little additional information to the analyses which are focussed on comparing the
ICC/CV across different study scenarios. A description and explanation of the
criteria used to select the ICC/CV when multiple estimates were reported for a

given article are presented in Table 5.3.

Where studies reported both unadjusted and adjusted ICCs, the former was
extracted on the basis that this would be of more general use to future
researchers who may want to adjust their estimate of the intervention effect for a
specific set of prognostic factors. Where the ICC for a given outcome was
reported for multiple time points, the ICC for the earliest study wave was
extracted, as the ICC estimate would be less likely to be impacted by the
intervention. For a similar reason, where the ICC was reported separately for the
control and intervention arms the former was chosen. If estimates were reported
at multiple levels (e.g., school and class) for the chosen outcome then all were

extracted.
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Table 5.3. Criteria used to select which intra-cluster correlation coefficient (ICC)

or between-cluster coefficient of variation of the outcome (CV) to extract

Aspect Criteria

Outcome measure In the first instance, the ICC/CV for the primary health
outcome was selected. If there was more than one
primary health outcome, the ICC/CV for the first
primary outcome presented in the Results section of
the paper was selected. If no primary health outcome
was declared, the ICC/CV for the health outcome on
which the sample size calculation was based was
selected. If no primary health outcome was declared
and the sample size was not based on a health
outcome, the ICC/CV for the first health outcome

reported in the Results section of the paper was

selected.
Time point at which In the first instance, the ICC/CV from the baseline
outcome was time point was selected. If this was not reported, the
measured ICC/CV from the earliest time point of measurement

was selected. This was because the estimate would
be less likely to be impacted by the intervention.

Unadjusted versus If the study presented both unadjusted ICCs/CVs
adjusted ICC/CV estimates and estimates that are adjusted for
prognostic factors, the unadjusted ICC/CV was
extracted. This is because the unadjusted estimate
would be of more use to future researchers who may
want to adjust their estimate of the intervention effect

for a specific set of prognostic factors.

Control versus If the ICC/CV was reported separately for the
intervention arm intervention and control arms, the ICC/CV from the
control arm was selected. This was because the
estimate would be less likely to be impacted by the

intervention.
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The principal investigator (KP) extracted data from all included studies. A second
reviewer (OU) validated this data extraction by scrutinising the accuracy of the
data that had been extracted by the principle investigator against the information
in the articles. Missing information that was not available in the index articles was
sought from protocol or sibling papers identified in the MEDLINE search. If
missing information could not be obtained from the protocol or sibling papers it
was recorded as ‘Not stated’. Authors were not contacted for missing information.
Any uncertainty regarding the data extracted was resolved through discussion
with another member of the team (MN).

5.4.5 Data coding and classification

Data were extracted exactly as reported in each article. Once the data were

extracted for all included texts, some data were coded for ease of analysis.

5.4.5.1 Publication details

Type of study (i.e., definitive or feasibility study) was determined by the title and
objectives of the study. Type of outcomes paper being reported (i.e., follow-up
outcome paper, secondary data analysis) was determined by the title or reference

in the text to use of secondary data.
5.4.5.2 Participants and setting information

Countries in which the study took place were grouped into world regions based
on a 7-continent system (Asia, Africa, North America, South America, Antarctica,
Europe and Australia) [266]. A category for studies that took place in the UK was
also used even though it is not a world region. This was due to large number of

studies undertaken in the UK.

The variable ‘School level’ was first recorded as stated in the article (e.g., primary
school, middle school). Some articles did not state a ‘School level’ but did provide
the age (or range of ages) of pupils at baseline. Therefore, ‘School level’ and ‘age
of pupils at baseline’ were used to categorise studies into ‘pre-primary’ ‘primary’
and ‘secondary’ educational systems according to the UNESCO ISCED system
[263].
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5.4.5.3 Study design and analytical methods

Number of classes per school, if not provided in the text, was calculated by
dividing the number of classes by the number of schools providing outcome

data in the study.
5.4.5.4 Sample size information

If the ICC assumed in the sample size calculation was given as a range (e.g.,
<0.005), it was recorded as such. The ICC/CV assumed in the sample size
calculation was sought from protocol or sibling papers if not provided in the
article. A note was also made if the ICC/CV assumed in the sample size
calculation was for a different outcome from the ICC/CV estimated from the

study data.

5.4.5.5 Health outcome information

The health area of the outcome was categorised using the same method
described in Chapter 3 (Section 3.4.5.6).

If the measurement timing was reported at baseline, this was recorded as ‘0. If

repeated measures were used, all time points were recorded.

The number of clusters and pupils providing outcome data were initially
determined from the CONSORT flow diagram in the papers. If it was not clear
from the CONSORT flow diagram then information was extracted and verified

from the main text.

5.4.5.6 ICC information

If the article only provided the components of variance then the ICC was
calculated using the proportion of variance definition, as described in Section 5.2
and Table 5.3.

In some articles, it was not certain whether the ICC estimate was from an
unadjusted or an analysis that was adjusted for prognostic factors and, therefore,
the following categories were used: ‘definitely adjusted’, ‘probably adjusted’,

‘definitely unadjusted’, ‘probably unadjusted’ and ‘unclear’.
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5.4.6 Data analysis

A PRISMA flow diagram [125] was used to report the results of the screening
process. Study characteristics were summarised using medians and interquartile
ranges for continuous variables, and numbers and percentages for categorical
variables. A histogram was used to describe the distribution of the ICCs. Mann-
Whitney and Kruskal-Wallis tests were used to compare the ICC estimate across
subgroups. Statistical analyses were undertaken using Stata 17 software [227].
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5.5 Results

3632 articles were identified through searching MEDLINE. After deduplication,
3618 articles were title and abstract screened against inclusion criteria. 1590
were included in the full text screening stage and 246 articles were identified as
eligible for inclusion in the review. Agreement between reviewers on which
articles should be included was 99.6% (245/246). The PRISMA flow diagram is

presented in Figure 5.1.

Articles identified through

MEDLINE dgtabase Duplicates removed
searching (n=14)
(n=3632)

v

Titles and abstracts Records excluded
screened — > (n=2028)
(n=3618)
Full text articles excluded (n=1344) with
reasons:
Did not report an ICC estimate for a health
Articles assessed for outcome, n=1001

full text evaluation Not a CRT, n=73
(n=1590) No pupil health outcome, n=71

Not school-based, n=62

ICC reported as a range or average, n=53

Protocol/Design paper, n=29
Sibling paper, n=22

Commentary paper, n=8

Summarised ICCs from multiple CRTs, n=8

\4

v

Studies included Unable to locate full text, n=6
(N=246) Non-randomised study, n=4
Process evaluation paper, n=2

Cost-effectiveness paper, n=2
Letter to editor, n=1
Article currently in press, n=1
Invalid estimate of CV, n=1

Fig. 5.1. PRISMA flow diagram summarising the results of the literature search
and screening for eligibility
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5.5.2 Publication characteristics

The rate of publication of papers reporting ICC estimates of pupil health outcomes
in school-based CRTs has increased since the first included publication in 1999.
Of the 246 articles that the search identified, 44 articles were published between
1999 and 2010, compared to 25 in 2021 alone. The majority of articles included
were findings from definitive trials (n=226; 91.9%), while the remaining 20 (8.1%)
articles summarised the findings from feasibility studies. 238 (96.7%) articles
reported follow-up outcomes and the remaining 8 (3.3%) articles published the

results of secondary data analyses.
5.5.3 Study features and design characteristics

Of the 246 eligible articles, 57 (23.2%) articles summarised studies that took
place in Europe, with a further 44 (17.9%) taking place in the UK. 53 (21.5%)
were undertaken in the USA or Canada, 33 (13.4%) in Australia and New
Zealand, 23 (9.3%) in Asia, 19 (7.7%) in Central America and South America,
and 17 (6.9%) in Africa.

Most commonly studies took place only in secondary educational settings (n=97;
39.4%). Eighty-eight (35.8%) articles reported studies that took place only in
primary educational settings and 16 (6.5%) articles reported studies that took
place exclusively in pre-primary educational settings. Almost all studies (n=227,

92.3%) included both male and female pupils.

In most of the articles schools were randomised as the cluster unit (n=220;
89.4%); classes/classrooms were randomised in 23 (9.3%) articles; and school
buildings [267], student groups [268] and year groups [202] were randomised in

one article each.

A range of different health outcome areas were spanned by the included articles,
the most frequent being social emotional functioning (n=53; 21.5%), physical
activity (n=34; 13.8%), adiposity (n=28; 11.4%) and smoking (n=21; 8.5%). In 163
(66.3%) articles, the outcome type was continuous, in 76 (30.9%) it was binary,
in 6 (2.4%) it was count/rate data, and in 1 (0.4%) it was ordinal. Just over half

the outcomes were reported by the school pupils themselves (n=139; 56.5%). An
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objective measuring device (e.g., accelerometer, weighing scales) was used in
54 (22.0%) articles.

The median (IQR; range) assumed school-level ICC in the sample size
calculation was 0.04 (0.02 to 0.09; 0.001 to 0.3) based on the 106 articles that
provided these data. The median (IQR; range) assumed class-level ICC was
0.055 (0.03t0 0.1; 0.01 to 0.63) based on the 14 articles that provided these data.
Four articles provided the between-cluster coefficient of variation (CV) of the
outcome assumed in the sample size calculation; these were 0.1 [269], 0.15
[270], 0.2 [271], and 0.25 [272].

Altogether, 260 ICC estimates were identified and extracted from the 246 articles:
210 at school level; 46 at class/classroom level; and 1 each at the levels of school
building [267], student group [268], year group [273] and sports-team [274]. Only
34 (13.8%) articles provided 95% confidence intervals for the ICC estimate.
Forty-five (17.3%) ICCs were estimated using the baseline measurement of the
outcome and 2 ICCs were for the control arm only [149, 275]. ICCs were
extracted for 172 continuous outcomes, 78 binary outcomes, 6 count/rate
outcomes and 2 ordinal outcomes. For 2 ICCs the outcome type was unclear.

Of the studies that reported school-level ICC estimates, the median (IQR) number
of clusters and pupils were 22 (12 to 40) and 1110 (441 to 2443), respectively.
Of the studies reporting class-level ICC estimates, the median (IQR) number of
clusters and pupils were 47 (25 to 88) and 647.5 (288 to 1477), respectively.
Sixty-eight articles provided enough information to determine the number of
classes per school; in those studies, the median (IQR; range) number of classes
per school was 3.4 (2t0 5.3; 1to 61.3).

Of the 246 articles, 180 (73.2%) used mixed effects (“multilevel’) models to
calculate the ICC estimate, 21 (8.5%) used marginal models using GEEs, 6
(2.4%) used random effects analysis of variance [150, 170, 175, 276-278], 4
(1.6%) used latent growth models [279-282], 1 (0.4%) used Flesiss-Cuzick
estimators [283], 1 (0.4%) stated the ICC was “calculated from empirical design
estimates” [284], and 1 (0.4%) used “an appropriate formulae from Hayes and
Moulton [5]” [285]. In 32 (13.0%) articles, the analysis method used to calculate

the ICC estimate was unclear.
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In 71 (28.9%) articles, there was sufficient information to determine that the
published ICC estimates were adjusted for prognostic factors. In 83 (33.7%)
articles, there was sufficient information to determine that the published ICC

estimates were not adjusted for prognostic factors.

The study features and design characteristics are summarised in Table 5.4.
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Table 5.4. Summary of study features and design characteristics (N=246)

Characteristic N Statistic
Region 246
Europe, n (%) 57 (23.2)
USA and Canada, n (%) 53 (21.5)
UK, n (%) 44 (17.9)
Australia and New Zealand, n (%) 33 (13.4)
Asia, n (%) 23 (9.3)
Central and South America, n (%) 19 (7.7)
Africa, n (%) 17 (6.9)
Education level 246
Pre-primary Educational System, n (%) 16 (6.5)
Primary Educational System, n (%) 88 (35.8)
Secondary Educational System, n (%) 97 (39.4)
Pre-primary and Primary Educational Systems, n (%) 6 (2.4)
Primary and Secondary Educational System, n (%) 36 (14.6)
Pre-primary, Primary and Secondary Educational System, n (%) 3(1.2)
Gender of pupils on which outcome was measured 246
Male and female, n (%) 227 (92.3)
Female, n (%) 15 (6.1)
Male, n (%) 4 (1.6)
Cluster unit allocated 246
Schools, n (%) 220 (89.4)
Classes/classrooms, n (%) 23 (9.3)
Year groups, n (%) 1(0.4)
Student groups, n (%) 1(0.4)
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Characteristic N Statistic

School buildings, n (%) 1(0.4)
Health area of outcome 246
Social emotional functioning, n (%) 53 (21.5)
Physical activity, n (%) 34 (13.4)
Adiposity, n (%) 28 (11.4)
Smoking, n (%) 21 (8.5)
General health, n (%) 13 (5.3)
Alcohol misuse, n (%) 12 (4.9)
Sexual health and obstetrics, n (%) 11 (4.5)
Dental/oral health, n (%) 10 (4.1)
Infectious disease, n (%) 10 (4.1)
Nutrition, n (%) 10 (4.1)
Violence, n (%) 8 (3.3)
Injury, n (%) 6 (2.4)
Skin cancer 5 (2.0)
Safety, n (%) 4 (1.6)
Pain, n (%) 3(1.2)
Anaemia, n (%) 2 (0.8)
Hearing, n (%) 2 (0.8)
Physical activity/nutrition, n (%) 2 (0.8)
Substance misuse, n (%) 2 (0.8)
Allergy, n (%) 1(0.4)
Biomarkers, n (%) 1(0.4)
Cancer, n (%) 1(0.4)
Dating violence, n (%) 1(0.4)
Epilepsy, n (%) 1(0.4)
Heart disease, n (%) 1(0.4)
Motor skills, n (%) 1(0.4)
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Characteristic N Statistic
Ophthalmology, n (%) 1(0.4)
Organ donation, n (%) 1(0.4)
Speech and language, n (%) 1(0.4)

Reporter of the outcome 246
Pupil, n (%) 139 (56.5)
Objective measuring device, n (%) 54 (22.0)
Researchers, n (%) 19 (7.7)
Teachers, n (%) 9 (3.6)
Health professionals, n (%) 6 (2.4)
Parents/carers, n (%) 6 (2.4)
Routine data, n (%) 5(2.0)
Laboratory tests, n (%) 2 (0.8)
Other?, n (%) 6 (2.4)

Outcome type 246
Continuous, n (%) 163 (66.3)
Binary, n (%) 76 (30.9)
Count/rate, n (%) 6 (2.4)
Ordinal, n (%) 1(0.4)

School-level ICC assumed in sample size calculation, median (IQR; range) 109 0.040

(0.020 to 0.090; 0.001 to 0.250)

Class-level ICC assumed in sample size calculation, median (IQR; range) 14 0.055

Studies providing a school-level ICC estimate

(0.030 to 0.100; 0.010 to 0.630)
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Characteristic N Statistic

Number of school clusters, median (IQR; range) 207 22
(14 to 40; 3 to 418)
Number of pupils, median (IQR; range) 210 1110

(441 to 2443; 34 t0 92770)
Studies providing a class-level ICC estimate

Number of class clusters, median (IQR; range) 41 a7
(25 to 88; 4 to 385)

Number of pupils, median (IQR; range) 46 647.5
(288 t0 1477; 75 to 4866)

Average number of classes per school, median (IQR; range) 68 3.4
(2.0t05.3; 1.0t0 61.3)

Analysis method used to calculate the ICC estimate 246
Mixed effects (“multilevel”’) models 180 (73.2)
Marginal models using GEEs 21 (8.5)
Random effects analysis of variance 6 (2.4)
Latent growth models 4 (1.6)
Other? 3(1.2)
Unclear 32 (13.0)

1 Other includes certified athletic trainers, medical students, both parents and kindergarten doctors, pupil and parents/carers, sports team manager/physiotherapists,
and “trained observers”.

2 Included one article that used Flesiss-Cuzick estimators, one article that stated the ICC was “calculated from empirical design estimates”, and one article that used
“an appropriate formulae from Hayes and Moulton[5]".
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5.5.4 Summary of ICC estimates

All ICC estimates are reported with articles referenced in Appendix 9. School-
and class-level ICCs are reported side-by-side for the 14 studies that reported at
both those levels in Appendix 10.

For the 210 articles that provided ICC estimates at the school level, the median
(IQR; range) ICC was 0.031 (0.011 to 0.08; 0 to 0.47). Almost a quarter (n=51,;
24.3%) of these estimates were less than or equal to 0.01, and just under two-
thirds of estimates (n=135; 64.3%) were less than or equal to 0.05. The mean
(SD) school-level ICC was 0.060 (0.076). Figure 5.2 summarises the distribution
of the school-level ICC estimates. Both the beta distribution (with shape
parameters 0.77 and 11.0) and the exponential distribution provided a good fit to

the school-level ICC estimates.
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Fig. 5.2. The distribution of school-level intra-cluster correlation coefficients
(ICCs) observed in school-based CRTs (N=210)

For the 46 articles that provided ICC estimates at the class level, the median
(IQR; range) ICC was 0.063 (0.024 to 0.1; -0.009 to 0.262). Only one negative
ICC estimate was reported, which was at the class level [175]. Figure 5.3

summarises the distribution of the class-level ICC estimates.
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Fig. 5.3. The distribution of class-level intra-cluster correlation coefficients (ICCs)
observed in school-based CRTs (N=46)

In Table 5.5, the median (IQR; range) school-level ICC is reported by categories
defined by world region, health outcome area (for the 10 most frequently reported
areas) and educational stage. Figure 5.4 describes the distributions of these ICC
estimates using dot plots. Tests of significance showed little evidence of
differences across subgroups defined by region, outcome area and education
stage. The distribution of ICC estimates showed a fair amount of overlap across

subgroups.

Regarding world region, the largest median ICC estimates were for Asia, Central
and South America, and Africa (all 0.05). The smallest median ICC was for the
estimates from Australia and New Zealand (0.02). The distribution of ICCs from
the USA and Canada (median 0.033 and 75% of estimates being lower than
0.073) is similar to published findings from previous summaries of USA-based
estimates [69, 96-103, 105-109]. There was reasonable overlap with the
distributions in the other regions apart from Australia/New Zealand, for which the
median and upper quartile were notably lower.

For the 10 most common health outcome area, the largest median ICC estimate

was for studies in nutrition (0.06), and the smallest median ICC estimate was for
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studies in general health (0.025). The distributions of school-level ICC estimates
for adiposity, physical activity and general health were generally low compared
with the 7 other most common health outcome areas. For two specific outcomes
there were more than 10 estimates of the school-level ICC: Body mass index
(BMI) was reported in 17 articles, across which the median (IQR) school-level
ICC was 0.021 (0.015 to 0.04); Moderate-to-vigorous physical activity (MVPA)
was reported in 11 articles, across which the median (IQR) school-level ICC was
0.018 (0.01 to 0.057).

For educational stage, the largest median ICC estimate was for those studies that
took place in pre-primary educational settings (0.048), but only 13 ICC estimates
were included. The median ICC estimate decreased in size for later educational
stages (i.e., from pre-primary to primary to secondary educational settings),
although there was little evidence of a true difference (p=0.40). The overall
distribution of ICCs was also lower for the pre-primary stage compared to the

later stages of education.
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Table 5.5. Median (IQR; range) school-level intra-cluster correlation coefficient (ICC) by world region, outcome area and education stage

(N=210)
Characteristic N Median ICC (IQR; range) p-value
Region 0.26
Europe! 45 0.04 (0.014 t0 0.08; 0 to 0.47)
USA and Canada 44 0.033 (0.010 to 0.073; 0 to 0.286)
UK? 40 0.029 (0.01 to 0.106; O to 0.45)
Australia and New Zealand 27 0.02 (0.01 t0 0.03; 0 to 0.16)
Asia3 21 0.05 (0.013t0 0.118; 0 to 0.31)
Central and South America* 17 0.05 (0.016 to 0.09; 0.0001 to 0.36)
Africa® 16 0.05 (0.018 to 0.127; 0.0005 to 0.21)
Health outcome area 0.76
Social emotional functioning® 39 0.05 (0.02 t0 0.097; 0 to 0.217)
Physical activity 30 0.035 (0.013 to 0.059; 0 to 0.19)
Adiposity 26 0.027 (0.014 to 0.041; 0.004 to 0.19)
Smoking 19 0.055 (0.017 to 0.11; 0 to 0.286)
Alcohol use 10 0.055 (0.02 t0 0.098; 0 to 0.121)
Dental/oral health 10 0.051 (0.027 t0 0.119; 0 to 0.31)
General health 10 0.025 (0.014 to 0.045; 0.001 to 0.18)
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Characteristic N Median ICC (IQR; range) p-value
Infectious disease 9 0.042 (0.004 to 0.070; 0.0001 to 0.21)
Nutrition 8 0.06 (0.010 to 0.097; 0 to 0.36)
Violence 8 0.048 (0.014 to 0.085; 0.002 to 0.13)
Education stage 0.40
Pre-primary education only”’ 13 0.048 (0.03 to 0.063; 0 to 0.097)
Primary education only?® 81 0.04 (0.013 t0 0.094; 0 t0 0.47)
Secondary education only? 81 0.03 (0.01t0 0.07; 0 t0 0.31)

1 Included countries stated as: Finland, The Netherlands, Denmark, Belgium, Norway, Germany, Estonia, Poland, Spain, Switzerland, Cyprus, Italy, Greece,
Hungary, Sweden, Austria, Majorca, France, Ireland, Romania, Slovenia.

2 Included countries stated as: England, Northern Ireland, Scotland, Wales.

3 Included countries stated as: Israel, China, Iran, India, Japan, Bangladesh, Nepal, Taiwan, Peru, Pakistan, Thailand, Indonesia, Hong Kong.

4 Included countries stated as: Jamaica, Brazil, Ecuador, Chile, Haiti, Belize.

5 Included countries stated as: Uganda, South Africa, Kenya, Tanzania, Burundi.

6 Includes mental health, behaviour, neurodiversity, well-being, quality of life, bullying, social and emotional learning, body image and self-esteem., Ireland, Romania,
Slovenia.

“Includes pre-schools, kindergartens, educational childcare centres and head-start schools

8 Includes elementary schools, middle schools (Grade 6)

? Includes secondary schools, middle schools (>= Grade 7), high schools, junior high schools, lower secondary schools, higher/upper secondary schools, vocational
schools, intermediate vocational schools, secondary-level vocational schools and continuation schools.
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Fig. 5.4. Dot plots of school-level intra-cluster correlation coefficients (ICCs) by

region, outcome area and education stage

The median (IQR) school-level ICC estimate was larger for definitive studies
(0.038 (0.016 to 0.08); N=192) than feasibility studies (0.01 (0.0005 to 0.04);
N=18) (p=0.005).

The median (IQR) school-level ICC was larger for continuous outcomes (N=135)
than binary outcomes (N=68) although there was little evidence of a true
difference in the distributions (0.04 (0.014 to 0.08) versus 0.025 (0.008 to 0.08);
p=0.21). Summaries of the school-level ICCs are reported separately for

continuous and binary outcomes in Table 5.6.
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Table 5.6. Median (IQR; range) school-level intra-cluster correlation coefficient (ICC) by region, health outcome area and education stage

summarised separately for continuous and binary outcomes (N=210)

Characteristic

Continuous outcomes

Binary outcomes

N median ICC (IQR; range) N median ICC (IQR; range)
Region
Europe? 25 0.04 (0.016 to 0.080; 0 to 0.33) 18 0.03(0.011t0 0.08; 0to0 0.47)
USA and Canada 29 0.04 (0.02 to 0.076; 0.0005 to 13 0.02 (0.002 to 0.06; 0 to 0.286)
0.16)
UK? 27 0.030(0.01t00.12; 0to 0.217) 13  0.027 (0.01 to 0.04; 0.003 to
0.45)
Australia and New Zealand 20 0.028 (0.01 to 0.055; 0to 0.16) 6 0.014 (0.004 to 0.02; 0 to 0.03)
Asia® 16  0.05(0.012to 0.102; 0 to 0.31) 4 0.111 (0.02 to 0.219; 0.017 to
0.24)
Central and South America* 12  0.065 (0.027 to 0.114; 0.015 to 4 0.026 (0.006 to 0.061; 0.0016
0.36) to 0.08)
Africa® 6 0.038 (0.02 to 0.07; 0.0005 to 10 0.065 (0.016 to 0.13; 0.007 to
0.18) 0.21)

Health outcome area
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Characteristic

Continuous outcomes

Binary outcomes

N median ICC (IQR; range) N median ICC (IQR; range)
Social emotional functioning 34 0.055 (0.02t0 0.126; 0 to 0.217) 4 0.020 (0.011 to 0.024; 0.003 to
0.028)
Physical activity 29 0.03(0.0131t0 0.059; 0to 0.19) 1 0.040
Adiposity 24 0.03 (0.015 to 0.045; 0.004 to 2 0.017
0.19)
Smoking 2 0.04 16 0.043 (0.018 to 0.102; 0 to
0.286)
Alcohol use 3 0.03 7 0.088 (0.02t0 0.112;0to
0.121)
Dental/oral health 0.052 (0.03 t0 0.119; 0 to 0.31) 1 0.027
General health 6 0.044 (0.02 to 0.063; 0.001 to 3 0.014
0.18)
Infectious disease 0 - 6 0.056 (0.04 to 0.13; 0.004 to
0.21)
Nutrition 0.06 (0.010 to 0.097; 0 to 0.36) 0 -
Violence 0.007 0.06 (0.06 to 0.109; 0.02 to
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Characteristic Continuous outcomes Binary outcomes

N median ICC (IQR; range) N median ICC (IQR; range)
Education stage
Pre-primary education only’ 13 0.048 (0.03 to 0.063; 0 to 0.097) 0 -
Primary education only® 52 0.04 (0.014 to 0.097; 0 to 0.33) 26 0.04 (0.01t00.112; 0t0 0.47)
Secondary education only? 49  0.036 (0.017 to 0.07; 0 t0 0.31) 30 0.018 (0.004 to 0.055; 0 to
0.227)

1 Included countries stated as: Finland, The Netherlands, Denmark, Belgium, Norway, Germany, Estonia, Poland, Spain, Switzerland, Cyprus, Italy, Greece,
Hungary, Sweden, Austria, Majorca, France, Ireland, Romania, Slovenia.

2 Included countries stated as: England, Northern Ireland, Scotland, Wales.

3 Included countries stated as: Israel, China, Iran, India, Japan, Bangladesh, Nepal, Taiwan, Peru, Pakistan, Thailand, Indonesia, Hong Kong.

4 Included countries stated as: Jamaica, Brazil, Ecuador, Chile, Haiti, Belize.

5 Included countries stated as: Uganda, South Africa, Kenya, Tanzania, Burundi.

6 Includes mental health, behaviour, neurodiversity, well-being, quality of life, bullying, social and emotional learning, body image and self-esteem., Ireland, Romania,
Slovenia.

" Includes pre-schools, kindergartens, educational childcare centres and head-start schools

8 Includes elementary schools, middle schools (Grade 6)

9 Includes secondary schools, middle schools (>= Grade 7), high schools, junior high schools, lower secondary schools, higher/upper secondary schools, vocational
schools, intermediate vocational schools, secondary-level vocational schools and continuation schools.
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For continuous outcomes, the median (IQR) school-level ICC was higher for
studies that adjusted for the baseline of the outcome at the pupil level (N=35)
(0.045 (0.013 to 0.09)) compared with those that did not (N=95) (0.040 (0.016 to
0.07)). However, there was little evidence of a true difference (p=0.50). Further
to this, the size of the median school-level ICC (0.04) was the same regardless
of whether studies with continuous outcomes analysed change scores (N=11) or
not (N=124) (p=0.37).

The median (IQR) school-level ICC for studies (N=37) that estimated the ICC
from a repeated measures analysis was 0.027 (0.01 to 0.057). The median (IQR)
school-level ICC those that did not use a repeated measures analysis (N=173)
was 0.036 (0.013 to 0.088). Despite the median ICC estimate being larger for the

latter there was little evidence of a true difference (p=0.15).

Lastly, for binary outcomes, the median (IQR) school-level ICC estimate for
studies that used mixed effects (multilevel) logistic regression to estimate the ICC
on the logistic scale (N=42) was 0.049 (0.014 to 0.109), which was larger than
the 14 studies that used other methods to estimate it on the proportions (natural)
scale (median (IQR) ICC was 0.014 (0.007 to 0.023)), although there was only
weak evidence of a true difference between the analysis approaches (p=0.08).
The higher median for ICCs estimated on the logistic scale is in keeping with the
methodological literature on the ICC [10]. Figure 5.5 summarises the relationship
between ICC estimates and the prevalence for binary outcomes. The size of the
ICC increases as the prevalence reaches 50%.
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Fig. 5.5. Scatterplot of school-level intra-cluster correlation coefficient (ICC)
estimates versus the prevalence for binary outcomes: both variables plotted on

the logarithmic scale (N = 55) "

* The ICC (y axis) and binary outcome prevalence (x axis) are both plotted on the
logarithmic scale. In total, 62 studies reported a school-level ICC estimate and
the prevalence of the binary outcome. Seven studies are not included in the graph
as the ICC estimate was zero for 6 studies and the prevalence was zero for one

study.
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5.6 Discussion

This chapter reports and summarises 260 ICC estimates from 246 articles
reporting the findings from school-based CRTs worldwide for a range of different
pupil health outcomes. Despite there being few clear patterns regarding the
relationship of the ICC with aspects of the design and analysis, the summary has
identified a number of results that are worthy of reflection. The summary of the
ICC estimates across different study features was characterised by overlap in the
distributions. However, although apparently small, the differences in median ICC
estimates across subgroups are large in terms of the impact they would have on
the sample size requirement for a CRT. Furthermore, differences between
subgroups defined by study design and context may have not been detected due

to reduced noise caused by imprecise ICC estimates.

An ICC estimate from a single CRT may be considered poorly generalisable due
to the clinical and methodological heterogeneity across CRTs [108]. Therefore, it
has been recommended that researchers use the distribution of ICC estimates
from a range of different studies in order to model the sensitivity of sample size
calculations [3, 26, 286]. Similar to the findings in this chapter, previous studies
randomising primary care clusters have demonstrated that ICC estimates for
health outcomes are well described by the beta distribution [26, 287]. Information
regarding the distribution of ICC estimates is useful for constructing informative
priors when using a Bayesian framework to incorporate uncertainty concerning
the ICC in sample size calculations for and analysis of the intervention effect in
school-based CRTs [121, 288].

A quarter of included studies were undertaken in Europe (n=58; 23.4%) (rising to
41.1% when including the UK), which is similar to a systematic review that found
the greatest proportion (29%) of CRTs in children were undertaken in Europe
(including the UK) [53]. The large proportion of studies in high-income regions,
such UK, Europe and the US, may also be reflected by the type of health areas
identified in the current study. The study found that the distribution of school-level
ICCs worldwide was broadly similar to previously reported summaries of school-
based ICCs for pupil health outcomes, the majority of which are from the US [69,
96-103, 105-109]. Most estimates were less than 0.05 and few were greater than

0.1.
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The median ICC for pupil health outcomes was 0.031 at school level and 0.063
at class level. The difference in ICC size between these levels is expected as
there is a greater chance for pupils to interact within classes than between
classes within the same school. Additionally, it has been reported that ICCs are
generally larger when the natural cluster size is smaller [101, 261].

The median ICC for feasibility CRTs was noticeably smaller than that of definitive
CRTs. A reason for this could be that the schools recruited to feasibility CRTs
may be less representative of the wider population of schools that are recruited
in definitive trials [3](p180/181). There was little evidence of relationships of the
ICC with health outcome area and education level. This contrasts with a
suggestion that ICC estimates informing sample sizes should be outcome
specific [71]. Also, a previous summary of ICC estimates for educational
outcomes from school-based CRTs showed a tendency for ICCs to be larger for
lower grades [88], but this finding was less clear for health outcomes in the

current review.

For many ICC estimates, it was unclear whether the analysis used to calculate
them had adjusted for prognostic factors. This is important as adjusted ICCs may
often be smaller than unadjusted ICCs [88]. Additionally, it was often unclear
whether the ICC had been adjusted for cluster-level or individual-level predictors.
Adjusting for cluster-level predictors may reduce the size of the ICC estimate but
adjusting for individual-level predictors may reduce or increase the ICC
depending on the extent to which the between- and within-cluster components of

variance are accounted for by the adjustment.

The analysis method used to estimate the ICC can impact on its size. For
example, an ICC estimate from a repeated measures analysis which includes
outcome data from across all study waves in a single analysis will not necessarily
be the same as the ICC for an outcome at a specific study wave. In studies with
repeated measures, the correlation between observations in the same cluster
from different waves may be smaller than the correlation between observations
in the same cluster at the same study wave [286, 289]. This study found little
evidence that studies using repeated measures analysis resulted in smaller

school-level ICCs than those that do not. As for other comparisons in this chapter,
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the lack of a statistically significant difference may be due to confounding with

other study-specific characteristics

5.7 Strengths and limitations

This study collated and summarised ICCs for different pupil health outcomes from
school-based CRTs worldwide and is the first study of its kind. The summary used
a systematic searching approach with a predefined strategy to identify CRTs that
randomised school-related units. The protocol was publicly available prior to
conducting the study (registered with PROSPERO (CRD42021268782)).
Screening and data extraction were undertaken by two independent reviewers.
The study did not aim to be comprehensive, but, by using a systematic searching
method, the study is reproducible.

A potential limitation of the work was the small number of articles with specific
characteristics, which limited the ability to detect differences across subgroups in
ICC estimates. Two hundred and four-six CRTs was a not sufficiently large
sample size to describe the ICC within different combinations of categories of the
study design characteristics. For example, only one combination of region and
health outcome area provided at least 10 school-level ICC estimates. Also,
partially due to the small sample size, countries were grouped into regions which
may have obscured some differences that might otherwise have been found
between individual countries. Data from a European-based survey have
suggested that ICC estimates assumed in sample size calculations for school-
based trials should be country-specific and outcome-specific [71]. With the
number of school-based CRTs publishing ICC continuing to increase, more ICC
estimates will be available to enable the examination of ICC patterns in relation

to key study characteristics.

A potential limitation was the decision to use only the MEDLINE database.
Although findings from a previous systematic review of similar studies indicated
that few additional studies would have been found by searching other databases
(specifically, EMBASE, DARE, PsychINFO and ERIC) [117], further articles may
have been found by searching the grey literature. Additionally, some older eligible
articles may have been missed because their titles and abstracts did not refer to

using a cluster design.

181



It was decided to not extract multiple ICCs from the same study when they were
provided although this would have increased the sample size. This was to avoid
a scenario where a small number of studies that reported many ICCs had a
disproportionate impact on the observed distribution of ICCs. Given that it is
expected that ICCs from the same study would be similar to each other, the
inclusion of multiple estimates would have added little extra information to the

analyses.

5.8 Implications

The study has a number of important implications regarding the planning of future
school-based CRTs. First, the study provides 260 ICC estimates from school-
related clusters for use in future sample size calculations. Their distribution
indicates a range of plausible values to aid researchers when calculating the
sample size for future school-based CRTs. Although the summary found little
evidence of a relationship between the ICC and most design/analysis
characteristics, researchers should still seek to identify ICC estimates from
studies that are similar to the study they plan to undertake. This will help to
minimise the chance of an inaccurate sample size calculation. Further research
is needed to investigate relationships between the ICC and study characteristics
as the work in this study was limited by the number of studies included and the
fact that relationships may have been obscured by confounding characteristics at
the study level.

5.9 Conclusions

This chapter reported 260 ICC estimates for pupil health outcomes from studies
spanning different world regions, health outcome areas and educational settings,
and summarised their distribution. The findings are an invaluable resource to
researchers for calculating sample size for future school-based CRTs. The study
found that ICC estimates had a similar distribution to previously published
summaries of ICCs from studies based in the United States. Improved reporting
of the ICC in CRTSs, in line with CONSORT statement for CRTs [57], will increase
the pool of data that can be used to explore the distribution of ICC estimates and

the factors that influence their size in greater depth.
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5.10 Chapter summary

This chapter presented findings from a study collating and summarising
estimates of the intra-cluster correlation coefficient for pupil health outcomes from
school-based CRTs. Chapter 6 reports on a secondary data analysis using raw
data from five UK school-based CRTs to investigate patterns in the size of the

ICC of social emotional functioning outcomes.
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Chapter 6: Estimating intra-cluster correlation
coefficients and components of variance for social
emotional functioning outcomes of pupils in school-

based cluster randomised trials

6.1 Summary

This chapter explains the motivation for this secondary data analysis, which
estimates intra-cluster correlation coefficients (ICCs) from CRTs that evaluated
interventions for improving social emotional functioning outcomes on pupils. The
chapter then states the aims and objectives of the study, describes the methods
used to analyse the datasets and reports the results of these analyses. It
concludes by discussing the findings, implications, strengths and limitations and
areas identified for further research.

6.2 Background

Schools are recognised for the role they can play in the promotion of health in
children and young people [50, 55, 115]. Recently, there has been an increased
focus on improving social emotional functioning in children and young people
through intervening in the school setting [290-292]. Social emotional functioning
represents the capacity to understand, experience, express, and manage
emotions and to develop meaningful relationships with others [124]. It
encompasses concepts including, but not restricted to, mental health, behaviour,
well-being, emotional challenges, bullying, neurodiversity and self-esteem. As
approximately half of adult mental disorders have their onset during adolescence
[293], schools provide an ideal setting in which to promote, prevent and intervene
to support good social emotional health during the key developmental years of a

young person’s life.

Given the time that children and adolescents spend in school and the
convenience of recruiting pupils and delivering interventions in this setting, the
CRT design is increasingly used to evaluate the impact of such interventions on
social emotional functioning outcomes on pupils [145, 146, 153, 161, 173, 202,
203, 294]. Authors have highlighted the impact that the school environment can

have on social emotional health [295, 296], and interventions have been designed
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to improve such outcomes in the school setting. Many of these interventions are,
by their nature, delivered at the cluster level. As reported in Chapter 3, 83%
(53/64) of school-based CRTs had at least one component of the intervention
that had to be administered to entire clusters [117]; this included 13 of the 15 trial
that evaluated the impact of social emotional functioning interventions on pupil

health outcomes.

Despite the increase in publications in this area, as reported in Chapters 3 and 5
[117, 123], there is a relative lack of information regarding the ICC and
components of variance for use in sample size calculations for school-based
CRTs with social emotional functioning outcomes. The ICC quantifies the
similarity of observations on individuals within the same cluster, and can take
values between 0 and 1. The larger the ICC is, the greater the similarity between
individuals within clusters, or, equivalently, the greater the difference between
individuals in different clusters [10]. Articles have been written specifically to
collate the ICCs for outcomes in health areas such as substance use [61, 71, 97-
104], nutrition [105-107] and physical activity [61, 107-109]. This is also true for
social emotional functioning outcomes [61, 69, 71, 96, 259], but these articles
largely report data from studies undertaken in the US. Previous literature has
suggested that ICCs for social emotional functioning outcomes range from
around 0 to 0.1 [68, 71, 123], but this is too wide a range to inform sample size
calculations given how sensitive the design effect (DE) is to the assumed ICC,
especially when large numbers of participants are sampled from each cluster.
Additionally, the systematic review presented in Chapter 3 found that less than
half (n=29/64; 45%) of the school-based CRTs in the UK reported the ICC of the
primary pupil health outcome [117]. ICCs for social emotional functioning
outcomes would be of value to researchers designing future school-based CRTs
in this area. ICC estimates from school-based CRTSs are, in theory, most relevant
than those from surveys as they may be more reflective of outcome variation
across the types of schools that are more likely to participate in health-related
CRTs [3](p177).

When designing a CRT in school setting, there are several levels at which
randomisation can be undertaken, including schools, year groups, teachers and
classrooms. Randomising smaller, lower-level cluster types like classes has a
greater risk of contamination between trial arms than if entire schools are

186



randomised as, in the former scenario, pupils can interact between trial arms
within the same school. The risk of contamination will depend on the nature of
the intervention. Studies that randomise lower level clusters are, however,
potentially more efficient as they will typically include a larger number of allocated
cluster units, given there are, for example, more classroom units than school units
[297]. Researchers should consider the benefits and detriments of randomising
at each level. This requires knowledge of the components of variance and the
ICC at the levels of clustering at which randomisation might be undertaken in the
school setting, and the risk of contamination when allocating at those levels.

Sample size calculations in CRTs usually only explicitly recognise variation in the
outcome at the level of randomisation (the cluster) and the level of observation
(the individual participant), a simple two-level data structure. In CRTs where
school clusters are randomised, participation may be restricted to pupils that are
members of lower-level clusters (e.g., year groups, classes) that are sub-sampled
to participate in the study [153, 161, 163, 189, 298]. When planning such studies,
outcome variation at the randomisation level (school), the intermediate
(subsampling) level and the pupil level should be taken into account [8]. The
design effect (DE) for a CRT that has a three-level structure, is determined by the
relative sizes of the three components of variance and the number of
intermediate-level clusters sampled from each school [8, 218]. In studies that
randomise schools, the more intermediate-level cluster units sampled from each
school the smaller the observed ICC will be at the school level if estimated from
a simple two-level model analysis that recognises only schools and pupils as
sampling units. This is because the school level outcome means are estimated
with greater precision when more intermediate level clusters are included.
Therefore, when using the simple DE formula that recognises only one level of
clustering, researchers should specify a school-level ICC for a planned study that
reflects the number of intermediate level clusters that will be included from each
school. Preferably, DE formulae that are appropriate for trials with intermediate
levels of clustering should be used, but this requires knowledge of the

components of variation (or the ICC) at all levels of the data.

A characteristic of school-based trials of interventions for improving social
emotional functioning of pupils is the reporting of outcomes by different sources,
specifically by the pupils themselves, parents/carers and teachers. The
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components of variance and ICC may depend on the type of person that is
reporting the outcome on the pupil and this needs to be considered when

specifying an assumed ICC in the sample size calculation for a CRT.

In the previous chapter, factors that potentially influence the size of the ICC for
health outcomes were investigated by extracting data from published studies and,
using characteristics at the study level to investigate patterns in the ICC. The
relationships examined between those characteristics and the ICC were
potentially confounded by other design and contextual differences across the
studies. The secondary analysis of raw data from CRTs to be undertaken in this
chapter, has several advantages over the use of data extracted from published
papers. The use of raw datasets from CRTs provides more control over the level
of detail reported on the ICCs as the scope of the analysis is not restricted to the
information reported in the publications. For example, the components of
variance at the school, year group, class and pupil levels are readily calculated.
The analysis of raw data also facilitates the use of within-study information to
identify the determinants of the ICC, thus avoiding the limitation of study-level
confounding in the previous chapter. By using raw data, it is possible, for
example, to investigate whether the size of the ICC is stable across the study
waves from baseline through to the final follow-up. Finally, there is the opportunity
to, comprehensively, report the ICC for all relevant outcomes.

6.3 Aims and objectives

The aim of this study was to use raw data from five UK school-based CRTs to
estimate ICCs and components of variance at different levels of clustering for

pupil social emotional functioning outcomes.
The objectives were to:

e Collate estimates of components of variance and ICCs (at school, year
group and class levels) for pupil social emotional functioning outcomes.

e Compare components of variance and ICCs across different levels of
clustering that are relevant to school settings (i.e., school versus year
group versus class).

e Compare components of variance and ICCs across different types of

reporter for same outcome (i.e., pupil versus parent/carer versus teacher).
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e Assess the stability of the ICCs over time (across study waves).

e Compare components of variance and ICCs for the same outcomes across

studies.

6.4 Methods

6.4.1 Datasets

The data used in this secondary analysis are from five published UK school-
based CRTs that evaluated interventions for improving social emotional
functioning outcomes on pupils [145, 161, 202, 203, 298]. Permission to use
these data was granted by the principal investigator for each study, while
individual participant information and consent permitting such future secondary
analyses was covered by the original consent 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 (Appendix 11).

6.4.2 Description of datasets

Table 6.1 summarises the characteristics of the five UK school-based CRTs, and
Table 6.2 provides information regarding the outcomes, outcome measures,
reporters and outcome score calculation in each study. Table 6.3 summarises the
baseline demographic characteristics of participants in each study. The datasets
are described below. Studies are referred to by their study/intervention acronym

throughout the chapter.

6.4.2.1 STARS study

Supporting Teachers and childRen in Schools (STARS) [161] was a CRT
undertaken in primary schools in the South West of England. The aim of the study
was to evaluate whether the Incredible Years® Teacher Classroom Management
(TCM) programme [299] improved children’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) between 2012 and 2014. Schools were randomised to either

the TCM programme (intervention) or teaching-as-usual (control) (Table 6.1).
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One class was 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 control
arm. The TCM programme was delivered to teachers in the intervention arm in
six whole-day sessions, spread over 6 months. Outcome data were collected at
baseline (0), 9, 18, and 30 months. Teacher-reported outcomes were provided
by the same teacher for all pupils in a given class at a given data collection point.
Social and emotional functioning was measured using the Strengths and
Difficulty questionnaire (SDQ) [300], providing a total difficulties score and
subscales scores for emotional symptoms, conduct problems, hyperactivity, peer
problem and prosocial behaviour. Parent- and teacher-reported versions of the
SDQ were administered. Pupil behaviour was measured using the Pupil
Behaviour Questionnaire (PBQ) [301], completed by the class teacher. School
climate was measured using the pupil-reported ‘How | Feel About My School’
(HIFAMS) [302] questionnaire (Table 6.2).

6.4.2.2 KiVa study

KiVa [145] was a CRT undertaken in primary schools in Wales. The study
evaluated the effectiveness of the 'Kiusaamista Vastaan' (KiVa) programme [303]
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 intervention) control arm. Schools (clusters) were randomised
to KiVa (intervention) or usual school provision (control) (Table 6.1). 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 classes and 3214 pupils included in the study: 11
schools (77 classes, 1588 pupils) in the intervention arm and 11 schools (69
classes, 1892 pupils) in the control arm. Outcome data were collected at baseline
(0) and 12 months. The outcomes were: bullying victimisation and bullying
perpetration measured by the Olweus Bully/Victim Questionnaire (OBVQ)
[304] and the KiVa student online survey [305], reported by the pupil; and social
and emotional functioning measured using the Strengths and Difficulties
Questionnaire (SDQ) [300], completed by the class teacher (Table 6.2).
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6.4.2.3 PACES study

PACES [203] was a CRT undertaken in primary schools in the South West of
England. The study evaluated the effectiveness of a classroom-based cognitive
behaviour therapy (CBT) prevention programme (FRIENDS for life (FRIENDS)
[306]) 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 6.1). Forty-five (45) schools were randomised and, 73 classes
and 1448 pupils were included in the study: 14 schools (25 classes, 489 pupils)
in the school-led FRIENDS arm; 14 schools (26 classes, pupils 472) in the health-
led FRIENDS arm; and 12 schools (22 classes, pupils 401) in the control arm.
Outcomes were measured at baseline (0), 6 and 12 months. Symptoms of anxiety
and low mood were measured by the Revised Child Anxiety and Depression
Scale (RCADS-30) [307], 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 measures was reported separately by the pupil and the
parent (RCADS-30-P). Worry was measured using the Penn State Worry
Questionnaire for Children [308], reported by the pupil. Self-worth and
acceptance was measured using the Rosenberg Self-Esteem Scale [309],
reported by the pupil. Bullying victimisation was measured using the Olweus
Bully/Victim Questionnaire (OBVQ) [304], reported by the pupil. Life
satisfaction was measured using the Child Health Utility instrument (CHU9D)
[310], reported by the pupil. Social and emotional functioning was measured by
the Strengths and Difficulties Questionnaire (SDQ) [300], reported separately
by the parent and the class teacher (Table 6.2).

6.4.2.4 PROMISE study

PROMISE [202] was a three-arm CRT 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 [311]) for

improving social emotional outcomes on pupils, using for comparison an attention
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control arm (Personal, Social, and Health Education (PSHE) delivered by class
teacher aided by two facilitators) 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 CBT
intervention, attention control, or usual school provision (Table 6.1). Twenty-eight
(28) year groups from 8 schools with 225 classes and 5030 pupils were
randomised: 9 year groups (79 classes, 1753 pupils) to CBT, 9 year-groups (73
classes, 1673 pupils) to attention control, and 9 year groups (73 classes, 1604
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) [312], reported by the pupil; negative thinking
using the Personal Failure subscale of the Children’s Automatic Thoughts
Scale (CATS) [313], reported by the pupil; self-worth and acceptance using the
Rosenberg Self-Esteem Scale [309], reported by the pupil; anxiety measured
by the Revised Child Anxiety and Depression Scale (RCADS-30) [307],
reported by the pupil; school connectedness measured by Psychological Sense
of School Membership (PSSM) scale [314], reported by the pupil (Table 6.2).

6.4.2.5 MYRIAD study

MYRIAD [298] was a parallel arm CRT undertaken in secondary schools across
the UK. The study evaluated the effectiveness of school-based mindfulness
training (intervention) for improving student’'s mental health, compared to
teaching-as-usual (control). Participants 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 6.1). School classes within schools
were selected to participate, subsampling a sufficient number of classes to recruit
the required number of pupils in each school. Eighty-five (85) schools were
randomised with 346 classes and 8376 pupils included in the study: 42 schools
(169 classes and 4144 pupils) in the intervention arm, and 43 schools (177
classes 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 Depression Scale (CES-D) [315], social and
emotional behavioural functioning using the Strengths and Difficulties
Questionnaire (SDQ) [300], and well-being using the Warwick-Edinburgh
Mental Well-being Scale (WEMWBS) [316]). These and other secondary
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outcomes were administered at 12, 19 and 24 months. The secondary outcomes
were: executive function measured by the Behaviour Rating Inventory of
Executive Function (BRIEF-2) [317], reported separately by both the pupil and
the class teacher; anxiety using the Revised Child Anxiety and Depression
Scale (RCADS-30) [307], reported by the pupil; self-harm and suicidal ideation
using measures devised for study [298], reported by the pupil; school climate
subscales (school leadership and involvement, respectful climate, peer climate,
caring adults) from the School Climate and Connectedness Survey (SCCS)
[318], reported by the pupil; mindfulness skills using the Child and Adolescent
Mindfulness Measure (CAMM) [319], reported by the pupil (Table 6.2).
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Table 6.1. Characteristics of the school-based cluster randomised trials at randomisation

Wales

Author, year | Education setting; Cluster unit Measurement | Number of | Number of year | Number of | Number of
(Study location allocated time points schools groups classes pupils
acronym) (months)
Ford, 2019 Primary schools; Schools 0,9, 18, 30 80 not applicable 80 2075
[161] South West England (1 class sampled from
(STARS) each school)
Axford, 2020 | Primary schools; Schools 0,12 22 not applicable 146 3214
[145] (Kiva) | Wales
Stallard, Primary schools; Schools 0, 6,12 40 not applicable 73 1448
2014 [203] South West England
(PACES) (within 50-miles of the

University of Bath)
Stallard, Secondary schools; Year groups 0,6, 12 8 28 225 1064
2012 [202] East Midlands and
(PROMISE) | South West England
Kuyken, Secondary schools; Schools 0, 12,19, 24 85 not applicable 346 8378
2022 [298] England, Northern
(MYRIAD) Ireland, Scotland,
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Table 6.2. Description of outcomes, outcome measures and outcome scoring

e Bullying perpetration was measured
using the item: “How often have you
bullied others at school in the last few
months?”

Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
Ford, 2019 Social and Strengths and Difficulty Continuous 25 ordinal items Class teacher
[161] emotional questionnaire [300] (Total e FEach item scored from O to 2
(STARS) functioning difficulties score, emotional 20 items are summed to calculate the Parent
symptoms, conduct total difficulties score (excluding the 5
problems, hyperactivity, peer items in the prosocial behaviour
problem and prosocial subscale)
behaviour subscales) e 5items are summed to calculate total
score for each of 5 subscales
e Scoring range for the total difficulties
score is 0 to 40
e Scoring range for each of the 5
subscales is 0 to 10
School climate | ‘How | Feel About My School | Continuous e 7 ordinal items Pupil
measure’ (HIFAMS) [302] e Each item scored from 0 to 2
e Total score ranges from 0 to 14
Pupil Pupil Behaviour Continuous e 6 ordinal items Class teacher
behaviour Questionnaire [301] e Each item scored from O to 2
e Total score ranges from 0 to 12
Axford, 2020 | Bullying Olweus Bully/Victim Binary?! ¢ Bullying victimisation was measured Pupil
[145] (Kiva) | victimisation Questionnaire [304] (Bullying using the item: “How often have you
and bullying victimisation and bulling been bullied at school in the last couple
perpetration perpetration) of months?”
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Author, year
(Study
acronym)

Outcome

Outcome measure

Type of
outcome

Number of items, scoring and scoring

range

Outcome
reporter(s)

Each item scored from 0 to 4 (0 = “Not

atall’, 1 = “Only once or twice”, 2 = “2-3

times a month”, 3 = “About once a
week”, 4 = “Several times per week”)
Each item was dichotomised for
analysis so that those scoring 2 to 4
were classified as victims/perpetrators
and those scoring 0 or 1 as not
victims/not perpetrators.

Bullying

victimisation
and bullying
perpetration

KiVa student online survey
[305]

Binary

Told school about being bullied
(Yes/No)

Did not tell school about being bullied
(Yes/No)

Told home about being bullied
(Yes/No)

Pupll

Social and
emotional
functioning

Strengths and Difficulty
questionnaire [300] (Total
difficulties score, emotional
symptoms, conduct
problems, hyperactivity, peer
problem and prosocial
behaviour subscales)

Continuous

25 ordinal items

Each item scored from O to 2

20 items are summed to calculate the
total difficulties score (excluding the 5
items in the prosocial behaviour
subscale)

5 items are summed to calculate total
score for each of 5 subscales

Scoring range for the total difficulties
score is 0 to 40

Scoring range for each of the 5
subscales is 0 to 10

Teacher
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Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
Stallard, Symptoms of Revised Child Anxiety and Continuous e 47 ordinal items Pupll
2014 [203] anxiety and Depression Scale (RCADS- e Subscales: SAD - 7 items; Social
(PACES) low mood 30) [307] (Total anxiety scale, Phobia - 9 items; GAD - 6 items; Panic | Parent
separation anxiety disorder Disorder - 9 items; OCD - 6 items; low | (RCADS-30-P)
(SAD), social phobia, mood - 10 items.
generalised anxiety disorder e Each item scored from 0 to 3
(GAD), panic disorder, o Total anxiety score is the sum of SAD,
obsessive compulsive Social Phobia, GAD, Panic Disorder
disorder (OCD), and low and OCD subscales.
mood (major depressive e Scores for total score range from 0 to
disorder) subscales) 111
e Subscales scores range from: SAD - 0
to 21; Social Phobia - to 27; GAD - 0 to
18; Panic Disorder - 0to 27 ; OCD -0
to 18 items; low mood - 0 to 30
Worry Penn State Worry Continuous e 14 ordinal items Pupil
Questionnaire for Children e Each item scored from 0 to 3
[308] e Scores range from 0 to 42
Self-worth and | Rosenberg Self-Esteem Continuous e 10 ordinal items Pupll
acceptance Scale [309] e Each item scored from 0-3
e Scores range from 0 to 30
Bullying Olweus Bully/Victim Binary! ¢ Bullying victimisation was measured Pupll
victimisation Questionnaire [304] using the item: “How often have you

been bullied at school in the last couple
of months?”

Each item scored from 0 to 4 (0 = “Not
at all”, 1 = “Only once or twice”, 2 = “2-3
times a month”, 3 = “About once a
week”, 4 = “Several times per week”)
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Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
o Dichotomised for analysis (scores
greater than or equal to 2) - ‘Bullied
more than or equal to 2 -3 times per
month’
Life Child Health Utility instrument | Continuous ¢ 9 ordinal items Pupll
satisfaction (CHU9D) [310] e Each item scored from 1to 5
e Total scores range from 9 to 45
Social and Strengths and Difficulty Continuous e 25 ordinal items Teacher
emotional questionnaire [300] (Total e Each item scored from 0to 2
functioning difficulties score, emotional e 20 items are summed to calculate the Parent
symptoms, conduct total difficulties score (excluding the 5
problems, hyperactivity, peer items in the prosocial behaviour
problem and prosocial subscale)
behaviour subscales) e 5items are summed to calculate total
score for each of 5 subscales
e Scoring range for the total difficulties
score is 0 to 40
e Scoring range for each of the 5
subscales is 0 to 10
Stallard, Symptoms of Short Mood and Feelings Continuous e 13 ordinal items Pupil
2012 [202] low mood questionnaire [312] e Each item scored from 0 to 2
(PROMISE) e Total scores range from 0 to 26
Negative Personal Failure subscale of | Continuous e 10 ordinal items Pupll
thinking the Children’s Automatic e FEach item scored from O to 4
Thoughts Scale (CATS) [313] e Total scores range from 0 to 40
Self-worth and | Rosenberg Self-Esteem Continuous e 10 ordinal items Pupil

acceptance

Scale [309]

Each item scored from O to 3
Total scores range from 0 to 30
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Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
Anxiety Revised Child Anxiety and Continuous e 47 ordinal items Pupil
Depression Scale (RCADS- e Subscales: SAD - 7 items; Social
30) [307] (Total anxiety scale, Phobia - 9 items; GAD - 6 items; Panic
separation anxiety disorder Disorder - 9 items; OCD - 6 items; low
(SAD), social phobia, mood - 10 items.
generalised anxiety disorder e Each item scored from O to 3
(GAD), panic disorder, e Total anxiety score is the sum of SAD,
obsessive compulsive Social Phobia, GAD, Panic Disorder
disorder (OCD), and low and OCD subscales.
mood (major depressive e Scores for total score range from 0 to
disorder) subscales) 111
e Subscales scores range from: SAD - 0
to 21; Social Phobia - to 27; GAD - 0 to
18; Panic Disorder - 0to 27 ; OCD -0
to 18 items; low mood - 0 to 30
School Psychological Sense of Continuous e 18 ordinal items Pupil
connectedness | School Membership (PSSM) e Each item scored from 1to 5
scale [314] e Total scores range from 18 to 90
Kuyken, Risk for Centre for Epidemiologic Continuous e 20 ordinal items Pupil
2022 [298] depression Studies for Depression Scale e Each item scored from 0 to 3
(MYRIAD) (CES-D) [319] e Total scores range from 0 to 60
Social and Strengths and Difficulty Continuous e 25 ordinal items Pupll
emotional questionnaire [300] (Total e Each item scored from O to 2
functioning difficulties score, emotional e 20 items are summed to calculate the Teacher

symptoms, conduct
problems, hyperactivity, peer
problem and prosocial
behaviour subscales)

total difficulties score (excluding the 5
items in the prosocial behaviour
subscale)

5 items are summed to calculate total
score for each of 5 subscales
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Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
e Scoring range for the total difficulties
score is 0 to 40
e Scoring range for each of the 5
subscales is 0 to 10
Well-being Warwick-Edinburgh Mental Continuous e 14 ordinal items Pupll
Well-being Scale (WEMWBS) e Each item scored from 1to 5
[316] e Total scores range from 14 to 70
Executive Behaviour Rating Inventory of | Continuous e 55 ordinal items for pupil Pupil
function Executive Function (BRIEF- e 63 ordinal items for teachers
2) [317] e Each item scored from 1 to 3 Teacher
e Scores ranged from 55-165 for the
pupil version and from 63-189 for the
teacher version
Anxiety Revised Child Anxiety and Continuous e 47 ordinal items Pupil
Depression Scale (RCADS- e Subscales: SAD - 7 items; Social
30) [307] (Total anxiety scale, Phobia - 9 items; GAD - 6 items; Panic
separation anxiety disorder Disorder - 9 items; OCD - 6 items; low
(SAD), social phobia, mood - 10 items.
generalised anxiety disorder e Each item scored from 0 to 3
(GAD), panic disorder, e Total anxiety score is the sum of SAD,

obsessive compulsive
disorder (OCD), and low
mood (major depressive
disorder) subscales)

Social Phobia, GAD, Panic Disorder
and OCD subscales.

Scores for total score range from 0 to
111

Subscales scores range from: SAD - 0
to 21; Social Phobia - to 27; GAD -0 to
18; Panic Disorder -0to 27 ; OCD -0
to 18 items; low mood - 0 to 30
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Author, year | Outcome Outcome measure Type of Number of items, scoring and scoring Outcome
(Study outcome range reporter(s)
acronym)
Self-harm and | Measures devised for study Binary e Self-harm: ‘Have you deliberately Pupll
suicidal [298] harmed yourself?’ Response set: “Yes”
ideation or “No”
¢ Suicide ideation: ‘Do you feel like your
life is not worth living?’ Response set:
“Yes” or “No”
School climate | School climate subscale Continuous e 4 sub-sections make up school climate | Pupil
(School leadership and subscale
involvement, respectful e Each sub-section has 5 ordinal items
climate, peer climate, caring (20 items in total)
adults) School Climate and e Each item scored from 1to 5
Connectedness Survey Scores for each sub-section range from
(SCCS) [318] 5to 25
e Total scores for the school climate
subscale range from 20 to 100
Mindfulness Child and Adolescent Continuous e 10 ordinal items Pupil
skills Mindfulness Measure Each item scored from O to 4

(CAMM) [319]

e Total scores range from 0 to 40

1The measure is continuous but dichotomised for analysis in the study
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Table 6.3. Demographic characteristics of participants (N indicates sample size)

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 (1.4) 1038 6.4 (1.3)
White, n (%) 721 689 (95.6) 701 663 (94.6)
Eligible for free school meals 595 70 (11.76) 502 64 (12.75)
(Yes), n (%)
KiVa study
Characteristic N Intervention N Control
Female, n (%) 1578 717 (45.4) 1636 684 (41.8)
Age in years, mean (SD) 1578 8.8 (1.1) 1636 8.9(1.2)
White, n (%) 1578 1176 (74.5) 1636 1018 (62.2)
Eligible for free school meals 1578 237 (15.0) 1636 220 (13.4)
(Yes), n (%)
PACES study
Characteristic N Health-led N School-led N Control
FRIENDS FRIENDS
Female, n (%) 489 234 (47.9) 472 235 (49.8) 401 231 (57.6)
White?!, n (%) 489 455 (94.2) 472 439 (95.2) 401 359 (92.1)
1British white
PROMISE study
Characteristic N Classroom N Attention N Control
based CBT control
Female, n (%) 1753 873 (50) 1673 824 (49) 1604 770 (48)
Age in years, 1753 14.1 (1.1) 1673 14.0 (1.0) 1604 13.9(1.2)
mean (SD)
White, n (%) 1753 1372 (87) 1673 1271 (84) 1604 1275 (86)
MYRIAD study
Characteristic N Intervention N Control
Female, n (%) 4232 2350 (56.5) 4144 2159 (53.1)
Age in years, mean (SD) 4232 12.2 (0.6) 4144 12.2 (0.6)
White, n (%) 4232 3237 (78.1) 4144 2965 (73.2)
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6.4.3 Data analysis

Data analysis was undertaken using Stata 17 software [227]. Mixed effects
(“multilevel”) linear regression models were fitted to each outcome to estimate

the variance components and the ICCs.

A 2-level mixed effects model was fitted to estimate the ICCs for the STARS study
that had a single level of clustering at the school level:

Yu=a+s;+ey

« Y, is the outcome for the ™" individual in the i school (cluster)

e «aisthe constant

« s;is the random effect of the i school, assumed to be Normally distributed
with 0 mean and constant variance o2

« ¢; is the residual effect of the I individual in the i"" school assumed to be

Normally distributed with 0 mean and constant variance o2

The school-level ICC (ps) is calculated from the between-cluster (62) (school)

and within-cluster (62 ) components of variances using:

o
P = 5 1 5
S a2+ 02

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 class):

Yimm=a+s;+cy+ e

o Y, isthe outcome for the [!" individual in the k' class, in the it" school (cluster)

e aisthe constant

« s;is the random effect of the i school, assumed to be Normally distributed
with 0 mean and constant variance o2

e ci is the random effect of the k" class in the i"" school, assumed to be
Normally distributed with 0 mean and constant variance o2

e e, is the residual effect of the I individual in the k™" class, in the it school,

assumed to be Normally distributed with 0 mean and constant variance o2
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The school-level ICC (ps) is calculated from the variance components as:

s

.=
S 02+ 02+ d?

and the class-level ICC (p) is calculated as:

ol

P =
¢ g2+ 0?

This definition of the class level ICC is appropriate 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 class):

Yijte = a +s; + gij + Cijic T €ijia

o Y is the outcome for the I" individual in the k™ class, in the j™ year group,
in the i school (cluster)

e «a isthe constant

« s;is the random effect of the i school, assumed to be Normally distributed
with 0 mean and constant variance o2

 gij is the random effect of the j" year group in the i school, assumed to be
Normally distributed with 0 mean and constant variance o

¢ is the random effect of the k™ class, in the j"" year group in the i school,
assumed to be Normally distributed with 0 mean and constant variance o2

« e is the residual effect of the I individual in the k™ class, in the | year

group in the i school, assumed to be Normally distributed with 0 mean and

constant variance o
The school-level ICC (ps) is calculated from the variance components as:

o3

0¢ + 0¢ +0¢ + o¢

P =

the year group-level ICC (o) is calculated as:
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2
Og

Pg =72 2 2
9 a5 +o0¢+ o0

and the class-level ICC is calculated as:

ol

Pe = o2 + o2
The definitions of the year group-level and class-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 predictor variables. ICC estimates at follow-up were adjusted
for trial arm status by adding the variable as a predictor (fixed effect) to the above

models.

All components of variance and ICC estimates were rounded to three decimal
places. Ninety five percent confidence intervals were calculated for school-level

ICC estimates and are reported in Appendix 12.
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6.5 Results

6.5.1 STARS study

ICC estimates for outcomes from the STARS study are reported for the Strengths
and Difficulties Questionnaire (SDQ) (Table 6.4), the Pupil Behaviour
Questionnaire (PBQ) (Table 6.5) and the “How | Feel About My School”
(HIFAMS) measure (Table 6.5). There was no marked pattern of change in the

ICC estimates for all three outcomes over time.

The ICC estimates for the SDQ (Table 6.4) were markedly larger when the
outcome was reported by the class teacher than the parent. For example, the ICC
estimates for the SDQ total difficulties score reported by the class teacher ranged
from 0.120 to 0.180 across the 4 study waves, while the corresponding estimates
reported by parents ranged from 0.026 to 0.046. Teacher ICCs were markedly
smaller for conduct problems and hyperactivity subscales and larger for the
prosocial behaviour subscales. Parent-reported ICCs were very small (near 0) for
the SDQ prosocial behaviour subscale compared with the other subscales. There
was no clear pattern of change in the size of the ICCs over time for teacher- and
parent-reported SDQ outcomes. ICC estimates were generally imprecise for
teacher and parent-reported outcomes, the wide confidence intervals (Appendix
12) indicating palpable uncertainty about the correct value to assume when
planning a future study given that even small differences in the ICC can have a

large impact on the design effect and, therefore, the required sample size.

The ICCs for the teacher-reported Pupil Behaviour Questionnaire (PBQ) at the
baseline and 9-month study waves (Table 6.5) were similar to those for the
teacher-reported SDQ conduct problems subscale (Table 6.4). Both measures

quantify the teacher’s view of the pupil’s conduct.

The ICC estimates for the ‘How | Feel About My School’ measure (HIFAMS)

increased over time, from 0.052 at baseline to 0.111 at 30 months (Table 6.5).
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Table 6.4. STARS study intra-cluster correlation coefficients (ICCs) for the Strengths and Difficulties Questionnaire (SDQ) outcomes at
different time points

Outcome Measurement time (months)?! Teacher report Parent report
N o? o? P, N o? F P,
Total difficulties score 0 2074 4.118 30.181 0.120 1466 0.915 34.799 0.026
9 2001 6.114 27.896 0.180 1285 1.855 39.342 0.046
18 1848 7.812 35.842 0.179 1225 1.238 38.425 0.031
30 1756 4.894 35.502 0.121 1125 1.512 43.246 0.034
Emotion symptoms subscale 0 2074 0.421 3.754 0.101 1467 0.098 3.864 0.025
9 2001 0.854 3.370 0.202 1286 0.147 4.645 0.031
18 1848 0.853 3.921 0.179 1227 0.071 4.828 0.014
30 1756 0.393 3.952 0.090 1126 0.109 5.569 0.019
Conduct problems subscale 0 2074 0.144 2.190 0.062 1467 0.035 2.610 0.013
9 2001 0.237 2.324 0.092 1287 0.046 2.810 0.016
18 1848 0.359 2.705 0.117 1228 0.074 2.436 0.030
30 1756 0.291 2.505 0.104 1127 0.004 2.967 0.001
Hyperactivity subscale 0 2074 0.509 9.028 0.053 1466 0.024 6.742 0.004
9 2001 0.787 7.937 0.090 1287 0.088 7.002 0.012
18 1848 0.826 8.302 0.091 1227 0.061 6.576 0.009
30 1756 0.601 7.787 0.072 1127 0.070 6.777 0.010
Peer problems subscale 0 2074 0.391 2.180 0.152 1466 0.056 2.584 0.021
9 2001 0.288 2.13 0.119 1286 0.145 2.840 0.049
18 1848 0.368 2.434 0.131 1227 0.081 2.912 0.027
30 1756 0.271 2.498 0.098 1126 0.140 2.952 0.045
Prosocial behaviour subscale 0 2074 1.404 4.600 0.234 1467 0 2.982 0
9 2001 1.320 3.946 0.251 1287 0 2.929 0
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Outcome Measurement time (months)?! Teacher report Parent report
N o? o? P, N F: i P,
18 1848 1.135 4.420 0.204 1228 0.021 2.786 0.007
30 1756 0.839 4.289 0.164 1127 0 1.888 0

1 Time points at 9, 18, 30 months adjusted for trial arm status
o2 : School-level component of variance

o2 : Pupil-level component of variance

p, : School-level ICC
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Table 6.5. STARS study intra-cluster correlation coefficients (ICCs) for the teacher-reported Pupil Behaviour Questionnaire and the pupil-
reported ‘How | Feel About My School’ measure and at different time points

Outcome measure Reporter Measurement time (months)* N o? N P,

Pupil Behaviour Questionnaire Teacher 0 2053 0.373 5.472 0.064
9 1986 0.507 5.401 0.086
18 1886 0.545 6.095 0.082
30 1760 0.499 5.688 0.081

‘How | Feel About My School’ measure Pupil 0 2074 0.302 5.450 0.052
9 2001 0.466 5.549 0.077
18 1848 0.728 6.153 0.106
30 1756 0.850 6.829 0.111

1 Time points at 9, 18, 30 months adjusted for trial arm status
62 : School-level component of variance

o?2 : Pupil-level component of variance

p, - School-level ICC
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6.5.2 KiVa study

ICC estimates for the KiVa study are reported for the teacher-reported Strengths
and Difficulties Questionnaire (SDQ) measure in Table 6.6 and the pupil-reported

bullying/victimisation outcomes in Table 6.7.

In general, for the teacher-reported SDQ outcomes, variance components were
smaller at the school level than at the class level of clustering (Table 6.6). Only
for the SDQ conduct subscale were the school- and class-level components of
variance of similar size. ICC estimates were also generally smaller at the school-
level than the class-level for teacher-reported SDQ outcomes. The school-level
ICC at baseline was largest for the conduct subscale (0.042), and at 12-month
follow-up it was largest for the emotional subscale (0.092). At the class level,
ICCs were largest for prosocial behaviour (0.206 and 0.148) and emotional (0.156
and 0.103) subscales.

Similar to the SDQ, the school-level variance components were smaller than at
the class level for pupil-reported bullying perpetration and bullying victimisation
(Table 6.7). School-level ICC estimates (ranging from 0.01 to 0.019) were also

smaller than class-level estimates (0.019 to 0.036).
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Table 6.6. KiVa study intra-cluster correlation coefficients (ICCs) for teacher-reported Strengths and Difficulties Questionnaire (SDQ)
outcomes at different time points

2

2

2

Outcome Measurement time (months)?! N os F: os P, P,
Total difficulties score 0 2832 1487 5.688 33.117 0.037 0.147
12 2652 3.220 4.790 35.245 0.075 0.120
Emotional symptoms subscale 0 2832 0.144 0.655 3.549 0.033 0.156
12 2652 0.403 0.411 3.574 0.092 0.103
Conduct problems subscale 0 2832 0.123 0.171 2.614 0.042 0.061
12 2652 0.178 0.152 2.876 0.055 0.050
Hyperactivity subscale 0 2832 0.045 0.728 7.736 0.005 0.086
12 2652 0.252 0.715 7.431 0.030 0.088
Peer problems subscale 0 2832 0.073 0.287 2.506 0.025 0.103
12 2652 0.115 0.217 2.489 0.041 0.080
Prosocial behaviour subscale 0 2832 0.057 1.123 4.330 0.010 0.206
12 2652 0.085 0.718 4.148 0.017 0.148

1 Time point at 12 months adjusted for trial arm status

: School-level component of variance
: Class-level component of variance

: Pupil-level component of variance

: School-level ICC

: Class-level ICC
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Table 6.7. KiVa study intra-cluster correlation coefficients (ICCs) for pupil-reported Olweus Bully/Victim Questionnaire (OBVQ) and
bullying outcomes (KiVa questionnaire) at different time points

2

2

2

Outcome Measurement time (months)?! N o? o2 o2 P, P,
Bullying victimisation 0 2876 0.002 0.006 0.183 0.012 0.034
(OBVQ) 12 2581 0.003 0.005 0.134 0.019 0.036
Bullying perpetration 0 2876 0.001 0.002 0.076 0.010 0.031
(OBVQ) 12 2581 0.001 0.002 0.076 0.010 0.031
Told school about being bullied 0 2876 0.001 0.002 0.108 0.013 0.019
(KiVa guestionnaire) 12 2581 0.001 0.002 0.073 0.009 0.032
Did not tell school about being bullied 0 2876 0.002 0.006 0.161 0.010 0.036
(KiVa questionnaire) 12 2581 0.002 0.003 0.115 0.018 0.029
Told home about being bullied 0 2876 0.001 0.004 0.133 0.006 0.032
(KiVa questionnaire) 12 2581 0.002 0.002 0.096 0.017 0.024

1 Time point at 12 months adjusted for trial arm status

o3

o¢

o¢

Pg

: School-level component of variance
: Class-level component of variance

: Pupil-level component of variance

: School-level ICC

p, - Class-level ICC
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6.5.3 PACES study

ICC estimates are reported for the parent- and pupil-reported Revised Child
Anxiety and Depression Scale (RCADS-30) outcomes in Table 6.8. ICC
estimates for the parent-reported Strengths and Difficulties Questionnaire (SDQ)
are reported in Table 6.9. The ICCs for pupil-reported bullying victimisation,

worry, self-esteem and life satisfaction are reported in Table 6.10.

Revised Child Anxiety and Depression Scale (RCADS-30)

Parent report

For the parent-reported RCADS-30 outcomes, the school-level and class-level
variance components were often very small (sometimes zero) for many
subscales, especially at the class level (Table 6.8). Generally, ICC estimates at
both school and class level were small (all under 0.05), but sometimes larger at
the school level than the class level. ICC estimates were zero at the class level
for Generalised Anxiety Disorder (GAD), panic disorder and obsessive-

compulsive disorder across all time points.
Pupil report

In comparison, pupil-reported RCADS-30 outcomes had smaller school-level
variance components than at the class level (Table 6.8). Similarly, to parent-
reported RCADS-30, the ICC estimates at both school and class level were small
(all under 0.05). However, for pupil-reported outcome, ICC estimates at the class
level were always larger than at the school level. The largest school-level ICC
estimate was for separation anxiety disorder subscale at 12-month follow-up
(0.026).

Strengths and Difficulties Questionnaire (SDQ)

For the parent-reported SDQ outcomes, there was no particular pattern in the
size of school-level and class-level variance components (Table 6.9). For many
of these outcomes the variance components at these levels was 0. In tandem
with this, ICC estimates were often 0 at both school and class level. The largest
ICC was 0.059 for the peer problems subscale at 6-month follow-up at the school-
level. Across the three time points, the largest school-level ICCs were for the peer

problems subscale (0.017 to 0.059), and the smallest were for the prosocial
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behaviour subscale (0 at all three time points). The largest class-level ICC
estimate (0.045) was for the conduct problems subscale at baseline. The class-
level ICCs for the prosocial behaviour subscale were zero across the three time

points.

Other pupil-reported outcomes

Across all pupil-reported outcomes, ICC estimates were generally larger at the
class-level compared to the school-level (Table 6.10). For pupil-reported bullying
victimisation, components of variance at both the school and class-level were
small (between 0.001 and 0.008 at both levels). ICC estimates for pupil-reported
bullying victimisation ranged from 0.005 to 0.051. For the pupil-reported worry
outcome, ICC estimates at school-level for the baseline and 6-months timepoints
were both 0. ICCs at both the class and school level were no larger than 0.02.
For pupil-reported self-esteem, ICC estimates had no clear pattern at both the
school and class-levels. For pupil-reported total life satisfaction, the school and
class-level ICC estimates were similar at 12-month timepoints (0.027 and 0.028,

respectively).
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Table 6.8. PACES study intra-cluster correlation coefficients (ICCs) for the Revised Child Anxiety and Depression Scale (RCADS-30) at

different time points

Outcome Measurement Parent report Pupil report
time (months)?

N ot et & p p N & @2 & p p

Total anxiety score 0 482 0 0 79.054 0 0 1281 0 9.662 227.314 0 0.041
6 426 0 0 71077 O 0 1274 0.544 9.336 228.518 0.002 0.039

12 406 0.986 0.458 61.231 0.016 0.007 1203 2.417 7.032 223.379 0.010 0.031

Low mood subscale 0 560 0.042 O 2401 0.017 O 1332 0.052 0.094 6.461 0.008 0.014
6 477 0 0.018 2472 0O 0007 1305 0 0.188 6.414 0 0.028

12 445 0 0.024 2.280 0 0.010 1250 0.089 0.191 6.410 0.013 0.029

Separation Anxiety 0 519 0 0.029 5.990 0 0.005 1330 0.106 0.292 10.577 0.010 0.027
Disorder subscale 6 448 0.103 0 4778 0.021 O 1308 0.217 0.354 8.946 0.023 0.038
12 432 0.068 0.189 4.077 0.016 0.044 1247 0.235 0.263 8.582 0.026 0.030

Social phobia subscale 0 558 0.055 O 7.502 0.007 O 1328 0 0.346 10.271 0 0.033
6 479 0 0.033 7.111 0 0.005 1307 0.151 0.248 10.988 0.014 0.022

12 441 0.150 O 6.303 0.023 0 1244 0.071 0.298 11.018 0.006 0.026

Generalised Anxiety 0 557 0 0 5.836 0 0 1328 0  0.496 13.593 0 0.035
Disorder subscale 6 477 0.052 O 4470 0.011 O 1305 0 0.521 12.956 0 0.039
12 444 0.092 0 4159 0.022 0 1242 0.022 0.489 12.710 0.002 0.037

Panic disorder subscale 0 550 0.005 0 1.377 0.004 0 1328 0 0.073 8.435 0 0.009
6 473 0 0 1.337 0 0 1305 0 0.164 8.568 0 0.019

12 443 0.007 O 0.898 0.007 O 1247 0.049 0.064 7.485 0.006 0.008

Obsessive-compulsive 0 559 0.008 0 2.095 0 0 1325 0 0.416 9.945 0 0.040
Disorder subscale 6 478 0 0 2.098 0.004 O 1307 0 0.279 10.315 0 0.026
12 444 0.011 O 1.891 0.006 O 1245 0 0.223 9.805 0 0.022

1 Time points at 6 and 12 months adjusted for trial arm status
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: School-level component of variance
: Class-level component of variance

: Pupil-level component of variance

: School-level ICC

: Class-level ICC
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Table 6.9. PACES study intra-cluster correlation coefficients (ICCs) for the parent-reported Strengths and Difficulties Questionnaire
(SDQ) outcomes at different time points

Outcome Measurement time (months)* N o2 o2 o2 P, P,
Total difficulties score 0 547 0.090 0.138 39.269 0.002 0.003
6 460 0 1.248 34.869 0 0.035
12 425 1.743 0 32.800 0.050 0
Emotional symptoms subscale 0 566 0 0 5.511 0 0
6 475 0 0.001 4.213 0 <0.001
12 439 0.119 0 3.663 0.032 0
Conduct problems subscale 0 563 0 0.139 2.949 0 0.045
6 473 0 0.060 2.522 0 0.023
12 441 0.015 0 2.330 0.006 0
Hyperactivity subscale 0 566 0 0 6.420 0 0
6 475 0 0.153 5.260 0 0.028
12 437 0.051 0 4.856  0.010 0
Peer problems subscale 0 561 0.093 0.028 3.189 0.028 0.037
6 475 0.212 0 3.459 0.059 0
12 438 0.058 0.039 3.280 0.017 0.012
Prosocial behaviour subscale 0 561 0 0 3.339 0 0
6 471 0 0 3.296 0 0
12 440 0 0 2.794 0 0

1 Time points at 6 and 12 months adjusted for trial arm status
a2 : School-level component of variance

0?2 : Class-level component of variance

a2 : Pupil-level component of variance

p, : School-level ICC

p, - Class-level ICC
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Table 6.10. PACES study intra-cluster correlation coefficients (ICCs) for pupil-reported outcomes at different time points

Outcome Measurement time (months)* N o? o2 o? P, P,
Bullying victimisation 0 1338 0.003 0.004 0.196 0.015 0.018
(Olweus Bully/Victim Questionnaire) 6 1316 0.006 0.002 0.187 0.031 0.011
12 1254 0.001 0.008 0.154 0.005 0.051
Worry 0 1310 0 0.360 67.391 0 0.005
(Penn Worry Scale) 6 1298 0 1.000 67.009 0 0.015
12 1230 0.694 1.314 65.922 0.010 0.020
Self-esteem 0 1295 0 1.334 29.467 0 0.043
(Rosenberg Self-Esteem Scale) 6 1285 0.834 0.489 34.333 0.023 0.014
12 1224 0431 1.645 34.080 0.012 0.046
Total life satisfaction 0 1333 0.328 0.821 37.111 0.009 0.022
(CHU9D) 6 1302 0.135 1.443 42.155 0.003 0.033
12 1241 1.114 1.108 38.341 0.027 0.028

1 Time points at 6 and 12 months adjusted for trial arm status
o2 : School-level component of variance

o2 : Class-level component of variance

o2 : Pupil-level component of variance

p, : School-level ICC

p, - Class-level ICC
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6.5.4. PROMISE study

The ICC estimates for the pupil-reported Revised Child Anxiety and Depression
Scale (RCADS-30) are reported in Table 6.11. ICCs for all other pupil-reported
outcomes from the PROMISE study are presented in Table 6.12.

Revised Child Anxiety and Depression Scale (RCADS-30)

For the RCADS-30 outcomes, the school-level variance components were
generally smaller than at the year group level, which, in turn, were generally
smaller than at the class level (Table 6.11). School-level ICCs were generally
below 0.01, the exception being for separation anxiety disorder at baseline
(0.014). Class-level ICCs ranged between 0.012 and 0.034 across all subscales.
The year group-level ICCs were generally smaller than the class-level ICCs, but
there were exceptions. The year group-level ICC estimates for the social phobia
subscale were over twice the size of the ICC estimates at the class level (for
example, 0.063 at year group level compared with 0.017 at class level for the

baseline assessment).

Other pupil-reported outcomes

ICC estimates for self-esteem were notably smaller at the school level compared
to the year group and class levels (Table 6.12). For pupil-reported personal failure
using Children’s Automatic Thoughts Scale (CATS), ICCs were largest at the
class level across all timepoints. There was no clear pattern in the size of ICC
estimates for school connectedness. ICCs were generally smallest at the school
level compared to the year-group and class levels for the short mood and feelings
guestionnaire (SMFQ). For outcomes reported using the SMFQ, ICC estimates
for a given level were similar to those seen for RCADS-30 depression subscale
(SMFQ ICCs ranged from 0.001 to 0.10 and for RCADS-30 depression subscale
ICCs ranged from 0O to 0.10) (Table 6.12).
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Table 6.11. PROMISE study intra-cluster correlation coefficients (ICCs) for the pupil-reported Revised Child Anxiety and Depression

Scale (RCADS-30) at different time points

Outcome Measurement time (months): N o? o? o’ o’ Py P, P,
Total anxiety score 0 4588 0.760 2.350 3.467 95.071 0.007 0.023 0.035
6 4395 0 3.093 2905 105.624 O 0.028 0.027
12 3948 0.720 3.219 3.303 108.924 0.006 0.028 0.029
Low mood subscale 0 4607 0.073 0.116 0.195 6.680 0.010 0.017 0.028
9 4416 0O 0.151 0.155 7.284 0 0.020 0.021
12 3954 0.039 0.154 0.209 7.493 0.005 0.020 0.027
Panic disorder subscale 0 4612 0.055 0.066 0.198 5.568 0.009 0.011 0.034
6 4422 0 0.082 0.093 6.727 0 0.012 0.014
12 3957 0.029 0.074 0.126 6.172 0.005 0.012 0.020
Social phobia subscale 0 4612 0 0.569 0.143 8.326 0 0.063 0.017
6 4420 0.015 0.657 0.219 8.675 0.002 0.069 0.025
12 3956 0.061 0.521 0.116 9.348 0.006 0.052 0.012
Generalised Anxiety Disorder 0 4616 0 0.115 0.160 6.992 0 0.016 0.022
subscale 6 4427 0.029 0.054 0.219 7.635 0.004 0.007 0.028
12 3958 0.061 0.107 0.158 7.693 0.008 0.013 0.020
Separation Anxiety Disorder 0 4616 0.041 0.005 0.057 2.806 0.014 0.002 0.020
subscale 6 4426 0.009 0.013 0.071 3.384 0.002 0.004 0.020
12 3958 0.023 0.032 0.075 3.332 0.007 0.009 0.022

1 Time points at 6 and 12 months adjusted for trial arm status
o2 : School-level component of variance

g - Year group-level component of variance

ot : Class-level component of variance

of : Pupil-level component of variance

p, - School-level ICC

Py Year group-level ICC

p, - Class-level ICC
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Table 6.12. PROMISE study intra-cluster correlation coefficients (ICCs) for pupil-reported outcomes at different time points

Outcome Measurement time (months)! N o2 o? o’ o2 Py P, P,
Self-esteem 0 4576 0.121 0.645 0.760 26.899 0.004 0.023 0.027
(Rosenberg self-esteem scale) 6 4392 0 0.533 0.452 30.528 0 0.017 0.015

12 3944 0 0.488 0.353 30.946 0 0.015 0.011
Personal failure 0 4596 0.420 0.419 1.127 46.767 0.009 0.009 0.024
(Children’s Automatic Thoughts Scale 6 4401 0.015 0.448 0.647 53.109 <0.001 0.008 0.012
(CATS) 12 3945 0.035 0.573 1.227 48.746 0.001 0.011 0.025
School connectedness (Psychological 0 4567 0.293 0.578 0.654 37.968 0.007 0.015 0.017
Sense of School Membership scale) 6 4367 0.699 0.489 0.682 41.364 0.016 0.011 0.016
(PSSM scales) 12 3913 0.709 0.531 0.807 42.220 0.016 0.012 0.019
Short moods and feelings 0 4784 0.238 0.320 0.740 22.149 0.010 0.014 0.032
guestionnaire (SMFQ) 6 4480 0.021 0.566 0.523 25.374 0.001 0.021 0.020

12 4140 0.119 0.379 0.683 24.618 0.005 0.015 0.027

1 Time points at 6 and 12 months adjusted for trial arm status
o2 : School-level component of variance

crgz : Year group-level component of variance

o2 : Class-level component of variance

o?2 : Pupil-level component of variance

p, - School-level ICC

Py Year group-level ICC

p, - Class-level ICC
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6.5.4 MYRIAD study

The ICC estimates for pupil- and teacher-reported Strengths and Difficulties
Questionnaire (SDQ) are reported in Table 6.13. ICC estimates for the pupil- and
teacher-reported Behaviour Rating Inventory of Executive Function, Second
Edition (BRIEF-2) are reported in Table 6.14. ICCs for pupil-reported Revised
Child Anxiety and Depression Scale (RCADS-30) outcomes are reported in Table
6.15. Table 6.16 reports ICC estimates of pupil-reported Centre for Epidemiologic
Studies for Depression Scale, Warwick-Edinburgh Mental Well-being Scale,
Child and Adolescent Mindfulness Measure, suicide ideation and self-harm
outcomes. Lastly, ICC estimates for pupil-reported school climate and
connectedness survey (SCCS) outcomes are reported in Table 6.17.

Ninety-five percent confidence intervals were narrow for all school-level ICC

estimates demonstrating good precision (Appendix 12).

Strengths and Difficulties Questionnaire (SDQ)

For the pupil-reported SDQ outcomes, the components of variance and the ICC
estimates were generally larger at school than at class level (Table 6.13). The
ICCs were generally similar across subscales (ranging from 0.011 to 0.022 at the
school level and from <0.001 to 0.021 at the class level). School-level ICCs were

mostly larger than class-level estimates.

The ICC estimates for the teacher-reported SDQ outcomes were considerably
larger than for pupil-reported SDQ outcomes (Table 6.13). For example, class-
level ICCs for teacher-reported SDQ outcomes ranged from 0.077 to 0.197
compared to <0.001 to 0.021 for pupil-reported SDQ outcomes across the same
time points. This is expected as there is only one teacher reporting on all pupils
in their class and teachers will differ in their general tendency to give higher or
lower scores (Table 6.13). Class-level variation partly reflects variation across
teachers. School-level variance components were smaller than at the class level

for all teacher-reported SDQ subscales.

Behaviour Rating Inventory of Executive Function, Second Edition (BRIEF-2)

For pupil-reported executive functioning, quantified by the BRIEF-2, ICC
estimates were markedly larger than other pupil-reported measures (ICCs ranged

from 0.058 to 0.090 at the school level and ranged from 0.042 to 0.103 at the
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class level) (Table 6.14). Large ICC estimates were also noted for the teacher-
reported BRIEF-2 (larger than the pupil-reported BRIEF-2), but the difference

between BRIEF-2 and other teacher-reported outcomes was less marked.

Pupil-reported Revised Child Anxiety and Depression Scale (RCADS-30)

outcomes

For pupil-reported RCADS-30 outcomes, ICC estimates were larger at the
school-level than the class-level (Table 6.15). School-level ICC estimates ranged
from 0.016 to 0.04, while class-level ICCs ranged from 0 to 0.02. The largest
school- and class-level ICCs were for the Social Anxiety subscale.

Pupil-reported Centre for Epidemiologic Studies for Depression Scale (CES-D),
Warwick-Edinburgh Mental Well-being Scale (WEMWBS), Child and Adolescent
Mindfulness Measure (CAMM), suicide ideation and self-harm outcomes

School- and class-level ICC estimates for pupil-reported CES-D and WEMWBS
were of similar size to those for the pupil-reported SDQ and RCADS-30 (Table
6.16). At the school level, ICCs for CES-D ranged from 0.016 to 0.023, for
WEMWEBS ranged from 0.015 to 0.019, for RCADS-30 ranged from 0.016 to
0.040, and for SDQ ranged from 0.011 to 0.022.

ICCs at both the school and class level were of similar magnitude, particularly for
suicide ideation and self-harm. School-level ICC estimates ranged from 0.019 to
0.024 for CAMM, 0.011 to 0.013 for suicide ideation, and 0.005 to 0.011 for self-

harm.

Pupil-reported school climate and connectedness survey (SCCS)

ICCs for the pupil-reported SCCS outcomes were generally larger than those for
other pupil-reported outcomes, particularly at the school level (Table 6.17). For
example, school level ICCs for SCCS ranged from 0.029 to 0.064 compared with

0.011 to 0.022 for the SDQ outcomes across the same time points.
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Table 6.13. MYRIAD study intra-cluster correlation coefficients (ICCs) for pupil- and teacher-reported Strengths and Difficulties
Questionnaire outcomes at different time points

Outcome Measurement time Pupil report Teacher report
(months)?!

N &t @& & p  op N ot & @ p p

Total difficulties score 0 8252 1.051 0.666 40.010 0.025 0.016
12 8042 0.941 0.492 42545 0.021 0.011 5873 1.820 5561 28.343 0.051 0.164
19 7542 0.933 0.933 45.043 0.020 0.021 5522 1918 6.610 26.967 0.054 0.197
24 7905 0.792 0.792 45289 0.017 0.008 4477 2523 5.195 26.077 0.075 0.166

Emotional symptoms 0 8254 0.117 0.050 6.378 0.018 0.008
Subscale 12 8042 0.156 0.003 6.937 0.022 <0.001 5873 0.234 0.486 3.247 0.059 0.130
19 7542 0.164 0.094 7.213 0.022 0.013 5522 0.156 0.605 2.882 0.043 0.173
24 7226 0.146 0.013 7.162 0.020 0.002 4477 0.181 0.523 2.818 0.051 0.157

Conduct difficulties 0 8253 0.078 0.052 3.456 0.022 0.015
subscale 12 8042 0.061 0.029 3.543 0.017 0.008 5873 0.072 0.257 2.152 0.029 0.107
19 7542 0.057 0.070 3.872 0.014 0.018 5522 0.032 0.321 2.249 0.043 0.125
24 7226 0.044 0.062 3.850 0.011 0.016 4477 0.071 0.173 2.073 0.031 0.077

Hyperactivity 0 8253 0.128 0.044 5.795 0.021 0.008
subscale 12 8042 0.087 0.049 6.174 0.014 0.008 5873 0.163 0.725 6.105 0.023 0.106
19 7542 0.100 0.092 6.395 0.015 0.014 5522 0.341 0.727 6.132 0.047 0.106
24 7225 0.089 0.047 6.479 0.013 0.007 4477 0.374 0.630 5.749 0.055 0.099

Peer problems 0 8253 0.050 0.026 3.304 0.015 0.008
subscale 12 8042 0.060 0.024 3.435 0.017 0.007 5873 0.087 0.375 2.614 0.028 0.125
19 7542 0.047 0.046 3.618 0.013 0.013 5522 0.087 0.453 2.334 0.020 0.163
24 7225 0.056 0.011 3.563 0.015 0.003 4477 0.121 0.411 2.277 0.043 0.153

Prosocial behaviour 0 8254 0.041 0.068 3.158 0.012 0.021
subscale 12 8042 0.067 0.045 3.341 0.019 0.013 5873 0.176 1.200 5.280 0.026 0.185
19 7542 0.076 0.047 3.667 0.020 0.013 5522 0.266 1.177 5.358 0.039 0.180
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Outcome Measurement time Pupil report Teacher report
(months)?!
N @ et et p g N @2 @ & p p
24 7226 0.087 0.034 3.901 0.022 0.009 4477 0.619 0.933 5.147 0.092 0.154

1 Time points at 12, 19 and 24 months adjusted for trial arm status
o2 : School-level component of variance

o2 : Class-level component of variance

o2 : Pupil-level component of variance

p, : School-level ICC

p, - Class-level ICC
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Table 6.14. MYRIAD study intra-cluster correlation coefficients (ICCs) for pupil- and teacher-reported Behaviour Rating Inventory of
Executive Function, Second Edition (BRIEF-2) outcomes at different time points

Outcome Measurement time Pupil report Teacher report
(months)?!
N e e oi p 2 N o3 o? o’ o P,
BRIEF-2 12 7121 0.025 0.015 0.234 0.090 0.062 5898 26.419 97.887 491.598 0.043 0.166
19 7022 0.018 0.027 0.235 0.065 0.103 5534 61.127 107.378 456.745 0.098 0.190
24 6878 0.010 0.007 0.153 0.058 0.042 4479 57.848 85.448 426.158 0.102 0.167

1 Time points at 12, 19 and 24 months adjusted for trial arm status

: School-level component of variance
: Class-level component of variance

: Pupil-level component of variance

: School-level ICC

: Class-level ICC
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Table 6.15. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported Revised Child Anxiety and Depression Scale
(RCADS-30) outcomes at different time points

Outcome Measurement time (months)?! N o2 o? o2 p, P,
Total anxiety score 12 7585 12.347 0 387.102 0.031 0
19 7175 12.837 5.484 433.151 0.028 0.013
24 6987 13.237 1.623 449.604 0.028 0.004
Separation Anxiety Disorder subscale 12 7599 0.239 0.037 11.072 0.021 0.003
19 7184 0.233 0.105 12.119 0.019 0.009
24 6996 0.205 0 12.283 0.016 0
Generalised Anxiety Disorder subscale 12 7619 0.539 0.083 17.545 0.030 0.005
19 7196 0.526 0.193 18.723 0.027 0.010
24 7002 0501 0.179 18.758 0.026 0.009
Panic Disorder subscale 12 7587 0.571 0 29.551 0.019 0
19 7176 0.728 0.280 34.844 0.020 0.008
24 6989 0.858 0.169 35.821 0.023 0.005
Social Anxiety subscale 12 7603 1504 0.240 39.661 0.036 0.006
19 7186 1.800 0.854 42.565 0.040 0.020
24 6998 1530 0.470 44,571 0.033 0.010
Obsessive Compulsive Disorder subscale 12 7606  0.219 N/A 12.752 0.017 N/A
19 7191 0.251 0.115 13.872 0.018 0.008
24 7001 0.246 0.017 13.993 0.017 0.001

1 Time points at 12, 19 and 24 months adjusted for trial arm status
o¢ : School-level component of variance

ot : Class-level component of variance

of : Pupil-level component of variance

p, - School-level ICC

p, : Class-level ICC
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Table 6.16. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported Centre for Epidemiologic Studies for
Depression Scale, Warwick-Edinburgh Mental Well-being Scale, Child and Adolescent Mindfulness Measure, suicide ideation and self-

harm outcomes at different time points

Outcome Measurement time N o2 o? o2 Py P,
(months)?!
Centre for Epidemiologic Studies for Depression Scale 0 8370 1.518 0.932 95.276 0.016 0.010
(CES-D) 12 8054 2.862 1.173 118.292 0.023 0.010
19 7561 2.570 2.662 131.886 0.019 0.020
24 7238 2.660 2.084 136.147 0.019 0.015
Warwick-Edinburgh Mental Well-being Scale 0 8333 1.454 1917 91.341 0.015 0.021
(WEMWBS) 12 8058 1.559 1535 78.882 0.019 0.019
19 7572 1549 1.640 86.517 0.017 0.019
24 7244 1541 1.364 93.362 0.016 0.014
Child and Adolescent Mindfulness Measure (CAMM) 12 7924 1.175 0.314 60.508 0.019 0.005
19 7472 1.626 1.064 65.942 0.024 0.016
24 7171 1483 0.678 71.924 0.020 0.009
Suicide ideation 12 6698 0.002 0.002 0.151 0.011 0.011
19 6497 0.002 0.002 0.170 0.013 0.013
24 6322 0.002 0.002 0.176 0.012 0.010
Self-harm 12 7232 <0.001 <0.001 0.075 0.006 0.005
19 6820 0.001 0.001 0.093 0.011 0.011
24 6598 0.001 0.002 0.101 0.005 0.017

1 Time points at 12, 19 and 24 months adjusted for trial arm status
a2 : School-level component of variance

0?2 : Class-level component of variance

o2 : Pupil-level component of variance

p, : School-level ICC

p, - Class-level ICC
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Table 6.17. MYRIAD study intra-cluster correlation coefficients (ICCs) for the pupil-reported School Climate and Connectedness Survey

(SCCS) outcomes at different time points

Outcome Measurement time N o s F P o
(months)*
Total score 12 7805 0.021 0.017 0.458 0.042 0.036
19 7332 0.020 0.013 0.490 0.039 0.026
24 7087 0.016 0.010 0.495 0.032 0.019
School leadership and student involvement subscale 12 7843 0.036 0.030 0.677 0.048 0.042
19 7355 0.053 0.021 0.759 0.064 0.026
24 7117 0.051 0.021 0.772 0.060 0.027
Respectful climate subscale 12 7838 0.034 0.021 0.625 0.050 0.033
19 7346 0.032 0.015 0.664 0.045 0.022
24 7109 0.022 0.012 0.677 0.031 0.017
Peer climate subscale 12 7826 0.038 0.013 0.576 0.060 0.023
19 7343 0.038 0.012 0.601 0.059 0.019
24 7104 0.031 0.010 0.589 0.049 0.016
Caring adults subscale 12 7812 0.027 0.012 0.722 0.035 0.016
19 7337 0.027 0.017 0.803 0.032 0.021
24 7094 0.026 0.004 0.844 0.029 0.005

1 Time points at 12, 19 and 24 months adjusted for trial arm status
o¢ : School-level component of variance

ot : Class-level component of variance

of : Pupil-level component of variance

p, - School-level ICC

p, : Class-level ICC
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6.5.6 Comparison across studies

Teacher-reported Strenqgths and Difficulties Questionnaire (SDQ)

ICC estimates for the teacher-reported SDQ outcomes were obtained from the
STARS, KiVa and MYRIAD datasets. It is difficult to draw comparisons across
STARS and the other two studies as the school-level ICC for STARS combines
school-level and class-level variation as only one class was sub-sampled from
each school. When comparing KiVa (primary schools) with MYRIAD (secondary
schools), the median school- and class-level ICC estimates were smaller in KiVa
(0.00315 and 0.103, respectively) than MYRIAD (0.043 and 0.1535,
respectively). In both studies, the smallest ICCs were for the hyperactivity and
conduct problems subscales and ICCs were generally largest for the prosocial

behaviour subscale.

Parent-reported Strengths and Difficulties Questionnaire (SDQ)

School-level ICC estimates were obtained from STARS and PACES (both studies
recruited primary schools in South West England) for the parent-reported SDQ,
although it should be noted that these two studies have a different cluster
structure (i.e., in STARS the school-level ICC estimate incorporates school-level
and class-level variation as only one class was sampled in each school). Almost
all ICC estimates were smaller in PACES compared with STARS. For example,
in PACES, only the peer problems subscale had an ICC estimate greater than O
at baseline, compared with STARS where the ICC estimate at baseline ranged
from O to 0.025. The smallest ICCs for both studies were for the prosocial

behaviour subscale.

Pupil-reported bullying victimisation (Olweus Bully/Victim Questionnaire)

The KiVa and PACES studies (both undertaken in primary schools) measured
bullying victimisation, reported by pupils. School-, class- and pupil-level
components of variance were similar in PACES and KiVa. For example, at
baseline, the variance component was 0.003 at the school level, 0.004 at the
class level and 0.196 at the pupil level in PACES compared with 0.002 at the

school level, 0.006 at the class level and 0.183 at the pupil level in KiVa).

Pupil-reported school climate and connectedness
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Despite the studies using different measures, STARS (primary schools), MYRIAD
(secondary schools) and PROMISE (secondary schools) all measured school
climate and connectedness. Again, it is difficult to use STARS as a comparison
as the school-level ICC estimate combines school-level and class-level variation.
At the school level, ICC estimates were smaller in PROMISE (range 0.011 to
0.015) than MYRIAD (range 0.029 to 0.064), although it should be noted that
PROMISE measured school connectedness while MYRIAD measured school
climate subscale. The difference between studies might be partially explained by
the fact that MYRIAD recruited schools from all over the United Kingdom, in
contrast to PROMISE which recruited schools from just two regions in England
(East Midlands and South West of England). Greater variation across schools

might, therefore, be expected in the MYRIAD study.

Pupil-reported self-esteem (Rosenberg self-esteem scale)

The PACES (primary) and PROMISE (secondary) studies both used the
Rosenberg self-esteem scale. Although, generally, ICCs were similar between
the studies, the class-level ICC estimates were slightly larger in PACES than in
PROMISE at the same time points. For example, at baseline, the class-level ICC
was 0.043 in PACES compared with 0.027 in PROMISE.

Pupil-reported Revised Child Anxiety and Depression Scale (RCADS-30)

PACES (primary schools), PROMISE (secondary schools) and MYRIAD
(secondary schools) all administered the pupil-reported RCADS-30. The median
school-level ICC was smaller in PACES (0.002) and PROMISE (0.005) than
MYRIAD (0.0245). The median class-level ICC was smallest in MYRIAD (0.006)
compared with PACES (0.029) and PROMISE (0.022). In PACES and PROMISE
the school-level variance component was smaller than the class-level

component, but the opposite was seen in MYRIAD.
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6.6 Discussion

This secondary data analysis estimated and explored patterns in the components
of variance and ICCs from five UK school-based CRTs of interventions for
improving social emotional functioning outcomes on pupils. One of the features
explored was the difference in ICC estimates across reporters. Commonly, class-
level ICCs for outcomes where the same teacher reported for all pupils in a given
class, were larger than when the same outcomes were reported by parents or
pupils. This was also the case at the school-level where ICCs reported by
teachers were larger than those reported by parents. Similar findings were also
seen in another primary school-based CRT in Northern Ireland where one class
participated from each school and the class teacher reported outcomes for all
children in their class [153], with ICCs for teacher-reported SDQ outcomes being
of a similar size to the STARS study. These findings suggest that if the same
person reports for all members of the cluster then ICCs are generally larger than
if the individual pupil is reporting or if there are multiple outcome reporters in the
cluster. Also, the within-cluster components of variance were smaller for teacher-
reported outcomes compared with pupil- or parent-reported outcomes, but the
between components were larger, suggesting there is less variation within
clusters for teacher-reported outcomes. This may be because the same teacher
will have a tendency to give similar ratings for all children in their given class. The
variation may also be explained by the nature of the relationship with the pupil
which differs clearly for parents versus teachers [320], which may cause teachers
to rate pupils differently to parents. For some outcomes, the sample sizes varied
between outcome reporters. For example, the sample size in PACES was larger
for pupil report than parent report, due to missing data on the latter. This may
account for the difference in the size of the ICCs between pupil- and parent-
reported outcomes. Futhermore, even for the same outcome, different reporters
will have different prespectives of how they subjectively rate an particular
outcome, therefore the ICC would be expected to be different; Previous work has

shown that there is substantial variation across outcome reporters [321].

In order to demonstrate how the ICC from different outcome reporters would
affect the sample size estimate for a CRT, an example is provided. Using the

targetted mean cluster size (19 pupils) from the sample size calculation in the
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STARS study [161], and the ICC estimates for teacher- and parent-reported
outcomes at baseline for the Total Difficulties Score from the SDQ from STARS
(0.120 and 0.026, respectively), would result in a design effect of 3.16 for the
teacher-reported ICC, and 1.47 for the parent-reported ICC. This would result in
over twice as many individuals being required for a study where the ICC for
teacher-reported SDQ was used compared to if the parent-reported SDQ was

used.

Notable patterns were observed for the Strengths and Difficulties Questionnaire
(SDQ) across studies. Teacher-reported ICC estimates for the SDQ at both the
school and class levels were similar between KiVa and MYRIAD. ICCs were
generally lower for the teacher-reported SDQ conduct and hyperactivity
subscales compared to the other subscales. The Pupil Behaviour Questionnaire
(PBQ) [301], which obtains teacher report on pupil conduct, had a similar ICC to
the SDQ conduct subscale. The lower ICC for teacher report of pupil conduct may
be due to there being less variation across teachers regarding their awareness
of conduct and hyperactivity problems than there is for their awareness of
emotional difficulties, peer problems and prosocial behaviour [322]. All teachers
may be aware and concerned with challenging behaviours within schools and
rate the presence of these behaviours more similarly than the other SDQ
subscales. Schools have behavioural policies which may provide more
“guidance” on how to handle conduct problems compared with other aspects of
behaviour [323]. For studies that had teacher-reported SDQ outcomes, ICCs
were generally largest for the prosocial behaviour subscale. This observation
may be due to greater variation in the ability of teachers to recognise prosocial
behaviour, and the fact that many of the aspects of it (e.g., helping, sharing,
consoling and comforting) are exhibited more frequently outside of the
classroom/learning environment where the teacher may not observe them [320].
Behaviours that are more difficult to observe and measure may be more
susceptible to variation across teachers resulting in larger ICC estimates for these

outcomes [320].

The ICC estimates varied greatly across studies, similar to the results from

previous summarises [69, 123, 259], further highlighting the heterogeneity in the

ICC from school-based CRTs. There were some consistencies in the size of ICCs

with other studies that have collated ICCs. For example, a study in the US by
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Dong and colleagues found that school-level ICCs for teacher-reported for
prosocial behaviour measured by the Teacher Observation of Classroom
Adaption - Checklist (TOCA-C) ranged from 0.29 to 0.54, while all other teacher-
reported social emotional functioning outcomes had school-level ICCs ranging
from 0.03 to 0.23 [69]. The findings are consistent with the observations in the
current secondary data analysis in this chapter that suggest that ICCs for teacher-
reported prosocial behaviour outcomes are generally larger than other teacher-

reported social emotional functioning outcomes.

Hale and colleagues, using three large UK datasets, found that school-level ICCs
for pupil-reported bullying victimisation ranged from 0.01 to 0.09 [259], while
bullying victimisation outcomes from KiVa and PACES ranged from 0.005 to
0.031. Furthermore, the same study by Hale and colleagues found school-level
ICCs for the pupil-reported SDQ ranged from 0.01 to 0.04 [259]. Data from the
MYRIAD study suggested that school-level ICCs for the pupil-reported SDQ
ranged from 0.011 to 0.022.

Shackleton and colleges reporting survey findings from 21 European countries
found that school-level ICCs for pupil-reported depressive mood ranged from
0.01 to 0.07 [71]. The school-level ICCs for pupil-reported RCADS-30 (measures
symptoms of anxiety and low mood) in MYRIAD, PACES and PROMISE ranged
from 0 to 0.04. School-level ICCs were larger for pupil-reported self-esteem which
ranged from 0.01 to 0.08 in the paper by Shackleton and collegaues [71]
compared with PACES and PROMISE where school-level ICCs ranged from O to
0.023.

Findings from the results of the study presented in Chapter 5 also suggest
differences in the ICC across studies, with estimates for social emotional
functioning ranging from 0.018 to 0.217 [123]. Of the studies undertaken in the
United Kingdom [117], school-level ICC estimates for social emotional functioning
outcomes ranged from 0.012 to 0.121, which are again of a similar magnitude to
that seen in this chapter.

Few outcomes showed stability or consistent patterns in the change in ICC
estimates over time. This may partially be a result of the change in sample size
due to drop-out. However, there were exceptions. For example, in the STARS
study, the ICC for pupil-rated 'How | Feel About My School' (HIFAMS) increased
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over time (0.052 at baseline to 0.111 at 30-months). In KiVa, all school-level ICCs
for the teacher-rated SDQ increased between baseline and 12 months (for
example, the ICC for the total difficulties score increased from 0.037 to 0.075).
ICC estimates may increase or decrease over time as the intervention may

increase or reduce variability in the outcome across clusters.

Generally, components of variance and ICCs were larger at lower levels of
clustering. For example, in the PROMISE study the ICCs at class level were
larger than the ICCs at year group level, which in turn were larger than the ICCs
at school level. Previous reports also suggest that the ICC will generally be larger
when the natural cluster size is smaller [101, 261]. A notable exception in the
current secondary analysis was the finding in the MYRIAD study that school-level
ICCs were often larger than class-level ICCs for pupil-reported mental health
outcomes (SDQ and RCADS). Not only did MYRIAD recruit the largest number
of schools, but it was the only study that recruited schools from across the UK
and included both state-maintained and independent school types; these aspects
may explain why the school-level ICC was greater. On the other hand, the finding
in MYRIAD may also be partially explained by a dominant school-level culture
[324]. This stronger influence of school-level culture over class-level culture may
be a particular feature in secondary schools as the pupils mix more across
different classes. MYRIAD was undertaken in secondary schools while KivVa and
PACES took place in the primary school setting, although PROMISE, which was
undertaken in secondary schools, did not mirror the MYRIAD findings. In UK
secondary schools, pupils may interact less within the same class as the
membership of classes depends on academic attainment and subject choices. In
contrast, for most primary schools, all lessons are delivered to classes of fixed
membership. A higher school-level ICC for a given outcome might indicate that
there is greater potential for a school-level intervention based on existing
knowledge to improve the outcome [71]; the idea being that there is variation in
the extent to which schools implement policies and existing guidance that are

known to be good practice.

The findings in this study illustrate the fact that the number of classes sub-
sampled in each school in a CRT can have an impact on the school-level ICC, if
intermediate-level clustering is not incorporated in the analysis model. In STARS,
where only one class was sampled from each school, the school-level ICC
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estimates reported by the class teacher were large compared to the KiVa and
MYRIAD studies. Large teacher-reported ICCs were also noted in another
school-based CRT measuring social emotional functioning outcomes on pupils
that sampled one class per school [153]. This may be explained by the fact that,
in studies like STARS, the variation at school level cannot be separated from the
variation at the class level. Comparison between STARS and KiVa, the latter
study including pupils from more than one class from each school enabling the
school- and class-level variance components to be separately estimated,
revealed that the school-level ICCs for the teacher-reported SDQ in KiVa were
markedly smaller than those in STARS which were of a similar size to the class-
level ICCs from KiVa. On this basis, the school-level ICCs from the STARS study
are best interpreted as class-level ICCs. This work highlights the importance of
knowing the sampling approach used at each level of clustering in the study from

which an ICC is calculated.

Despite using different measures, STARS, MYRIAD and PROMISE all included
pupil-reported school climate and connectedness. Particularly in MYRIAD, ICC
estimates for school climate outcomes were markedly larger than those for pupil-
reported mental health outcomes. School-level ICCs for pupil-reported school
climate ranged 0.029 to 0.064, compared with school-level ICCs for all other
outcomes ranging from 0.005 to 0.04. A previous study by Bradshaw and
colleagues in the US also noted that school-level ICCs ranged from 0.04 to 0.1
for the school climate outcomes [325]. The ICCs in MYRIAD for both pupil-
reported and teacher-reported executive functioning (using the BRIEF-2) were
also noticeably larger (ranging from 0.058 to 0.09 for pupil-reported executive
functioning) than for reports of pupil mental health. Compared to mental health
outcomes, school climate, school connectedness and executive functioning might
be considered to be more directly impacted by the school environment [296],
which may explain why the ICCs for such outcomes are larger than mental health

outcomes.

6.7 Strengths and limitations

There are several strengths to the secondary data analysis. The ICCs were
estimated using data from CRTs and, therefore, might be generalisable to future

studies as the schools and participants are more likely to be representative of
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those that take part in trials [3](p177). The studies included in the analysis were
also undertaken relatively recently which means ICC estimates are likely to be
relevant. A range of social emotional functioning outcomes were analysed
meaning the findings from this work will be useful to many future trials.
Furthermore, the settings of the studies span different UK regions and both
primary and secondary school settings. Three of the five studies, however, drew
their samples from the South West of England only, which may have resulted in
underestimates of the school-level ICC relative to that in the UK as a whole.
Conversely, they may provide relevant ICC estimates for planning trials that are

to be undertaken in a single region or area of the country.

A key limitation is that it was only possible to include in this secondary analysis
the five studies for which access to the data were available. Knowledge from
other school-based CRTs with social emotional functioning outcomes [146, 150,
153, 157, 173, 198, 200, 294] would further enrich knowledge of the patterns in
the ICC. Future research should aim to expand and replicate this work with
additional datasets.

Another limitation is that all datasets were from UK studies which, whilst providing
focussed and rich data in a specific setting, potentially limits the applicability of
the findings internationally, especially to countries with different educational
systems. However, the work in Chapter 5 revealed little evidence of marked
differences in the size of the ICCs across world regions. The majority of ICCs fell
within the range of ICCs (0 to 0.217) collated for social emotional functioning
outcomes in Chapter 5 [123].

6.8 Implications

There are several implications from this study. First, researchers need to consider
the design features and contexts of the studies from which they obtain ICC
estimates for use in the sample size calculations for new studies. This chapter
has provided empirical evidence of how sub-sampling one class from each school
cluster can markedly increase the size of the observed school-level ICCs. If an
ICC from this scenario was used to calculate the sample size for a study that
includes a greater number of classes per school cluster, this may result in an
overestimate of the number of pupils required. Researchers should consider this

aspect when using previous estimates of the school-level ICC to calculate sample
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size for future CRTSs, but should also, when reporting their own ICC estimates,
provide information on the size of the components of variance at all levels and

describe the sampling approach used to recruit clusters at all levels.

Second, the individual reporting the outcome (i.e., pupil, parent or teacher) may
have a marked impact on the size of the ICC. Particularly if all the pupil outcomes
in any given class are reported by the same teacher, this by itself may lead to a
larger ICCs as teachers will vary in the tendency to give low or high scores. This
needs to be taken into consideration when specifying the ICC for sample size
calculations in school-based CRTSs.

6.9 Conclusions

The findings indicate that researchers need to take into consideration multiple
factors when deciding on the ICC to assume in their sample size calculation for
school-based CRTs measuring social emotional functioning outcomes on pupils.
Generally, the class-level component of variance and ICC were larger than at the
school-level. Class-level ICCs for teacher-reported outcomes where the same
teacher reports on all pupils from a given class were larger than ICCs when the
same outcomes were reported by the parents or pupils. The ICC values fluctuated
across the timepoints for each study, with few outcomes showing consistent
patterns in change in ICCs over time. ICCs for school climate, connectedness
and executive functioning were generally larger than for mental health outcomes.
More work needs to be undertaken to see if these patterns are consistent for
other social emotional functioning outcomes and in educational settings in other

countries.

6.10 Chapter summary

This chapter presented findings from a secondary data analysis calculating and
investigating patterns in components of variance and ICCs from five UK school-
based CRTs evaluating interventions for improving the social emotional
functioning of pupils. The chapter adds to the knowledge gained about patterns
in ICCs presented in Chapter 5. Chapter 7 discusses the findings and implications

of this thesis as a whole and outlines areas of potential future work.
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Chapter 7: Discussion

This closing chapter discusses the findings from the original research studies
presented in Chapters 3 to 6, outlining how they add to the knowledge base of
school-based cluster randomised trials (CRTs) of interventions for improving
health outcomes on school pupils. The strengths and limitations are then
discussed, followed by the implications of the findings for the design of future
studies. Finally, the chapter outlines potential areas for future research in the
field.

7.1 Chapter summary and contribution to knowledge

The original research in this thesis is comprised of systematic reviews of definitive
(Chapter 3) and feasibility (Chapter 4) school-based CRTs measuring pupil
health outcomes in the UK, a summary of ICC estimates from school-based CRTs
worldwide (Chapter 5), and a secondary analysis of raw data from five UK school-
based CRTs to estimate the ICCs and components of variance for social
emotional functioning outcomes (Chapter 6). This section summarises the
findings and discusses the contributions to knowledge made by the four studies
(Chapters 3 to 6) and the thesis as a whole. This will focus specifically on two
main areas: First, knowledge of the methodological characteristics of school-
based CRTs measuring health outcomes on pupils and, second, knowledge of
the ICC in such studies.

7.1.1 Summary and contribution to knowledge of methodological
characteristics and design features of school-based cluster

randomised trials measuring pupil health outcomes

Findings from the studies in Chapters 3 and 4 of the thesis contribute knowledge
to the literature on methodological characteristics and challenges of undertaking
school-based CRTs in the UK. The finding that the rate of publication of school-
based CRTs evaluating interventions for improving health outcomes on pupils in
the UK is increasing was also observed worldwide, when collating estimates of
the ICC (Chapter 5). This builds on knowledge from the 2011 systematic review
examining CRTs in children [53], which found an increase in the use of the CRT

design in schools. Given the growing use of CRTs for evaluating the effect of
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interventions on pupil health outcomes, describing the current methodological
practices of school-based CRTs, as done in Chapters 3 and 4, is highly beneficial

to future researchers as it highlights areas where improvements can be made.

The findings from the systematic reviews highlight room for improvement in the
quality of reporting of CRT-specific elements in published articles. In the
systematic review of definitive CRTs, 78% of studies reported accounted for
clustering in their sample size calculation. This is an improvement from the
previous review in 2011 by Walleser and colleagues of CRTs in children [53]
which found that 59% of included studies reported how clustering was accounted
for in the sample size calculation. The improvement may reflect the impact of the
CONSORT-CRT extension published in 2012 [57]. Despite this, other elements
were poorly reported. Of the studies included in the systematic reviews reported
in Chapters 3 and 4, only 27% and 21%, respectively, provided the rationale for
the use of the CRT design. This was slightly lower than the 32% of studies that
provided the rationale in the Walleser review [53]. Only 3 of the 24 feasibility
studies reported undertaking a formal sample size calculation, with only one of
these allowing for clustering. Although there is no comparable review for school-
based feasibility CRTs, a systematic review of feasibility CRTs in primary care
found that only 17% allowed for clustering in their sample size calculation [221].
Low quality of reporting quality has been noted for CRTs [214, 221].

The findings in this thesis emphasise the need for better reporting of ICCs in order
to inform sample size calculations for future school-based CRTs with pupil health
outcomes. This was illustrated in the systematic review of definitive CRTs in the
UK, where the assumed ICC for the primary outcome was often markedly
different from the ICC estimated from the study data. This is consistent with
findings in the wider CRT literature [209]. This may indicate lack of availability of
relevant and precise estimates of the ICC at the time of sample size calculation.
In the systematic review of definitive CRTs, 45% of studies reported the ICC for
the primary outcome, with the figure rising to 55% (18/33) for studies published
after the 2012 CONSORT-CRT extension [57]. The need for better reporting of
the ICC has been stated by previous systematic reviews of CRTSs, in children [53]
and in primary care settings [112]. A review of CRTs in primary care found that
only 44% of studies reported the ICC for the primary outcome [112]. Similarly,
Walleser and colleagues’ systematic review of CRTs in children found that only
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37% reported this information [53]. This demonstrates that there may still not be
sufficient information to inform sample size calculations, in school-based CRTs

and in other settings.

Eighty percent of definitive and 54% of feasibility school-based CRTs in the UK
used some form of restricted randomisation to balance cluster-level
characteristics across the trial arms. The use of restricted randomisation is in line
with recommendations [4, 6, 213]. Of the definitive CRTs that used restricted
allocation in Chapter 3, 61% balanced the randomisation on the percentage of
children who are eligible for free school meals, which is readily available
information provided by the UK Department for Education [215]. Only 18% of
studies that used restricted randomisation justified their choice of balancing
factors. The best candidates for balancing randomisation are school-level
characteristics that are predictive of the study outcomes, account for between-

cluster variation, or influence effectiveness of the intervention [3, 216].

In the systematic review of definitive CRTs in the UK, only 6% of studies reported
allowing for loss to follow-up of clusters in their sample size calculation. This is
less than a previous review in primary care that found 38% of studies reported
allowing for loss to follow-up of entire clusters in their sample size calculation
[209]. It is surprising that so few allowed for loss of clusters in their sample size
calculation given that almost half (48%) of studies in Chapter 3 reported losing at
least one cluster to follow-up. The problem of missing data resulting from entire
school drop-out was also discussed by authors of studies included in the
systematic review [162, 199, 204]. The findings from Chapter 3 were better than
two systematic reviews examining all types of CRTs with human participants
which found that 31% [83] and 18% [210] of included studies reported having

whole clusters missing from the primary analysis, respectively.

Not only is recruiting a sufficient number of schools and pupils important, but so
is obtaining a representative sample as this enhances wider applicability of the
findings and improves inclusiveness. Nearly two-thirds of definitive CRTs
recruited schools from only one geographic region in the UK. Furthermore,
information regarding the schools that declined to participate was often missing,
and it was difficult to assess how representative the study schools were of the

general population. Few feasibility studies described the baseline characteristics
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of their clusters, a problem noted previously [221] as feasibility CRTs typically

include a small number of clusters.

The findings from this thesis further illustrate challenges with recruiting pupils to
school-based CRTs. The results from both Chapters 3 and 4 showed that only
46% of feasibility CRTs and 77% of definitive CRTs in the UK achieved their
recruitment target of pupils. Facilitators and barriers to the recruitment and
retention of pupils to school-based CRTs have been discussed in detail in the
literature [81, 256, 257], noting issues such as a lack of time [81], a lack of
incentivisation [256], and incompatibility of the intervention with the needs of
pupils or parents, or with the school’s ethos [81]. These are issues reiterated by
authors of studies included in the systematic review reported in Chapter 3 [148,
157, 182, 183, 196]. Furthermore, many of the interventions assessed by school-
based CRTs required a teacher or member of school staff to deliver them, and/or
to report the outcomes. This requires extra resources, time and cost to schools
and their staff, which may prevent certain types of schools from participating.
Furthermore, pressures resulting from arranging examinations may be a reason
why no sixth forms and colleges were included in the study populations of the
trials summarised in Chapters 3 and 4. Also, pupils in year groups 11 (16 years
old) and 13 (18 years old) may be more challenging to follow-up over longer
durations as they leave the education system. The exclusion of these pupils from
the study population may undermine representativeness. For example, in the
context of social emotional functioning outcomes, this is a key age for the
development of social skills [326]. Additionally, a large proportion of pupils attend
further education in the UK; According to the 2021/22 school census, 415,185
pupils in England were enrolled at sixth forms [327]. School-based CRTs could

potentially be missing out of information from these pupils.

Methodological characteristics and challenges specific to school-based feasibility
CRTs were described in the thesis. The work in Chapter 4 found that the median
sample size of feasibility studies in the UK (8 clusters) is large enough to estimate
pupil-level feasibility parameters (e.g., percentage followed up) with reasonable
precision. This was demonstrated using the formula by Eldridge and colleagues
[44] for calculating the sample size required in feasibility CRTs to estimate
percentages of individual-level characteristics with a confidence interval of
specified width whilst allowing for clustering. Using the average sample size from
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the review (i.e., 8 schools and 240 pupils), and assuming an ICC of 0.05, a study
of this size would be large enough to estimate percentages for pupil-level
characteristics with a margin of error no greater than 10 percentage points based
on a 95% CI. This was despite only 3 (13%) studies included in the review
performing a formal sample size calculation. The median number of clusters
recruited was similar to a previous review in primary care [221]. The thesis found
that few feasibility CRTs explored challenges specific to CRT design. Only one
of the 24 feasibility CRTs in Chapter 4 used the study to assess whether a cluster
design was needed, which was similar to a previous review of feasibility CRTs
measuring health outcomes that found only 2 out of 18 CRTSs tested the feasibility
of the CRT design [221]. Additionally, in the systematic review of feasibility CRTS,
none of the studies assessed which type of cluster (e.g., school versus classes)
was best to randomise, and none of the studies that randomised clusters before

recruiting pupils explored the possibility of recruitment bias as an objective.

7.1.2 Summary and contribution to knowledge of the ICC for pupil

health outcomes from school-based cluster randomised trials

The thesis contributes knowledge important to the understanding of ICC
estimates for pupil health outcomes from school-based CRTSs. First, as discussed
in the previous section, the findings from the systematic reviews in Chapters 3
and 4 illustrated the need for better reporting of ICC estimates for pupil health
outcomes from school-based CRTs. In order to address the relative lack of ICC
estimates for pupil-health outcomes from school-based CRTs, Chapter 5
provided a summary of ICC estimates for pupil outcomes across a range of health
areas and across world regions. Generally, other summarises of ICCs focussed
on one health area, and most of these used data from studies in the United States
[69, 96-103, 105-109]. The median (IQR; range) ICC was 0.031 (0.011 to 0.08; 0
to 0.47) at the school level (N=210) and 0.063 (0.024 to 0.1; -0.009 to 0.262) at
the class level (N=46). The findings suggest that ICCs are generally larger for
class than school clusters. Higher ICCs at the class level than school level were
also observed in Chapter 6 for social emotional functioning outcomes. This is in
keeping with previous findings where authors have reported that ICC estimates
are generally larger when the natural cluster size is smaller [101, 260, 261]. Two-

thirds of school-level ICCs were no greater than 0.05 and three-quarters were
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under 0.08. The distribution of school-level ICCs worldwide was comparable to
earlier summaries of school-based ICCs for pupil health outcomes [69, 96-103,
105-109].

The findings from Chapter 5 demonstrated that the ICC varies greatly across
school-based CRTSs, similar to the results from previous summaries [69, 259].
The school-level ICC estimates are well described by the beta and exponential
distributions. The distribution of ICCs in primary care health studies has also
previously been noted to follow a beta distribution [26, 287]. Additionally, the work
in Chapter 5 compared the distribution of ICCs across categories defined by world
region, health outcome area and educational level. The ICC distribution was
similar to previous papers reporting summaries of the ICC, the majority of which
were undertaken in the US [69, 96-103, 105-109].

The work in Chapter 5 found few relationships between the size of the ICC and
study design features. Firstly, there was little evidence of a relationship between
the ICC and both health outcome area and world region, respectively. This was
in contrast to the findings from a previous paper that suggests that estimates of
ICCs from school-based CRTs are both outcome- and country-specific [71].
Further to this, the work in Chapter 5 found no relationship between the ICC and
educational level, again in contrast to previous work that showed that the ICC for
educational outcomes tend to be larger at lower attainment grades [88]. The
findings in Chapter 5, however, did indicate that ICCs are larger in definitive trials
than feasibility studies. This might be expected because schools recruited to
feasibility studies may be more restricted and less representative of the wider

types of schools that are recruited in larger definitive CRTs [3](p180/181).

The secondary analysis of raw data from school-based CRTs with social
emotional functioning outcomes in the UK in Chapter 6, revealed that school- and
class-level ICCs were larger if the same teacher reported outcomes for all pupils
in a given class compared to if the parents or pupils reported the same outcome.
This is to be expected as there will be more correlation within clusters as teachers
will have an underlying tendency to provide high or low ratings for all pupils [321].
Similar findings were also seen in another primary school-based CRT in Northern
Ireland where one class was sampled from each school and the same class

teacher reported outcomes for all children [153].
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The thesis found that subsampling a small number of classes from each school
can result in an inflated school-level ICC when the intermediate-level clustering
is not formally incorporated in the analysis model. In Chapter 6, school-level ICCs
were larger for the STARS study [161] that sampled one class from each school
compared with others that included pupils from multiple classes from each school.
This was particularly true when the same class teacher reported the outcomes
for all pupils within the class. In the case of the STARS study, the variation at
school level cannot be separated from the variation at the class level. Larger
teacher-reported ICCs were seen in another school-based CRT by Connolly and
colleagues that measured social emotional functioning outcomes on pupils and

subsampled one class per school [153].

The findings from Chapter 6 highlighted differences in the size of ICCs for
teacher-reported measures across specific social emotional functioning
outcomes. This was particularly notable for the Strength and Difficulties
Questionnaire (SDQ) conduct and hyperactivity subscales, where teacher-
reported school- and class-level ICCs were generally smaller than for the other
subscales. In contrast, ICCs were generally largest for the prosocial behaviour
subscale. The findings are consistent with another study that found that the
teacher-reported ICCs for concentration problems and disruptive behaviours in
pupils were generally smaller than for prosocial behaviour [69]. Hyperactivity and
conduct are externalising behaviours that are observable while prosocial and
emotional require the assessment of intent and internal phenomena, respectively
[328]. Teacher assessments on hyperactivity and conduct might, therefore, be

expected to show less variation across teachers.

The secondary analyses of data from school-based CRTs indicated that ICCs for
school climate and connectedness and executive functioning were markedly
larger than ICCs for pupil mental health outcomes. In the MYRIAD study [298],
for example, school-level ICCs for pupil-reported school climate ranged from
0.029 to 0.064, compared with school-level ICCs for all other pupil-reported
outcomes, which ranged from 0.005 to 0.04. A study by Bradshaw and colleagues
in the US also noted that school-level ICCs ranged from 0.04 to 0.1 for the school
climate outcomes [325]. In the MYRIAD study, the ICC for pupil-reported
executive functioning (using the BRIEF-2) (which ranged from 0.058 to 0.09) were
also noticeably larger than other pupil-reported outcomes.
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A list of key findings from the work undertaken in this thesis is presented in Table
7.1.

Table 7.1. Key findings from this thesis

Key findings

The rate of publication of school-based CRTs evaluating interventions for
improving health outcomes in pupils is increasing.
e Both UK and worldwide

Quiality of reporting of CRT-specific elements in published articles
e Of the studies included in the systematic reviews presented in Chapters
3 and 4, only 27% and 21% provided rationale for the use of the CRT
design, respectively.
e In the case of feasibility CRTs, only 3 of the 24 (13%) studies reported
undertaking a formal sample size calculation, with only one of these

allowing for clustering.

Reporting of ICCs
e The assumed ICC was often markedly different from the ICC estimated
from the primary outcome.

e In Chapter 3, 45% of studies reported the ICC for the primary outcome.

80% of definitive and 54% of feasibility school-based CRTs used some form of
restricted randomisation to balance specific cluster-level characteristics across

the trial arms.

In Chapter 3, only four (6%) definitive CRTs reported allowing for loss to follow-

up of clusters in their sample size calculation.

48% of studies in Chapter 3 reported losing least one cluster to follow-up.

In Chapter 3, 63% of studies recruited schools from only one geographic
region.
46% of feasibility CRTs and 77% of definitive CRTs achieved their recruitment

target of pupils.

In Chapter 4, the average sample size of feasibility studies included would be
large enough to estimate pupil-level feasibility parameters (e.g., percentage

followed up) with reasonable precision, despite only 3 (13%) studies performing

a formal sample size calculation.

247



Few feasibility CRTs explored challenges specific to CRT design. Only one
(4%) study assessed whether a cluster design was needed, no studies
assessed which type of cluster (e.g., school versus classes) was best to
randomise, and none of the studies that randomised clusters before recruiting

pupils explored the possibility of recruitment bias as an objective.

Chapter 5 provided a summary of 260 ICC estimates for pupil outcomes across
a range of health areas and across world regions. The median (IQR; range)
ICC was 0.031 (0.011 to 0.08; 0 to 0.47) at the school level (N=210) and 0.063
(0.024 to 0.1; -0.009 to 0.262) at the class level (N=46). Two-thirds of school-

level ICCs were no greater than 0.05 and three-quarters were under 0.08.

ICC estimates are generally larger for class than school clusters.

The distribution of school-level ICCs worldwide was comparable to earlier
summaries of school-based ICCs for pupil health outcomes.

e The ICC distribution was similar to studies in the US.

The size of the ICC varies greatly across studies.

School-level ICC estimates are well described by the beta and exponential
distributions.

There was little evidence of relationships of the ICC with health outcome area

and educational level.

The findings in Chapter 5 suggested that ICCs are larger in definitive trials than
feasibility studies.

School and class-level ICCs were larger if the same teacher reported outcomes
for all pupils in a given class compared to if the parents or pupils reported the

same outcome.

Chapter 6 showed that school-level ICCs were larger for the STARS study that
sampled one class from each school compared with others that did not

subsample classes within schools.

Size of teacher-rated ICCs for the Strength and Difficulties Questionnaire
(SDQ) conduct and hyperactivity subscales were generally smaller than the
other subscales. ICCs were generally largest for the prosocial behaviour

subscale.

ICCs for school climate and connectedness and executive functioning were

markedly larger than ICCs for pupil mental health outcomes.
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7.2 Strengths and limitations

The work presented in this thesis benefits from using different methodological
approaches. The strengths and limitations have previously been discussed in
detail in the respective chapters. This section summarises the key points and
then reflects on the fundamental strengths and limitations of the thesis as a

whole.

The systematic review studies in Chapters 3 and 4 used the best approach for
synthesising empirical evidence and summarising the characteristics of published
school-based CRTs in the UK. The methods for both systematic reviews were
developed with the advice of information specialists and were registered on
PROSPERO [329]. The search strategy was developed using an existing strategy
that had been shown to provide good precision for identifying CRTs [127]. A
strength of the systematic reviews was their broad scope with evidence
synthesised across different school settings, educational levels, health areas and

outcomes.

The systematic reviews were limited by time and resource constraints and the
search was limited to school-based CRTs in the UK. However, the reviews were
thus able to focus on schools within a single system. Despite being focussed on
the UK, the findings of the reviews will still be of global interest. Other high and
upper/middle income countries such as Australia have a similar school system to
the UK, and some of the findings may have applicability to those settings. Some
methodological challenges in the design of cluster randomised trials will be similar

across different settings.

The systematic reviews only searched the MEDLINE database. MEDLINE was
chosen because the research question for both systematic reviews was to
describe the characteristics of trials that evaluated the impact of health
interventions on health outcomes. Extensive scoping revealed that the size of the
literature was considerable, and a pragmatic decision was made to examine
MEDLINE exclusively in order to align with available resources. Scoping
searches of other databases only resulted in one additional eligible definitive CRT
article; therefore, it was considered inefficient use of time to search other

databases.
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The collation of ICC estimates from school-based CRTs worldwide presented in
Chapter 5 shared much of the same methodology with Chapters 3 and 4 in terms
of search strategy and identifying school-based CRTs, and similarly shared the
same strengths and limitations. The work in Chapter 5 did not, however, limit the
search to the UK and instead identified school-based CRTs worldwide which is a
considerable strength. By including CRTs from around the world, this study was
able to explore the difference between world regions and incorporate knowledge

from different school systems into the thesis.

A key strength of the thesis is that it draws on data from both published sources
and raw datasets. Published data are easily accessible and allowed the thesis to
include data from a range of CRTs in different contexts, making the findings more
generalisable. The use of raw datasets in Chapter 6 allowed for a more indepth

exploration of patterns in the ICC.

A limitation of the systematic review of feasibility CRTs in the UK was that the
search strategy only aimed to identify randomised feasibility studies, potentially
overlooking other useful studies that may be undertaken to assess whether a
definitive CRT can be undertaken. Non-randomised comparative studies [330]
and single-arm feasibility studies [331] may provide useful knowledge for
planning a school-based CRT. Only randomised feasibility studies were included
as the systematic review aimed to summarise studies whose feasibility objectives
potentially covered the full range of uncertainties relevant to planning definitive
trials, including testing the randomisation process and testing the willingness of
participants to be randomised. However, with time and resources, other types of
feasibility study would have been included in the systematic review and provided

further insight for researchers in the area.

The thesis was limited by available time and resources. This meant that only one
database was searched for potentially eligible CRTs for the work undertaken in
Chapters 3, 4 and 5, although this was not thought to reduce the sensitivity of the
search significantly. Further to this, mainly due to time constraints, only one ICC
estimate from each CRT was extracted in the work detailed in Chapter 5.
Summarising every ICC in every paper would have been comprehensive, but
multiple ICCs from the same studies would likely be correlated with each other

and would have added relatively little additional information to those analyses.
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A limitation of the thesis was that the data collected from published research
articles for the studies reported in Chapters 3, 4 and 5, were often poorly reported,
resulting in missing data. This also meant that judgements were often made
regarding extracted data (outlined in Sections 3.4.5, 4.4.5, 5.4.5) and
classification of data may be considered crude for some variables. The work in
the thesis was also limited by the number of eligible studies that were available.
For example, in Chapter 5 the small number of articles with specific study-level
characteristics may have limited the ability to detect differences in the ICC across
subgroups defined by different combinations of study design characteristics (e.g.,
health area and world region). Partly for this reason, in Chapters 3, 4 and 5, the
aspects of social emotional functioning (which included mental health,
neurodiversity, behaviour, bullying, self-esteem, school connectedness and
executive functioning) and countries had to be grouped into broader categories,
which may have obscured some differences. The findings in Chapter 6, based on
secondary analyses of raw data from school-based CRTs, showed that the size
of pupil-reported ICCs for behavioural and executive functioning outcomes may
be larger than for anxiety and depressive symptoms (in the STARS [161],
PROMISE [202] and MYRIAD [298] studies).

The secondary analyses in Chapter 6 were limited in that data from only five
CRTs could be accessed. The included datasets do, however, provide data from
different education levels, countries and outcomes. All five CRTs were
undertaken in the UK. While this may limit the generalisability of the findings to
other educational systems, the results are relevant to the UK. The limit in
available datasets also meant that the study focussed on social emotional
functioning outcomes. However, given the lack of information regarding ICCs for
social emotional functioning outcomes and the marked increase in the rate of
publication of definitive CRTs measuring such outcomes on school pupils, this
work will be useful to many researchers. Additionally, many outcomes were also
not included in the datasets such as body image measures [157] and The
Reported and Intended Behaviour Scale (RIBS) [150, 332].

A limitation of the systematic review of feasibility CRTs in the UK was that the
search strategy only aimed to identify randomised feasibility studies, potentially
overlooking other useful studies that may be undertaken to assess whether a
definitive CRT can be undertaken. Non-randomised comparative studies [330]

251



and single-arm feasibility studies [331] may provide useful knowledge for
planning a school-based CRT. Only randomised feasibility studies were included
as the systematic review aimed to summarise studies whose feasibility objectives
potentially covered the full range of uncertainties relevant to planning definitive
trials, including testing the randomisation process and testing the willingness of
participants to be randomised. However, with time and resources, other types of
feasibility study would have been included in the systematic review and provided

further insight for researchers in the area.

A potential limitation of the thesis is the use of the term ‘social emotional
functioning’ to define all health outcomes associated with mental health,
behaviour and wellbeing. This term was selected as it represents the capacity to
understand, experience, express, and manage emotions and to develop
meaningful relationships with others [124]. There may be a lack of clarity about
what health conditions should be included under this definition. Additionally,
different people may have different ideas about what this term means and how it
may be interpreted.

7.3 Implications

The work discussed in this thesis has several important implications for future
research. First, the increasing number of published school-based CRTs provides
researchers with an increasing pool of information to aid the design and conduct
of future studies. The work in the thesis summarising the current methodological
practices of school-based CRTs measuring health outcome on pupils has helped
to identify areas where improvements can be made. A limitation of current school-
based CRTs is the poor reporting of CRT-specific elements. This includes the
need to justify using the CRT design, allowing for potential loss to follow-up of
clusters when calculating sample size, and reporting the ICC for the study
outcomes. These findings are important as they highlight areas where reporting
and execution of these studies need to be improved and should be made in line
with recommendations and reporting guidelines such as the CONSORT-CRT
statement [57]. Better reporting will help improve the quality of published school-
based CRTs and the pool of knowledge for future researchers to use in designing
CRTs.
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There are challenges with obtaining representative samples of schools to school-
based CRTs. The work in Chapter 3 found that recruitment is often limited to one
or two geographical regions and one school type. There was a lack of information
to assess the representativeness of schools included in the studies in the
systematic reviews compared with the general population. Additionally, few
feasibility studies described the baseline characteristics of the clusters, adding to
the difficulties in describing the type of schools that took part in such studies. A
representative sample of schools is important in school-based CRTs as the
findings of the study will then be more applicable and generalisable to a wider
range of schools in the study population. Researchers should aim to improve
inclusivity and recruit subgroups of pupils and schools that are known to be less
likely to be involved in research. Underlining these challenges will encourage
researchers to improve the diversity of their recruitment at both the cluster and
individual level. Researchers should also be encouraged to publish the

information needed to be able to assess the representativeness of their sample.

Although studies often use restricted randomisation to balance cluster-level
factors, few provided a rationale for their choice of balancing factors. Chapter 3
summarised the common cluster-level factors that were used to balance
randomisation in school-based CRTs that used restricted randomisation. This will
help to inform future work identifying the best cluster-level characteristics on

which to balance the randomisation.

Furthermore, providing a summary of relevant parameter values, such as the
number of clusters, number of classes per school, and number of pupils per
school, will help to inform simulation studies for evaluating the statistical

properties of methods used to analyse data from school-based CRTSs.

There has been a lack of knowledge of suitable values to assume for the ICC
when undertaking sample size calculations for school-based CRTs with pupil
health outcomes. This was illustrated by the marked difference between the ICC
assumed in the sample size calculation and the ICC estimated from the resulting
study data in the systematic review of school-based CRTs. Additionally, the
review generally found poor reporting of ICC estimates from such studies. These
findings are important because poorly specified values of the ICC at sample size
calculation lead to poor estimates of the required number of schools and pupils

for the trials. This knowledge will encourage researchers to publish ICC estimates
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from their studies to help inform sample size calculations for subsequent school-
based CRTs.

The thesis collated over 200 estimates of the ICC from school-based CRTSs.
These will help to convey the uncertainty regarding the value of the ICC that
should be assumed in a sample size calculation; this uncertainty should be
acknowledged when undertaking the sample size calculation [333]. This is
important as ICC estimates from a single study may have little generalisability
[108], and the description of the distribution of ICC estimates provided in this
thesis indicates plausible values with which to model the sensitivity of sample
size calculations [3, 26, 286]. This information can also be used to construct
informative priors to incorporate uncertainty regarding the ICC when undertaking
sample size calculations and analyses of the intervention effect that use the

Bayesian framework [121, 288].

The thesis provides further information regarding the need to consider design
features and contextual factors when interpreting ICC estimates. Sampling one
class from each school was shown to lead to markedly larger school-level ICC
estimates. This is important, as an ICC from this scenario would not be relevant
for calculating the sample size for a trial that subsamples multiple classes or
includes all eligible classes from each school, and vice-versa. ICCs also vary
between different outcome reporters; notably ICCs for teacher-reported
outcomes can be relatively large when the same teacher reports on all pupils
within a given class. Researchers should consider these aspects when using ICC
estimates from previous CRTs as they can have a marked impact on the extent
to which the sample size is inflated to allow for clustering. When reporting findings
from their own CRTSs, researchers should provide relevant contextual information
with their ICC estimates. This would include: the sampling approach used to
recruit clusters at all levels; the size of the components of variance at all levels;
whether the ICC was adjusted for prognostic factors and, if so, which ones;

whether the ICC was estimated from a repeated measures analysis.

A list of key recommendations resulting from the findings of the thesis are listed
in Table 7.2.
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Table 7.2. Key recommendations for future research based on the findings from

the thesis

Recommendations arising from thesis findings

1 | Provide justification for the ICC value assumed in the sample size
calculation. If the ICC is from a previous school-based CRT, this should

be referenced.

2 | Researchers should consider the potential impact that subsampling of
classes within schools can have on the size of school-level ICCs, when
using ICC estimates from previous studies to inform the sample size
calculation in a new study. When reporting the results of school-based
CRTs, information on subsampling of classes should be provided to help

contextualise the ICC estimates from the study.

3 | Researchers should consider the potential impact the outcome reporter
(i.e., pupil, teacher, parent) can have on the size of the ICC for social
emotional functioning outcomes on pupils, when undertaking a sample

size calculation for a planned school-based CRT.

4 | Researchers should provide justification for their choice of factors used to
balance or restrict the randomisation in school-based CRTSs.

5 | Reports of school-based CRTs with health outcomes should include
estimates of the components of variance and the ICC/CV at all levels of

clustering for all outcomes.

6 | When reporting estimates of the ICC, researchers should provide details
of the analysis used for the calculation, including: which analysis method
was used (e.g., mixed effects model); which prognostic factors were
adjusted for; whether the ICC was estimated from a repeated measures
analysis; whether the ICC was calculated based on change scores in the

outcome.
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7.4 Future research

Although, the study presented in Chapter 5 collated 260 ICC estimates of pupil
health outcomes from school-based CRTs, more estimates are needed. The
database of ICCs hosted by the University of Aberdeen does not provide ICCs
for school-related clusters and pupil health outcomes [73]. The development of a
repository of ICCs with contextual details for a range of pupil health outcomes
from school-based CRTs and survey data would provide researchers with a
wealth of information to inform the design of future trials. Further research is also
needed to examine whether the size of the ICC differs across subgroups defined
by study design characteristics and this requires a larger sample of ICC estimates

than were available for the analyses in this thesis.

Four-fifths of definitive UK-based CRTs included in the systematic review
described in Chapter 3 used some form of restricted randomisation to balance
cluster-level characteristics across trial arms. When analysing outcomes from
CRTs, adjusting for the characteristics used to balance the allocation provides
greater precision for estimating the intervention effect if those characteristics are
predictive (i.e., prognostic) of the trial outcomes [3](p76-78). Balancing the
randomisation on factors that have no association with the outcome makes the
process more complicated with no improvement in efficiency [3](p76-78). It has
been suggested that randomisation of clusters may be balanced on cluster size,
geographical location, characteristics of the cluster population (e.g., a socio-
demographic measure) and a cluster-level summary of the baseline measure of
the outcome [3](p76-78). Chapter 3 found that the most common factors used to
balance the randomisation in school-based CRTs were deprivation, cluster size,
geographical location, pupil ethnicity, co-educational status, and school
performance [117]. There is little evidence, however, on which factors should be
balanced on this setting to improve the efficiency of the study. In the systematic
review of definitive school-based CRTs in the UK, only 18% of studies provided
justification for the choice of balancing factors. Mixed effects (“multilevel”)
regression models could be fitted to secondary data from previous school-based
CRTs to examine the relationships between candidate cluster-level
characteristics and pupil health outcomes and identify the ones that account for

the intra-cluster correlation. Such factors would potentially be useful as balancing
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factors in the randomisation and as adjustment factors in the analysis of the

intervention effect.

The findings in Chapter 6 also need to be explored using larger data sets, other
outcome measures and for other health areas to understand if the patterns
observed for the ICCs of social emotional functioning outcomes are similar to

those of ICCs from other school-based CRTs measuring health outcomes on

pupils.

7.5 Closing remarks

The thesis provides a wealth of information relating to ICCs for use in sample size
calculations for future school-based CRTs. The thesis has outlined the
complexities and nuanced nature of selecting an ICC for use in a sample size
calculation; it is not as simple as just selecting an ICC for the outcome you wish
to measure. Researchers must also take into account contextual factors, such
as: subsampling of classes/year groups within schools; who reported the
outcome (e.g., teacher or pupil); and aspects of the study methodology (e.g.,
method of analysis). Researchers may wish to use distributions of ICCs to inform
the use of Bayesian methods to help calculate sample size for CRTs. The findings
from this thesis, including information about the numbers of school, number of
classes per school, number of pupils per school and ICCs, can also be used in
simulation studies to evaluate the properties of statistical methods in the context
of CRTs. There is still much more to learn regarding the factors that influence the
size of ICCs from school-based CRTs, as highlighted by the areas suggested for
future work. This research should be communicated to researchers, policy
makers and the public in order to help them better understand the importance of
factors influencing the size of ICCs and the need for accurate sample size

calculation.
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Appendix 1 - Characteristics and practices of school-based cluster randomised
controlled trials for improving health outcomes on pupils in the UK: a systematic
review protocol
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Introduction Cluster randomised trials (CRTs) are
studies in which groups (clusters) of participants rather
than the individuals themselves are randomised to trial
arms. CRTs are becoming increasingly relevant for
evaluating interventions delivered in school settings
for improving the health of children. Schools are a
convenient setting for health interventions targeted

at children and the CRT design respects the clustered
structure in schools (ie, pupils within classrooms/
teachers within schools). Some of the methodological
challenges of CRTs, such as ethical considerations

for enrolment of children into trials and how best to
handle the analysis of data from participants (pupils)
that change clusters (schools), may be more salient
for the school setting. A better understanding of the
characteristics and methodological considerations of
school-based CRTs of health interventions would inform
the design of future similar studies. To our knowledge,
this is the only systematic review to focus specifically
on the characteristics and methodological practices of
CRTs delivered in schools to evaluate interventions for
improving health outcomes in pupils in the UK.
Methods and analysis We will search for CRTs
published from inception to 30 June 2020 inclusively
indexed in MEDLIME (Ovid). We will identify relevant
articles through title and abstract screening, and
subsequent full-text screening for eligibility against
predefined inclusion criteria. Disagreements will be
resolved through discussion. Two independent reviewers
will extract data for each study wsing a prepiloted data
extraction form. Findings will be summarised using
descriptive statistics and graphs.

Ethics and dissemination This methodological
systematic review does not require ethical approval

as only secondary data extracted from papers will

be analysed and the data are not linked to individual
participants. After completion of the systematic review,
the data will be analysed, and the findings disseminated
through peer-reviewed publications and scientific
meetings.

PROSPERD registration number CRD42020201792.

. Michael P Nunns,? ZhiMin Xiao,® Tamsin Ford,*

Strengths and limitations of this study

» Toour knowledge, this is the first systematic review
1o describe the characteristics and methodological
practices of school-based cluster randomised trials
(CRTs) of health interventions in the LK.

» The review has a defined search strategy that is tai-
lored to identifying school-based CRTs, eligibility cri-
teria, and prepiloted screening and data extraction
strategies to minimise inaccuracies.

» Two independent reviewers will perform screening
and data extraction, with any uncertainty resolved

by consulting a third reviewer.
» The review will focus on studies conducted in the LK

in order to align with available resources and create
a relevant and focused review.

» There is the possibility that we are missing the op-
portunity to learn from studies in countries that have
a similar education system 1o the UK.

INTRODUCTION
Cluster randomised trials (CRTs), also known
as group randomised or place randomised
trials, are studies in which groups (clus-
ters) of participants (eg, general practices,
organisations, areas, etc) are randomly allo-
cated to the trial arms, rather than the indi-
vidual participants on whom outcomes are
measured.' These studies are in contrast to
the more traditional individually randomised
trials, where the participants themselves are
randomised. The CRT design is commaonly
used in healthcare research when interven-
tions must be delivered at the cluster level
and to minimise contamination of the trial
arms that might otherwise occur when indi-
viduals are randomised.”

A characteristic feature of CRIs is that
observations on participants who are in the
same cluster are usually more similar than

BM)
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observations on participants who are from different clus-
ters.? For example, patients registered with the same
general practice are more likely to have similar health
outcomes than those registered with different prac[ices.:!
This similarity, or lack of statistical independence, between
observations from the same cluster means that the usnal
procedures for calculating sample size and analysing data
in individually randomised trials should not be used in
CRTs.! The use of standard sample size methods are likely
to result in studies that lack power to detect the speci-
fied intervention effect and the use of standard analytical
methods may produce results that exaggerate evidence
for the true effect of the intervention. Therefore, alter-
native methods should be used when conducting CRTs.

The intracluster correlation coefficient (ICC), denoted
p, quantifies the similarity of observations of individuals
within the same cluster. The ICC is the proportion of the
total variability in the wrial outcome that is between clus-
ters (af) as opposed to between individuals within clus-
ters {crf}"':

_
P ot

p can take values between () and 1. The larger p is, the
greater the similarity between individuals within clusters,
or equivalently the greater variability between clusters.

Information about p for the primary outcome is invalu-
able when designing a CRT. It can be estimated from
previous studies or feasibility studies, with a similar cluster
structure and outcome o the planned trial.” ® Authors of
CRTs should report estimates of their ICCs, ideally with
confidence intervals (Cls) because they are usually based
on studies with relatively few clusters,” to aid the design of
future similar studies.

When calculating the sample size in CRTs one needs
to determine the total number of clusters that need to
be recruited and the number of individuals that need to
be recruited from within each cluster. Methods for calcu-
lating the required sample size need to take the 1CC into
account. When the number of participants in each cluster
is fixed and known in advance, the total number of indi-
viduals required in a CRT is calculated by inflating the
number of individuals that would be required in an indi-
vidually randomised trial by the design effect (DE), which is
function of p:

DE=1+(n-1)p

where n is the number of participants Erm"iding
outcome data in each cluster (cluster size).” Having
calculated the total number of participants required, this
is divided by the cluster size to obtain the total number
of clusters that is required. For scenarios where the total
number of clusters availahle for a trial is known, an alter-
native calculation based on the same approach is used
to calculate the number of participanis that need o be
recruited from each cluster.”

When estimating the intervention effect in CRTs,
analytical methods that take account of g should be

1.1.=..Ed__l otherwise Cls will be too narrow and p values will
be too small, resulting in an exaggeration of the amount
of evidence for a true intervention effect.” Furthermore,
the degrees of freedom (df) vsed for calculating the
CI and p value for the intervention effect should take
account of the number of clusters." "' A distinction can
be made between statistical analyses that are carried out
at the cluster level and those that are carried out at the
individual level.® For cluster-level analyses, the outcome is
summarised for each cluster, for example, by calculating
the mean for continuous outcomes or percentages for
binary outcomes across individuals in the cluster. Stan-
dard analytical methods are then used to compare the
outcome between the trial arms using the cluster-level
summary statistics as the observations. This method of
analysis is valid because the cluster is both the unit of
randomisation and the unit of :J:i'laly.f..i:a_E Alternatively,
analyses of individual-level data involve the application
of statistical methods that allow for the within cluster
correlation.” This approach is exemplified by methods
such as mixed effects (‘multilevel’) models and marginal
models estimated using generalised estimating equations.

CRTs are increasingly used to evaluate interventions for
improving health outcomes in children." ™ Because of
the amount of time children spend in school, it provides a
naturalsettinginwhich interventions for preventing health
problems can be delivered, participating children can be
recruited, and health outcomes measured.'* At a policy
level, there is increasing awareness of the potential for
using the school setting to deliver, non-pharmacological,
complex, prevention public health interventions.' ' 1
Cluster randomisation is a more natural approach than
individual randomisation in the school-based setting. Itis
often difficult to randomise individuals as pupils belong
to predefined clusters {eg, class, vear group, school), and
contamination between the trial arms can result as pupils
interact within clusters. The CRT design respects the clus-
tered structure in schools.

School-based CRTs share the same challenges of trials
where other types of cluster are randomised. Within-
cluster correlation is expected in school-based CRTs for
a number of reasons: parents choose the schools their
children attend and this may be related to factors asso-
ciated with pupil outcomes; the school environment and
culture will have a common influence on the pupils;
pupils interact within schools and this can result in similar
behaviours and outcomes.' ™ ' Other recognised chal-
lenges may be even more salient for trials that randomise
schools. There are additional ethical considerations for
enrolment of children into trials to ensure pupils remain
protected as research sub_jecr:._” Consent needs to be
sought from several key agents including parents, pupils,
head teachers and teachers. Consent for the school to
be allocated the intervention is usually provided by the
head teacher, but there may be interventions delivered
to entire classes that some parents do not want their chil-
dren to receive (eg, aspecis of sex education programmes
that are not part of the standard curriculum). Retention

2
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of recruited pupils is an issue for trials that have a long
follow-up duration and there is the need to consider how
best to handle the analysis of data from pupils that change
schools (clusters) during the course of the stud)-'.”

Several books have been published regarding CRT
methodology. * ' In addition, there have been a
number of reviews of the conduct and reporting quality
of CRT=." "% One systematic review examined the char-
acteristics and quality of reporting of CRTs worldwide
involving children'* and highlighted the specific difficul-
ties of conducting such studies; nearly three-quarters of
the included studies randomised schools as the clusters.
That review and our initial scoping research suggests a
sharp increase in the number of these studies. No system-
atic review has specifically focused on the characteristics
of CRTs of health interventions delivered in the school-
based setting in the UK. Such a review would: provide
a pool of relevant knowledge for researchers planning
future similar trials in the UK highlight good practices
and common methodological challenges; obtain useful
trial-based data on the intracluster {(intraschool) correla-
tion coefficient; provide relevant parameter values for
simulation-based studies that use synthetic data 1o assess
the statistical properties of methods used to analyse data
from school-based CRTs.

This review aims to summarise the characteristics of,
and methodological practices in, school-based CRIs
with pupil health outcomes in the UK. The review exam-
ines several areas, including: participant characteristics;
intervention type: recruitment, sampling and allocation
methods; consent and ethical approval procedures; reten-
tion and analysis methods. The main outcome is a descrip-
tion of the methodological characteristics of school-based
CRTs in the UK with a health outcome. Knowledge of
the study characteristics and practices of researchers will
greatly aid the design of CRTs in the school health setting.

METHODS

The systematic review will describe the characteristics
of CRTs with health outcomes in the school setting.
This section contains a description of the methodolog-
ical strategy hased on guidelines from the Preferred
Reporiing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.”

Search strategy

Peer reviewed articles written in English, published
from inception to 30 June 2020 inclusively indexed in
MEDLINE (Ovid) will be the source of data for this system-
atic review. The search strategy was developed following
an initial scoping of the focus area and in consulta-
tion with an information specialist. The search strategy
comhined free text and index terms for the concepts
study type (CRTs) and schools (box 1). The study type
concept was developed based on a sensitive MEDLINE
search strategy for identification of CRTs developed by
Taljaard e al.™ Cluster design-related terms, ‘cluster®’,

Box 1
review

Search strategy

Terms for Randomised Controlled trials:
1. random:.mp.

2. frial. ab,kw, ti.

Cluster design-related terms:
3. “cluster*.ab, kw, ti.

4. *group*"_ab, kw, ti.

5. “communit*”.ab, kw, ti.

6. 30R40R 5

School MeSH term:

7. exp Schools/

Highest precision:

8. 1AND 2 AND 6 AND 7

9. 8 limited to English language

Search strategy implemented in this systematic

‘group*®’ and ‘communit®™ were combined with the terms
‘random” and ‘trial’, along with “Schools’. The search was
then limited to English language as our resources make it
unfeasible to translate papers (online supplemental table
SI).

Eligibility criteria

Eligible papers will be those reporting the results from
school-based CRTs of health-related interventions in
the UK for which there is a primary health outcome
{including physical and mental health outcomes, health
attitudes and well-being) measured on pupils.

The review will include participants who are children
of school age in education in the UK Participants are
pupils in preschool, primary school and secondary school
settings. The types of eligible clusters include schools
themselves, year groups, classrooms, teachers or any other
relevant school-related unit. Any health-related interven-
tion(s) will be considered. There must be a control /usual
care comparison group within the published article. The
primary outcome must be health related and measured
on pupils.

All types of CRT design are eligible, including parallel
group, crossover and stepped wedge trials. Only defin-
itive CRTs will be included. Only studies published
in English will be included and we anticipate that
all studies carried out in the UK will be published in
English. If more than one publication of the primary
outcome result for an eligible CRT is identified. a key
study report (index paper) will be designated and used
for data extraction.

Papers which do not report the main findings (primary
outcome) will be excluded along with feasibility/pilot
studies, protocol/design articles, process evaluations,
economic evaluations / cost-effectiveness studies, statistical
analysis plans, commentaries and papers reporting only
findings from mediation/mechanism analyses. Smdies
for which the primary outcome is not health based (eg,
education attainment) will be excluded.
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Screening and selection
All potentially eligible studies will undergo a two-stage
sCreening process.

Stage 1: The titles and abstracts of the studies will be
retrieved from MEDLINE (Ovid) and downloaded into
Endnote {){9).99 Any duplicate citations will be removed
and remaining citations will be dual screened (KP and
OU) for eligibility against the inclusion criteria above.
Disagreements will be resolved through discussion.

Stage 2: Full-text articles will be obtained for all papers
that are potentially eligible following title and abstract
screening. The reviewers (KP and OU) will evaluate
articles based on the inclusion criteria using a prepi-
loted coding method. Any discrepancies which cannot
be resolved through discussion will be sent to a third
reviewer (ZMX) for a decision.

Reviewers will keep a record of any studies excluded at
each step. Results will be reported using a PRISMA flow
diagram.

Risk of bias (quality) assessment

A risk of bias assessment is not necessary for this method-
ological review as we are not interested in the specific esti-
mates of intervention effect in the included studies. We
seek only to describe characteristics of the studies. Some
of the information extracted from the papers is indicative
of quality in CRTs and this will be summarised as part of

OUr Teview.

Data extraction

A data extraction form will be piloted on a random
sample of 10 included papers. Any modifications to the
form will be made following the pilot. KP will extract data
from all eligible papers, while OU will check extraction.
Any uncertainty will be resolved by consulting a third
reviewer (ZMX). Information will be recorded using a
data extraction form in Microsoft Excel.

The following data will be extracted from included
articles: characteristics of the participating schools and
pupils; intervention type and mode of delivery; health
condition/aspect targeted by the intervention; justifica-
tion for using cluster trial design; unit of randomisation
(e, type of cluster); school-level (or other cluster-level)
characteristics used to balance the randomisation; allo-
cation ratio; length of follow-up; number of follow-ups;
target sample size (ie, number of schools and pupils);
assumptions underlying sample size (eg, ICC, antic-
ipated loss to follow-up): committee that provided
ethical approval; activities covered by the consent agree-
ments; primary outcome; reporter of primary outcome
(eg. teacher, parent, pupil); method of data collection;
achieved sample size; number of schools (clusters) and
pupils that were lost to follow-up; analysis method used
o estimate intervention effect; baseline factors that
were adjusted for in the analysis; value of the 1CC in the
primary analysis model; methodological challenges that
were highlighted by the authors.

Missing information that is not available in the included
papers will be obtained from corresponding protocol
papers and other sibling publications for the studies.
Authors may be contacted for missing or incomplete
information and given 2 weeks to responcd.

Data analysis

No formal sample size in terms of the number of
required eligible papers has been calculated because we
are seeking to obtain all schoolbased CRTs in the UK
to date published in MEDLINE (Ovid). Meta-analysis is
not appropriate as the review is focused on summarising
methodological characteristics. Study characteristics will
be summarised using means and standard deviations (or
medians and IQRs) for continuous variables, and numbers
and percentages for categorical variables. Appropriate
graphs (eg, histograms, line graphs, scatterplots) will
also be used to summarise specific features of the data.
Challenges reported by authors will be summarised narra-
T.imzlj.".::IJ Statistical analysis will be performed using Stata
V.16."

Patient and public involvement
There has been no contribution from patients or the
public to the design of this systematic review protocol.

DISCUSSION

To our knowledge, this is the first systematic review to
describe the characteristics and methodological prac-
tices of school-based CRTs of health interventions in the
UK. We have a defined search strategy that is tailored to
identifying school-based CRTs, selection criteria and a
prepiloted extraction strategy. Pilot testing, and subse-
quent screening and data extraction will be conducted by
two independent reviewers, with disagreements resolved
by consulting a third reviewer. In doing this we hope to
minimise inaccuracy. Additionally, the review aims to
cover a range of CRTs conducted in schools for a variety
of different health conditions/areas.

Identifying CRT5 is challenging as many papers do not
explicitly use the word ‘cluster” in the title or abstract.
We have included terms in our search such as ‘group’
randomised and ‘community’ randomised to try and
improve the sensitivity, thus widening the search so not to
miss any eligible papers. We have also used the exploded
Medical Subject Headings (MeSH) term, ‘exp School/”,
in the hope of identifying publications that may state
schools or classes as their unit of randomisation.

This review will summarise data using descriptive statis-
tics. Meta-analysis is not used here to pool ICC estimates.
Onr initial scoping of the literature indicated that most
papers do not report the SE of the 1CC, which is required
for pooling the estimates. Furthermore, the studies to be
included in the review will be methodologically and clin-
ically diverse (eg, different outcomes and health condi-
tions). There is, therefore, no true single underlying ICC;
rather there is a range of true ICCs specific 1o different
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scenarios. A single pooled 1CC from a meta-analysis would
not be meaningful and would obscure nuances about
how its size depends on the context of the study. It is more
useful to summarise the variability in the estimated 1CCs
as this provides a range of values within which to assess
the sensitivity of the sample size calculation to uncertainty
about the true value of the ICC in a given scenario.™

We have conducted extensive scoping searches in
order to best identify the studies of interest. A limita-
tion of the review is that we will limit our search to the
MEDLINE (Owvid) database, thus, potentially missing
out on articles published in other journals (eg, mental
health interventions published in PsycINFO). MEDLINE
was used because our research question is to describe the
characteristics of trials that evaluate the impact of health
interventions on health outcomes. The database includes
journals of interest for both physical health and mental
health. We have also chosen not to examine grey liter-
ature therefore potentially missing out on studies with
greater methodological challenges. Also there will be no
forward and backward citation searching, but we do have
a clearly defined population of papers. Feasibility studies
have been excluded, but there are different learning
issues from such studies that will be the subject of a sepa-
rate review. These decisions have been taken to enahle
the review to be more focused and time-effective.

The review is focused on health-based CRTs in schools.
There is a wider literature of other types of intervention
{particularly in educational research) that have been
evaluated in this setting using the CRT design, but, given
the limited resources and the large number of potentially
eligible studies identified during scoping, it was consid-
ered more relevant and efficient to restrict the review to
studies in the healih area.™

Another limitation of this review is the difficulty in
identifying CRTs as many papers do not explicitly use the
word ‘cluster’ in the title or abstract. Therefore, we have
included terms in our search such as *group’ and *‘commu-
nity’ to try and improve the sensitivity, thus widening the
search so not to miss any eligible papers. We have also
used the exploded MeSH term, “exp School/”, in the
hope of identifving publications that may state schools or
classes as their unit of randomisation.

A pragmatic decision has been made to focus on UK
studies in order to align with available resources and
create a relevant and focused review. There is the possi-
bility that we are missing out on the opportunity to learn
from studies in countries that have a similar education
system to the UK. Our scoping searches established that
there is a considerably large number of eligible papers
and we restricted the study eligibility to the UK. Ideally,
we would include papers globally, but this is not practical.
Despite being focused on the UK, the findings of this
review will he of wider interest as many methodological
challenges in the design of CRTs will be similar across
some countries.

Because of the amount of time children spend in
school, it provides a natural setting in which interventions

for preventing health problems and improving health
outcomes in children can be delivered and evaluated.™
Cluster randomised controlled trials in the school-based
setting are particularly relevant for non-pharmacological
interventions, such as social programmes aimed at
improving public health" and the use of this study design
is irl1:1'ea.~'.ing.lg Through summarising the methodological
aspects of health-related cluster randomised controlled
trials conducted in a schools, this review will provide
methodology-related knowledge specific to these trials
which will help researchers plan future similar studies
effectively in the UK and elsewhere.

ETHICS AND DISSEMINATION

This methodological systematic review does not require
ethical approval as only secondary data extracted from
papers will be analysed and the data are not linked to
individual participants. After completion of the system-
atic review, the data will be analysed, and the findings
disseminated through peer-reviewed publications and
scientific meetings.
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Abstract

Background: Cluster randomised trials (CRTs) are increasingly used to evaluate non-pharmacological interventions
for improving child health. Although methodological challenges of CRTs are well documented, the characteristics of
school-based CRTs with pupil health outcomes have not been systematically described. Our objective was to describe
methodological characteristics of these studies in the United Kingdom (UK).

Methods: MEDLIME was systematically searched from inception to 30" June 2020. Included studies used the CRT
design in schools and measured primary outcomes on pupils. Study characteristics were described using descriptive
Statistics.

Results: Of 3138 articles identified, 64 were included. CRTs with pupil health outcomes have been increasingly used
in the UK school setting since the earliest included paper was published in 1993; 37 (58%) studies were published
after 2010. Of the 44 studies that reported information, 93% included state-funded schools. Thirty six (56%) were
exclusively in primary schools and 24 (38%) exclusively in secandary schools. Schools were randomised in 56 stud-
ies, classrooms in 6 studies, and year groups in 2 studies. Eighty percent of studies used restricted randomisation to
balance cluster-level characteristics between trial arms, but few provided justification for their choice of balancing
factors. Interventicns covered 11 different health areas; 53 (83%) included components that were necessarily admin-
istered to entire clusters. The median (interquartile range) number of clusters and pupils recruited was 315 (2110

50) and 1308 (604 to 3201), respectively. In half the studies, at least one cluster dropped out. Only 26 (41%) studies
reported the intra-cluster correlation coefficient (ICC) of the primary outcome from the analysis; this was often mark-
edly different to the assumed ICC in the sample size calculation. The median irange) ICC for school clusters was 0.028
{0.0005 to 0.21).

Conclusions: The increasing pool of school-based CRTs examining pupil health outcomes provides methodological
knowledge and highlights design challenges. Data from these studies should be used to identify the best school-level
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characteristics for balancing the randomisation. Better information on the ICC of pupil health outcomes is required to
aid the planning of future CRTs. Improved reporting of the recruitment process will help to identify barriers to obtain-

ing representative samples of schools.

Keywords: Child and adolescent health, Cluster randomised trials, Public health, Randomised trials, Research

methads, Schools, Systematic review

Background

Cluster randomised trials (CRTs) are studies in which
groups, or clusters, of individuals are allocated to trial
arms rather than the individuals themselves [1]. The
clusters may be geographic areas, health organisations
or social units. CRTs are used when the intervention
is delivered to the entire cluster or there is a chance of
contamination between trial arms if individuals are ran-
domised [2].

CRTs can be more complex to design and analyse than
individually randomised controlled trials. The most
documented methodological consideration for CRTs is
that observations on participants from the same cluster
are more likely to be similar to each other than those on
participants from different clusters [2]. This similarity
is quantified by the intra-cluster correlation coefficient
(ICC), defined as the proportion of the total variability
in the trial outcome that is between clusters as opposed
to between individuals within clusters [3]. The statisti-
cal dependence between observations within clusters
needs to be taken account of when calculating the sample
size and analysing data in CRTs [1]. The use of standard
methods may result in the sample size being too small to
detect the intervention effect, and analysis results that
exaggerate the evidence for a true intervention effect.
Estimates of the ICC or coefficient of variation of clusters
for the outcome from previous studies are required to
calculate the design effect, the factor by which the num-
ber of individuals that would be required in an individu-
ally randomised trial needs to be inflated to account for
within-cluster correlation in the sample size calculation.
In addition, when calculating the sample size in CRTs, a
degrees of freedom correction should be incorporated to
take account of the uncertainty with which variability in
the outcome across clusters is estimated in the analysis
[4], and a further inflation of the sample size should be
considered to allow for loss of efficiency that results from
recruiting unequal numbers of participants from the
clusters[5]. When estimating the intervention effect from
the resulting trial data the main analytical approaches are
to either apply standard statistical methods to summary
statistics that represent the cluster response (cluster-level
analyses) or use methods at the individual participant
level that account for within-cluster correlation in the
model or by weighting the analysis. Another important
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methodological consideration in CRTs is the potential
for recruitment bias that might occur in studies where
the participating individuals are recruited after the clus-
ters are randomised. Finally, when using meta-analysis to
pool findings from studies that use the CRT design, there
is the need to consider how best to incorporate estimated
effects from studies that did not allow for clustering in
the analysis, and consider the extent to which differences
in the types of clusters that were randomised are a source
of heterogeneity. These considerations are detailed in
several textbooks [1, 2, 6=8].

CRTs are increasingly used to evaluate non-pharma-
cological interventions for improving child health out-
comes [9-11]. Although the use of CRTs to evaluate
the effectiveness of interventions for improving educa-
tional outcomes is long established [12, 13], their use to
evaluate health interventions in schools is more recent
[10]. Schools provide a natural environment to recruit,
deliver public health interventions to and measure
outcomes on children, due to the amount of time they
spend there [10]. Cluster randomisation is consistent
with the natural clustering found within school settings
(Le., classrooms within year groups within schools).
School-based CRTs share common challenges with
other settings, but specific considerations may be more
challenging when schools are randomised, for example,
consent procedures [10, 14].

In 2011, a methodological systematic review on the
characteristics and quality of reporting of CRTs involv-
ing children reported a marked increase in such studies
[9]; three guarters of the included studies randomised
schools. To date, no systematic review has focussed
specifically on the characteristics of school-based CRTs
for improving pupil health outcomes. Such a review
would help identify common methodological chal-
lenges, obtain estimates of parameters (e.g., the 1CC)
that are of use to researchers planning similar trials
and inform the design of simulation studies that use
synthetic data to evaluate the properties of statistical
methods applied in the context of school-based CRTs
with health outcomes.

The aim of this methodological systematic review is
to describe the characteristics and practices of school-
based CRTs for improving health outcomes in pupils in
the United Kingdom (UK).
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Methods

This is a systematic review of school-based CRTs with
pupil health outcomes that were conducted in the UK.
The review was focussed on the UK to align with con-
straints on available resources and collect richer data on
CRT methodology in a single education system.

Data sources and search methods

The systematic review was registered with PROSPERO
(CRD42020201792) and the protocol has been published
[15]. After extensive scoping of the subject area, a prag-
matic decision was made to search MEDLINE (through
Ovid) in order to make the review more time-efficient
and align with available resources. MEDLINE was exclu-
sively searched from inception to 30" June 2020 for
peer-reviewed articles of school-based CRTs. The search
strategy (Table 1) was developed in consultation with
information specialists, based on a sensitive MEDLINE
search strategy for identifying CRTs [16]. Cluster design-
related terms ‘cluster*; ‘group® and ‘communit* were
combined with the terms ‘random’ and ‘trial} along with
the ‘Schools’ Medical Subject Heading (MeSH) term. The
search was limited to English language.

Inclusion and exclusion criteria

The systematic review included school-based defini-
tive CRTs of the effectiveness of an intervention versus
a comparison group that evaluated health outcomes on
pupils. The population of interest was children in full-
time education in the UK. Studies that took place outside
the UK were excluded. The pragmatic decision was made
to limit the population to educational settings within the
UK as it made the review more focussed and applicable to
a specific setting. Eligible studies included pupils in pre-
schoaol, primary school and secondary school. The types

Table 1 Systematic review search strategy
Search strategy

Terms for randomised controlled trials:
1. randomomp.

2. trialaby, ko, ti.

Cluster design-related terms:
3. cluster+ab, kw, ti.

4 Sgroup®ab, kw, i

5. ‘cammunit®ab, ke, ti.

6. 30R40RE

School MeSH term:

7. exp Schoals/

Highest precision:

5.1 AND 2 AND & AND 7

9. 8 limited 1o English larguage
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of eligible clusters included schools themselves, year
groups, classes, teachers or any other relevant school-
related unit. All school types were eligible, including
special schools. Any health-related intervention(s) and
control groups were considered. The primary outcome
had to be related to pupils’ health. Studies for which the
primary outcome was not health-based (e.g., academic
attainment) were excluded. All types of CRT design were
eligible including parallel group, factorial, crossover and
stepped wedge studies.

If more than one publication of the primary outcome
result for an eligible CRT was identified, a key study
(index) report was designated and used for data extrac-
tion. Papers that did not report the primary outcome
were excluded along with pilot/feasibility studies, proto-
col/design articles, process evaluations, economic evalu-
ations/cost-effectiveness studies, statistical analysis plans,
commentaries and mediation/mechanism analyses.

Sifting and validation

Two reviewers (KP and OU) independently screened the
titles and abstracts of all references (downloaded into
Endnote [17]) for eligibility against the inclusion criteria.
Any studies for which the reviewers were uncertain of
for inclusion were taken to full text screening. Full-text
articles were evaluated by the same reviewers based on
the inclusion criteria using a pre-piloted coding method.
Any discrepancies which could not be resolved through
discussion were sent to a third reviewer (ZMX) for a
decision.

Data extraction and analysis
For each eligible study, data were extracted using a pre-
piloted form in Microsoft Excel. Data were extracted by
two reviewers (KP and OU), and any discrepancies that
could not be resolved through discussion were sent to a
third reviewer (ZMX) for a final decision. Missing infor-
mation that was not available in the index papers was
sought from corresponding protocol papers and other
“sibling” publications.

The items of information extracted are listed as follows:

Publication details: year of publication and journal
name.

Setting characteristics: country/region, school level
and type of school.

Intervention: health area and intervention type.
Primary outcome: name, health area, reporter of
outcome and method of data collection.

Study design and analysis methods: unit of randomi-
sation (i.e., type of cluster), justification for using the
cluster trial design, method used to sample schools,
method used to balance the randomisation, length
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and number of follow-ups, design of follow-up
(cohort versus repeated cross-sectional design) and
method used to account for clustering in the analy-
sis.

Sample size calculation: target sample size (i.e., num-
ber of clusters and pupils) and assumptions underly-
ing the sample size calculation (e.g., assumed 1CC,
percentage loss to follow-up).

Ethics and consent procedures: activities covered by
the consent agreements and use of “opt-out” con-
sent.

Other study characteristics of methodological inter-
est: number of clusters and pupils that were recruited
and lost to follow-up, estimate of the ICC of the pri-
mary outcome.

Study characteristics were described using medians,
interquartile ranges (IQJRs) and ranges for continuous
variables, and numbers and percentages for categori-
cal variables, using Stata software [18]. Formal quality
assessment was not performed as it was not an objec-
tive of this review to estimate intervention effects in the
included studies. Some information relevant to the qual-
ity of CRTs was, however, extracted and summarised as
part of the review.

Results

Search results

After deduplication, 3103 articles were identified through
MEDLINE, 159 were full-text screened and 64 were
included in the review [19-82]. Of 95 excluded stud-
ies, 88 did not meet the inclusion criteria, and 7 studies
met inclusion criteria but were subsequently excluded
because they were sibling reports of an index paper
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram is in Fig. 1.

Study characteristics
The included papers were published in 36 different jour-
nals, including: British Medical Journal (n=9 papers);
BMC Public Health (n=4); International Journal of
Behavioural Nutrition and Physical Activity (n=4);
Archives af Disease in Childhood (n=3); BM] Open
(n=23); Jowrnal of Epidemiology and Community Health
(n=3); Public Health Nutrition (n=3); and The Lancet
{n=3). The CRT design has been increasingly used in
the UK school setting to evaluate health interventions for
pupils since the first paper was published in 1993 (Fig. 2).
Twenty three papers were published between 2001 and
2010, compared to 37 between January 2011 and June
2020.

Table 2 summarises the characteristics of included
studies.
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Setting

Almost three quarters of the studies were conducted
exclusively in England (n=47; 73%); most studies (50 of
the 52 studies that provided the data) took place in one
or two geographic regions (e.g., West Midlands). Just
over half the studies (56%) were based exclusively in
primary schools (age 5-11 years), and 38% were exclu-
sively in secondary schools (age 11-16 years). Of the 44
studies that reported information on the types [83] of
schools recruited, 93% included state-funded schools.

Intervention type

Eighteen (28%) studies evaluated interventions that
targeted nutrition, 15 (23%) physical activity, 15
(23%) socioemotional function and its influences, 7
(11%) dental health, 5 (8%) smoking and 5 (8%) injury,
amongst others. Physical health interventions are
increasingly prominent (13 published since 2011 in
contrast to just 2 prior to then). Of the 15 studies tar-
geting socioemotional function and its influences, 13
were published since 2011, highlighting increasing use
of the CRT design in this area. Of the 7 CRTs related
to dental health, the most recent one was published in
2011. The vast majority of interventions were in pri-
mary prevention (94%).

In 53 (83%) studies, the intervention had at least
one component that necessarily had to be admin-
istered to entire clusters (“cluster—cluster” inter-
ventions [1]). Such components often included
educational lessons (e.g., classroom-based lessons
[23], physical activity [43] and gardening [25]). Other
less common components included breakfast clubs
[46, 73], funding/resources [37], change in school
policy [50] and advertisements [40]. Eleven (17%)
studies had intervention components that directly
targeted individual pupils (“individual-cluster” inter-
ventions [1]), such as the use of fluoride varnish [72].
Thirty three (52%) studies had “professional-cluster”
interventions [1]): in 30 (47%) studies the teacher was
either trained in or provided with guidance to deliver
components of the intervention, in 3 studies pupils
were trained to deliver peer-led intervention com-
ponents [21, 26, 42], and in 1 study the school nurse
was trained [66]. Half the studies (n=32) had “exter-
nal-cluster” interventions [1] where people external
to the school delivered intervention components
(e.g., researchers [23], trained facilitators [53], dental
professionals [51)], dance instructors [41] and student
volunteers [47]).

Two studies [53, 78] had 2 control groups (one “usual
care” and one active) and 16 (25%) used a delayed inter-
vention (waitlist) design.
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Articles identified through
MEDLINE database searching
(n=3138)

L J

Titles and abstracts
sereened
(n=3103)

Articles assessed for full-
text evaluation

Duplicates removed
(n =35)

Records excluded
{n=2944)

Full-text articles excluded (n=95),
with reasons;
Mot UK (n = 23)
Mot main outcome paper [n= 21)
Monograph of index study (n= 12}

(n=159)

Studies included in
systematic review
(n=64)

Fig. 1 PRISMA flowchart summarising the results of the literature search and screening for eligibility
LN

Mot CRT (n=19)

Sibling paper of index study (n=7)
Pilot and Feasibility studies (n =5)
Commentaries (n=4)

Mot school-based (n=4)
Mediation analysis/mechanism
[n=3)

Protocol/Design (n=3)
Baseline results (n= 2)
Sub-group analysis (n=1)
Primary outcome not reported on
pupils (n = 1)

Primary outcome

Health areas assessed by the primary outcomes are
summarised in Table 2. In 53% of the studies pupils
reported the primary outcome, with researchers report-
ing primary outcomes in 20%, teachers in 8%, and par-
ents in 8%. In 28% of the studies the primary outcome
reporter was blind to allocation status (some authors
specifically commented on the challenges of blinding
trial arm status [33, 36, 56, 60]), and 22% measured the
outcome using an objective method.

Study design and analysis methods

Explicit justification for use of the CRT design was only
provided in 17 (27%) studies; the most common rea-
son was to avoid contamination (13 studies altogether).
Most studies (n=56; 88%) randomised school clusters,
while classes and year groups were allocated in & (9%)
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and 2 (3%) studies, respectively. Two authors said that
in order to maintain power, classes were randomised
instead of schools and that this may have led to con-
tamination between the intervention and control arms
[22, 28). Nearly all studies used a parallel group design
(n=61; 95%); the remaining 3 used a factorial design [21,
37, 39). Of the 46 studies with sufficient information to
establish the approach used to sample schools, 33 ini-
tially invited all potentially eligible schools to participate,
5 used random sampling, 4 used purposive sampling, 3
used convenience sampling, and 1 used a mixed random/
convenience sampling approach.

Eighty percent of studies reported using a restricted
allocation method to balance cluster-level characteris-
tics between the trial arms. Most commonly a measure
of socio-economic status (SES) was balanced on (48%),
with a third of studies (21/64) specifically balancing
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the allocation on the percentage of pupils eligible for
free school meals. Other commonly-used balancing
factors are described in Table 3. Few studies gave justi-
fication for their choice of balancing factors.

One of the challenges of CRTs is to avoid recruitment
bias that might occur if participants are recruited after
the clusters are randomised [88, 89). One third (33%)
of studies avoided this by recruiting pupils before the
clusters were randomised; furthermore, 25% collected
baseline data before randomisation. This information,
however, was unclear in many studies (41% and 33%,
respectively). Generally, insufficient information was
provided on whether recruitment bias was avoided in
studies where pupils were recruited after randomisa-
tion of clusters. A notable exception was one study [57]
where recruitment bias was avoided because allocation
was not revealed to the schools until after recruitment
and baseline assessment.

Nearly all studies used the cohort design as their
method of follow-up (n=62, 97%), where the same
pupils provided data at each study wave. One study
used a repeated cross-sectional design where different
pupils provided data at each wave [46], and one used
an a priori mixed design incorporating elements of the
cohort and repeated cross-sectional designs, with only
a subset of participating pupils providing data at each
wave [49].

Seventy two percent of studies analysed their data
using individual-level methods that allow for cluster-
ing, 16% used cluster-level analysis methods, and 12%
did not allow for clustering in their analysis.
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Sample size calculation

Seventy eight percent of studies accounted for cluster-
ing in their sample size calculation and 72% reported
the ICC or coefficient of variation [90] that was
assumed for the outcome. None of the studies made a
degrees of freedom correction to the sample size cal-
culation. Only two studies [57, 63] allowed for unequal
cluster sizes in their sample size calculation, and only
one of these [57] specified the anticipated variation
in the number of pupils across clusters. The median
{range) assumed ICC for school clusters was 0.05 (0.005
to 0.175) based on the 37 studies that provided these
data. Of the 3 studies that specified the coefficient of
variation of the outcome, 2 assumed it to be 0.2 [42, 60]
and 1 assumed it to be 0.25 [19]. The median (range)
assumed design effect was 2.21 (1.22 to 8.11). The
median targeted sample size was 30 and 964 clusters
and pupils, respectively. Most studies (94%) did not
state whether their sample size calculation allowed for
loss to follow-up of clusters.

Ethics and consent procedures

Information regarding consent procedures was not well
reported and consent for the participation of the cluster
was often implied rather than explicitly detailed. In 63%
of studies it was stated that both parents/guardians and
pupils provided consent or assent for study participa-
tion. Forty five percent of studies reported that opt-out
consent [14] from either the parent/guardian and/or the
pupil was used for participation.
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Characteristic Statistics
Setting
Country
England, r (%) 47 (73)
Scotland, r (34) 5(8)
Wales, n (%) 35}
Marthern Ireland, n (%) 3(5)
Miare than ane country®, n (3% 619)
Mumber of regions fram which schools were drawn®
One 40 (62)
Two 10 (18}
Three 1(2)
Four 1(2)
Ureclear 12(19)
Sehool level
Preschool anly, n (%) 213}
Prirmary only, n (%) 36 (56)
Secondary anly, n (%] 24 (38
Prirmary and Secandary, n (%) 2(3)
Sehool typas that were included [83F
State, i (%) 41 (93)
Independent, n (%) G114
Academies, n (%) 21(5)
Grarmrmar, n (%) 215)
Special, n (%) 215)
Voluntary aided, n (5%) 21(5)
Foundatian, r (%4) 12
Faith, r (%) 12
Intervention
Health area of intervention?
Mutriticn, i (36) 18 (28)
Physical activity, n (38) 15(23)
Socioemetional function and its influsnces”, n (35) 15 (23)
Dental health, n (%) 7{11)
Smokirg, n (%) 518)
Injury, n (%) 518}
Sexual health, n (%) 3(5)
Aleahol misuse, n (%) 213}
Cancer, r (%) 12
Cammunication skills (for children with autism), r (%) 1(2)
Health attitudes (breast feeding), n (%) 1(2)
Level of prevention
Primary prevention, n (%) 60 (34)
Secondary prevention, n (3 4 (6}
Type of intervention [1)
Individual-cluster, n (3%4) 1117}
Professianal-cluster, n (%) 33 (52)
External-cluster, r (36) 32 (s0)
Clustar-clustar, r (%) 53 (B3)
Multifaceted, n (%) 53 (83)
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Characteristic N Statistics
Primary outcome
Primary outcarms health area 64
Socipemotional function and its influences®, n (%) 15(23)
Mutrition, n (%) 10(18)
Dental health, n (3) 7{11)
Physical activity, n (%) 7i11)
Obesity, n (%) 7(11)
Smoking, n (%) 5(8)
Injury, n (%) 3(5)
Sexual health, r (%) 213)
Obstetrics, n (%) 2(3)
Alechol misuse, n (%) 2(3)
Cancer, r (%) 1(2)
Cammunication skills {for children with autism), n (96 1(2)
Gross motor skills, n (%) 1(2)
Safety, n (%) 142
Main reparter of primary outcome 64
Bupil, i (3) 34(53)
Besearcher, rm (%) 12(19)
Drentist, n (%) 619)
Teactvar, n (%) 5 (8)
Parent, r (%) 48]
Routine data, r (%) 2(3)
Researcher and parent, n (%) 1(2)
Primary outcorme reporter blind to allocation status 64
e, n (%) 18(28)
Mas, ru (98) 46 (72)
Primary cutcorme measurement was objective 64
e, n (%) 14(22)
Ma, r (%) 50(78)
Study design and analysis methods
Justification prewvided for randamising clusters 64
s, (96) 17 (27)
Ma, m (%) 47 (73)
Reasan for randomising clusters 17
To avoid comamination, n (%) 91{53)
Intervention was delivered at the cluster level, n (%) 4(24)
To avoid contamination and for logistical reasons, n (%) 2012
To avoid contamination and avoid “selection bias’ n (9%) 1 (&)
To avoid contamination and because intervention was delivered at the cluster level, ri (%) 16}
Unit of randomisation 64
Schoals, n (%) 56 (BE)
Classes, r (%) 61(9)
Year groups, n (%) 2(3)
Nurmber of trial arms 64
Ty, 1 (%) 55 (86)
Three, n (%) 5 (8)
Four, n (%) 4 (&)
Study desigr 64
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Table2 (continued)

Characteristic M Statistics
Farallel group, r (%) A1(95)
Factorial, n (%) 31(s)

Method used to sample schools 64
All potentially eligible schoals irvited, rn (%) i3(52)
Bandam sample, n (3] 518
Purpasive sample, n (%) 4 (6}
Coarvenience sample, n (2] 3(5)
Mixed random/convenience sample, n (%) 142
Urclear, n (%) 18(28)

Type of randarmisation 64
Completely randomised, n (%) 13 {20)
Stratified, n (%) 29 (45)
Matched, n (%) 8013
Minimisation, rn (%) 8013
Constrained [24, 85), n (3%) 6(3)

Type of fallow-up 64
Cohart, n (%) 62 (97)
Bepeated cross-sactional, n (36) 12}
Mixed, n (%) 142

Number of fallow-ups 64
1,n (%) 32(50)

2 n () 21(33)
R 61(9)
4,n (%) 5(8)

Length of fallow-up 64
Up ta 6 months, r 5) 22(34)
7t 12 months, n (%) 19(30)
13 10 18 moanths, ri (%) 619)

19 1 24 monthe, r (%) 8113
25 1o 35 maniths, ri (%) 7(11)
Mare than 36 months, n (%) 213)

Participants recruited before clusters were randomised &4
Yes, i [98) 21(33)
Mo, i (%) 17 (27)
Uniclear, n (%) 26 (41)

Baseline data collected befare clusters were randamised 64
e, r (%) 16(25)
Mo, n (%) 27 (42)
Uniclear, n (%) 21(33)

Method of analysis 64
Individual-level analysis that allows for clustering, r (36) 46 (72)
Cluster-level analysis, r (%) 101(16)
Did ot allow for elustering, n (%) 8013

Sample size calculation

Assumed school-level intra-cluster carrelation coefficient of autcome, median (1OR; range) i7 0.05(002 ta0.1;

0,005 to 0.175)

Assurmed design effect, median (10R; rarge) 36 221(19810353;

1.22t08.11)

Study allawed for drop-out at eluster level &4
e, n (%) 46

273



Parker et al. BMC Med Res Methodol (2021) 21:152 Page 100f 17

Table 2 (continued)

Characteristic N Statistics
Mot stated, n (%) &0 (94)
Study allowed for drop-out at individual level” a2
Yoo m (%) 18 (29)
Mot stated, r (%) 44 (T1)
Target number of clusters, median (GF; range) 46 30 (20 to 40;
4 1o 160)
Target number of schools, median (I0F; range) 41 30 (20 10 42,
4 o 160)
Target nurmber of individwals, median (I0R; range) 45 964 (498 to 2000;
90 te H000)
Ethics and consent procedures
Fram whom was consentfassent sought for pupil participation? a4
Parents ard pupils, r (34) 40 (63)
Barents onby, r (%) 15(23)
Pupils only, m (3) 2(3)
Mot stated / Neither parert nor pupil, r (%) 7111}
Opt-aut consent/assent procedure used for either parent/guardian ar pupils &4
Yes, (%) 29 (45)
Mot stated / Ma, n (%) 35(55)
Other study characteristics of methodological interest
Ethnicity: percentage of pupils that are White, median (IQR; range) i3 76.8(51.5 to B62; 24 1o 953)
Total number of clusters recruited, median (IQR; range) &2 31.5(21 to 50;
4 1o 486)
Total number of schools recruited, median (I0R; range) a3 29 (15 ta 50;
4 1o 486)
Total number of pupils recruited, median (I0R; rarge) L] 1308 (604 ta 3201;
17 to 27.435)
Percentage of clusters followed-up for primary autcorme, median (I0F; range) a2 1000925 to 100;
0.5 te 100)
Percentace of pupils followed-up for primary outeome, madian (I0R; range) 58 79.9(64.1 10 87.5;
7.7 12 100)
Observed schoal-level intra-cluster correlation coefficient of primary outcome, median (I0R; range) 23 0028 (0017w 01
0.0005 12 021)

4 Studies that induded schools from more than one country in the United Kingdom

& English reglons included: South West, South East (Including Greater London), East of England, West Midlands, East Midlands, North West, Morth East, Yorkshire and
The Humber, “Southern England? “Central England® and “West of England” Scottish regions induded: Glasgow, Invernchyde, Tayside, Grampian, Lanarkshire, Lothian
and Fifie. Welsh regions included: Maorth Wales, South West Wales and South East Wales. Morthem Irish regions included: South Belfast, East Balfast, Ulster, Leinster,
Connacht and Munster

= Some studies included mare than one school type. This is the number of studies that included specific types of school. State schools receive funding throwgh thelr
local authority or directly from the government. The most common ones are local authority, foundation and veluntary aided school which are all funded by the local
authority. Acadermies are run by government and not-for-profit trusts, and are independent of local authority. Grammar schools are run by local authorities but intake
is based on assessment of the pupils’ academic ability. Special schools cater for pupils with special educational needs. Faith schools fiollow the national curriculum but
can decide what they teach in religious studies. iIndependent schools follow the national curriculum but charge fees for attending pupils

# Some interventions targeted maore than one health area

* Includes mental health, behaviour, ADHD, wellbeing, quality of life, bullying, sodal and ernotional learming, and self-esteem

! intervention type was summarised based on the typology described by Eldridge and colleagues [1]. Individual-cluster’ interventions include components that are
directed at individual participants (e.q. puplls) on whom outcomes are measured. ‘Professional-cluster interventions include components fior training professionals in
the cluster (e.q. teachers in schools) to deliver the intervention. ‘External-cluster’ interventions involve additional staff outside the dluster to deliver the intervention
(e.q. researchers, trained facilitators). ‘Cluster—cluster’ interventions include components that necessarily have to be administered to entire clusters (e.q., school policy).
‘Multifaceted” interventions incdude components across more than one of the individual-cluster! ‘professional-duster, ‘external-cluster and ‘dluster-cluster’ categories
F includes mental health, behaviour, hyperactivity/inattention (ADHD), wellbeing, quality of life, bullying, social and emotional leaming, and self-esteem (body image)
" Sumimary excludes the two CATS that did not use the cohort design

" Surmrary excludes the two CRTs that did not use the cobort design

Isummary excludes the two CRTs that did not use the cohort design

* summary excludes the two CRTs that did not use the cohort design
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Table 3 Cluster-level characteristics used to balance the randomisation (N =64)
Characteristic Statistic
Deprivation (school ar area in which schoal is based)

Yes - Percentage of pupils eligible for free schoal meals, n (%) 211(33)

‘fes - Townsend Index [86]°, n (%) 2(3)

Yeu — Income Deprivation Affecting Children Indesx (DACH [871, r (3) 112)

Yes - Index of Multiple Deprivation (IMD) [27]5, n (%) 112

Yot - Unspecified?, n (%) G (%)
Cluster size

Yes, m (%) 23 (36)
Geographic area of school

Yes, m () 13 {20)
Pupil ethnicity summary

Yes, m (%) 508
Co-educational status of school 518
Yes, n (%)
School performance

e, ri (%) 58
School type

Yes, m (%) 203
Other®

Yes, m (%) 24 (38}

* Townsend Index guantifies material deprivation within a population

® Income Deprivation Affecting Children Index (IDACT) is the properticn of all children aged 0 to 15 living in income deprived families in different local areas across

England

“Index of Multiple Deprivation (IMD) measures relative deprivation for small areas (or neighbourhaods) in England

“ Did not state which measure of deprivation used

* Other balancing factors include: Percentage of students who actively commuted to school; School; English-speaking versus Welsh-speaking school; Local sexual
health services: Number of students in year group; Date of entry of schoal into study: School in urban versus rural area; Percentage of children speaking English as

an additional language; Quality and quantity of curment school sex education; Local authority; Percentage of pupils staying on after age 16 years; Special educational
need status; Whether school has existing policy similar to the intervention; School expressed preference for allocation (control versus intervention versus o
preference); Health-promoting school status; Percentage of children in year group of interest with no dental decay; Frequency and timetabling of personal, social, and
health education lessons: Preferred timetabling of the intervention; Facilitator of the intervention (Reglonal Project Manager)

Other study characteristics of methodological interest
A median (IQR) of 31.5 (21 to 50) clusters, 29 (15 to 50)
schools and 1308 (604 to 3201) pupils were recruited. The
CRT studies that used a cohort design and reported both
targeted and achieved recruitment figures at the cluster
(n=45) and pupil (n=43) levels achieved those recruit-
ment targets in 89% and 77% of studies, respectively.
Some authors noted challenges with recruitment at the
cluster [45, 47, 50] and pupil [24, 55] levels. Based on the
33 studies that provided data, the median (IQR) percent-
age of pupils categorised as “White” was 76.8% (51.5%
to 86.2%). Thirty out of 62 (48%) studies that provided
information reported that at least one cluster was lost
to follow-up. Missing data resulting from entire school
drop-out was highlighted as a problem in some reports
(e.g., [42, 48, 54]). The median follow-up at the pupil level
was 79.9%.

Only 26 (41%) studies overall, and 18 of the 37 (49%)
studies published after 2010, reported the ICC from
the analysis of the primary outcome; the specific 1CC
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values are reported in Table 4. The median (range) ICC
for school clusters was 0.028 (0.0005 to 0.21). For many
studies that reported both values there was a marked dif-
ference between the observed school-level ICC in the
study data and the corresponding assumed value of the
ICC in the sample size calculation (Fig. 3). The median
(range) of the differences between the observed ICC and
the assumed ICC was -0.006 (-0.117 to 0.16) indicating
that: on average, the observed 1CC was slightly smaller
than the assumed [ICC; at one extreme, the observed ICC
in one study was 0.117 smaller than the assumed value
[25]; and at the other extreme, the observed ICC in one
study was 0.16 larger than the assumed value [68]. The
intra-class correlation coefficient of agreement between
the observed and assumed ICCs was 0.24.

Seven studies [24, 26, 44, 59, 68, 71, 74] that reported
ICCs had a binary primary outcome, but none of these
stated whether the ICC was calculated on the pro-
portions scale or the logistic scale [3]. It is possible
that five of these studies [24, 26, 68, 71, 74] that used
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Table 4 Reported intra-cluster correlation coefficients for primary outcomes (N =26)

Author Year Clusterunit Outcome Health area Outcome type CC estimate

Stallard [53) 2012 yeargroup  Symptams of low maod (depression) sacioernotional function  continuows 0012

Chisholm [22] 2016 class Stigma aof mental illness socicernotional function  continuous o1

Obsuth [71] 2017 school Schaoal exclusion sacieernotional function  binary Doze

Connolly [32] 2018 school Prosocial behaviour socicernotional function  continuous 0116

Ford [32] 2019 school Mental health / behaviour sacicernotional function  continuows 01

Aucfard [44] 2020 school Victimisation (being bullied) occurring at least sacicernational function  binary ame
twice a month in the last 2 months

Campbell [26] 2008 school Smwoking in the past week smoking binary om7

Canner [74] 2019 school Ever smoakirsg srmoking binary 0m7

McKay [24] 2018 school Heavy episodic drinking in the previous 30 days alcobol misuse binary 0,121
(=6 units for males and > =45 units far
fernales)

Croker [40) 2012 schoal Child's eating habits obesity continuous 007

Fairclowgh [56)] 2013 schoal Waist circumference (em) obsesity continuous 006

Liayd [57] 2018 schoal Bl 2 scare obsesity cantinuous 0014

Brehery [43] 2000 sehoal BMI z-scare at 12 months obsesity continuous 0001

Jago [41] 2015 school Mean weekday minutes of moderate to vigorous  physical activity cOntinuoUus 00005
physical activity per day

Harrington [58] 2018 school Minutes per day of moderate- w vigorous physi- — physical activity continuous 002
cal activity

Marris [67] 2018 school Sedentary behaviour during the schoal day in phyysical activity cantinuous 0080
minutes

Jarmes® [28] 2004 class Consumption of carbonated drinks aver 3 days nutrition cantinuous 0009
lin glasses)

Chiristian [25] 2014 school Combined daily fruit ard vegetable intake (grams — nutritian continuous 0003
per day)

Redmoarnd [B1] 1999  school Prapartion of teeth sites with caries at 6 months  dental health cantinuous 06

Woarthington [31] 2001 school Flacue scare dental health cantinuous 0023

Milsam [59] 2006  school Whether the child has active caries in thair first dental health binary o027
permarent malars

Mulbvaney [58] 2006 school Uee of visibility aid (reflective and fluorescent slap  injury binary 021
wiap) while cycling

Kendrick [79] 2007 school Knawledge scare for fire and burn prevention safety cantinuaus 0.187

Hubbard [76] 2016 school Number of recognised cancer warming signs cancer continuous 0.038

Henderson [27] 2007 school Terminations of pregnancy by age 20 obstetrics cournt 0.005

Giles [23] 2014 school Intention to breastfeed obstetrics continuous 012

“ The estimated intra-cluster correlation coeffickent in Jarmes (2004) was negative. True negative values are generally considered irmplausible in the context of cluster

randomised trials

mixed effects ("multi-level”) models [91] to analyse
the data reported the ICC on the logistic scale, which
could potentially account for some of the differences
between the observed and assumed ICCs. Further
scrutiny of the data, however, revealed marked differ-
ences for only two of the aforementioned studies: 0.21
for the observed ICC versus 0,05 for the assumed 1CC
in Mulvaney and colleagues [68], and 0.028 versus 0.1,
respectively, in Obsuth and colleagues [71].

Discussion

The number of UK school-based CRTs evaluating
the effects of interventions on pupil health outcomes
has increased in recent years, reflecting growing
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recognition of the role that schools can play in improv-
ing the health of children [10, 92-95]. The findings of
this systematic review indicate a number of methodo-
logical considerations that are worthy of reflection.

Interpretation

Seventy two percent of the studies reported the level of
clustering assumed in their sample size calculation, a lit-
tle more than the 62% observed in a 2015 review of the
reporting of sample size calculations in CRTs [96]. Our
review found that the observed ICC in the study data
often differed markedly from the 1CC assumed in the
sample size calculation. This will be partly due to sam-
pling variation and adjustment for prognostic factors in
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the analysis, but it may also reflect the lack of availability
of good estimates of the 1CC at the time of sample size
calculation. Knowledge of the ICC for pupil health out-
comes in the school setting is less well established than
for patient health outcomes in the primary care setting
where general practices are allocated as clusters [1, 97].
It has been reported that general practice-level [CCs for
health outcomes are generally less than 0.05 [98]; in our
review, only 13 of 23 studies that randomised school clus-
ters and reported observed ICCs had values that were less
than 0.05. School-based ICC estimates are widely avail-
able for educational outcomes [99], but these are mark-
edly higher than those reported in this review for pupil
health outcomes; this is to be expected given that the
primary role of the school is to provide education. The
importance of reporting ICCs from study data for plan-
ning future similar CRTs has long been established [100]
and the 2012 CONSORT extension to CRTs includes
a specific reporting item for this [101]. Only two-fifths
41%) of studies in this review, however, reported the [CC
for the primary outcome; this figure rises to 48% (16/33)
for studies published after 2012. Improved reporting of
the ICC in the increasing number of CRTs in the school-
based setting, and further papers written specifically to
report ICCs [102, 103], will provide valuable knowledge.
This review focussed on CRTs in the UK setting; a use-
ful area to investigate is the extent to which school-based
ICC estimates for health outcomes from other countries
{e.g., [102, 104]) are similar to those in the UK.
Representativeness of school and pupil characteristics
in school-based trials is important for external validity
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and inclusiveness. For most studies in this review, schools
were recruited from only one or two geographic regions/
counties. A median 23% of participating pupils were in
a minority ethnic group, lower than the national per-
centages reported by the UK Department for Education
(33.5% of primary school pupils and 31.3% of secondary
school pupils) [105]. The study reports generally provided
little information on specific aspects of the recruitment
process, such as why some schools declined to participate
and details of their characteristics. Many of the studies
evaluated interventions that involved classroom lessons
and necessitated teachers being trained to deliver the
intervention. Additionally, the teachers reported pupil
outcomes in some studies [32, 34, 60, 73, 82]. Insufficient
school resources to deliver the intervention and the wider
trial may be a barrier to participation and result in lack of
representation of certain types of schools.

Eighty percent of the studies used some form of
restricted allocation to balance the randomisation on
cluster-level characteristics, which is higher than previ-
ous methodological reviews of CRTs [106-109]. The per-
centage of pupils in the school that are eligible for free
school meals was often used as a balancing factor, per-
haps partly because this information is readily available
from the UK Department for Education [110]. School
characteristics that are predictive of the study outcomes,
account for within-cluster correlation or influence effec-
tiveness of the intervention are candidates on which to
balance the randomisation [1, 111]; previous school-
based CRTs could be used to identify such factors.

Strengths

This systematic review used a defined search strategy
tailored to identify school-based CRTs. The strategy was
developed following an iterative process and allowed us
to achieve the right balance of sensitivity and specificity
relevant to our available resources. Identifying reports
of CRTs is a challenge given that many articles do not
used the term ‘cluster’ in their title or abstract. There-
fore, a search strategy was used which included terms
such as ‘group’ and ‘community’ to improve sensitivity.
The ‘School’ MeSH term was also used to identify publi-
cations that randomised any type of school-related unit.
The piloting of our screening procedure and data extrac-
tion were conducted by two independent reviewers,
improving accuracy. The review identified school-based
CRTs with interventions spanning a variety of different
health conditions/areas.

Limitations

A potential limitation of the review is that the search was
limited to one database. MEDLINE was used because the
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focus of the review was on describing the characteristics
of trials that evaluate the impact of health interventions
on pupil’s health outcomes, but it is possible that we have
not identified eligible publications that are not indexed
in MEDLINE. Translating our search in the EMBASE,
DARE, PsycINFO and ERIC databases for potential
includes published in the last 3 years, however, revealed
only one additional eligible school-based CRT.

Given resource constraints, we focussed the review on
the UK, making the decision to collect rich data on CRT
methodology in a single education system. As a result,
the findings are readily applicable to a specific con-
text. Despite being focussed on the UK, the findings of
this review will be of global interest. Other high income
countries, such as Australia, have a similar school system
to the UK, and many of our findings may be applicable
in those settings. Furthermore, some of the methodologi-
cal challenges in the design of CRTs will be similar across
different settings.

Future directions

The results provide a summary of the methodological
characteristics of school-based CRTs with pupil health
outcomes in the UK. To our knowledge, there has been
no systematic review of the characteristics of school-
based CRTs for evaluating interventions for improving
education outcomes, despite the fact that the use of the
CRT design is more established in that area. A compari-
son of methodology between health-based CRTs and
education-based CRTs in the school setting would be
valuable to both areas. The results in our review indicate
that better information on the ICC is needed to design
school-based CRTs with health outcomes. Cataloguing of
ICCs from previous studies will help researchers choose
better values for the assumed 1CC when calculating sam-
ple size.

Conclusions

CRTs are increasingly used in the school setting for
evaluating interventions for improving children’s
health and wellbeing. The emerging pool of published
trials in the UK provides investigators and method-
ologists with relevant experiential knowledge for the
design of future similar studies. This review of school-
based CRTs has highlighted the need for more infor-
mation on the ICCs to calculate the required sample
size. Better reporting of the recruitment process in
CRTs will help to identify common barriers to obtain-
ing representative samples of schools and pupils.
Finally, previous school-based CRTs may provide a
useful source of data to identify the school-level char-
acteristics that are strong predictors of pupil health
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outcomes and, therefore, potentially good factors on
which to balance the randomisation.
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Abstract

Background: The last 20 years have seen a marked increase in the use of cluster randomised trials (CRTs) in schools
to evaluate interventions for improving pupil health outcomes. Schools have limited resources and participating in
full-scale trials can be challenging and costly, given their main purpose is education. Feasibility studies can be used to
identify challenges with implementing interventions and delivering trials. This systematic review summarises meth-
odological characteristics and objectives of school-based cluster randomised feasibility studies in the United Kingdom
(UK).

Methods: We systematically searched MEDLINE from inception to 31 December 2020. Eligible papers were school-
based feasibility CRTs that included health outcomes measured on pupils.

Results: Of 3285 articles identified, 24 were included. School-based feasibility CRTs have been increasingly used in
the UK since the first publication in 2008. Five (21%) studies provided justification for the use of the CRT design. Three
(13%) studies provided details of a formal sample size calculation, with only one of these allowing for clustering. The
median (IQR; range) recruited sample size was 7.5 (4.5 1o 9; 2 to 37) schools and 274 (179 to 557; 29 1o 1567) pupils.
The mast common feasibility objectives were to estimate the potential effectiveness of the intervention (n=17; 71%),
assess acceptability of the intervention (n=16; 67%), and estimate the recruitment/retention rates (n=15; 63%). Only
one study was used to assess whether cluster randormisation was appropriate, and none of the studies that ran-
domised clusters before recruiting pupils assessed the possibility of recruitment bias. Besides potential effectiveness,
cost-effectiveness, and the intra-cluster correlation coefficient, no studies quantified the precision of the feasibility
parameter estimates.

Conclusions: Feasibility CRTs are increasingly used in schools prior to definitive trials of interventions for improv-

ing health in pupils. The average sample size of studies included in this review would be large enough to estimate
pupil-level feasibility parameters (e.g, percentage followed up) with reasonable precision. The review highlights the
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need for clearer sample size justification and better reporting of the precision with which feasibility parameters are
estimated. Better use could be made of feasibility CRTs to assess challenges that are specific to the cluster design.

Trial registration: PROSPERC: CRDA20202185993,

Keywords: Children, Cluster randomised trials, Feasibility study, Pilot study, Public health, Randomised trials, Research

methods, Schools, Systemnatic review, Trial methodology

Background

Cluster randomised trials (CRTs) are studies in which
clusters (groups) of individuals are allocated to trial
arms, and outcomes are measured on the individual par-
ticipants [1]. These clusters might be geographical loca-
tions (e.g., cities), organisations (e.g., workplaces) or
social units (e.g., households). Clusters may be chosen as
the randomisation unit for different reasons, including
logistical reasons, to prevent contamination that could
otherwise occur between trial arms if individuals were
randomised, or because the intervention is designed to
be administered at the cluster level [2]. CRTs are often
used to investigate complex interventions. They usually
require more participants and can be more complicated
to design, conduct and analyse than individually ran-
domised controlled trials (RCTs) [1-6]. Therefore, it is
important to assess the feasibility of the study processes
and design uncertainties before a definitive CRT of inter-
vention effectiveness is conducted.

Prior to a definitive trial, a feasibility study can be used
to determine whether the research is something that can
be done, whether it should be done and how it should
be done |7]. Feasibility studies focus on areas of uncer-
tainty in trial delivery, such as the randomisation pro-
cess, recruitment and follow-up rates, acceptability to the
participants of the trial processes and the intervention
itself, implementation of the intervention, data collec-
tion processes, selection of outcome measures, potential
harms related to the intervention and trial, knowledge of
parameters that will inform the sample size calculation
for the definitive trial, and potential effectiveness of the
intervention. The randomised pilot trial is a type of fea-
sibility study that involves conducting the future defini-
tive trial or part of it on a smaller scale [7). For ease of
understanding, this paper refers to randomised pilot tri-
als as feasibility studies. Other types of feasibility study
include non-randomised parallel group and single-arm
trials, which also focus on developing trial methodaol-
ogy and interventions, and testing processes prior to a
full-scale RCT [7, 8]. However, such designs cannot be
used to test specific uncertainties such as the randomi-
sation process and the willingness of participants to be
randomised. Feasibility CRTs differ from those done in
advance of individually RCTs in that they may be used

283

to address concerns that are specific to CRTs, including
evaluating the possibility for recruitment bias in studies
where clusters are randomised before individual par-
ticipants are recruited [9] and obtaining estimates of the
intra-cluster correlation coefficient (ICC) of the primary
outcome to support the calculation of the sample size for
the definitive trial, although some authors caution that
the resulting estimates will often be imprecise due to the
small number of clusters typically included in such stud-
ies [10]. Other general feasibility considerations apply
at both the cluster and individual levels, such as ease of
recruitment, rate of loss to follow-up and acceptability
of the intervention. Methodological considerations that
are unique to the conduct of feasibility CRTs include the
need to take account for clustering when calculating the
sample size for and reporting the precision of feasibility
parameter estimates from such studies [10].

In recent years, CRTs have been increasingly used to
evaluate interventions for improving educational out-
comes in schools [11] and complex interventions for
improving child health outcomes [12-14]. Schools pro-
vide a natural environment in which to recruit and deliver
public health interventions to children due to the amount
of time they spend there [13]. The CRT design is suited
to the natural clustered structure found in schools (pupils
within classes within schools), but there are challenges
to delivering trials in this setting. For example, schools
and teachers often have stretched and limited resources,
and implementing an intervention and participating in
a trial can be challenging, given that the primary focus
of schools is the education of pupils. A recent systematic
review of definitive school-based CRTs found that 52% of
the studies required a member of school staff to deliver
components of the intervention [14]. Obtaining a rep-
resentative sample of schools is important for external
validity and inclusiveness [13], but recruitment of schools
and pupils is also a challenge. Another potential feasibil-
ity issue regards which type of cluster to randomise in the
school setting for a given trial, such as entire schools, year
groups, classrooms or teachers. For example, there may
be a choice between randomising schools and randomis-
ing classrooms; the former would be better to minimise
the chance of contamination between trial arms but the
latter would have the advantage of a smaller design effect
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[1] and, therefore, greater power for a fixed total number
of recruited pupils [15]. In comparison to the primary
care setting, CRTs for evaluating health interventions
have only relatively recently been used in schools in
the UK and, therefore, there is a smaller pool of experi-
ence available from previous studies [1, 14]. Given these
uncertainties, feasibility trials have an important role
to play in the design and execution of definitive school-
based CRTs.

Authors have previously discussed the growing litera-
ture described as ‘feasibility’ or ‘pilot’ studies, and the
associated methodological challenges [7]. The charac-
teristics of feasibility studies generally [10, 16, 17| and
cluster randomised feasibility studies specifically [18,
19] have been summarised, but, to date, no systematic
review has focussed on the characteristics of school-
based feasibility CRTs for improving pupil health out-
comes. The aim of this systematic review is to summarise
the key design features and report the feasibility-related
objectives of school-based feasibility CRTs in the United
Kingdom (UK) that measure health ocutcomes on pupils.
It follows our previous systematic review of full-scale
definitive CRTs in the school setting [14]. Through sum-
marising the design features of these studies, the find-
ings of this review will highlight particular areas where
improvements could be made to the conduct of feasibil-
ity CRTs. The reporting of their feasibility objectives will
help identify areas in which better use of such studies
could be made to address uncertainties that are specific
to the CRT design.

Methods
Data sources and search methods
This review has been reported in accordance with the
PRISMA (Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses) statement [20] as evi-
denced in the PRISMA checklist (see Additional file 1:
Table 51) and was registered with PROSPERO (1D CRD:
42,020,218,993; www.crd.york.ac.uk/prospero).
Peer-reviewed school-based feasibility CRTs, indexed
on MEDLINE (through Ovid), were the source of data
for the review. MEDLINE was systematically searched
from inception to 31 December 2020. A pragmatic
decision was made to search MEDLINE only due to
time constraints and available resources. The search
strategy (Table 1) was developed using terms from
the MEDLINE search strategy by Taljaard et al. [21]
to identify CRTs, and this was combined with school
concept terms, including the ‘Schools’ MeSH term.
This was the same search strategy used in our previous
systematic review to identify definitive school-based
CRTs [14]. The search was limited to English language

papers.
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Table 1 Systematic review search strategy

Search strategy

Terms for Randomised Controlled trials:
1. random.mp
2 trialab, kw, ti
Cluster design-related terms:
3. tlustersaby, ko, ti
4 “communit®ab, ke ti
5. group®*adj2 random®.ab, ke, i
630R40RS
School terms:
7. exp Schoals!
8 Sehool® ab, ke ti
9 70RE
Final search stages:
10.1 AND 2 AND & AND 9
11. 10 limited ta English larguage

Inclusion and exclusion criteria

The review included school-based feasibility CRTs that
measured health outcomes on pupils and were conducted
in the UK. It focussed on the UK to align with available
resources and to summarise data from a single educa-
tion system relevant to the research team. The popula-
tion of included studies was pupils attending pre-school,
primary or secondary school in the UK. ‘Pre-school” was
defined as an organisation offering early childhood edu-
cation to children before they begin compulsory educa-
tion (i.e., primary school). This included nursery schools
and kindergartens. Eligible clusters could be any school-
related unit (e.g., schools, classes, year groups). Studies
that randomised school-related units as well as other
types of clusters (e.g., towns, hospitals, households) were
eligible for inclusion in the review as long as the results
of the study were shown separately for the school clusters
(Le., the authors did not pool results across the differ-
ent types of clusters). Any health-related intervention(s)
were eligible. The primary outcome had to be measured
on pupils and be health related. Studies with education-
related primary outcomes were excluded. All types of
CRT design were eligible, including parallel group, facto-
rial, crossover and stepped wedge trials.

Only randomised external feasibility studies were
included in the systematic review. The definition of fea-
sibility study used to identify eligible papers was that
used by Eldridge et al. [7] which states "A feasibility study
asks whether something can be done, should we proceed
with it, and if so, how! Therefore, eligible studies had to
be assessing some element of feasibility in the interven-
tion and/or trial methodology, ahead of a definitive trial.
This was determined by looking for the terms, ‘pilot]
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‘feasibility’ or ‘explanatory’ in the title and abstract and by
examining the aims and objectives of each study. Inter-
nal pilot studies that are part of the actual definitive trial,
where the data from the pilot phase are included in the
main analysis [22] were excluded. Non-randomised par-
allel group feasibility studies and single-arm feasibility
studies were excluded. Definitive CRTs were not eligible
for inclusion in this review.

If there was more than one publication of the results
for an eligible feasibility CRT, the paper presenting quan-
titative results related to the feasibility objectives was
designated the key study report (index paper) and used
for data extraction. Papers that did not report the results
of the feasibility objectives were excluded along with pro-
tocol/design articles, cost-effectiveness/economic evalu-
ations and process evaluations.

Sifting and validation

Titles and abstracts were downloaded into Endnote [23]
and screened by two independent reviewers (KP & SEd/
OLU) for eligibility against inclusion criteria. Studies for
which inclusion status was uncertain were included
for full-text screening. Full-text articles were assessed
against inclusion criteria by two reviewers (KP & SEd)
using a pre-piloted coding method. Any uncertainties
were resolved by consulting a third reviewer (OU).

Data extraction
The data extraction form was pre-piloted in Microsoft
Excel by KP and SEd. One investigator (KP) extracted
data from all included studies. A second reviewer (SEd or
OU} independently extracted data for validation. If there
was uncertainty regarding a particular article, the data
obtained were checked by another member of the team
{MN) and resolved by further discussion.

The items of information extracted are listed as follows:

— Publication details: year of publication, journal name,
funding source and trial registration status.

- Setting characteristics: country (England, Scotland,
Wales, Northern Ireland) inwhich the trial took
place, school level, types of school recruited and par-
ticipantinformation.

— Intervention information: health area, intervention
description and typeof control arm.

—  Primary outcome information: name of primary outcome.
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— Study design: justification for using cluster trial
design, type of cluster, method of randomisa-
tion, timing of randomisation of clusters relative to
recruitmentof pupils, number of trial arms, alloca-
tion ratio and length of follow-up.

—  Sample size information: justification for sample size,
targeted numberof schools, clusters and pupils; num-
ber of recruited schools, clusters andpupils.

—  Objectives offeasibility study: test randomisation process
(yes/no), testwillingness to be randomised (at duster
and/or individual levels) (yes/no), estimaterecruitment
rate (at cluster and/or individual levels) (ves/no), esti-
materetention/follow-up rate (at cluster and/or individ-
ual levels) (yes/na), testimplementation of the interven-
tion (yes/no), test compliance with theintervention (yes/
no), assess acceptability of the intervention (at cluster-
and/or individual levels) (yes/no), assess acceptability of
trial procedures(at cluster and/or individual levels) (yes/
no), test the feasibility ofblinding procedures {yes/no),
test data collection process (yes/no), testoutcome meas-
ures (yes/no), estimate standard deviation for continu-
ous outcomes{or control arm rate for binary outcomes)
(yes/no), test consent procedures [yes/no), identify
potential harms(yes/no), estimate potential effective-
ness of intervention (yes/no), estimatecosts of delivering
the intervention (yes/no), estimate the intra-clustercor-
relation coefficient (ICC) of the primary outcome (yes/
no) and calculate thesample size required for the defini-
tive trial {ves/no). Only formal feasibility objectives were
extracted; thesewere obtained from the Background
and Methods sections of the included articles.

— Ethics and consent procedures: Was ethical approval
provided? (yes/no).

—  Other designcharacteristics of methodological interest:
analysis method usedto estimate potential effective-
ness of the intervention, baseline cluster-levelcharac-
teristics, ICC estimates (and 95% confidence intervals
(Cls)) and whetherstudy concluded that a definitive
trial is feasible (yes/yes (withmodifications)/na).

Data analysis
Study characteristics were described using medians, inter-
quartile ranges (IQ)Rs) and ranges for continuous variables,
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and numbers and percentages for categorical variables,
using Stata 17 software [24]. Formal quality assessment of
the papers was not performed as it was not necessary for
summarising characteristics of studies. However, some of
the data extracted and summarised in the review are indic-
ative of the reporting quality of included studies based on
the items in the CONSORT extension for both CRTs [25]
and pilot studies [26]. This includes details on the rationale
for using the CRT design, the rationale for the target sam-
ple size and ethical approval procedures.

Results

Search results

After deduplication, 3247 articles were identified through
MEDLINE, 62 were eligible for full-text screening and 24
were included in the review [27-50]. Out of 38 excluded
studies, 28 did not meet the inclusion criteria, and 10 met
inclusion criteria but were excluded as they described the
same study as a designated ‘index paper. The PRISMA
flow diagram [20] is shown in Fig. 1.
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Study characteristics

School-based feasibility CRTs for health interventions
on pupils have been increasingly used in the UK since
the first publication in 2008 (Fig. 2). Included arti-
cles were published across 11 different journals: Pilot
and Feasibility Studies (n=35), International Journal
of Behavioural Nutrition and Physical Activity (n=4),
Public Health Research (n=4), BM] Open (n=3),
Health Technology Assessment (n=2), Archives of Dis-
ease in Childhood (n=1), BMC Public Health (n=1),
British Journal of Cancer (n=1), British Journal of Psy-
chiatry (n=1), Prevention Science (n=1) and Trials
(n=1). Ten articles described their study as a ‘pilot trial;
six as a ‘feasibility trial, four as a ‘feasibility study, two
as an ‘exploratory trial} one as a ‘pilot feasibility trial’
and one as a ‘pilot study’! Twelve (50%) studies were
funded by the National Institute for Health Research.
Eight (33%) studies were registered prospectively, thir-
teen (54%) retrospectively, and three (13%) did not state
registration status.

Articles identified through

A4

Articles assessed for full-
text evaluation

Medline database searching Duplicates
(n=3285) removed
(n =38)
Tltless::\:e::sgracts i Records excluded
(n = 3247) (= a1Es)

Full-text articles excluded (n=38)
with reasons:
Protocol/Design n=16
Sibling of index paper n=10

(n=62)

v

Studies included in
systematic review
(n=24)

Fig. 1 PRISMA flowchart summarising the results of the literature search and screening for eligibility
&

v

Not school-based n=4
Not feasibility studies n=2

Process evaluation n=2
Economic evaluation/ Cost

effectiveness n=1
Not CRT n=1
Non-randomised n=1
Primary outcome not reported on
pupils n =1
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Number of CRTs 5 |

n-

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fig. 2 Published feasibility CRTs indexed on MEDLINE from inception to 31st Decermnber 2020 (N=24)

“fear of publication

Tables 2 and 3 summarise the characteristics of
included studies.

Setting

Three quarters of studies (n=18; 75%) took place in Eng-
land. Just over half (n=13; 54%) took place exclusively
in secondary schools, 8 (33%) took place exclusively in
primary schools, 2 (8%) exclusively in pre-schools and 1
(4%) study included both primary and secondary schools.
Fifteen (63%) studies provided information about the
types of schools included in their sample and, of these, 14
(93%) included “state” schools.

Intervention and control type

Eleven (46%) studies delivered interventions for improv-
ing physical activity, 4 {17%) in physical activity and
nutrition, 2 (8%) in alcohol misuse, 2 (8%) in sexual
health and 1 (4%) in each of illicit drug misuse, bullying,
behavioural/social difficulties, body image, and dating
and relationship violence.

The main types of intervention components included
resources and materials for schools (n=11; 46%), class-
room lessons (n=10; 42%) and physical activity lessons
(n=75; 21%). Almost all studies (n=23, 96%) had inter-
vention components that had to be delivered to entire
clusters (‘cluster—cluster’ interventions [1] (pages 25 to
30))—e.g., classroom-delivered lessons [48] and physi-
cal activity sessions [27]. Two (8%) had intervention

components that were directed at individual pupils
('individual-cluster’ interventions [1])—e.g., goal-setting
[40, 50]. Eighteen (75%) had intervention components
that were delivered by a professional or person internal
to the cluster (‘professional-cluster’ interventions [1])—
e.g., teachers [34], member of school staff [27] and fellow
pupils/peers [46]. Eight studies (33%) had intervention
components that were delivered by someone external
to the cluster (‘external-cluster’ interventions [1])—e.g.,
‘active play practitioners’ [38], researchers [41] and dance
teachers [36].

The most common type of control arm was usual care
(m=21; 88%). Two (8%) studies used an active control
arm, and one (4%) study had two control arms (a usual
care arm and an active control arm).

Study design

Justification for the use of the CRT design was provided
in only 5 (21%) studies. The reasons given were that the
intervention was designed to be delivered to entire clus-
ters [30, 47, 48] and to minimise contamination between
trial arms [44, 50]. Twenty-three (96%) studies ran-
domised schools and the remaining study randomised
classrooms [48]. In the latter study [48], random allo-
cation was carried out at the level of the classroom for
‘pragmatic considerations! Thirteen (54%) studies used
some form of restricted allocation to balance cluster
characteristics between the trial arms.
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Table 2 Characteristics of included studies (N=24)
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Author Year of publication  School level Cluster unit Health area

Kipping [39] 2008 Prirmary Schaals Physical activity and nutrition
Jaga [36] 202 Secondary Sehaols Phiysical activity

Llewdd [40] 2012 Erirmary Sehaals Physical activity and nutrition
Sharpe [48] 03 Secondary Classes Bady image

Jaga [37] 2014 Prirmary Schaoals Phiysical activity
Newbury-Birch [44] 2014 Secandary Schaoals Alcohol misuse

Barwell [28] 2015 Secondary Sehaals Bullyirg

Segrott [47) 2015 Prirmary Sehanls Aleohol misuse

Barber [27] 2014 Pre-school Schaals Phiysical activity

Carder [31] 2014 Secandary Schaals Phiysical activity

Wright [50] 2016 Primary and secandary Schaals Behavioural/social difficulties (Autism)
Farster [33] 2017 Secondary Sehanls Sexual health (Cancer)

Ginja [35] 2017 Prirmary Schools Physical activity

McSweeney [42] 207 Pre-school Schools Physical activity and nutrition
White [49] 2017 Secondary Schaals Wicit drug rmisuse

Carlin [29] 2018 Secandary Sehools Physical activity

Laban [41] 2018 Secandary Sehaals Sexual health

Sebire [46] 2018 Secondary Schaals Physical activity

Corepal [32] 2019 Secondary Schaals Physical activity

Gamman [34] 2019 Secandary Sehoals Physical activity

Jabnstane [38] 2019 Primary Sehoals Physical activity

Sahota [45] 2019 Prirmary Schaals Physical activity and nutrition
Clemes [30] 2020 Primary Schaols Physical activity

Meiksin [43] 2020 Secondary Schaols Dating and relationship vickence

Most studies (n=21; 88%) had two trial arms and most
allocated clusters in a 1:1 ratio (hn=17; 71%). The median
(IQR; range) length of follow up was 7 (3 to 12; 2 to 24)
months.

Twelve (50%) studies recruited pupils before ran-
domisation of clusters, four (17%) randomised clusters
before recruiting pupils, and in eight (33%) studies, it was
unclear whether or not randomisation occurred before
pupils were recruited. Only 13 (54%) studies reported
baseline characteristics of the schools.

Ethical approval

Ethical approval was obtained and reported in 22 (92%)
studies. One study stated that ethical approval was
sought but the local research committee said it was not
required as the study did not involve patients or NHS
staff. The remaining study did not state whether ethical
approval was obtained.

Sample size

Of the 24 studies included in this review, three (13%)
provided details of a formal sample size calculation. One
of these studies based their sample size on being able to
estimate feasibility parameters (e.g., participation rates,

questionnaire response rates) with a specified level of
precision [33], and the other two studies based their
sample size on power to detect a specified intervention
effect [29, 48]. Only one (4%) study allowed for cluster-
ing in their sample size calculation [48]. Nineteen stud-
ies provided informal justification for their sample size
calculation, based on one or more reasons: seven (29%)
studies based their target sample size on recommenda-
tions from previous articles, six (25%) studies stated that
a formal sample size calculation was not needed, four
(17%) studies said their target sample size was deter-
mined by resource and/or time constraints, three (13%)
studies provided a general statement that their sample
size was considered sufficient to address the objectives of
the feasibility CRT, and one (4%) study aimed to recruit
as many clusters and participants as possible. Two (8%)
studies did not provide any justification for their choice
of sample size.

The median (IQR; range) target sample size was 7.5
(5 to 8; 2 to 20) schools, 7.5 (5 to 8 2 to 20) clusters
and 320 (150 to 1200; 50 to 1852) pupils. The median
(IQR; range) achieved sample size was 7.5 (4.5 to 9; 2
to 37) schools, & (5.5 to 9.5; 2 to 37) clusters and 274
(179 to 557; 29 to 1567) pupils. Two studies included
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Table 2 Summary of methodological characteristics of included studies (N=24)
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Characteristic N Statistic
Setting
Country 24
England, r (%) 18(75)
Seotland, n (9) 1(4)
Wales, i (95) 21(8)
Marthern Ireland, n (%) 3{13)
Schioal types that were included [51)[4ccessed 17 Septernber 2021]* 15
State, ri (%) 14(93)
Academy, n (%) 3(20)
Voluntary aided, n (%) 1(7)
Foundation, r (%) 1(7)
Eaith, r (%) 1(7
Gramrmar, n (%) 1(7)
Independent, r (%) 147}
Intervention
Type af interventtion [1] ® 24
Individual-cluster, n (%) 248)
Professianal-cluster, n (%) 18(75)
External-cluster, n (%) B(33)
Cluster-cluster, n () 23(98)
Multifaceted, rn (%) 21(88)
Intenvention camponents” 24
Resources and materials for schoals, n (3%) 11 (46)
Classraom lessons, r (%) 101(42)
Physical activity lessors, n (%) 5{21)
Incentive scherme, n (%) 4017)
Change in school/classroom ervironment, n (3%) 4(17)
Beer suppert, n (3) 3{13)
Support for parents/guardians, n (%) 3{13)
Goal setting, n (%) 218)
Seaff training, r (96) 248)
Home activities, n (%) 218
Extracurricular physical activity, n (%) 218}
Parent’s evenings, n (3) 1(4)
Drama workshaps, n (%) 14
Fundifg, r (%) 1(4)
Schoal action group formation, n (%) 1(4)
School club sessions, n (%) 114}
Sereening, r (%) 1¢4)
Feedback, r (3) 104
Motivational interviews, n (%) 144}
Interactive sessions, n (%) 114}
Discussions with parentsfguardians, n (%) 1i4)
Garnification (competitive) technigues, n (%) 104}
Type of cantrol groug 24
Usual care, n (%) 21(88)
Active, ri (30) 218

Twno control groups (one usual care and one active contral], n (%)

1(4)
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Table 3 (continued)

Page 9of 15

Characteristic N Statistic
Study design
Justification for CRT design 24
Ve, r (%) 5(21)
Tupe of randomisation 24
Completely randamised, r (%) 11 (48)
Minimisatian, n (%) 5(21)
Stratified, n (%) 4(17)
Matched pair, r (%) 3(13)
Constrained [52, 531 n (%) 104
Nurniber of trial conditions 24
Tavca, v (%) 21(88)
Three, n (%) 2(8)
Four, n (3&) 1(4)
Length of follow-up 24
Up ta & months, n (3) 11 (44)
7 to 12 months, n (%) 8(33)
13 1 18 manthes, n (3%) 3(13)
Mare than 18 months, n (%) 1(4)
Mot stated, n (%) 14)
Were pupils recruited before randomisation of clus ters? 4
Pupils recruited before randomisation, r (%) 12 (50)
Pupils recruited after randomisation, n (9&) 4(17)
Ureclear, r (%) B(33)
Were basafine cluster-level characteristics reported? 4
e, (%) 13 (54)
Ethical approval
Wirs ethical opproval oblained? 4
“Yis, 1 (%) 22(92)
Mo, (%) 1(4)
Mot stated, n (%) 14)
Sample size
Tupe of justification for sample size 4
Forrmal sample size calculation, n (%) 3(13)
Other justification, n (%) 19(79)
Mot stated, n (%) 2(8)
Target rurmber of schoals, median (808 range) 18 75(5ta g 20 20)
Target nurmber of clusters, median (0R; range) 18 7.5 (5108 2 o 20)
Target nurmber of pupils, median (0K; range) 13 320 (150 to 1200; 50 wa 1852)
Achieved number of schools, median (10R; range) 24 7545109 210 37)
Achieved number of clusters, median [0R; range) 24 B(551095; 210 37)
Achieved number of pupils, median (10R; range) 24 274 (179 to 557, 29 to 1567)
Achieved mean eluster size, medion (1(0R; range) 24 35.9(24 10 89.4; 1.4 10 2377)
Objectives of the feasibility study
Fensibility objectives 24

Test randomisation process, n (%)
Test data collection process, n (%)

Test willingriess to be randormised (at cluster level and/for individual levels), r (%)
Estirate recruitrment percentage (at cluster level andfor individual levels), r (36)
Estirmate follaw-up percentage (at cluster level and/or individual levels), n ()

3(13)
8(33
4017
15 (63)
15 163)
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Table 3 (continued)

Characteristic M Statistic
Test implementation of interventian, r (%) 10 (42)
Test compliance with intervention, n (3 6 (25)
Assess acceptability of intervention (at cluster level and/or individual levels), n (3] 16 (67)
Assess acceptability of tial procedures (at cluster level and/or individual levels), n (%) 6(25)
Test the feasibility of blinding procedures, i (%) Qo)
Test outcame measures, n (%) 14 (58)
Estimate standard deviation of cantinuows outcames ar cantral arm rate for binary outcomes, n 14}
(%)
Test consent procedures, n (%) oo
Identify potential harrms, n (%) 3(13)
Assess potential effectiveness of intervention, n (%) 17 (71)
Estimate intervention cast, n (%) 7129)
Estimate the ICC of the primary autcome, n (%) 2(8)
Estimate sample size for definitive trial, rn (%) 5(21)
Other study characteristics of methodological interest
Analysis method for estimating potential effectiveness 24
Individual-level analysis that allows for elustering, r (%) 9 (38
Cluster-level analysis, n (%) 4 (17)
Did niot aceount for clustering, n (%) 4(17)
Mot stated, r (%) 313
Did not estimate potential effectiveness, n (%) 4(17)
Pavrlue reported for effecriveness 24
Yes, n (%) B(33)
“ Some studies included more than one school type. This is the number of studies that induded specific types of school. State schools receive funding through their
local authority or directly from the go The mast o 1 ones are local autharity, foundation and voluntary alded school which are all funded by the local

authority. Acadernles are run by government and not-for-profit trusts, and are independent of local authority. Grammar schools are run by local authorities but intake
iz based on assessment of the pupils’ academic ability. Special schools cater for pupils with special educational needs. Faith schools follow the national currculurn but
can decide what they teach in religious studies. Independent schools follow the natlonal curriculum but charge fees for attending pupils

E intervention type has been described using the typology of Eldridge and Kerry [1) ‘Individual-cluster’ interventions contain components that are alimed at the
individual level (e, goal setting). ‘Professional-cluster’ intenentions contaln components that are delivered by a professional or person intemal to the chuster

{e.g., teacher, pupils).'External-cluster’ interventions contaln components that require people external to the duster o deliver the intervention (e.q., research

staff, community support consultant). Cluster-cluster’ interventions contain components that have to be delivered at the cluster level (e.q., classroom lessons).
‘Multifaceted” interventions contaln components across mofe than one of the individual-cluster, ‘professional-cluster, ‘external-cluster’ and ‘cluster—cluster’ categories
© Examnples of each intervention component are provided for ease of understanding. Resources and materals (e.q., a resounce box comprising food models, food
mats, food cards, DVDs, and booksk: Classroom lessons (e.q., interactive film-based sexual-health lesson): Physical activity lessons (e.q., active play sessions, brisk
walking programme during the school day); Incentive schemes (e.g., lottery-based incentive scheme to promaote active travel to schooll; Peer support (e.g., informal
peer-led smoking prevention): Change in school/classroom environment le.g. sit-stand desks to replace standard desks, challenging attitudes and percetved norms
conceming gender stereatypes and dating and relationship vislence); Support for parents/guardians (e.g. infarmation sheets about health eating habits): Goal
sening (e.q. goal setting to engage and suppaort schools); Staff training (e.g., staff training in restorative schoal action group formation); Home activities (e.g., home
activities that encourage pupils to be more active, eat more nutritious foods, and spend bess time in screen-based activities): Extracurricular physical activity (2.g., staff
delivered after-school physical activity programme); Drama workshops (e.g., interactive drama workshops); School action group formation le.qg., to address bullying
and aggression within schools); School dub sessions (e.g., health eating clubk Screening le.g. alcohol soreening and brief intervention to reduce hazardous drinking
in younger adolescents); Feedback e.g., feedback about pupil's drinking habits); Motivational interviews (e.g., motivational interviewing technigues to prevent
alcohol misusel; Interactive sessions (e.g. interactive sessions with school leaming mentors to prevent alcohol misuse); Discussions with parents/guardians (eg.
guided discussions conducted with parenits): Gamification (competitive) technigues (2.g., gamification technigues to promote phiysical activity)

“In one study, the sample size was based on being able to estimate feasibility parameters with a pre-specified level of precision. Two studies based their sample size
on adefinitive test of intervention effectiveness

just 2 schools, with 1 school allocated to each trial arm  Objectives of feasibility study

[34, 35]. The studies that reported both targeted and Formal feasibility objectives were specified by all 24
achieved recruitment numbers at the cluster (n=18) studies (summarised in Table 3). Of the 18 objectives
and pupil (n=13) levels achieved those targets in 94%  assessed in this review, the median (IQR; range) number
and 46% of studies, respectively. addressed per study was 5 (4 to 7.5; 1 to 11). The most
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common objectives were to estimate the potential effec-
tiveness of the intervention (n=17; 71%; including two
studies that sought to undertake a definitive test of effec-
tiveness [29, 48]), assess acceptability of the interven-
tion (n=16; 67%), estimate the recruitment rate (h=15;
63%), estimate the retention/follow-up rate (n=15; 63%)
and test outcome measures (n=14; 58%). Two studies
included estimation of the intra-cluster correlation coef-
ficient of the primary outcome to be used in the planned
definitive study as a formal objective of the feasibility
study. No studies tested the feasibility of blinding or con-
sent procedures. All studies reported additional feasibil-
ity outcomes beyond those formally stated as objectives.

The following feasibility objectives were stated specifi-
cally at the level of the cluster: assess acceptability of the
intervention (n=10; 42%), estimate retention/follow-up
rate (n="7; 29%), estimate recruitment rate (n=06; 25%),
assess willingness to be randomised (n=4; 17%) and
assess acceptability of the trial procedures (n=3; 13%).
One (4%) feasibility CRT had the formal objective of
assessing the appropriateness of cluster randomisation
[50). None of the feasibility studies used their research to
assess the type of cluster that should be randomised. Of
the 4 studies that randomised clusters before recruiting
pupils, none investigated the possibility of recruitment
bias.

Analyses were undertaken to investigate if the tar-
get sample size differed according to whether or not the
studies addressed specific feasibility objectives. Many
objectives were only formally stated in a small number of
studies; therefore, it was hard to identify clear patterns in
the data. The twelve studies that assessed potential effec-
tiveness aimed to recruit a median (IQR; range) of 7 (3.5
to 8 2 to 20) schools, similar to the targeted recruitment
in the remaining studies (7.5 (6 to 8; 5 to 12)).

All studies reported estimates of feasibility parameters,
but, other than for potential intervention effectiveness,
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cost-effectiveness and the intra-cluster correlation coef-
ficient, no studies quantified the precision of these esti-
mates. Five of the eight (63%) studies that reported
estimates of the ICC for the provisional primary outcome
of the planned definitive study provided 95% confidence
intervals (95 Cls) for these. Table 4 reports the ICC esti-
mates. As expected the 95% confidence intervals were
generally wide given that the sample size is small for esti-
mating the ICC. Notably, however, the upper bound for
two [CC estimates was only 0.03, which provides use-
ful information on plausible true values of the parame-
ter despite those studies having only 6 [46] and 19 [39]
clusters.

Of the 20 studies that reported intervention effect
estimates, nine (45%) used an adjusted individual-level
analysis method to allow for clustering, 4 (20%) used a
cluster-level analysis method, four (20%) did not allow
for clustering and three (15%) did not state the analytical
method. Eight studies reported p values with the inter-
vention effect estimate, contrary to published guidance
for feasibility studies [25, 26].

Eleven (46%) studies concluded that the definitive trial
was feasible, 11 (46%) said the definitive trial would be
feasible with modifications and two (8%) said that the
planned study was not feasible. Through searching the
literature and personal correspondence with the authors,
it was established that of the 24 feasibility CRTs included
in the review, 11 are known to have progressed to defini-
tive trials [28, 29, 31, 36, 39-41, 44, 46, 49, 50]. Of these,
nine had concluded that the definitive trial was feasible,
and two had concluded that the definitive trial would be
feasible with modifications.

Discussion
Main findings
This is the first systematic review to summarise
the characteristics and objectives of school-based

Table 4 Reported intra-cluster correlation coefficients for primary cutcomes (W=8)

Author (Year) Cluster unit Health area Outcome Outcome type MCC (95% Cl)

Jaga (2012) [34] Sehaols Phiysical activity WAVPA, (rmirutes per weekday) Continwous 0018 (< 0.007 ta DOET)

Jaga (2014) [37] Schools Phiysical activity WAVPA, (rminutes per weekday) Continuwaus 0.0653 (000091 to 0.12977)

Kipping (2008) [39] Schools Phiysical activity and nutrition  Minutes spent on screen-based Continuwaus 0.01 (0 1w 0.03)
activities

Llend (2012) [40] Schools Phiysical activity and nutrition  BMI 50 score Continuaus 004 (0wadls)

Sahota (2019) [45]  Schools Phiysical activity and nutrition  Healthy nutrition and physical activity  Continuaus 007 (Mot provided)
krionededge

Sebire (2018) [468]  Schools Phiysical activity MAWPA (minutes per weekday) Continuaus < 0.0001 (0.0 ta 0.03)

Segrott (2015} [47]  Schools Alenhol misuse Drinking initiation Binary 0.112 (Mot provided)

White (2017) [49]  Schools Wicit drug misuse Lifetirre illicit drug use Binary 0.003 (Mot provided)

B! Body mass index, Cf Confidence interval, ICC Intra-cluster correlation coeffickent, MVPA Moderate to vigorous physical activity, 50 Standard deviathon
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feasibility CRTs of interventions to improve pupil
health outcomes in the UK. The review found an
increase in such studies since the earliest included
paper was published in 2008. This mirrors the increase
in definitive CRTs in this area reported in our paral-
lel review [14] and highlights the rising popularity of
health-based CRTs in the school-setting. The increase
in feasibility CRTs may partly be due to the publica-
tion of the 2006 MRC guidelines for the evaluation of
complex interventions [54] which highlights the impor-
tance of conducting feasibility studies ahead of full-
scale trials. The relatively large number of feasibility
CRTs with interventions for increasing physical activity
indicates the growing importance of adolescent physi-
cal activity as a public health priority, and the use of
schools in order to deliver these types of intervention
[55]. The review of school-based definitive CRTs also
reflected the increasing use of the design to evaluate
physical activity interventions [14]. Based on what was
observed in the review of definitive school-based CRTs,
there were fewer than expected feasibility studies in the
area of socioemotional functioning. This is despite the
increased awareness of the prevalence of these health
conditions and research funding in this area [56].

A previous review of feasibility CRTs found that,
among other objectives, assessing the implementation
of the intervention (h=9, 50%) was the most common
[18]. The studies included in the current review sought to
address a range of feasibility objectives; most commonly
estimating potential effectiveness of the intervention,
assessing acceptability of the intervention, estimating the
recruitment and follow-up rates and testing the outcome
measures. [t was notable, however, that few studies for-
mally stated objectives that were related to uncertainties
that are unique to the cluster design. This finding is simi-
lar to another review of feasibility CRTs which also stated
that few studies investigated issues specific to the com-
plexities of the design [19]. None of the 4 studies that ran-
domised clusters before recruiting pupils investigated the
potential for recruitment bias as a feasibility objective.
In the current review, only one study assessed whether
a cluster design was needed, and none used the research
to decide on the type of school-based cluster (e.g., school
versus classroom) that was best to randomise. It may be
the case that the need for cluster randomisation and the
appropriate type of cluster to allocate had a strong theo-
retical basis, negating the need for empirical justification,
but only 5 of the 24 studies provided a rationale for the
cluster design even though the CONSORT extension for
CRTs [25] recommends reporting this.

The studies included in this review were heterogene-
ous in their formal feasibility objectives, and this may
have influenced specific features of their design, such as
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sample size and length of follow-up. The designs may also
have been influenced by other factors such as budget,
time and practical constraints.

Omnly three (13%) studies in the review reported details
of a formal calculation for the target sample size [29, 33,
48], and only one accounted for clustering in the sam-
ple size calculation [48]. These results are similar to that
found in a previous systematic review of feasibility CRTs
which reported that only one of the 18 studies reported a
formal sample size calculation based on the primary fea-
sibility objective [18]. A quarter of the included papers in
the current review stated that a formal sample size cal-
culation was not needed, and some authors have argued
that it is not always appropriate in feasibility studies [16].
In a recent review of current practice in feasibility stud-
ies, only 36% reported sample size calculations [57]. Also,
when surveyed, some journal editors stated they were
willing to accept pilot studies for publication that did not
report a sample size calculation [57]. The precision with
which parameters are estimated in feasibility CRTs should
be reported, especially given the small number of clusters
that are typically included in such studies. Despite this,
apart from when assessing the effectiveness of the inter-
vention, cost-effectiveness and estimating the [CC, this
was not done by any papers in the current review. Cor-
respondingly, a formal sample size calculation based on
the feasibility objectives that allows for clustering [10] is
appropriate to estimate parameters precisely and, there-
fore, minimise the uncertainty regarding the assumptions
that are made for the subsequent definitive study [16, 57].

Our review found the median number of clusters
recruited (eight) was similar to a previous review of fea-
sibility studies [18]. Based on results from a simulation
study, it has been suggested that as many as 30 or more
clusters may be required in a feasibility CRT in order
to avoid downwardly biased and imprecise estimates of
the number of clusters required to test the intervention
effect in the subsequent definitive CRT; this is largely
due to the imprecision with the ICC is estimated in the
feasibility study [10]. The current review found only one
study that recruited more than 30 clusters [50], and it is
difficult to achieve this level of recruitment due to fund-
ing and practical constraints. Smaller feasibility stud-
ies may, however, still provide informative estimates of
many parameters. Two of the feasibility studies in the
review, despite including only 6 [46] and 19 [39] clusters,
were able to estimate the intra-cluster correlation coef-
ficient with a 95% confidence interval upper bound of
0.03, which could rule out the need for unattainably large
sample sizes in the definitive study. Many studies report
feasibility objectives in the form of percentages (eg.,
follow-up rates, intervention adherence rates). Eldridge
and colleagues [10] provide formulae for calculating the
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sample size required in feasibility CRTs to estimate per-
centages based on individual-level characteristics (e.g.,
whether the pupil was followed up) with a confidence
interval of specified width, whilst allowing for clustering.
Assuming the ICC for the feasibility characteristic is 0.05,
a study with 8 schools and 240 pupils (an average sample
size based on the findings in the current review) is large
enough to estimate the percentage with a margin of error
no greater than 10 percentage points based on a 95% con-
fidence interval. There will generally be little precision
for estimating percentages based on cluster-level charac-
teristics since this is determined by the, typically, small
number of schools (clusters) in feasibility studies.

Another important reason to recruit sufficient clusters
to feasibility CRTs is to assess how the intervention might
be implemented and the trial delivered in a range of dif-
ferent types of cluster [18]. Parameter estimates will only
be useful to the extent that the clusters and individuals in
the feasibility study are broadly representative and reflect
the diversity of the population from which the sample in
the definitive trial will be drawn [18]. In the context of
school-based trials, important aspects of representative-
ness include single sex versus co-educational schools,
state versus independent schools, and deprived versus
non-deprived areas. In the current review, only 54% of
studies reported baseline characteristics of the schools,
although this is higher than found in a previous system-
atic review of feasibility CRTs where only 11% of studies
reported baseline cluster-level characteristics [18].

The current systematic review found that of the 13 stud-
ies that reported both targeted and achieved numbers of
pupils recruited, those targets were only achieved in 46%
of studies. Our previous systematic review of definitive
school-based CRTs found that only 77% of studies achieved
their target recruitment of pupils [14]. The facilitators
and barriers to the recruitment and retention of pupils to
school-based CRTs have been discussed in detail in the lit-
erature [58—60|, including the type of intervention being
offered and the perceived benefits of the study (e.g., sexual
education) [58, 60], lack of time [58)], incompatibility of the
intervention with the needs of pupils or parents or with the
schoaol’s ethos [58] and a lack of incentivisation [59].

Strengths and limitations

A strength of the review is that a predefined search strat-
egy was used to identify feasibility cluster randomised
trials in the school setting. The protocol was publicly
available prior to conducting the review. Screening,
piloting of the data extraction form and data extraction
were conducted by two independent reviewers. A prag-
matic decision was made to limit the review to the UK
in order to align with available resources and to make it
more focused.
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A limitation is the decision to use only the MEDLINE
database. MEDLINE was chosen as health-based studies
were the focus of this review. We acknowledge that fur-
ther articles may have been found by searching other data-
bases, grey literature and through citation searching. The
search strategy was translated in EMBASE, DARE, Psy-
cINFO and ERIC databases to search for additional eligible
school-based CRTs published between 2017 and 2020 and
resulted in identification of only one further unique eligi-
ble article. Therefore, we feel the pragmatic approach to
only use MEDLINE to perform this search did not result in
omission of a significant body of relevant evidence.

The systematic review only included feasibility stud-
ies that used the cluster randomised trial design and
not other types, such as non-randomised parallel group
and single-arm feasibility studies. We focussed on CRTs
because we were interested in studies that could be used
to assess a wide range of uncertainties for definitive
CRTs, but we acknowledge that the systematic review
may, therefore, not include some relevant knowledge of
practice in non-randomised feasibility studies. While the
approach used was not comprehensive, it enabled us to
efficiently identify studies of interest that were under-
taken in advance of planned definitive CRTs.

A further limitation of the review is that data were not
extracted on consent procedures used by the included
studies. As found in our previous review of definitive
school-based CRTs [14], this information was inconsist-
ently reported across studies making it challenging to
summarise. This highlights the need for more comprehen-
sive reporting of the consent procedures in these studies.

Conclusions

Cluster randomised feasibility studies are increasingly
used in the school setting to test feasibility prior to
definitive trials. Although these studies usually include
few schools, the average sample size of those included
in this review would be large enough to estimate per-
centages based on pupil characteristics that are used
to address feasibility objectives (e.g., the percentage
followed up) with a reasonable level of precision. The
review has highlighted the need for clearer justifica-
tion for the target sample size of school-based fea-
sibility CRTs and to report the precision with which
feasibility parameters are estimated in these studies.
The characteristics of the recruited schools in feasibil-
ity CRTs could be better described to help understand
the extent to which the feasibility parameter estimates
are applicable to the planned definitive trial and other
future similar trials. Finally, better use could be made
of feasibility CRTs in the area of school-based pupil
health research to assess challenges that are specific to
the cluster trial design.
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Abstract

Background and (Mbjectives: To summarize intraclusier correlation coefficient (ICC) estimates for pupil health outcomes from school-
based cluster randomized trials (CRTs) across world regions and describe their relationship with study design characteristics and context.

Methods: School-based CRTs reporting 1CCs for pupil health outcomes were identified through a literature search of MEDLINE (via
Owid). ICC estimates were summarized both overall and for different categories of siudy characteristics.

Results: Two hundred and forty-six articles reporting ICC estimates were identified. The median (interquartile range) ICC was 0,031
(0011 to 0.08) at the school level (N = 210) and 0.063 (0.024 to 0.1} at the class level (N = 46). The distribution of ICCs at the school level
was well described by the beta and exponential distributions. Besides larger ICCs in definitive trials than feasibility studies, there were no
clear associations between study characteristics and ICC estimates.

Conclusion: The distribution of school-level ICCs worldwide was similar to previous summaries from studies in the United Staies. The
description of the distribution of ICCs will help to inform sample size calculations and assess their sensitivity when designing future school-
based CRTs of health interventions. @ 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY
license (hitp:/fcreativecommons. org/licenses/hy/4 (V).

Keywords: Children; Cluster randomized trials; Intracluster comelation coefficient; Public health; Randomized trials; Schools

1. Background interventions for improving outcomes of children and ado-
lescents [2—5]. Schools provide a natural environment in
which to recruit and study children and deliver interven-
tions to improve their health due to the amount of time they
spend there [3.6.7]. CRTs may be undertaken in schools
because many of the interventions examined in such studies

Cluster randomized trials (CRTs) are studies in which
clusters (groups) of individuals are randomized to trial arms
and outcomes are measured on mdividuals [1]. CRTs are
increasingly undertaken in schools to evaluate public health
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What is new?

Key findings

s Few studies outside the United States (US) have
summarized intracluster correlation coefficients
(ICC) for pupil health outcomes and explored their
size in relation to design characteristics in school-
based cluster randomized trials (CRTs).

What this adds to what was known?

o This study collated 260 ICCs for school-related
clusters from CRTs worldwide to inform sample
size calculation for future trials.

What is the implication and what should change

now?

& Two-thirds of school-level ICCs were no greater
than (.05 and three-quarters were under 0.08.

& The ICC distribution was similar to previous sum-
maries from US-based studies and larger for defin-
itive trials than feasibility studies.

# There was little evidence of relationships between
ICC estimates and region, health outcome area,
and educational level.

are designed to be delivered to entire schools or classrooms
[4], interventions are theorized to affect change at those
levels, and randomizing clusters (for example, schools,
classes) helps to minimize contamination between trial
arms that may otherwise occur if individuals are allocated
[1.6,7].

CRTs require more participants than individually ran-
domized trials because observations on individuals in the
same cluster are usually more similar than those from
different clusters [1]. Due to this lack of independence be-
tween individuals within clusters, if standard sample size
formulae are used this may result in an underpowered study
[1]. Correlation between pupils within clusters needs to be
accounted for when designing and analyzing data from
CRTs. In the sample size calculation, this is done by
inflating the number of participants required in an individ-
ually randomized trial by the design effect (DE):

DE = | +(m—1)p

where 7 i1s the mean number of participants providing
outcome data in each cluster (cluster size) and p is the in-
tracluster correlation coefficient (ICC) of the outcome [1].
The ICC guantifies the similarity of observations on indi-
viduals within clusters. For continuous outcomes, it can
be defined as the proportion of the total vanability in the
outcome that is between clusters as opposed to between in-
dividuals within clusters:
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where o7 is the between-cluster variance component and
ai_ is the within-cluster variance component [1]. Under
this definition the ICC can take values between zero
and one. The larger the ICC, the greater the sample size
required. Similarity between participants from the same
cluster can also be quantified by the between-cluster co-
efficient of variation (CV) of the outcome (the ratio of
the between-cluster standard deviation to the outcome
mean [6]):

cv="10
u

where gy, is the between-cluster standard deviation and w is
the mean outcome across the clusters [6]. The CV can then
be incorporated into a modified design effect formula.

In the context of school-based CRTs there are several
reasons for the similarity of outcomes between pupils
within schools. First, in some countries, pupils and their
parents/guardians have some influence regarding the school
they attend [E]. Schools are likely to attract pupils with
similar characteristics and who are more likely to share
similar behaviours [3]. Second, pupils interact in the school
setting and may influence the behaviour of their peers in the
same schools or classrooms [8]. Finally, the school itself
can influence the behaviours of pupils through its physical
environment, ethos and polices [9,10].

At the time of sample size calculation the ICC is usu-
ally unknown and specification of a suitable value for
the outcome and type of cluster should be informed by
the empirical literature [1]. Researchers have reported
ICCs for pupil health outcomes to be generally smaller
than those for educational outcomes in schools [11-13].
This might be expected given that the main purpose of
schools is to provide education [#]. Although ICCs for
health outcomes in health care settings are well estab-
lished, particularly in primary care [1,14,15], there is a
relative lack of reported estimates in the school setting.
Several studies have provided estimates of ICCs from
school-based CRTs or surveys for outcomes related to sub-
stance use [8,16—24], nutrition [25-27], physical activity
[24,27—29], and mental health and behaviour [12,24,30],
but the vast majority of these were undertaken in the
United States. It is not known whether these estimates
are transferable to other regions and education systems,
and outcome areas such as infectious diseases and dental
health are not well represented. Furthermore, although pat-
terns in the size of the ICC have been investigated
[14,15,31=34], little is known about the extent to which
ICCs from school-based CRTs differ by study
characteristics.

A summary of ICCs for a range of health outcomes in
different settings would aid the design of future school-
based CRTs by providing plausible values that can be used
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in sample size calculations. Estimates from CRTs specif-
ically, rather than surveys, are potentially especially rele-
vant as they may better reflect the level of variation in
outcomes across the types of schools that tend to participate
in health-related trials [1] (pl77).

1.1, Objectives

This paper collates and summanzes ICC estimates for
health outcomes from school-based CRTs and examines
the relationship between the size of the ICC and study
characteristics.

2. Methods
2.1, Data sources and search methods

A systematic searching approach was used to identify
papers reporting 1CC estimates from school-based CRTs.
MEDLINE (Ovid) was exclusively searched for published
peer-reviewed articles reporting school-based CRTs from
inception to 18th October 2021. The search strategy was
developed based on a strategy by Taljaard and colleagues
[35] used to identify CRTs, combined with school-related
terms (Table 1).

2.2, Inclusion and exclusion criteria

Eligible articles reported school-based studies with a
CRT design, including articles reporting baseline data,
follow-up outcomes, or secondary data analyses that used
the data to address additional questions that were unrelated
to the main trial objectives. To be eligible, the article had to
report the estimate of an ICC/CV for at least one health
outcome measured on pupils. The eligible study population
was pupils attending pre-primary, primary, lower secondary

Table 1. Search strategy using MEDLINE (through Ovid)
Search strategy
Terms for Randomized Controlled trials:
1. randem:.mp.
2. trial.ab, kw, ti.
Cluster design-related terms:
3. “cluster*".ab, kw, ti.
4. “"communit™.ab, kw, ti.
5. group*adj2 random®.ab, kw, ti.
6. 30R40R 5
School terms:
7. exp Schools!
B_ School*.ab, kw, ti.
9. 70R8
Final search stages:
10. 1 AND 2 AND 6 AND O
11. 10 limited to English language
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and higher secondary educational settings according to
the United Nations Educational, Scientific and Cultural
Organisation (UNESCO) International Standard Classifica-
tion of Education (ISCED) system [36]. Eligible clusters
were any school-related unit (e.g., schools, classes/class-
rooms, year groups, teachers). Any intervention(s) were
considered. Articles were excluded if they randomised
after-school clubs, school-based health centres or childcare
centres. Articles that only reported protocol/design infor-
mation, process evaluations, economic evaluations/cost-
effectiveness analyses, statistical analysis plans, commen-
taries and mediation/mechanism analyses were also
excluded.

If more than one publication of the same eligible study
was identified, the key study report (index paper) for data
extraction was determined by identifying the article that
first published the outcomes.

2.3. Sifting and validation

Titles and abstracts were screened by two independent
researchers (KP & OU) for eligibility against the inclusion
criteria. Any studies for which the reviewers were uncertain
of inclusion status were progressed to full text screening.
Two independent researchers (KP & OU) examined the full
text of each article against the inclusion criteria. Any dis-
agreements over inclusion were resolved through discus-
sion with a third researcher (MN).

2.4, Data extraction

One researcher (KP) extracted data from all included ar-
ticles, while a second (OU) independently validated the
process. Any uncertainty regarding the data extraction
was resolved through discussion, or consultation with a
third researcher (MN). The information extracted is speci-
fied in Table 2.

The ICC/CV estimate(s) of one pupil health outcome
was extracted from each article, as estimates for multiple
outcomes from the same study would likely be cormrelated
and contribute relatively little additional information to
the analyses in this paper which are focussed on comparing
the ICC/CV across different study scenarios. Where esti-
mates were reported for the chosen outcome at multiple
levels (for example, school and class) these were all ex-
tracted. The cnteria used to select the ICC/CV when mul-
tiple estimates were reported for a given paper are
presented in Table 3. Where studies reported both unad-
Justed and adjusted ICCs, the former was extracted on the
basis that this would be of more general use to future re-
searchers who may want to adjust their estimate of the
intervention effect for a specific set of prognostic factors.
Where the ICC for a given outcome was reported for mul-
tiple time points the ICC for the earliest wave was ex-
tracted, as the ICC estimate would be less likely to be
impacted by the intervention. For a similar reason, where
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Table 2. Data extracted

Aspect

Information extracted

Publication details

Setting information

Author surname, year of publication, title of article, type of study (that is, definitive or feasibility study).
Country in which the study took place (for example, France), stage of education (for example, primary,

secondary), gender of pupils, age(s) of pupils at baseline.

Study design
Sample size information

Type of cluster unit allocated, cluster unit of ICC/CV estimate.
ICC/CY assumed in the sample size calculation, number of clusters and pupils that provided outcome

data, number of classes per school.

Health outcome information

Health area of outcome (for example, physical activity), outcome description (for example, amount of

maoderate-to-vigorous physical activity), outcome type (for example, continuous, binary), timing
{months postrandomization) at which outcome was measured.

ICC information

ICC/CV of the outcome (and 95% Cls where provided), analytical method used to calculate ICC/CY (for

example, multilevel model [37], marginal model using Generalized Estimating Equations [38]),
whether the ICC/CY estimate was pooled across trial arms, whether the ICC/CY estimate was
unadjusted or adjusted for prognostic factors, whether the ICC/CV estimate was adjusted for the
bazeline value of the outcome, whether the ICC/CV was estimated from an analysis of change scores
between baseling and follow-up, whether a repeated measures analysis was used to estimate the 1CC.

the ICC was reported separately for the control and inter-
vention arms the former was chosen.

2.5, Data analysis

Study characteristics were summarized using medians,
mterguartile ranges (IQRs), and ranges for continuous vari-
ables and numbers and percentages for categorical vari-
ables. Mann—Whitney and Kruskal—Wallis tests were
used to compare the ICC estimates across subgroups. Ana-
lyses were undertaken using Stata 17 [39].

3. Results
3.1, Search resulis

Three thousand six hundred and thirty-two articles were
identified through searching MEDLINE. One thousand five
hundred and ninety articles were included in the full text
screening stage and 246 articles were identified as eligible
for inclusion in the review. One paper reported an estimate
of the between-cluster coefficient of variation of the
outcome, but this was negative and therefore the paper

Table 3. Criteria used to select which |CC/CV to extract

was not included. The PRISMA flow diagram is presented
in Figure 1.

3.2, Publication characteristics

Worldwide, the rate of publication of articles reporting
ICC estimates from school-based CRTs that evaluate inter-
ventions for improving pupil health outcomes has increased
since the first publication in 1999; 44 articles were pub-
lished between 1999 and 2010, compared to 25 in 2021
alone. Of the 246 included studies, 226 (91.9%) were defin-
itive trials and 20 (8.1%) were feasibility studies. The set-
tings of included studies spanned all regions of the world
and different stages of education. The majority of studies
(n = 227; 92.3%) included males and females. In most of
the studies schools were the units of randomization
(n = 220; 89.4%); classes were randomized in 23 (9.3%)
studies; and school buildings [40], student groups [41]
and year groups [42] were randomized in one study each.
The studies spanned a range of different health outcome
areas, the most common being socioemotional functioning
and its influences (n = 53; 21.5%). physical activity

Aspect

Criteria

Outcome measure

In the first instance, the ICC/CV for the primary health outcome was selected. If there was more than one

primary health outcome, the ICC/CV for the first primary outcome presented in the Results section of
the paper was selected. If no primary health outcome was declared, the ICC/CV for the health outcome
on which the sample size calculation was based was selected. If no primary health outcome was
declared and the sample size was not based on a health outcome, the ICC/CY for the first health

Time point at which cutcome
was measured

Unadjusted vs. adjusted ICC/CV

Control verses intervention arm

outcome reported in the Results section of the paper was selected.

In the first instance, the ICC/CV from the baseline time point was selected. If this was not reported, the
ICC/CV from the earliest time point of measurement was selected.

If the study presented both unadjusted ICCs/CVe estimates and estimates that are adjusted for prognostic
factors, the unadjusted ICC/CY was extracted.

If the ICC/CV was reported separately for the intervention and control arms, the |CC/CV from the control
arm was selected.
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Fig. 1. PRISMA flowchart summarizing the results of the literature
search and screening for eligibility.

(n = 34; 13.8%), adiposity (n = 28; 11.4%) and smoking
(n = 21; 8.5%).

Two hundred and sixty [CC estimates were extracted:
210 at school level, 46 at classroom level, and one each
at the levels of school building [40], student group [41],
year group [42] and sports-team [43]. Forty-five (17.3%)
ICCs were estimated using the baseline measurement of
the outcome. ICCs were extracted for 172 continuous out-
comes, 78 binary outcomes, six count/rate outcomes, and
two ordinal outcomes; for two extracted ICCs the outcome
type was unclear. Of the studies that reported school-level
ICCs, the median (IQR) number of clusters and pupils were
22 (12 to 40) and 1,110 (441 to 2,443), respectively. Of the
studies that reported class-level ICCs, the median (IQR)
number of clusters and pupils were 47 (25 to 88) and
647.5 (288 to 1 477), respectively.

3.3, Summary of ICC estimaies

The median (IQRE:; range) school-level ICC estimate was
0,031 (0011 to 0.08; 0 to 0.47); 51 (24.3%) of the school-
level ICCs were less than or equal to (.01 and 135 (64.3%)
were less than or equal to 0.05. The mean (SD) school-level
ICC was 0,060 (0.076). Figure 2 summarizes the distribu-
tion of school-level ICCs. Both the beta distribution (with
shape parameters (.77 and 11.0) and the exponential distri-
bution provided a good fit to the school-level ICC esti-
mates. The median (IQR; range) of the class-level ICC
estimates was 0,063 (0,024 to 0.1; —0.009 to 0.262);
the only negative reported ICC was at this level. All ICC
estimates are reported in Appendix 1. School-level and
class-level ICCs are reported side-by-side for 14 studies
that reported at both those levels in Appendix 2.

Table 4 reports the median school-level ICC by region,
health outcome area (for the

10 most common
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Fig. 2. The distribution of school-level ICCs in school-based CRTs
(N = 210).

areas—there were at least eight ICC estimates for each area)
and education stage. Figure 3 uses dot plots to describe the
distributions. Tests of significance indicated little evidence
of differences across these subgroups and there was gener-
ally a fair amount of overlap in ICC distributions. The dis-
tribution of ICCs for the USA/Canada region (median
0,033 and 75% of estimates being lower than 0.073) is in
keeping with summaries of USA-based estimates that have
previously been reported [12,16-22.25-30]. There was
reasonable overlap with the distributions in the other re-
gions with the exception of Australia/New Zealand, for
which the median and upper quartile were notably lower.
The school-level ICC distributions for adiposity, physical
activity and general health were lower than for other
outcome areas. For two specific outcomes there were more
than 10 estimates of the school-level ICC. For the 17 arti-
cles that reported the school-level ICC for body mass index
(BMI) the median (IQR) was 0,021 (0.015 to (.04) and for
the 11 articles that reported amount of moderate-to-
vigorous physical activity (MVPA) the median (IQR)
school-level ICC was 0.018 (0,01 to 0.057). Although the
median was higher, the overall distribution of 1CCs was
located at lower values for the preprimary stage compared
to the later stages of education.

The median (IQR) school-level 1CC was higher for
defimitive studies (N = 192) than feasibility studies
(N = 18) (0.038 (0.016 to 0.08) vs. 0.01 (0.0005 to
0.04); P = 0.005). The median (IQR) school-level 1CC
was larger for continuous outcomes (N = 135) than binary
outcomes (N = 68) although there was little evidence of a
true difference in the distributions (0.04 (0.014 to 0.08) vs.
0,025 (0.008 to 0.08); P = 0.21). Summaries of the school-
level ICCs are reported separately for continuous and bi-
nary outcomes in Appendix 3.

For continuous outcomes, the median (IQR) school-level
ICC was higher for studies that adjusted for the baseline of
the outcome at the pupil level (N = 35) compared with
those that did not (N = 95), but there was little evidence
of a real difference (0.045 (0.013 to 0.09) vs. 0.040
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Table 4. Median (IQR; range) school-level ICC by region, outcome area and education stage

Characteristic N Median ICC (1QR; range) Pvalue
Region 0.26
Europe” 45 0.04 {0.014 to 0.08; O to 0.47)
USA and Canada 44 0.033 (0.010 to 0.073; 0 to 0.286)
UK' 40 0.029 (0.01 to 0.106; O to 0.45)
Australia and Mew Zealand 27 0.02 (0.01 to 0.03; 0 to 0.16)
Asia 21 0.05 (0.013 to 0.118; 0 to 0.31)
Central and South America’ 17 0.05 (0.016 to 0.09; 0.0001 to 0.36)
Africa® 16 0.05 (0.018 to 0.127; 0.0005 to 0.21)
Heaith outcome area 0.76
Socioemotional functioning and its influences’ 39 0.05 (0.02 to 0.097; 0 to 0.217)
Phiysical activity 30 0.035 (0.013 to 0.059; 0 to 0.19)
Adiposity 26 0.027 (0.014 to 0.041; 0.004 to 0.19)
Smoking 19 0.055 (0.017 to 0.11; O to 0.286)
Alcohol use 10 0.055 (0.02 to 0.098; O to 0.121)
Dentallaral health 10 0.051 (0.027 to 0.119; O to 0.31)
General health 10 0.025 (0.014 to 0.045; 0.001 to 0.18)
Infectious disease 9 0.042 (0.004 to 0.070; 0.0001 to 0.21)
Mustrition 8 0.06 (0.010 to 0.097; 0 to 0.36)
Viclence 8 0.048 (0.014 to 0.085; 0.002 to 0.13)
Education stage 0.40
Preprimary education only® 13 0.048 (0.03 to 0.063; 0 to 0.097)
Primary education only” Bl 0.04 (0.013 to 0.094; 0 to 0.47)
Secondary education only' B1 0.03 (0.01 to 0.07; 0 to 0.31)

* Included countries stated as follows: Finland, The Metherlands, Denmark, Belgium, Morway, Germany, Estonia, Poland, Spain, Switzerand,
Cyprus, ltaly, Greece, Hungary, Sweden, Austria, Majorca, France, Ireland, Romania, Slovenia.

B Included countries stated as follows: England, Northern Ireland, Scotland, Wales.

“ Included countries stated as follows: Israel, China, Iran, India, Japan, Bangladesh, Mepal, Taiwan, Peru, Pakistan, Thailand, Indonesia, Hong

Kang.

% Included countries stated as follows: lamaica, Brazil, Ecuador, Chile, Haiti, Belize.
* Included countries stated as follows: Uganda, South Africa, Kenya, Tanzania, Burundi.
" Incledes mental health, behaviour, neurodiversity, wellbeing, quality of life, bullying, social and emational leaming, body image, and self-

esteam.

B Includes preschools, kindergartens, educational childeare centres, and head-start schools.

" Includes elemeantary schools, middle schools (Grade 6).

" Includes secondary schools, middle schools (>Grade 7), high schools, junior high schools, lower secondary gchools, higher/upper secondary
schools, wocational schools, intermediate vocational schools, secondary-level vocational schools, and continuation schools.

(0.0016 to 0.07); P = 0.50). Also, for continuous outcomes,
the median school-level ICC was identical for studies that
did (¥ = 11) and did not (N = 124) analyze change scores
(0.04; P = 0.37). The median (IQR) school-level ICC was
lower for studies that estimated the ICC from a repeated
measures analysis (N = 37) compared with those that did
not (N = 173) (0.027 (0.01 to 0.057) vs. 0.036 (0.013 to
(.088)), but with little evidence of a systematic difference
(P = 0.15). Finally, for binary outcomes. there was weak
evidence that the median (IQR) ICC was higher for studies
that use multilevel logistic regression to estimate this
parameter on the logistic scale (N = 42) than those that
use other methods to estimate 1t on the proportions (natural )
scale (N = 14) (0.049 (0014 to 0.109) vs. 0.014 (0,007 to
0.023); P = 0.08). The direction of this difference is consis-
tent with the fact that the ICC on the logistic scale is gener-
ally larger than on the proportions scale [44]. Appendix 4
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summarises the relationship between ICC estimates and
the prevalence for binary outcomes.

4. Discussion

To our knowledge, this is the first paper to report the dis-
tribution of ICCs for pupil health outcomes from school-
based CRTs worldwide. 260 ICC estimates from 246
school-based CRTs were extracted for outcomes spanning
a range of health areas. There were few clear patterns
regarding the relationship of the ICC with aspects of the
design and analysis. Indeed. comparison of the ICC across
categories of the study features examined was characterized
by overlap in the distributions, although the differences in
medians would be large in terms of the impact they would
have on the sample size requirement for a CRT. Imprecision
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Fig. 3. Dot plots of school-level ICCs by region, cutcome area, and ed-
ucation stage.

in the ICC estimates may have reduced the power to detect
differences between subgroups defined by design and anal-
ysis characteristics.

The large number of different outcomes represented
(Appendix 1) partly accounts for the vanation in the esti-
mates, although there was even a marked variation in
ICC estimates across studies for the same outcome (that
is, amount of MVPA and BMI). Sampling variability, the
methodological context of the trials and the models
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specified to estimate the parameter will also contribute to
variability in the ICC estimates. Given the clinical and
methodological heterogeneity across CRTs, an individual
ICC estimate for a given outcome from a single study
may have poor generalizability [28], and it has been recom-
mended that researchers use the distribution of ICCs from
many studies to model the sensitivity of sample size calcu-
lations [1,14,34]. Distributions of ICC estimates for health
outcomes in primary care-based clusters have been found to
be well described by the beta distribution [ 14,45]. The beta
distribution was a good fit to the school-level ICCs reported
in this paper as was the exponential distribution. The distri-
bution parameters of these ICC estimates are of value for
constructing informative priors when using a Bayesian
framework to incorporate uncertainty about the ICC in
sample size calculations for school-based CRTs [46,47].

There was little difference between ICC estimates that
were adjusted for the baseline outcome measurement and
those that were not. This may be due to differences in as-
pects of the design and setting across the studies and the
fact that adjustment for individual-level prognostic factors
may increase or decrease the ICC depending on the extent
to which the between-cluster and within-cluster compo-
nents of variance are reduced following adjustment [45].

The ICC from a repeated measures analysis using
outcome data from across all study waves does not neces-
sarily estimate the same parameter as an ICC for the
outcome at a specific study wave. The comelation between
observations from the same cluster from differemt waves
may be smaller than the correlation between observations
from the same cluster at the same study wave [34,49]. In
this study, however, there was little evidence that the
school-level ICC is lower for studies that estimate the
ICC from a repeated measures analysis than those that do
not, although the median was lower for the former set of
studies.

Previously reported summaries of school-based 1CCs for
pupil health outcomes have largely used data from trials
and surveys in the United States [12,16-22,25-30]. The
distribution of school-level ICCs worldwide in the current
paper was broadly similar to those previous summares,
with most estimates less than (.05 and few greater than
0.1. Only the distribution for the Australia/New Zealand re-
gion was notably different (smaller).

The median ICC for pupil health outcomes was 0L031 at
the school level and 0.063 at the class level. The difference
is intuitive given the greater opportunity for interaction
within classes as opposed to between classes within the
same school and that the ICC has been reported to be larger
when the natural cluster size is smaller [20,50]. The median
ICC was markedly smaller for feasibility studies than in
definitive trials. This may reflect that schools recruited in
feasibility studies are a more restricted and less representa-
tive subset of the wider types of schools that are recruited in
larger definitive studies [1] (pl180/181). There was little ev-
idence of a relationship between the ICC for pupil health
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outcomes and stage of education. Previously, it has been re-
ported that there is a tendency for ICCs for educational out-
comes to be larger for lower education grades [48].

4.1. Strengths and limitations

This is the first study to collate and summarize ICCs for
pupil outcomes across different health areas from school-
based CRTs worldwide. The study used a systematic
searching approach with dual screeming and data validation.
The sample of 246 CRTs was not sufficiently large to
describe the ICC within different combinations of cate-
gories of the study design parameters (for example, only
one combination of region and health outcome area pro-
vided at least 10 school-level ICC estimates). Partly for this
reason, when investigating geographic variation in the ICC,
we grouped countries into regions which will have
obscured differences between individual countries. Based
on empirical evidence from a Euwropean-based survey, it
has been suggested that the ICCs assumed in the sample
size calculation for school-based trials should be country-
specific and outcome-specific [£]. As more school-based
CRTs are undertaken the pool of reported ICCs will in-
crease, enabling a more detailed examination with greater
power to detect ICC patterns in relation to key study
characteristics.

A potential limitation was the decision to use only the
MEDLINE database. Although findings from a previous
systematic review of similar studies indicated that few addi-
tional studies would have been found by searching other
databases (specifically, EMBASE, DARE, PsychINFO,
and ERIC) [4], we acknowledge that further articles may
have been found by searching the grey literature. Addition-
ally, some older articles may have been missed because the
titles and abstracts did not refer to using a cluster design.

It was decided to extract the ICC estimate for only one
outcome from each study even when multiple ones were re-
ported. We anticipated that ICCs would be more similar
within studies and wanted to avoid a scenario where a small
number of studies that reported many ICCs had a dispropor-
tionate impact on the observed distribution of ICCs.

5. Conclusions

The 260 reported ICC estimates from studies spanning
all world regions and different health outcome areas, and
the summaries of their distribution are a valuable resource
to researchers for calculating sample size for future school-
based CRTs. The ICCs had a similar distribution to pub-
lished summaries of the parameter from studies based in
the United States. Better reporting of the ICC in CRTs, in
keeping with CONSORT guidance [51], will provide a
larger pool of data that can be used to explore the distribu-
tion of ICC values and the factors that determine them in
greater detail.
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Appendix 5 - Chapter 3: A table comparing school year groups across nations in the UK [135]

UK Comparison Table of School Year Groups across the UK (April 2020)

England Northern Ireland [Wales Scotland Boarding
National Curriculum | Northern Ireland Curriculum National Curriculum Wales Curriculum for Excellence
bc[:;r;n 1 Sept —31 Aug 1 Sept — 1 July | 2 Jul— 31 Aug 1 Sept—31 Aug 1 Sept —29 Feb 1 Mar —31 Aug _‘Pi:;'il‘g: Pz‘m”li - 3:: [' State
Age
4-5 EYFS Reception |FE Mursery Foundation Phase |Reception P1 (Early level) Nursery/Early level MNone None
5-6 KS1 Yrl P2 P1 Yr 1 P2(First level) P1 (Early level) None None
6-7 K51 Yr2 P3 P2 [Yr 2 P3 (First level) P2 (First level) None MNone
7-8 K52 Yr3 P4 P3 Key Stage 2 [Yr 3 P4 (First level) P3 (First level) Prep r3
8-9 KS2 Yrd P5 P4 Yr 4 P5 (Second level) P4 (First level) Frep rd
9-10 K52 Yrs P6& P5 Yr 5 P& (Second level PS5 (Second level) Prep rs
10-11 K52 Yré P7 P& ¥r 6 P7 (Second level) P6 (Second level) Prep re
11-12 K53 Yr7 Yr 8 P7 Key Stage 3 r 7 S1 (Third/Fourth level) |P7 (Second Level) Prep econdary Yr 7
12-13 K53 Yr8 [Yr9 r 8 'r 8 52 (Third/Fourth level) |S1 (Third/Fourth level)|Prep CE rg
13-14 KS3 Yr9 [Yr 10 Yr 9 Yr 9 S3 (Third/Fourth level) |S2 (Third/Fourth level) [Public r9
14-15 KS4 Yr 10 Yr 11 Yr 10 Key Stage 4 Yr 10 S4 (Senior phase) 53 (Third/Fourth level) [Public rio
15-16 KS4 ¥Yr1l Yr 12 Yr 11 Yr 11 S5 (Senior phase) S4 (Senior phase) Public ril
A Levels and SCE Highers — non-compulsory
16-17 AS ¥Yri12 [Yr13 Sixth form[yr 12 Post 16 ¥r 12 S6 (Senior phase) 55 (senior phase) Public ri2
17-18 a2 Yri3 [Yr14 Sixth form|Sixth form Yr 13 S6 (Senior phase) Public ri3
18 Sixth form
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Yr Year

EYFS Early Years Foundation Stage
F5 Foundation stage

KS Key Stage

Early Early Years

First First level

Second Second level

P Primary

5 Secondary

CE Common Entrance
AS 15t year A Level exams
A2 A level exams
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Appendix 6 - Chapter 3: Further details on journals and funding sources (N=64)

Studies were published in journal including: British Medical Journal (n=9; 14%);
BMC Public Health (n=4; 6%); International Journal of Behavioural Nutrition and
Physical Activity (n=4; 6%); Archives of Disease in Childhood (n=3; 5%); BMJ
Open (n=3; 5%); Journal of Epidemiology and Community Health (n=3; 5%);
Public Health Nutrition (n=3; 5%); The Lancet (n=3; 5%); Child: Care, Health and
Development (n=2; 3%); Journal of Dental Research (n=2; 3%); Journal of Public
Health Dentistry (n=2; 3%); BMC Oral Health (n=1; 2%); BMC Research Notes
(n=1; 2%); Behaviour Research & Therapy (n=1; 2%); British Journal of Health
Psychology (n=1; 2%); British Journal of Sports Medicine (n=1; 2%); Caries
Research (n=1; 2%); European Child and Adolescent Psychiatry (n=1; 2%);
Health Education and Behaviour (n=1; 2%); Health and Quality of Life outcomes
(n=1; 2%); Injury Prevention (n=1; 2%); International Dental Journal (n=1; 2%),
International Journal of Obesity (n=1; 2%); JAMA Psychiatry (n=1; 2%); Journal
of Child Psychology (n=1; 2%); Journal of Child Psychology & Psychiatry (n=1;
2%); Journal of Consulting & Clinical psychology (n=1; 2%), Journal of Nutrition
Education and Behaviour (n=1; 2%); Journal of School Psychology (n=1; 2%);
Journal of Youth & Adolescence (n=1; 2%); Lancet Child & Adolescent Health
(n=1; 2%); Lancet Psychiatry (n=1; 2%); Perceptual & Motor Skills (n=1; 2%);
Prevention Science (n=1; 2%); Psycho-Oncology (n=1; 2%); Psychological
Medicine (n=1; 2%); Public Health Nutrition (n=1; 2%); Public Health Research —
NIHR (n=1; 2%).

Funding sources were: NIHR Public Health Research programme (n=11; 17%);
Medical Research Council (n=6; 9%); Department of Health (n=3; 5%); Food
Standards Agency (n=3); Economic and Social Research Council (n=2; 3%);
Education Endowment Foundation (n=2; 3%); NIHR Health Technology
Assessment Programme (n=2; 3%); Unilever (n=2; 3%); Action on Addiction
(n=1; 2%); Bangor University (n=1; 2%); Big Lottery Wales (n=1; 2%);
Birmingham City Council (n=1; 2%); Bournemouth Diabetes and Endocrine
Centre (n=1; 2%); Broxtowe and Hucknall Primary Care Trust Injury Prevention
Research Programme (n=1; 2%); Camden and Islington Health Authority (n=1;
2%); Cancer Research UK (n=1; 2%); Coca Cola Foundation (n=1; 2%);
Department of Child Health, Queen’s University Belfast (n=1; 2%); Department
of Education (n=1; 2%); Eastern Health and Social Services Board (n=1; 2%);
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European Commission (n=1; 2%); GlaxoSmithKline, Aventis, and Pfizer (n=1,
2%); Guy’s and St Thomas’s Charitable Foundation (n=1; 2%); Health authorities
of the West Midlands (n=1; 2%); Health Education Board for Scotland (n=1; 2%);
Health Enterprise East, NHS innovations hub for East of England (n=1; 2%);
Jacob’s Foundation (n=1; 2%); Joseph Rowntree Foundation (n=1; 2%);
Knowledge Economy Skills Scholarships (n=1; 2%); Lancashire County Council
(n=1; 2%); Liverpool Area Based Grants and the SportsLinx Programme (n=1;
2%); Liverpool John Moores University (n=1; 2%); London Borough of Camden
and Islington (n=1; 2%); NHS Executive North West R&D Directorate (n=1; 2%);
NHS North Lancashire (n=1; 2%); NHS R&D S&W Studentship (n=1; 2%); NIHR
Collaboration for Leadership in Applied Health Research and Care for
Nottinghamshire, Derbyshire and Lincolnshire (n=1; 2%); NIHR Collaboration for
Leadership in Applied Heath Research and Care South West (n=1; 2%); NIHR’s
Collaborations for Leadership in Applied Health Research and Care West
Midlands Initiative (n=1; 2%); NIHR National Coordinating Centre for Research
Capacity Development (n=1; 2%); Northern Ireland Research and Development
Office (n=1; 2%); Northern and Yorkshire Region Research and Development
Unit (n=1; 2%); Nottinghamshire Fire and Rescue Service (n=1; 2%); Nottingham
Health Authority (n=1; 2%); Primary Care Research Fund of the Chief Scientist
Office, Scottish Executive (n=1; 2%); Psychiatry Research Trust (n=1; 2%); Royal
College of General Practitioners' Scientific Foundation Board (n=1; 2%); Rugby
Football Union (n=1; 2%); Scottish Government Detect Cancer Early Programme
(n=1; 2%); South and East Belfast Health and Social Services Trust (n=1; 2%);
Sugar Bureau (n=1; 2%); Teenage Cancer Trust (n=1; 2%); The Primary Care
and Development Fund (n=1; 2%); The Three Guineas Trust (n=1; 2%);
University College London (n=1; 2%); University of Aberdeen (n=1; 2%); Welsh

Assembly Government (n=1; 2%).
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Appendix 7 - Chapter 3: Cluster and individual-level characteristics adjusted for

in the analysis of included studies

Cluster-level characteristics adjusted for in the analysis (N=27)

Characteristic Statistic
(N (%))

Deprivation (school or area in which school is based)

Yes 17 (63)
School size!

Yes 12 (44)
Baseline characteristic of the outcome

Yes 8 (30)
Area

Yes 6 (22)
Year group/key stage/ primary vs secondary

Yes 3(11)
School

Yes 3(11)
Co-educational status

Yes 2 (7)
Cohort

Yes 2 (7)
Ethnicity

Yes 2 (7)
School performance

Yes 2 (7)
School type

Yes 2 (7)
Other?

Yes 17 (63)

Yncluded number of students and number of classes

2 Other includes: Attitude of the school towards health promotion; Change in social emotional
learning; Coaches’ attitude; Continuing education (proportion staying on after age 16 years);
Educational attainment; Existence of other safety programmes in the school; Existing policy on
shacks at morning break; Expressed preference for allocation; Frequency of delivery of PSHE
lessons; Hours of daylight; Local family planning services; Percentage of pupils with English as
an additional language; Quality and quantity of current school sex education; Season; Special
education needs status; Welsh language medium; Whether sex education was taught by a tutor
or specialised team of teachers; Whether sex education was taught mainly in year 9 or in year
10.
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Individual-level characteristics adjusted for in the analysis (N=45)

Characteristic Statistic
(N (%))

Baseline characteristic of the outcome

Yes 35 (78)
Gender

Yes 26 (58)
Deprivation (pupil)

Yes 14 (31)
Age

Yes 11 (24)
Ethnicity

Yes 8 (18)
Car ownership

Yes 2 (4)
Distance to school

Yes 2 (4)
Home ownership/rental status

Yes 2 (4)
Year group

Yes 2 (4)
Other?!

Yes 18 (40)

! Other category included: Child’s enrolment in an after-school play scheme; Dental attendance;
Emotional problems; Family encouragement to wear helmet; Frequency of riding bike; High risk
status; Language; Level of play; Maternal paid employment; Maturation status; Number of
children living in their household; Parental warning about danger of not wearing a helmet;
Playing experience; Playing position; Previous injury history; School leaver status; Survey

respondent.



Appendix 8 - Chapter 4: Further details on journals and funding sources (N=24)

The 24 included articles in this systematic review were published across 11
different journals: Pilot and Feasibility Studies (n=5; 21%); International Journal
of Behavioural Nutrition and Physical Activity (n=4; 17%); Public Health Research
(n=4; 17%); BMJ Open (n=3; 13%); Health Technology Assessment (n=2; 8%);
Archives of Disease in Childhood (n=1; 4%); BMC Public Health (n=1; 4%); British
Journal of Cancer (n=1; 4%); British Journal of Psychiatry (n=1; 4%); Prevention
Science (n=1; 4%); and Trials (n=1; 4%).

Twelve (50%) studies’ main funding source was the National Institute for Health
Research (NIHR). Other main funding sources were; National Prevention
Research Initiative (n=2; 8%); Cancer Research UK Cancer Prevention
Fellowship (n=1; 4%); Centre for Diet and Activity Research (CEDAR) (n=1; 4%));
Department of Health (n=1; 4%); Department of Health Policy Research
Programme (n=1; 4%); ESRC studentship awarded to FUSE (n=1; 4%); HSC
R&D (NI) Enabling Research Award (n=1; 4%); Inspiring Scotland (n=1; 4%);
Newcastle University Institute for Sustainability (n=1; 4%); Purely Nutrition (n=1,;
4%); Vice Chancellor’s Research Scholarship from the University of Ulster (n=1;
4%).
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Appendix 9 — Chapter 5: Intra-cluster correlation coefficients (ICCs) collated from published school-based cluster randomised trials

interventions for improving health outcomes on pupils (N=260)

Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Cunha[334] | 2013 | Brazil Adiposity Body Mass Index (raw Continuous | Schools | 0.07 Yes No No
score)
Leme [335] 2016 | Brazil Adiposity Body Mass Index (raw Continuous | Schools | 0.016 No No Yes
score)
Lui, Z [336] 2019 | China Adiposity Body Mass Index (raw Continuous | Schools | 0.04 Yes No No
score)
Lloyd [241] 2012 | England Adiposity Body Mass Index (raw Continuous | Schools | 0.04 No No No
score)
Grydeland 2014 | Norway Adiposity Body Mass Index (raw Continuous | Schools | 0.02 No No No
[337] score)
Fitzgibbon 2006 | USA Adiposity Body Mass Index (raw Continuous | Schools | 0.048 No Yes No
[338] score)
Gray [339] 2016 | USA Adiposity Body Mass Index (raw Continuous | Schools | 0.041 No No No
score)
Sichieri [340] | 2009 | Brazil Adiposity Body Mass Index (raw Continuous | Classes | 0.024 No Yes No
score) (log transformed)
Waters [341] | 2018 | Australia Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.008 Yes No No
(cluster
level)
Pena [342] 2021 | Chile Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.015 No No Yes
Pena [342] 2021 | Chile Adiposity Body Mass Index (z-score) | Continuous | Classes | 0.026 No No Yes
Li [343] 2019 | China Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.118 Yes No No
Adab [143] 2018 | England Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.0211 No No No
Lloyd [180] 2018 | England Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.014 Unclear No No
Hodgkinson | 2019 | England Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.0396 No Yes No
[170]
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Breheny 2020 | England Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.005 No No No
[147]
Viggiano 2015 | Italy Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.006 No No No
[344]
Robbins 2020 | USA Adiposity Body Mass Index (z-score) | Continuous | Schools | 0.02 No No No
[345]
Lubans [346] | 2010 | Australia Adiposity Body Mass Index (z- Continuous | Schools | 0.03 No No No
score)
Daly [347] 2016 | Australia Adiposity Body composition (Bone Continuous | Schools | 0.03 No No No
densitometry (DXA))
Martinez- 2020 | Spain Adiposity Fat mass percentage Continuous | Schools | 0.09 Yes No No
Vizcaino
[348]
Ten Hoor 2018 | The Adiposity Fat mass percentage Continuous | Schools | 0.04 No No No
[349] Netherlands
Bayer [350] 2009 | Germany Adiposity Overweight (Body Mass Binary Schools | 0.023 No No No
Index)
Muckelbauer | 2009 | Germany Adiposity Overweight (Body Mass Binary Schools | 0.011 Yes No No
[351] Index)
Kriemler 2010 | Switzerland | Adiposity Skinfolds (millimetres) Continuous | Classes | 0.06 Yes No No
[352]
Tarp [353] 2016 | Denmark Adiposity Waist circumference Continuous | Schools | 0.13 No Yes No
(centimetres)
Fairclough 2013 | England Adiposity Waist circumference Continuous | Schools | 0.004 Yes No No
[160] (centimetres)
Stavnsbo 2020 | Norway Adiposity Waist circumference Continuous | Schools | 0.19 Yes Yes No
[354] (centimetres)
Davis [355] 2019 | USA Adiposity Waist circumference Continuous | Schools | 0.0126 No No No
(centimetres)
Champion 2016 | Australia Alcohol use Alcohol knowledge Continuous | Schools | 0.07 Yes No No
[356] (through questionnaire)

314




Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Tael-Oeren 2019 | Estonia Alcohol use Alcohol use initiation Binary Schools | 0.04 No No No
[357] (“Have you ever tried an
alcoholic beverage (more
than a sip)? Yes/no”.)
Martinez- 2020 | Spain Alcohol use Binge drinking in the Binary Schools | 0 Yes No No
Montilla previous 30 days
[358]
Segrott [248] | 2015 | Wales Alcohol use Drinking initiation ("Ever Binary Schools | 0.112 No No No
had an alcoholic drink™)
Newton 2016 | Australia Alcohol use Frequency of drinking Continuous | Schools | 0.03 No No Yes
[282]
Teeson [280] | 2017 | Australia Alcohol use Frequency of drinking in Continuous | Schools | 0.01 No No Yes
the past 6 months
Bodin [359] 2011 | Sweden Alcohol use Frequent drunkenness Binary Schools | 0.098 Yes No No
Sumnall 2017 | Northern Alcohol use Heavy Episodic Drinking in | Binary Schools | 0.121 No No No
[360] Ireland, the previous 30-days
Scotland (defined as the
consumption of 26 units
(males)/z4.5 units
(females) on one or more
occasions) (log
transformed)
Koning [361] | 2009 | The Alcohol use Heavy weekly drinking Binary Classes | 0.036 No No No
Netherlands (Boys drinking at least
three glasses and girls
drinking at least two
glasses every week)
D'Amico 2012 | USA Alcohol use Lifetime alcohol Binary Schools | 0.02 Yes No No
[362] consumption
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Vallentin- 2018 | Denmark Alcohol use Overestimation of peers' Binary Schools | 0.088 Yes No No
Holbech lifetime binge drinking
[363] (defined as perceived
prevalence among peers >
actual prevalence in own
grade and school +10%
tolerance)
Haug [364] 2017 | Switzerland | Alcohol use Risky single-occasion Binary Classes | 0.091 Unclear No No
drinking (defined as
drinking at least 5
standard drinks on one
occasion in men and 4 in
women) in the past 30-
days
Cooper [277] | 2006 | Ecuador Allergy Atopy Binary Schools | 0.01 Yes No No
Palacios 2021 | Haiti Anaemia Anaemia Binary Schools | 0.08 No No No
[365]
Miller, G 2012 | China Anaemia Haemoglobin Continuous | Schools | 0.086 Yes No No
[366] concentration
Makris [367] | 2019 | Cyprus Biomarker Urinary biomarkers of Continuous | Schools | 0 Yes No Yes
exposure to pyrethroid
pesticides (3-
phenoxybenzoic acid) (log
transformed)
Hubbard 2016 | Scotland Cancer Number recognised of Continuous | Schools | 0.03 Yes No No
[172] cancer warning signs
(Cancer Awareness
Measure)
Azam [368] 2021 | USA Dating violence | Victimisation (unwanted Continuous | Schools | 0.0006 No No No

sex)
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Pakpour 2016 | Iran Dental health Frequency of self-reported | Continuous | Schools | 0.31 No No Yes
[369] brushing ("How many
times in the past month
have you brushed your
teeth?")
Young [370] | 2014 | Hong Kong | Dental health Gain in knowledge of Continuous | Schools | 0.1193 Yes No No
emergency management
of dental trauma
Milsom [185] | 2006 | England Dental health Has decayed (untreated) Binary Schools | 0.0271 No No No
primary teeth
Rodriguez 2016 | Chile Dental health Increment of caries Continuous | Schools | 0.03 No No No
[371] (dicdas2—6mft, baseline)
Haleem 2012 | Pakistan Dental health Oral health knowledge Continuous | Schools | 0.05 No No No
[372] (through questionnaire)
Nammontri 2013 | Thailand Dental health Oral health-related quality | Continuous | Schools | 0.013 Yes No No
[373] of life (Child Perception
Questionnaire)
Pakpour 2014 | Iran Dental health Oral health-related quality | Continuous | Schools | 0.05227758 | No No No
[374] of life (Paediatric Quality of
Life Inventory (PedsQL)
Oral Health Scale)
Worthington | 2001 | England Dental health Plaque Scores Continuous | Schools | 0.099 No No No
[206]
Redmond 1999 | England Dental health Proportion of teeth sites Continuous | Schools | 0.16 Yes No No
[194] with caries at 6 months
Feng [275] 2007 | China Dental health Volume of lesion Continuous | Schools | 0 No No No
(AQ) (product of
fluorescence loss and
area) at a 5% threshold
Martiniuk 2007 | Canada Epilepsy Epilepsy knowledge Continuous | Schools | 0.16 No No No
[375] (through questionnaire)
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Rossetto 2020 | Australia General health | Appropriate first aid given Binary Schools | 0.03 No No No
[376]
Shah [278] 2001 | Australia General health | Asthma related quality of Continuous | Schools | 0.001 No No No
life improvement
Tahlil [377] 2015 | Indonesia General health | Health Knowledge Continuous | Classes | 0.1 Yes No No
(through gquestionnaire)
Lassander 2021 | Finland General health | Health-Related Quality of Continuous | Classes | 0.06 No No Yes
[378] Life - physical health
(KINDL-R measure)
Denbaek 2018 | Denmark General health | lliness-related Binary Schools | 0.014 No No No
[379] absenteeism in previous
week
Denbaek 2018 | Denmark General health | lliness-related Binary Classes | 0.065 No No No
[379] absenteeism in previous
week
Nsangi [380] | 2017 | Uganda General health | Mean test score Continuous | Schools | 0.18 No No No
(percentage of correct
answers) on the test of
informed health choices
taken at the end of the
term
Priest [381] 2014 | New General health | Number of absence Count/rate | Schools | 0.018 No No No
Zealand episodes due to any
illness
Kesztyis 2016 | Germany General health | Number of sick days Continuous | Schools | 0.045 Yes No No
[382]
Rosen [383] | 2006 | Israel General health | Overall absenteeism Continuous | Schools | 0.0634 No No No
Phillips- 2016 | Kenya General health | School dropout (defined as | Binary Schools | 0.0084 No No No
Howard non-attendance for one
[384] term with no return to

school)
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Siss- 2020 | Germany General health | Self-efficacy helping in Continuous | Classes | 0.0338 No No Yes
Havemann general (% of total
[385] variance) (through
guestionnaire)
Ssewamala | 2021 | Uganda General health | Self-rated health (through | Continuous | Schools | 0.02 No No No
[386] guestionnaire)
Woods- 2021 | England General health | Theoretical health literacy | Continuous | Schools | 0.042 Yes No No
Townsend score
[387]
Berg [388] 2009 | USA Hearing Standard threshold shift Binary Schools | 0 No No No
Marlenga 2011 | USA Hearing Use of hearing protection Binary Schools | 0 No No No
[389] device for occupation
(agriculture)
Karki [390] 2021 | Nepal Heart disease Definite or borderline Binary Schools | 0.24 No No No
Rheumatic heart disease
according to World Health
Organisation
Stebbins 2011 | USA Infectious All laboratory confirmed Count/rate | Schools | 0.001 No No No
[269] disease influenza cases
Freeman 2013 | Kenya Infectious Ascaris lumbricoides Binary Schools | 0.04 No No No
[391] disease
Gyorkos 2013 | Peru Infectious Ascaris lumbricoides Binary Schools | 0.042 No No No
[392] disease
Whelan 2021 | Australia Infectious Carriage of disease- Binary Schools | 0.004 No No No
[393] disease causing Neisseria
meningitidis
Dreibelbis 2014 | Kenya Infectious Diarrhoea in past week Binary Schools | 0.0701 No No No
[394] disease
Liu, X [395] 2019 | China Infectious Hand, foot and mouth Count/rate | Schools | 0.047 No No No
disease disease
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Cunha [284] | 2008 | Brazil Infectious Leprosy (incidence rates) Count/rate | Schools | 0.00013568 | Yes No No
disease
Joachim 2021 | Germany Infectious Overall acceptance of Binary Classes | 0.2 No No No
[396] disease surveillance methods for
Covid-19 (the number of
students with informed
consent divided by the
number of eligible
students)
Karanja 2017 | Kenya Infectious Schistosoma mansoni Binary Schools | 0.13 No No No
[397] disease
Watson- 2012 | Tanzania Infectious Vaccine coverage (HPV) Binary Schools | 0.21 No No No
Jones [272] disease (Dose 1 (all schools))
Kovacs [398] | 2011 | Majorca Injury Back injury knowledge Continuous | Schools | 0.33 No Yes No
Iserbyt [399] | 2017 | Belgium Injury Basic life support Continuous | Schools | 0.04 No No No
performance
Iserbyt [399] | 2017 | Belgium Injury Basic life support Continuous | Classes | 0.02 No No No
performance
Glang [400] | 2015 | USA Injury Composite knowledge of Continuous | Schools | 0.089 Unclear No No
sports concussion
Nauta [401] 2013 | The Injury Fall-related injuries Binary Schools | 0.47 No No No
Netherlands
Emery [274] | 2007 | Canada Injury Injury rate among Count/rate | Teams 0.06 Yes No No
basketball players
Slauterbeck | 2019 | USA Injury Injury to the lower Count/rate | Schools | 0.03 No No No

[402]

extremity that occurred at
a specific location (foot,
ankle, leg, knee, thigh,
groin, and hip)
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Emery [403] | 2005 | Canada Motor skills Static balance Continuous | Schools | 0.0358 No Yes No
Croker [155] | 2012 | England Nutrition Child Feeding Continuous | Schools | 0.07 No No No
Questionnaire
James [175] | 2004 | England Nutrition Consumption of Continuous | Classes | -0.009 No No No
carbonated drinks over 3-
days (in glasses)
De Bock 2012 | Germany Nutrition Fruit intake Continuous | Schools | 0.016 No No Yes
[404]
Wyse [405] 2021 | Australia Nutrition Mean lunch order content | Continuous | Schools | 0.1 No No No
of energy (kilograms (kg))
Amaro [406] | 2006 | Italy Nutrition Nutrition knowledge Continuous | Classes | 0.16 No No No
(through questionnaire)
Ochoa- 2017 | Ecuador Nutrition Nutritional value of dietary | Continuous | Schools | 0.36 Yes No No
Avilés [270] intake - Added sugar
(grams/day)
Kaufman- 2016 | Israel Nutrition Packed lunch score Continuous | Schools | 0.05 No Yes No
Shriqui [407] (quality of packed lunch)
Ezendam 2012 | The Nutrition Snacks per day Continuous | Schools | 0 Yes No No
[408] Netherlands
Christian 2014 | England Nutrition Total fruit and vegetable Continuous | Schools | 0.003 No No No
[151] intake
Juras [106] 2016 | USA Nutrition Total fruit and vegetable Continuous | Schools | 0.094 No No No
intake (cup equivalents)
Giles [163] 2014 | Northern Obstetrics Intention to breast feed Continuous | Schools | 0.12 No No No
Ireland
He [409] 2015 | China Opthalmology Myopia (3-year cumulative | Binary Schools | 0.023 No No No
incidence)
Steenaart 2019 | The Organ donation | Intention to register a Binary Classes | 0.1 No No No
[410] Netherlands decision regarding organ

donation
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Steenaart 2019 | The Organ donation | Intention to register a Binary Schools | 0.03 No No No
[410] Netherlands decision regarding organ
donation
Hill [411] 2015 | New Pain Episode of lower back pain | Binary Schools | 0 No No No
Zealand over 9-month period
Shaygan 2021 | Iran Pain Pain intensity (11-point Continuous | Schools | 0.003 No No Yes
[412] numerical rating scale)
Rathleff 2015 | Denmark Pain Recovered from Binary Schools | 0 Yes No No
[413] Patellofemoral pain
Lubans [414] | 2020 | Australia Physical activity | 20-meter shuttle run test Continuous | Schools | 0.02634 No No Yes
Andrade 2014 | Ecuador Physical activity | 20-meter shuttle run test Continuous | Schools | 0.15 No No No
[415]
Harris [416] 2021 | New Physical activity | 20-meter shuttle run test Continuous | Classes | 0.14 Unclear No No
Zealand
Muller [417] | 2019 | South Africa | Physical activity | 20-meter shuttle run test Continuous | Schools | 0.04 No Yes No
Puder [418] | 2011 | Switzerland | Physical activity | 20-meter shuttle run test Continuous | Classes | 0.07 No No No
Lubans [414] | 2020 | Australia Physical activity | 20-meter shuttle run test Continuous | Classes | 0.05153 No No Yes
Cardon [419] | 2009 | Belgium Physical activity | Average activity levels Continuous | Schools | 0.059 Yes No No
Kolle [420] 2020 | Norway Physical activity | Daily mean physical Continuous | Schools | 0.04 No No Yes
activity level counts per
minute (full day)
McNeil [421] | 2009 | Canada Physical activity | Increased participation in Binary Schools | 0.04 No No No
physical or skill-based
activities
Schneider 2020 | Finland Physical activity | Leisure-time physical Continuous | Schools | 0.003 Unclear No No
[422] activity engagement
De Bock 2013 | Germany Physical activity | Mean accelerometery Continuous | Schools | 0.048 No No Yes
[423] counts (count/15
seconds/day)
Kipping [240] | 2008 | England Physical activity | Minutes spent on screen- Continuous | Schools | 0.01 Yes No No

based activities
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Norris [189] | 2018 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.0173062 | No No No
Physical Activity
(mins/school-day)
Suchert 2015 | Germany Physical activity | Moderate-to-vigorous Continuous | Schools | 0.057 No No Yes
[424] physical activity
(days/week)
Sutherland 2016 | Australia Physical activity | Moderate-to-vigorous Continuous | Schools | 0.03 No No Yes
[425] physical activity (mins/day)
Tymms [205] | 2016 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.19 No No No
physical activity (mins/day)
Jago [237] 2012 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.018 No No No
physical activity
(mins/weekday)
Jago [238] 2014 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.06534 No No No
physical activity
(mins/weekday)
Jago [174] 2015 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.0005 Yes No No
physical activity
(mins/weekday)
Jago [426] 2019 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.01 Yes No No
physical activity
(mins/weekday)
Robbins 2019 | USA Physical activity | Moderate-to-vigorous Continuous | Schools | 0.0126 No No No
[427] physical activity (per week)
Barber [228] | 2015 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0 No No No
physical activity (mins/day)
Harrington 2018 | England Physical activity | Moderate-to-vigorous Continuous | Schools | 0.03 Yes No No
[167] physical activity (mins/day)
Toftager 2014 | Denmark Physical activity | Overall physical activity Continuous | Schools | 0.09 Yes No Yes
[428] (counts per minute)
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Lonsdale 2013 | Australia Physical activity | Perceived autonomy Continuous | Classes | 0.04 No No Yes
[429] during Physical Education
lessons (choice provided)
Mendoza 2011 | USA Physical activity | Percentage of trips made Continuous | Schools | 0.04 No No Yes
[430] by active commuting over
1 school week (percent
active commuting)
Mendoza 2017 | USA Physical activity | Percentage of trips made Continuous | Schools | 0.0005 No No Yes
[431] to school by cycling (%
cycling)
Lonsdale 2019 | Australia Physical activity | Proportion of Physical Continuous | Classes | 0.09 No No Yes
[432] Education lesson time
spent in Moderate-to-
vigorous physical activity
Lonsdale 2019 | Australia Physical activity | Proportion of Physical Continuous | Schools | 0.07 No No Yes
[432] Education lesson time
spent in Moderate-to-
vigorous physical activity
Crammer 2021 | USA Physical activity | Self-efficacy (through Continuous | Schools | 0.06 No No No
[433] guestionnaire)
Nettleford 2021 | Canada Physical activity | Self-reported physical Continuous | Schools | 0.05 No No No
[434] activity over the previous 7
days (Physical Activity
Questionnaire for
Children)
Naylor [435] | 2008 | Canada Physical activity | Step count (average Continuous | Schools | 0.03 No No No

number of daily steps
during 4 measurement
sessions)

324




Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Mendoza 2016 | USA Physical activity | TV viewing (mins/day, Continuous | Schools | 0.076 No No Yes
[436] measured by 7-day TV
diary)
Bjelland 2015 | Belgium, Physical activity | Time used for TV/DVD Continuous | Schools | 0 No No No
[437] Germany, and computer/games
Greece, console
Hungary,
Norway
Cohen [438] | 2015 | Australia Physical activity | Total physical activity Continuous | Classes | 0.08 No No Yes
(counts per minute)
Whittemore 2013 | USA Physical activity | Vigorous exercise Continuous | Schools | 0.03 No No Yes
[439]
Dzielska 2020 | Poland Physical Health Behaviour Index Continuous | Schools | 0.031 No No No
[440] activity/Nutrition | (HBI)
Bavarian 2016 | USA Physical Healthy eating and Continuous | Schools | 0.02 No No Yes
[441] activity/Nutrition | exercise - How much of
the time they “eat fresh
fruits and vegetables,”
“drink or eat dairy
products,” and “exercise
hard enough to...sweat
and breathe hard.”
Kendrick 2007 | England Safety Knowledge score for fire Continuous | Schools | 0.187 No No No
[176] and burn prevention
Kendrick 2004 | England Safety Owns a cycle helmet? Binary Schools | 0.04 Unclear No No
[177]
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Nykanen 2018 | Finland Safety Safety preparedness Continuous | Student | 0.076 Yes No No
[268] groups
Mulvaney 2006 | England Safety Use of any visibility aid Binary Schools | 0.45 Yes No No
[187] (reflective or florescent)
while cycling
Henderson 2007 | Scotland Sexual health Any abortion Binary Schools | 0.005 No No No
[168]
Piotrowski 2016 | USA Sexual health Ever had sexual Binary Classes | 0.01 No No No
[442] intercourse
Potter [443] 2016 | USA Sexual health Initiation of vaginal sex by | Binary Schools | 0.002 Yes No No
end of eighth grade (cluster
level)
Stephenson | 2008 | England Sexual health One or more abortions by | Binary Schools | 0.0034 No No No
[271] age 20 years
Constantine | 2015 | USA Sexual health Rights with steady partner | Continuous | Classes | O Yes No No
[444]
Rohrbach 2015 | USA Sexual health Sex (vaginal or anal sex) Binary Classes |0 Yes No No
[445] without birth control or
condoms in the last 3
months
Mathews 2016 | South Africa | Sexual health Sexual debut Binary Schools | 0.016 Yes No No
[446]
Martiniuk 2003 | Belize Sexual health Sexual knowledge Continuous | Classes | 0.025 No Yes No
[447] (through questionnaire)
Lohan [242] | 2017 | Northern Sexual health Unprotected sex Binary Schools | 0.01 No No No
Ireland
Jemmott 2010 | South Africa | Sexual health Unprotected vaginal Binary Schools | 0.007 No No Yes
[448] intercourse in the past 3
months
Aarestrup 2014 | Denmark Skin Cancer Attitudes toward sunbed Continuous | Schools | 0.06 No No No
[449] use
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Brinker [276] | 2020 | Brazil Skin Cancer Daily sunscreen use in Binary Schools | 0.0016 No No No
past 30-days
Brinker [276] | 2020 | Brazil Skin Cancer Daily sunscreen use in Binary Classes | 0.0066 No No No
past 30-days
Hunter [450] | 2010 | USA Skin Cancer Directly observed hat use Binary Schools | 0.003 No No No
at school
Roetzheim 2011 | USA Skin Cancer Observed hat use at Binary Schools | 0.002 No No No
[451] school
Buller [452] 2006 | USA Skin Cancer Sun protection Behaviour Continuous | Schools | 0.003 Yes No No
Composite
Onrust [453] | 2018 | The Smoking Attitudes towards smoking | Continuous | Schools | 0.08 Yes No No
Netherlands (through questionnaire)
Onrust [453] | 2018 | The Smoking Attitudes towards smoking | Continuous | Classes | 0.12 Yes No No
Netherlands (through questionnaire)
Andersen 2015 | Denmark Smoking Current smoking Binary Schools | 0.055 No No No
[454]
Wen [283] 2010 | China Smoking Ever smoking Binary Schools | 0.017 No No No
Conner [152] | 2019 | England Smoking Ever smoking Binary Schools | 0.017 No No No
Kiewik [455] | 2016 | The Smoking Knowledge of smoking Continuous | Classes | 0.057 No No No
Netherlands (through questionnaire)
Caria [456] 2011 | Austria, Smoking Lifetime smoking Binary Schools | 0.08 No No No
Belgium,
Germany,
Greece,
Italy, Spain,
and
Sweden
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Author

Year

Country

Health area of
the outcome

Outcome description

Outcome
type

Cluster
unit

ICC
estimate

Adjusted
for
baseline
of the
outcome

Analysed
change
scores

Used a
repeated
measures
analysis

Hansen
[457]

2011

Germany

Smoking

Lifetime smoking

Binary

Schools

0.03

No

No

No

Isensee
[458]

2012

Germany

Smoking

Lifetime smoking ("How
many cigarettes have you
ever smoked in your life?"
with response categories
"none," "just a few puffs,”
"1 to 19 (<1 pack)," "20 to
100 (one to five packs)" or
">100 (more than five
packs)," resulting in the
categorisation of never
smokers, experimenters (a
few puffs to 100 cigarettes
lifetime) and established
smoking (>100 cigarettes
lifetime))

Unclear

Schools

0.11

No

No

No

Isensee
[458]

2012

Germany

Smoking

Lifetime smoking ("How
many cigarettes have you
ever smoked in your life?"
with response categories
"none," "just a few puffs,"
"1to 19 (<1 pack)," "20 to
100 (one to five packs)" or
">100 (more than five
packs)," resulting in the
categorisation of never
smokers, experimenters (a
few puffs to 100 cigarettes
lifetime) and established

Unclear

Classes

0.07

No

No

No
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
smoking (>100 cigarettes
lifetime))
Ringwalt 2009 | USA Smoking Lifetime use of cigarettes Binary Schools | 0.08 No No Yes
[459]
Krist [460] 2016 | Germany Smoking Regular smoking (at least | Binary Classes | 0.262 Yes No No
one cigarette per day)
Krist [460] 2016 | Germany Smoking Regular smoking (at least | Binary Schools | 0.227 Yes No No
one cigarette per day)
Siddigi [461] | 2019 | Bangladesh | Smoking Saliva Cotinine Continuous | Schools | 0 No No No
Huque [462] | 2015 | Bangladesh | Smoking Smoke-free homes Binary Schools | 0.198 No No Yes
Resnicow 2010 | South Africa | Smoking Smoking - 30-day Binary Schools | 0.123 No No No
[104] prevalence
Valdivieso 2015 | Spain Smoking Smoking - 30-day Binary Schools | 0.0567 Yes No No
[463] prevalence
Allara [464] 2015 | Italy Smoking Smoking - Past 30-days Binary Schools | 0.021 No No No
Haug [465] 2017 | Switzerland | Smoking Smoking abstinence - 7- Binary Classes | 0.135 No No No
day point prevalence
Hiemstra 2014 | The Smoking Smoking initiation Binary Schools | 0 No No No
[466] Netherlands
Sashegyi 2000 | Canada Smoking Smoking status Binary Schools | 0.2857 No No No
[467]
Gordon [468] | 2008 | USA Smoking Smoking status Binary Schools | 0.007 No No Yes
Hodder [469] | 2017 | Australia Smoking Tobacco use (ever) Binary Schools | 0.0182 No No No
Campbell 2008 | England, Smoking Weekly smoker (smokes Binary Schools | 0.03 No No No
[149] Wales every week)
Tokolahi 2018 | New Social Anxiety symptoms Continuous | Schools | 0 Yes No Yes
[470] Zealand emotional (Multidimensional Anxiety
functioning Scale for Children (MASC-

10))
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Makover 2019 | USA Social Anxiety symptoms (Short Continuous | Schools | 0.07 No No Yes
[471] emotional Mood and Feelings
functioning Questionnaire)
Guo [472] 2015 | Taiwan Social Behavioural intention Continuous | Schools | 0.011 No No Yes
emotional
functioning
McCoy [473] | 2021 | Brazil Social Behavioural problems Continuous | Schools | 0.13 Yes No No
emotional (Strength and Difficulties
functioning Questionnaire (SDQ))
Jenson [474] | 2007 | USA Social Bullying victimisation Continuous | Schools | 0.02735562 | No No Yes
emotional (dichotomised version of
functioning Bully Victim scale from the
Revised Olweus
Bully/Victim
Questionnaire)
Agley [475] 2021 | USA Social Bullying victimization — Continuous | Classes | 0.0661 No No Yes
emotional physical (Bullying and
functioning Cyberbullying Scale for
Adolescents)
Baker- 2021 | Jamaica Social Child Inhibitory Control Continuous | Schools | 0.09 Yes No No
Henningham emotional
[476] functioning
Baker- 2019 | Jamaica Social Child behavioural Continuous | Schools | 0.06 No No No
Henningham emotional difficulties (Strength and
[477] functioning Difficulties Questionnaire
(SDQ) - total score)
Weisleder 2018 | Brazil Social Cognitive stimulation Continuous | Schools | 0.097 Yes No No
[478] emotional (StimQ)
functioning
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Williford 2013 | Finland Social Cybervictimization Ordinal Schools | 0.04 No No No
[479] emotional (modified version of the
functioning Olweus Bully/Victim
Questionnaire (OBVQ))
Williford 2013 | Finland Social Cybervictimization Ordinal Classes | 0.09 No No No
[479] emotional (modified version of the
functioning Olweus Bully/Victim
Questionnaire (OBVQ))
Tak [480] 2016 | The Social Depression symptoms Continuous | Schools | 0.022 Yes No No
Netherlands | emotional (Children's Depression
functioning Inventory)
Perry [481] 2017 | Australia Social Depression symptoms Continuous | Schools | 0.017 No No Yes
emotional (Major Depression
functioning Inventory)
Bradshaw 2012 | USA Social Disruptive behaviour (The | Continuous | Schools | 0.05 No No Yes
[482] emotional Teacher Observation of
functioning Classroom Adaptation -
Checklist)
Lopata [267] | 2019 | USA Social Emotion recognition skills | Continuous | School 0.28 No Yes No
emotional (Cambridge Mindreading buildings
functioning Face-Voice Battery for
Children)
Edridge 2020 | England Social Emotional difficulties (Me Continuous | Classes | 0.17 No No Yes
[483] emotional and My School
functioning guestionnaire)
Willoughby 2021 | Kenya Social Executive function Continuous | Classes | 0.14 No No No
[484] emotional
functioning
Lubman 2020 | Australia Social Help-seeking behaviour - Binary Schools | 0.02 Yes No No
[485] emotional overall - sought help
functioning
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
O'Dea [486] | 2021 | Australia Social Help-seeking intentions for | Continuous | Schools | 0.01 No No Yes
emotional general mental health
functioning problems (General Help-
Seeking Questionnaire)
Morgan 2018 | USA Social Instructional Participation Continuous | Schools | 0.13 Yes No No
[487] emotional (Classroom Measure of
functioning Active Engagement)
Link [488] 2020 | USA Social Mental health knowledge Continuous | Classes | 0.094 Yes No Yes
emotional and attitudes
functioning
Baker- 2012 | Jamaica Social Observed conduct Continuous | Schools | 0.05 Yes No No
Henningham emotional problems (log
[489] functioning transformed)
Boyd [490] 2018 | USA Social Play Skills (Structured Continuous | Classes | 0 No No Yes
emotional Play Assessment)
functioning
Lewis [491] 2013 | USA Social Positive affect (Positive Continuous | Schools | 0.02 No No No
emotional and Negative Affect Scale
functioning for Children (PANAS))
Tol [492] 2014 | Burundi Social Posttraumatic Stress Continuous | Schools | 0.035 No Yes No
emotional Disorder (PTSD)
functioning symptoms (Child
Posttraumatic Symptom
Scale)
Kliewer [493] | 2011 | USA Social Problem Behaviour Continuous | Classes | 0 No No No
emotional Frequency Scale Physical
functioning Aggression (log
transformed)
Connolly 2018 | Northern Social Prosocial behaviour Continuous | Schools | 0.217 Unclear No No
[153] Ireland emotional (Strength and Difficulties
functioning Questionnaire (SDQ))
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Ford [494] 2021 | England, Social Psychopathology Continuous | Schools | 0.024 No No No
Northern emotional (Strength and Difficulties
Ireland, functioning Questionnaire (SDQ))
Scotland,
Wales
Hart [495] 2018 | Australia Social Quality of mental health Continuous | Schools | 0 No No Yes
emotional first aid intentions - helpful
functioning intentions
Volanen 2020 | Finland Social Resilience (Resilience Continuous | Classes | 0.03 No No Yes
[496] emotional scale (RS14))
functioning
Mazzoli 2021 | Australia Social Response inhibition Continuous | Classes | 0 Yes No No
[497] emotional
functioning
Shinde [498] | 2018 | India Social School climate (Beyond Continuous | Schools | 0.13 No No No
emotional Blue School Climate
functioning Questionnaire (BBSCQ))
Obsuth [191] | 2017 | England Social School exclusion Binary Schools | 0.028 No No No
emotional
functioning
Valente 2021 | Brazil Social School experience Continuous | Schools | 0.023 Yes No No
[499] emotional (through questionnaire)
functioning
Kirk [279] 2021 | Australia Social Selective attention (Test of | Continuous | Classes | 0 No No Yes
emotional Everyday Attention for
functioning Children—Second Edition,
(TEACh-2))
Howard 2020 | Australia Social Self-Regulation (Head- Continuous | Schools | 0.02 No No No
[500] emotional Toes-Knees-Shoulders)
functioning
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Katz [501] 2020 | Canada Social Self-concept (Self- Continuous | Classes | 0.08792402 | No No Yes
emotional Description
functioning Questionnaire—General
Subscale)
Katz [501] 2020 | Canada Social Self-concept (Self- Continuous | Schools | 0.12553393 | No No Yes
emotional Description
functioning Questionnaire—General
Subscale)
Tirlea [502] 2016 | Australia Social Self-esteem (Rosenberg Continuous | Schools | 0.059 No No Yes
emotional self-esteem scale)
functioning
Golan [503] 2018 | Israel Social Self-esteem (Rosenberg Continuous | Classes | 0.03 No No Yes
emotional self-esteem scale)
functioning
DiPerna 2015 | USA Social Social Skills composite Continuous | Schools | 0.08 No No No
[504] emotional (Social Skills Improvement
functioning System Rating Scale)
DiPerna 2015 | USA Social Social Skills composite Continuous | Classes | 0.18 No No No
[504] emotional (Social Skills Improvement
functioning System Rating Scale)
Humphrey 2016 | England Social Social and Emotional Continuous | Schools | 0.2 No No No
[173] emotional Competence Change
functioning Index (SECCI)
Chisholm 2016 | England Social Stigma of mental illness Continuous | Classes | 0.1 No No No
[150] emotional (willingness to have
functioning contact with individuals

who are experiencing
mental illness) (Reported
and Intended Behaviour
Scale (RIBS))

334




Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Watanabe 2016 | Japan Social Subjective psychosomatic | Continuous | Schools | 0.0125 Yes Yes No
[505] emotional symptoms
functioning
Wasserman | 2015 | Austria, Social Suicide attempt(s) Binary Schools | 0.003 No No Yes
[506] Estonia, emotional
France, functioning
Germany,
Hungary,
Ireland,
Italy,
Romania,
Slovenia,
and Spain
Halliday 2014 | Kenya Social Sustained attention (Tests | Continuous | Schools | 0.07 No No No
[285] emotional of everyday attention for
functioning children) (TEA-Ch)
battery)
Stallard 2012 | England Social Symptoms of (low mood) Continuous | Year 0.012 Yes No No
[202] emotional depression (Short mood groups
functioning and feelings
guestionnaire)
Bartholomew | 2018 | USA Social Time on task Continuous | Schools | 0.09 No No No
[507] emotional
functioning
Bartholomew | 2018 | USA Social Time on task Continuous | Classes | 0.14 No No No
[507] emotional
functioning
Dray [508] 2017 | Australia Social Total difficulties score Continuous | Schools | 0.16 No No No
emotional (Strength and Difficulties
functioning Questionnaire (SDQ))
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Ford [161] 2019 | England Social Total difficulties score Continuous | Schools | 0.18 No No No
emotional (Strength and Difficulties
functioning Questionnaire (SDQ))
Streimann 2020 | Estonia Social Total difficulties score Continuous | Schools | 0.2 No No No
[509] emotional (Strength and Difficulties
functioning Questionnaire (SDQ))
Calear [510] | 2009 | Australia Social Total score (Revised Continuous | Classes | 0.02 No No Yes
emotional Children’s Manifest
functioning Anxiety Scale)
Newton 2014 | Australia Social Truancy (Number of days Continuous | Schools | 0.05 No No Yes
[511] emotional students were absent from
functioning school in the last year
without parental
permission)
Gold [512] 2017 | Australia Social Unhealthy use of music Continuous | Schools | 0.01 No Yes No
emotional (Healthy-Unhealthy Music
functioning Scale)
Axford [145] | 2020 | Wales Social Victimisation (being Binary Schools | 0.019 No No No
emotional bullied) -occurring at least
functioning twice a month in the last 2
months
Mallick [513] | 2018 | South Africa | Speech and Attitudes to children who Continuous | Schools | 0.0005 No No No
Language stutter (Stuttering resource
outcomes measure)
Champion 2016 | Australia Substance Intentions to use ecstasy Binary Schools | 0.01 No No No
[514] misuse
White [250] 2017 | Wales Substance Lifetime illicit drug use Binary Schools | 0.003 No No No
misuse
Miller, E 2012 | USA Violence Intentions to intervene Continuous | Schools | 0.036 Yes No No
[515] when witnessing abusive

behaviours
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Author Year | Country Health area of | Outcome description Outcome Cluster | ICC Adjusted | Analysed | Used a
the outcome type unit estimate for change repeated
baseline scores measures
of the analysis
outcome
Fabbri [516] | 2021 | Tanzania Violence Past-week pupil Binary Schools | 0.13 No No No
experience of physical
violence from teacher
Temple [517] | 2021 | USA Violence Physical Dating Violence - | Binary Schools | 0.109 No No No
Perpetration
Wolfe [518] 2009 | Canada Violence Physical Dating Violence Binary Schools | 0.02 No No No
Reported in the Past Year
(All students)
Miller, E 2020 | USA Violence Positive bystander Continuous | Schools | 0.007 No No No
[519] intervention behaviours
Sanchez- 2018 | Spain Violence Psychological aggression Continuous | Schools | 0.002 No No Yes
Jimenez (Psychological Dating
[281] Abuse Scale)
Devries 2015 | Uganda Violence Student self-reported past | Binary Schools | 0.06 No No No
[520] week physical violence at
school
Beets [521] 2009 | USA Violence Violent behaviours Binary Schools | 0.06 No No No
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Appendix 10 — Chapter 5: School- and class-level intra-cluster correlation coefficients (ICCs) are reported side-by-side for the 14 studies

that reported at both those levels

use in past 30-
days

Author Year Country Health area Outcome Outcome School-level | Class-level
of the description type ICC estimate | ICC estimate
outcome

Pena [342] 2021 Chile Adiposity Body Mass Index | Continuous 0.015 0.026

(z-score)

Denbeaek [379] | 2018 Denmark General lliness-related Binary 0.014 0.065
health absenteeism in

previous week

Iserbyt [399] 2017 Belgium Injury Basic life support | Continuous 0.04 0.02

performance

Steenaart 2019 The Organ Intention to Binary 0.03 0.1

[410] Netherlands donation register a decision

regarding organ
donation

Lonsdale [432] | 2019 Australia Physical Proportion of Continuous 0.07 0.09
activity Physical

Education lesson
time spent in
Moderate-to-
vigorous physical
activity

Lubans [414] | 2020 Australia Physical 20-meter shuttle | Continuous 0.02634 0.05153
activity run test

Brinker [276] 2020 Brazil Skin cancer Daily sunscreen Binary 0.0016 0.0066
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Isensee [458]

2012

Germany

Smoking

Lifetime smoking
("How many
cigarettes have
you ever smoked
in your life?" with
response
categories "none,"
"just a few puffs,"
"1t0 19 (<1
pack)," "20 to 100
(one to five
packs)" or ">100
(more than five
packs)," resulting
in the
categorisation of
never smokers,
experimenters (a
few puffs to 100
cigarettes lifetime)
and established
smoking (>100
cigarettes
lifetime))

Unclear

0.11

0.07

Krist [460]

2016

Germany

Smoking

Regular smoking
(at least one
cigarette per day)

Binary

0.227

0.262

Onrust [453]

2018

The
Netherlands

Smoking

Attitudes towards
smoking (through
guestionnaire)

Continuous

0.08

0.12
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Williford [479] | 2013 Finland Social Cybervictimization | Ordinal 0.04 0.09
emotional (modified version
functioning of the Olweus
Bully/Victim
Questionnaire
(OBVQ))
DiPerna [504] | 2015 USA Social Social Skills Continuous 0.08 0.18
emotional composite (Social
functioning Skills
Improvement
System Rating
Scale)
Bartholomew | 2018 USA Social Time on task Continuous 0.09 0.14
[507] emotional
functioning
Katz [501] 2020 Canada Social Self-concept Continuous 0.126 0.088
emotional (Self-Description
functioning Questionnaire—
General
Subscale)
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Appendix 11 - Chapter 6: Ethical approval for use of the datasets has been granted
by the University of Exeter Medical School Research Ethics Committee

Estimating parameters to aid in the design of school-based cluster

randomised trials of interventions for improving mental health outcomes on
pupils

Project description:

This study will use data from school-based cluster randomised controlled trials of
mental health interventions for improving pupils’ outcomes to estimate parameters
that can be used to aid the design of future similar studies. Specifically we will: (1)
obtain estimates of the intra-cluster (intra-school) correlation coefficient and
components of variance that are needed to calculate the sample size required for
cluster randomised trials; and (2) identify the school-level (cluster-level)
characteristics that are most strongly predictive of pupil mental health outcomes and
are, therefore, suitable factors on which to stratify the randomisation of schools and
incorporate in the analysis as adjustment (prognostic) factors when estimating the
intervention effect in such studies. The findings of this study will aid researchers in
ensuring their school-based cluster trials are large enough to evaluate pupil health
interventions and improve the efficiency of their design and analysis.

Project Dates

4t Jan 2022 — 15t June 2022

Scope

Does your research involve only secondary data?
Yes

Does your project require external ethical review?
No

Please summarise the background to the project?

Cluster randomised trials (CRTSs) are increasingly used in the school setting to
evaluate public health interventions for improving outcomes on pupils [50]. Such
studies involve allocation of entire clusters of individuals (e.g., schools, year groups,
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classrooms) rather than the individuals (pupils) themselves on whom outcomes are

measured.

A characteristic feature of CRTs is that observations on participants from the same
cluster are usually more similar to each other than observations on participants from
different clusters [4]. For example, pupils in the same school are more likely to have
similar outcomes than those from different schools. This similarity, or lack of
statistical independence, means that the usual methods for calculating sample size
and analysing data in trials that randomise individuals should not be used in studies
that randomise clusters [4]. Use of standard sample size formulae may result in an
underpowered study, and the use of standard analytical methods to estimate the
intervention effect may result in confidence intervals that are too narrow and p-
values that are too small, thus exaggerating the impact of the intervention [3].
Therefore, accounting for the clustered design in sample size calculation and
analysis is essential in CRTs. The similarity between observations from the same
cluster for a given outcome is quantified by the intra-cluster correlation coefficient
(ICC). The ICC is defined as the proportion of the total variation in the outcome that
is between clusters as opposed to within clusters. Information about the ICC (or the
between-cluster variance component and the within-cluster variance component) is
invaluable when designing CRTs as they are needed to calculate the required
sample size. They can be obtained from previous studies with a similar cluster
structure and similar outcomes [10, 11], but there is a lack of published estimates
relevant to school-based CRTs in the UK. The dissemination of ICCs based on
school and classroom clusters would greatly aid the planning of future school-based
CRTs.

CRTs usually include only a relatively small number of clusters. Consequently,
simple randomisation may result in trial arms that are unbalanced with respect to
cluster level characteristics (e.g., socioeconomic profile of the cluster) that may be
related to the outcome of interest [4]. It is then harder to ascribe any resulting
differences on the outcomes between the trial arms as resulting from the intervention
itself. Restricted randomisation involves controlling the randomisation process to
ensure the trial arms are similar (or balanced) with respect to key cluster
characteristics that are expected to predict the study outcomes, thus enabling a fair

comparison between the intervention and control arms. An example of restricted
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randomisation is stratified randomisation where clusters are first grouped into strata
based on factors that the investigators believe are necessary to balance between
trial arms (e.g., geographical area, cluster size, socio-economic status). Within each
stratum, clusters are then randomly assigned to the trial arms [2]. When estimating
the intervention effect, inclusion in the analytical models of the factors used to
balance the randomisation improves the precision of the resulting estimates if those
factors are related to the outcome. Therefore, it is useful to know which cluster level
characteristics are predictive of the trial outcomes so that the best ones are chosen
to balance on in the randomisation and/or adjusted for in the analysis [3]. In a recent
systematic review describing school-based CRTs with pupil health outcomes in the
UK, 80% of studies used some form of restricted randomisation [117]. Despite this,
there is little evidence on which factors should be balanced on for pupil outcomes in
specific disease/health areas in CRTs in the school setting and justification for the
choice of balancing factors is rarely provided. School-based CRTs with mental
health outcomes have balance the randomisation on different school-level
characteristics [145, 161, 202, 203, 298], but it is rarely reported whether the
balancing factors are ultimately predictive of the outcome.

This study aims to use data from previous school-based cluster randomised trials to:
(a) estimate the intra-cluster (intra-school) correlation coefficients for pupil mental
health outcomes and (b) identify the school (cluster) level characteristics that are
most strongly predictive of pupil mental health outcomes.

Please explain the aims of the project and what you intend to achieve

This study will conduct secondary analyses using data from several school-based

cluster randomised trials of interventions to improve pupil mental health outcomes to:

() Collate estimates of the between-cluster and within-cluster components of
variance and the ICCs from school-based CRTs in mental health.
Specifically, we will:

a. Estimate components of variance at the school, year group, classroom
and pupil levels

b. Compare the size of the ICC for the same pupil outcome between
pupil-report, parent report and teacher-report
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c. Compare ICC values for the same outcome between baseline and
follow-up

d. Compare ICC values between trial arms

e. Compare ICC values across children with different demographic
characteristics (e.g., based on age, gender, ethnicity, SES)

(i) Describe the strength of school-level characteristics for predicting pupil
mental health outcomes in UK school-based CRTs. Specifically, we will:
a. Examine the strength of relationship of the school (cluster) level

variables used to balance the randomisation with the pupil outcomes.

b. Examine the strength of relationship of other cluster-level
characteristics that were not used to balance the randomisation with
the pupil health outcomes.

c. Examine the strength of relationship of cluster-level summaries of
baseline measurements of the outcome with the pupil health outcomes
at follow-up.

d. Describe the extent to which the cluster-level characteristics account

for the size of the intra-cluster correlation coefficient.

The outcomes for this project will include a peer-reviewed publication, presentations
at conferences related to the topic area (such as the annual Current Developments
in Cluster Randomised Trials and Stepped Wedge Designs meeting), and further
dissemination through social media. The research will also form part of Kitty Parker's

PhD and therefore, will be included in her final thesis (due for submission May 2023).

Please describe how the research will be conducted in a way that ensures its

guality and integrity

This study has been designed to address a gap in the methodological literature and
to aid researchers in the design and analysis of future school-based CRTs. The
study objectives have been informed by a thorough literature review of the area [116,
117]. The work has also been discussed with other academics within the College
who have confirmed the unique and important contribution this work will make.

To ensure quality and integrity, we will develop an in-depth protocol detailing the
background, methods, and data analysis plan for this proposal. This project will
follow the protocol rigorously and the protocol will be made available through the
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Open Science Framework to allow for transparency in the research process. We also
plan to keep detailed information on data preparation and analysis used in this study
(see Data Management section). Plans to ensure the data management is robust
and rigorous can be found in the Data Management section of this application. We
plan to disseminate this research through different forms to relevant audiences,
including dissemination through a peer-reviewed publication, presentations at
conferences, and via social media and the National Institute for Health Research
platform. This project will also form part of Kitty Parker’'s PhD thesis (due for
submission May 2023).

Methodology

Please provide a summary of the research methodology below. For each
method, please describe how it has been selected and how the data will be

analysed.

Method

Data from five completed [145, 161, 202, 203, 298] and two ongoing school-based
CRTs measuring mental health, behaviour and well-being outcomes will be used in
this study. Use has been granted by the principle investigator from each of these
studies. Consent for use of this data was obtained during the original study. All
cluster-level and individual-level data are fully anonymised.

Ethical approval was granted for the original studies for which the data were

collected, and participant data were fully anonymised.
Description of Participants

Participants include school pupils in full-time education who took part in one of seven
school-based CRTs in the United Kingdom. Written consent was obtained at the
cluster/school level in order for schools to participate in each of the included studies.
Written consent was also obtained for class teachers if they were involved in the
researcher study. Parental/guardian written consent was obtained for their
child’s/children’s participation and data collection. Either pupil’s written consent, or
verbal assent was obtained from children for participation and data collection in this

research.
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A description of the specific participant information for each of the seven CRTs are

listed below:

1.

MYRIAD [298] — 85 schools participated in this study and written consent was
obtained at the school level from headteachers. Consent from 739 teachers
was also obtained. Parental/caregiver passive ‘opt-out’ consent, and child
assent was obtained at each data collection point. 26,885 school students
(ages 12-14 years) provided consent and participated in this study.

STARS [161] — 80 schools participated in this study and written consent was
obtained from the headteacher for the school’s participation and from the
class teacher for their involvement after nomination by the headteacher,
including for reporting outcomes on pupils. 2075 school pupils aged 4-9 years
provided consent for participation and at each data collection point.
Parents/guardians could provide passive ‘opt-out’ consent for their child, and
verbal assent was obtained from children each time they were asked to
complete a questionnaire.

KiVa [145] — Headteachers in 22 schools provided written consent for their
school to participate in the trial and also consent to allow the research team to
collect data to use in analyses. Parents/guardians of 3214 pupils, aged 7-11
years, provided ‘opt-out’ (passive) consent. Pupils provided active consent to
complete the KiVa pupil online questionnaire and at each data collection
point.

PACES [203] — Headteachers of 41 schools provided written consent for
participation. Parental/guardian passive ‘op-out’ consent and signed assent
was obtained from 1362 school pupils (aged 9 — 10 years) for participation
and providing data at each follow-up.

PROMISE [202] — Headteachers of 8 schools provided written consent for
participation. Parental/guardian passive ‘op-out’ consent and signed assent
was obtained from 1064 school pupils (aged 12-16 years) for participation and
providing data at each follow-up.

ICATS — This is an ongoing study, therefore the total number of schools and
pupils who will be participating in this research is not known. Children will be
aged 5-11 years. Informed written consent will be sought from schools, school

staff and parents/carers. Assent will be obtained from children.
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7. MyCATS - This is an ongoing study, therefore the total number of schools
and pupils who will be participating in this research is not known. Children will
be aged 4- 6 years. Informed written consent will be sought from schools,

school staff and parents/carers. Assent will be obtained from children.

Due to the nature of the research questions, it is necessary to involve vulnerable

populations (i.e., children) in the research study.
Why methods were selected?

Secondary data analysis is used to address our research questions because it would
be expensive and inefficient to conduct primary research solely to estimate the
parameters of interest. The existence of data from relevant previously conducted
trials provides the opportunity to meet our objectives efficiently. A secondary data
analysis of these mental health datasets will be undertaken as: 1) the researchers
have access to these datasets through co-authorship/supervisors/professional
links/affiliations; 2) the studies provide data for a wide range of mental health
outcomes; 3) the data have been previously assessed and ‘cleaned’, making them

good candidates for secondary data analysis.
Data Analysis
The data will be analysed quantitatively and will involve the following:

1. Descriptive statistics will be used to summarise characteristics and outcomes
of the participating schools and pupils.

2. The ICC and components of variance will be estimated by fitting mixed effects
(“multilevel”) regression models to the outcomes. Estimates will be reported
with 95% confidence intervals.

3. Mixed effects (“multilevel”) models will be fitted to examine the relationships
between the cluster level predictors and the outcomes. P-values will be
reported for each predictor.

4. We will report the size of the reduction in the intra-cluster (intra-school)
correlation coefficient and the reduction in the total outcome variance that
results from using the cluster level factors as predictors in the mixed effects

model.
Where will the project be undertaken?
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The project will be undertaken on a University of Exeter, password protected,
Bitlocker encrypted laptop (see Data Management section for details on how data
will be stored). The main applicant (Kitty Parker) will undertake this work on the

laptop at home. The laptop will be locked and password protected when unattended.
Data management

What data will be collected and used during the project?

No data will be collected for the current project as the project involves a secondary
data analysis of pre-existing fully anonymised data from completed school-based
CRTs.

The specific data we plan to use will be:

e Cluster-level (school-level) demographic information (e.g., socioeconomic
status, percentage free school meals, percentage of white individuals) and
pupil demographic information (e.g., age)

e Number of clusters and pupils providing outcome data

e Pupil mental health related outcomes report by teachers, parents and the
pupils themselves.

Data were collected during each of the school-based CRTs which involved the

completion of questionnaires.

Is there an access control process or a gatekeeper for access to data e.g.
secondary data?

Yes. Access has been granted by each of the principle investigators from each
school-based CRT. They have been fully informed on how we intend to use the data.

Where and how will data be stored during the project?

Data will be downloaded using a secure drop box from each of the principle
investigators by the main applicant (Kitty Parker) using her University of Exeter
encrypted laptop which requires personal authentication to access. The data will be
held electronically and securely on the main applicant's University One Drive account
which is only accessible through use of secure username and password. Access to
this will be restricted to the applicants of the current proposal (i.e., Kitty Parker and
Obi Ukoumunne). All applicants will have to use a secure username and password to
access the folder.

The data for the current project are not generated by the applicants but are already
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collected as part of previous school-based CRTSs. In keeping with the UK Data
Services End User License, data will be destroyed upon completion of the project.
Completion of the project will be defined as the point at which all analyses have been
conducted and any papers related to the project have been accepted for publication
(in recognition of the fact peer reviewers may recommend changes/additional
analyses). Data will be destroyed using a secure erasure programme (see more
details below). Detailed information around data preparation and analytic code used

for the study will be retained.

How long will the data be retained after the project is complete?

12 months (until 315t May 2024)

Will any of the data be used in future research and/or made available to other
research projects?

Data will not be retained for future research and/or made available to other research

projects by the applicants.

How will data be destroyed when it is no longer needed?

No personal data will be collected or stored as part of this project, but anonymised
data will be destroyed upon completion of the project using a secure erasure
programme by the main applicant (Kitty Parker). In the event that the main applicant
is unable to do this, one of the other applicants (Obi Ukoumunne) will undertake this

task.

How will access to the data be controlled?

Only the applicants of the current project will be provided with access to the data. As
previously discussed, this will be done through the University of Exeter One Drive
which allows folders to be shared between specific members of staff (both internally

and externally) using password controls.
Will participant data be treated as confidential?
Yes, data are fully anonymised on download from the Principle Investigator and will

be stored according to GPDR guidelines. Confidentiality will be preserved at all times
by not attempting to identify individuals, teachers or schools in the data.

Will participant data be anonymous?
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Yes, data are fully anonymised on download from the Principle Investigator of each
study and, therefore, no further procedures will be needed or undertaken to
anonymise the data.
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Appendix 12 - Chapter 6: 95% confidence intervals (CIs) for school-level intra-cluster correlation coefficient (ICC) estimates from the 5

datasets

STARS study school-level ICCs with 95% Cls

Outcome (reporter) Measurement time (months)! N ICC 95% CI
Total difficulties score (SDQ) 0 2074 0.120 (0.083t00.170)
(Teacher) 9 2001 0.180 (0.130 to 0.243)
18 1848 0.179 (0.129to 0.243)
30 1756 0.121 (0.082to 0.175)
Emotion subscale 0 2074 0.101 (0.068to 0.146)
(SDQ) (Teacher) 9 2001 0.202 (0.149 to 0.269)
18 1848 0.179 (0.129 to 0.243)
30 1756 0.090 (0.059 to 0.136)
Conduct subscale 0 2074 0.062 (0.038to 0.100)
(SDQ) (Teacher) 9 2001 0.092 (0.061 to 0.138)
18 1848 0.117 (0.0791to0 0.169)
30 1756 0.104 (0.069 to 0.155)
Hyperactivity subscale 0 2074 0.053 (0.032to0 0.088)
(SDQ) (Teacher) 9 2001 0.090 (0.059 to 0.135)
18 1848 0.091 (0.059to 0.137)
30 1756 0.072 (0.0441t00.114)
Peer problems subscale 0 2074 0.152 (0.101to00.210)
(SDQ) (Teacher) 9 2001 0.119 (0.081 to 0.170)
18 1848 0.131 (0.091to 0.186)
30 1756 0.098 (0.064 to 0.146)
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Outcome (reporter) Measurement time (months)! N ICC 95% CI
Prosocial behaviour subscale 0 2074 0.234 (0.176to .304)
(SDQ) (Teacher) 9 2001 0.251 (0.189 to .324)

18 1848 0.204 (0.150to .273)
30 1756 0.164 (0.116to 0.226)
Total difficulties score (SDQ) (Parent) 0 1466 0.026 (0.009 to 0.070)
9 1285 0.046 (0.022 to 0.095)
18 1225 0.031 (0.011to 0.083)
30 1125 0.034 (0.012to 0.089)
Emotion subscale 0 1467 0.025 (0.009 to 0.066)
(SDQ) (Parent) 9 1286 0.031 (0.012 to 0.078)
18 1227 0.014 (0.003to 0.077)
30 1126 0.019 (0.004 to 0.082)
Conduct subscale 0 1467 0.013 (0.002to 0.072)
(SDQ) (Parent) 9 1287 0.016 (0.004 to 0.072)
18 1228 0.030 (0.010to 0.087)
30 1127 0.001 (Oto 1)
Hyperactivity subscale 0 1466 0.004 (0 t0 0.431)
(SDQ) (Parent) 9 1287 0.012 (0.002 to 0.079)
18 1227 0.009 (0.001t00.113)
30 1127 0.010 (0.001to 0.123)
Peer problems subscale 0 1466 0.021 (0.007 to 0.066)
(SDQ) (Parent) 9 1286 0.049 (0.023 to 0.099)
18 1227 0.027 (0.009 to 0.078)
30 1126 0.045 (0.020 to 0.099)
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Outcome (reporter) Measurement time (months)! N ICC 95% CI

Prosocial behaviour subscale 0 1467 0

(SDQ) (Parent) 9 1287 0
18 1228 0.007 (<0.001 to 0.180)
30 1127 0

Pupil Behaviour Questionnaire (teacher) 0 2053 0.064 (0.040to00.101)
9 1986 0.086 (0.056 to 0.130)
18 1886 0.082 (0.052t0 0.127)
30 1760 0.081 (0.051to 0.126)

‘How | Feel About My School measure’ questionnaire (pupil) 0 2074 0.052 (0.031to 0.087)
9 2001 0.077 (0.050t00.119)
18 1848 0.106 (0.071to 0.155)
30 1756 0.111 (0.0741t0 0.162)

1 Time points at 9, 18, 30 months adjusted for trial arm status
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KiVa study school-level ICCs with 95% Cls

Outcome (reporter) Measurement time (months)! N ICC 95% CI

Total difficulties score 0 2832 0.037 (0.012t0 0.111)
(SDQ) (teacher) 12 2652 0.075 (0.032 t0 0.164)
Emotional subscale 0 2832 0.033 (0.009 to 0.109)
(SDQ) (teacher) 12 2652 0.092 (0.042 to 0.190)
Conduct subscale 0 2832 0.042 (0.016 t0 0.108)
(SDQ) (teacher) 12 2652 0.055 (0.024 t0 0.121)
Hyperactivity subscale 0 2832 0.005 (<0.001 to 0.118)
(SDQ) (teacher) 12 2652 0.030 (0.010 to 0.086)
Peer problems subscale 0 2832 0.025 (.008 to 0.080)

(SDQ) (teacher) 12 2652 0.041 (0.015t0 0.104)
Prosocial behaviour subscale 0 2832 0.010 (0.001 to 0.163)
(SDQ) (teacher) 12 2652 0.017 (0.003 to 0.091)
Bullying victimisation 0 2876 0.012 (0.003 to 0.043)
(Olweus Bully/Victim Questionnaire) (Pupil) 12 2581 0.019 (0.006 to 0.058)
Told school about being bullied 0 2876 0.013 (0.004 to 0.041)
(Olweus Bully/Victim Questionnaire) (Pupil) 12 2581 0.009 (0.002 to 0.046)
Did not tell school about being bullied 0 2876 0.010 (0.002 to 0.041)
(Olweus Bully/Victim Questionnaire) (Pupil) 12 2581 0.018 (0.006 to 0.052)
Told home about being bullied 0 2876 0.006 (0.001 to 0.042)
(Olweus Bully/Victim Questionnaire) (Pupil) 12 2581 0.017 (0.006 t0 0.047)
Bully perpetration 0 2876 0.010 (0.003 to 0.038)
(Olweus Bully/Victim Questionnaire) (Pupil) 12 2581 0.010 (0.002 to 0.040)

1 Time point at 12 months adjusted for trial arm status
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PACES study school-level ICCs with 95% Cls

Outcome (measure) (reporter) Measurement time (months)?! N ICC 95% CI

Total difficulties score 0 547 0.002 (Otol)
(SDQ) (parent) 6 460 0

12 425 0.050 (0.012t0 0.192)
Emotional subscale 0 566 0
(SDQ) (parent) 6 475 0

12 439 0.032 (0.005 t0 0.169)
Conduct subscale 0 563 0
(SDQ) (parent) 6 473 0

12 441 0.006 (0 to 0.936)
Hyperactivity subscale 0 566 0
(SDQ) (parent) 6 475 0

12 437 0.010 (0 t0 0.601)
Peer problems subscale 0 561 0.028 (0.004 to 0.162)
(SDQ) (parent) 6 475 0.059 (0.017 t0 0.182)

12 438 0.017 (<0.001 to 0.483)
Prosocial behaviour subscale 0 561 0
(SDQ) (parent) 6 471 0

12 440 0
Total anxiety score 0 482 0
(RCADS-30) (Parent) 6 426 0

12 406 0.016 (<0.001 to 0.616)
Depression subscale 0 560 0.017 (0.001 t0 0.182)
(RCADS-30) (Parent) 6 477 0

12 445 0
Separation Anxiety Disorder subscale 0 519 0
(RCADS-30) (Parent) 6 448 0.021 (0.001 to 0.299)
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% ClI
12 432 0.016 (0to 0.751)
Social phobia subscale 0 558 0.007 (0 to 0.636)
(RCADS-30) (Parent) 6 479 0
12 441 0.023 (0.003 t0 0.180)
Generalised Anxiety Disorder subscale 0 557 0
(RCADS-30) (Parent) 6 477 0.011 (<0.001 to 0.388)
12 444 0.022 (.002 to 0.216)
Panic disorder subscale 0 550 0.004 (0 to 0.998)
(RCADS-30) (Parent) 6 473 0
12 443 0.007 (0 to 0.786)
Obsessive-compulsive Disorder subscale 0 559 0
(RCADS-30) (Parent) 6 478 0.004 (0 to 0.998)
12 444 0.006 (0to 0.927)
Total anxiety score 0 1281 0
(RCADS-30) (Pupil) 6 1274  0.002 (0 to 0.988)
12 1203 0.010 (0.001 to 0.148)
Depression subscale 0 1332 0.008 (<0.001 to 0.167)
(RCADS-30) (Pupil) 6 1305 0
12 1250 0.013 (0.001 t0 0.163)
Separation Anxiety Disorder subscale 0 1330 0.010 (0.001 to 0.140)
(RCADS-30) (Pupil) 6 1308 0.023 (0.005 to 0.093)
12 1247  0.026 (0.007 to 0.092)
Social phobia subscale 0 1328 0
(RCADS-30) (Pupil) 6 1307 0.014 (0.002 to 0.080)
12 1244  0.006 (0 to 0.350)
Generalised Anxiety Disorder subscale 0 1328 0
(RCADS-30) (Pupil) 6 1305 0
12 1242  0.002 (0to 1)
Panic disorder subscale 0 1326 0
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% ClI
(RCADS-30) (Pupil) 6 1305 0
12 1247  0.006 (<0.001 to 0.151)
Obsessive-compulsive Disorder subscale 0 1325 0
(RCADS-30) (Pupil) 6 1307 0
12 1245 0
Victimisation 0 1338 0.015 (0.002 to 0.083)
(Olweus Bully/Victim Questionnaire) (Pupil) 6 1316 0.031 (0.010 to 0.089)
12 1254  0.005 (0t0 0.732)
Worry 0 1310 0
(Penn Worry Scale) (Pupil) 6 1298 0
12 1230 0.010 (0.001 to 0.124)
Self-esteem 0 1295 0
(Rosenberg Self-Esteem Scale) (Pupil) 6 1285 0.023 (0.006 to 0.084)
12 1224  0.012 (<0.001 to 0.243)
Total life satisfaction (CHU9D) (Pupil) 0 1333 0.009 (0.001 to 0.122)
6 1302 0.003 (0 to 0.956)
12 1241 0.027 (0.007 to 0.106)

1 Time points at 6 and 12 months adjusted for trial arm status
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PROMISE study school-level ICCs with 95% Cls

Outcome (measure) (reporter) Measurement time (months)?! N ICC 95% CI
Total anxiety score 0 4588 0.007 (0.001 to 0.085)
(RCADS-30) (Pupil) 6 4395 0
12 3948 0.006 (<0.001t0 0.121)
Depression subscale 0 4607 0.010 (0.002 to 0.060)
(RCADS-30) (Pupil) 6 4416 0
12 3954 0.005 (<0.001 to 0.093)
Panic disorder subscale 0 4612 0.009 (0.002 to 0.051)
(RCADS-30) (Pupil) 6 4422 0
12 3957 0.005 (<0.001 to .0061)
Social phobia subscale 0 4612 0
(RCADS-30) (Pupil) 6 4420 0.002 (0 to 0.999)
12 3956 0.006 (<0.001 to 0.284)
Generalised Anxiety Disorder subscale 0 4616 0
(RCADS-30) (Pupil) 6 4427 0.004 (<0.001 to 0.132)
12 3958 0.008 (0.001 to 0.066)
Separation Anxiety Disorder subscale 0 4616 0.014 (0.004 to 0.050)
(RCADS-30) (Pupil) 6 4426 0.002 (<0.001 to 0.038)
12 3958 0.007 (0.001 to 0.044)
Self-esteem 0 4576 .004 (<.001 to 128)
(Rosenberg self-esteem scale) 6 4392 0
(Pupil) 12 3944 0
Negative thinking 0 4596 0.009 (0.002 to 0.047)
(Personal failure subscale - CATS) 6 4401 <0.001 (0to 1)
(Pupil) 12 3945  0.001 (0 to 0.995)
School connectedness 0 4567 0.007 (0.001 to 0.056)
(PSSM scale) (Pupil) 6 4367 0.016 (0.004 to 0.067)
12 3913 0.016 (0.004 to 0.070)
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% CI

Symptoms of low mood (SMFQ) (Pupil) 0 4784 0.010 (0.002 to 0.058)
6 4480 0.001 (0Oto 1)

12 4140 0.005 (<0.001 to 0.090)

1 Time points at 6 and 12 months adjusted for trial arm status
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MYRIAD study school-level ICCs with 95% Cls

Outcome (measure) (reporter) Measurement time (months)! N ICC 95% CI
Total difficulties score 0 8252 0.025 (0.016 to 0.040)
(SDQ) (Pupil) 12 8042 0.021 (0.013to 0.035)
19 7542 0.020 (0.011 to 0.034)
24 7225 0.017 (0.010 to 0.030)
Emotional subscale 0 8254 0.018 (0.011 to 0.030)
(SDQ) (Pupil) 12 8042 0.022 (0.014 to 0.034)
19 7542 0.022 (0.013to 0.036)
24 7226 0.020 (0.012to 0.033)
Conduct subscale 0 8253 0.022 (0.013to 0.035)
(SDQ) (Pupil) 12 8042 0.017 (0.010 to 0.029)
19 7542 0.014 (0.007 to 0.027)
24 7226 0.011 (0.005to 0.023)
Hyperactivity subscale 0 8253 0.021 (0.013to0 0.034)
(SDQ) (Pupil) 12 8042 0.014 (0.008 to 0.025)
19 7542 0.015 (0.008 to 0.028)
24 7226 0.013 (0.007 to 0.025)
Peer problems subscale 0 8253 0.015 (0.009 to 0.025)
(SDQ) (Pupil) 12 8042 0.017 (0.010to 0.028)
19 7542 0.013 (0.007 to 0.024)
24 7225 0.015 (0.009 to 0.027)
Prosocial behaviour subscale 0 8254 0.012 (0.006 to 0.025)
(SDQ) (Pupil) 12 8042 0.019 (0.011to00.032)
19 7542 0.020 (0.012to 0.034)
24 7226 0.022 (0.013to 0.036)
Symptoms of depression 0 8370 0.016 (0.009 to 0.027)
(CES-D) (Pupil) 12 8054 0.023 (0.015to 0.037)
19 7561 0.019 (0.011to 0.033)
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% CI
24 7238 0.019 (0.011 to 0.032)
Well-being 0 8333 0.015 (0.008 to 0.028)
(WEMWEBS) (Pupil) 12 8058 0.019 (0.011 to 0.032)
19 7572 0.017 (0.010 to 0.030)
24 7244 0.016 (0.009 to 0.029)
Executive Function 12 7121 0.090 (0.0621t0 0.131)
(BRIEF-2) (Pupil) 19 7022 0.065 (0.042to00.101)
24 6878 0.058 (0.038 to 0.086)
Total anxiety score 12 7585 0.031
(RCADS-30) (Pupil) 19 7175 0.028 (0.018to 0.045)
24 6987 0.028 (0.018to 0.044)
Separation Anxiety Disorder subscale 12 7599 0.021 (0.013to 0.034)
(RCADS-30) (Pupil) 19 7184 0.019 (0.011to 0.032)
24 6996 0.016 (0.010to 0.027)
Generalised Anxiety Disorder subscale 12 7619 0.030 (0.019to 0.045)
(RCADS-30) (Pupil) 19 7196 0.027 (0.017 to 0.043)
24 7002 0.026 (0.016to 0.041)
Panic Disorder subscale 12 7587 0.019 (0.012to 0.031)
(RCADS-30) (Pupil) 19 7176 0.020 (0.012to 0.034)
24 6989 0.023 (0.014 to 0.037)
Social Anxiety subscale 12 7603 0.036 (0.024 to 0.054)
(RCADS-30) (Pupil) 19 7186 0.040 (0.026 to 0.060)
24 6998 0.033 (0.021 to 0.050)
Obsessive Compulsive Disorder subscale 12 7606 0.017 (0.010 to 0.028)
(RCADS-30) (Pupil) 19 7191 0.018 (0.010 to 0.030)
24 7001 0.017 (0.010to 0.030)
Total score 12 7805 0.042 (0.027 to 0.064)
(SCCS) (Pupil) 19 7332 0.039 (0.025 to 0.059)
24 7087 0.032 (0.020 to 0.050)
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% CI
School leadership and student involvement subscale 12 7843 0.048 (0.031to 0.073)
(SCCS) (Pupil) 19 7355 0.064 (0.044 to 0.092)

24 7117 0.060 (0.041 to 0.087)
Respectful climate subscale 12 7838 0.050 (0.033t00.074)
(SCCS) (Pupil) 19 7346 0.045 (0.030 to 0.067)
24 7109 0.031 (0.020to 0.048)
Peer climate subscale 12 7826 0.060 (0.042to 0.086)
(SCCS) (Pupil) 19 7343 0.059 (0.041 to 0.084)
24 7104 0.049 (0.034 to 0.072)
Caring adults subscale 12 7812 0.035 (0.023to 0.053)
(SCCS) (Pupil) 19 7337 0.032 (0.021 to 0.050)
24 7094 0.029 (0.019to 0.045)
Mindfulness 12 7924 0.019 (0.011to 0.031)
(CAMM) (Pupil) 19 7472 0.024 (0.014 to 0.039)
24 7171 0.020 (0.012to 0.034)
Suicide ideation 12 6698 0.011 (0.005 to 0.023)
(Pupil) 19 6497 0.013 (0.007 to 0.026)
24 6322 0.012 (0.006 to 0.025)
Self-harm 12 7232 0.006 (0.002to 0.016)
(Pupil) 19 6820 0.011 (0.005 to 0.022)
24 6598 0.005 (0.001 to 0.021)
Total difficulties score 12 5873 0.051 (0.026 to 0.097)
(SDQ) (Teacher) 19 5522 0.054 (0.026to 0.110)
24 4477 0.075 (0.0411t00.132)
Emotional subscale 12 5873 0.059 (0.0331t00.103)
(SDQ) (Teacher) 19 5522 0.043 (0.019to 0.093)
24 4477 0.051 (0.025t0 0.102)
Conduct subscale 12 5873 0.029 (0.014to 0.061)
(SDQ) (Teacher) 19 5522 0.012 (0.002 to 0.062)
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Outcome (measure) (reporter) Measurement time (months)! N ICC 95% CI
24 4477 0.031 (0.014 to 0.066)
Hyperactivity subscale 12 5873 0.023 (0.009 to 0.057)
(SDQ) (Teacher) 19 5522 0.047 (0.025 to 0.086)
24 4477 0.055 (0.030 to 0.099)
Peer subscale 12 5873 0.028 (0.012to 0.064)
(SDQ) (Teacher) 19 5522 0.030 (0.011 to 0.078)
24 4477 0.043 (0.019to 0.092)
Prosocial subscale 12 5873 0.026 (0.009to 0.074)
(SDQ) (Teacher) 19 5522 0.039 (0.017 to 0.086)
24 4477 0.092 (0.0551t0 0.152)
Executive Function 12 5898 0.043 (0.019to 0.092)
(BRIEF-2) (Teacher) 19 5534 0.098 (0.057 to 0.162)
24 4479 0.102 (0.060 to 0.168)

1 Time points at 12, 19 and 24 months adjusted for trial arm status
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