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Abstract

Background and objectives: Schools play a crucial role in facilitating physical activity among children, but the
COVID-19 pandemic has affected both children’s physical activity and the school environment. It is essential to
understand between-school differences in children’s physical activity post lockdown, to determine if and how the
role of schools has changed.

Design and participants: Active-6 is a natural experiment comparing postlockdown accelerometer-estimated physical
activity to a pre-COVID-19 comparator group. Accelerometer and individual data were collected on 1296 children
aged 10-11 pre-COVID-19 (2017-8), with school characteristics collected from the 50 schools they attended. Post
lockdown, we collected accelerometer, individual and school data from 393 children in 23 of the same schools and 436
children in 27 of the same schools in 2021 (Wave 1) and 2022 (Wave 2), respectively.

Methods: Sources of variation (between-school, between-pupil and within-pupil) in child weekday moderate to
vigorous physical activity at each wave were modelled using linear mixed-effects models with school-level wave
random coefficients. We extended the model to estimate the proportion of between-school variation explained by
school policy, curriculum and physical environment factors and school-aggregated pupil characteristics. We also
explored the extent to which postlockdown differences in moderate to vigorous physical activity were mediated by
individual or school factors.

Results: Between-school variation comprised 13% of the total variation pre-COVID-19, 7% in Wave 1 and 13% in
Wave 2. School factors associated with moderate to vigorous physical activity were the following: whether physical
education was compromised due to space (often: 9 minutes lower moderate to vigorous physical activity; sometimes:
5.4 minutes lower); high after-school club attendance (7 minutes higher moderate to vigorous physical activity for
each additional club attended on average in the school); cycle training policy (4 minutes higher moderate to vigorous
physical activity); and higher prevalence of active travel (1 minute higher moderate to vigorous physical activity for
each 10% point increase in prevalence). These factors explained 22% of the between-school variation pre-COVID-19,
and 72% at Wave 2. The relative importance changed, with cycle training policy and active travel being the most
important pre-COVID-19 and cycle training policy, active after-school clubs and compromised physical education
space most important in Wave 2. No factors were found to mediate the postlockdown differences in moderate to
vigorous physical activity, except compromised physical education space, which had a suppressor effect in Wave 2.
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Limitations: Only 27 of the initial 50 schools participated post lockdown, limiting our ability to make comparisons
across waves. Sample sizes were additionally affected by missing data for some variables.

Conclusions and future work: While schools continue to play an important role in facilitating children’s physical
activity, the factors that contribute to this have changed post-COVID-19, with cycle training, active after-school
clubs and ensuring physical education is prioritised even when space is limited now explaining nearly three-quarters
of the between-school variation in children’s moderate to vigorous physical activity. School-level interventions that
focus on these areas, and policies that support them, may offer the potential to increase children’s physical activity.
Funding: This article presents independent research funded by the National Institute for Health and Care Research
(NIHR) Public Health Research programme as award number NIHR131847.

A plain language summary of this research article is available on the NIHR Journals Library Website https://doi.

org/10.3310/WQJK9893.
Background

Physical activity is important for children's mental and
physical health, including improved psychological well-
being and a lower risk of cardiometabolic diseases.?
The World Health Organization and UK Chief Medical
Officers recommend that children should engage in an
average of 60 minutes of moderate to vigorous physical
activity (MVPA) per day,** and in the UK, government
guidelines recommend that 30 minutes of this should
take place during the school day.* Children spend a large
portion of their time at school, and therefore schools play
a crucial role in promoting and facilitating physical activity
among children.

Children’s physical activity levels vary between schools,
with between-school variation, that is unmeasured school-
level factors, accounting for 6-18% of the total variance
in child daily accelerometer-measured MVPA.>-® These
between-school differences remain even after adjustment
for individual demographics such as age, gender, ethnicity
and socioeconomic position, indicating that differences
are due to features of the school environment rather than
differing pupil demographics. Unmeasured school-level
factors are estimated to be responsible for one and a half
times more of the variation in children’s MVPA than known
individual correlates, such as demographics, active travel
and active clubs.” Despite this, most studies focus on
individual-level factors associated with physical activity,’
resulting in limited evidence on the role of the school
environment, such as school policies, curriculum and the
physical environment. The existing literature suggests that
physical activity is positively associated with policies that
support active travel,>° school crossing patrol'® and cycle
training for children.’* Aspects of the curriculum can be
both positive, such as time spent on physical education
(PE), outdoor breaks'? and the use of physical activity in
non-PE subjects,!! or negative, such as compromised PE
due to lack of space and restriction on access to open
space or facilities.!* Evidence for associations with the
physical environment (such as playground equipment
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and markings) and facilities is mixed,**-*> with much of
the research focused on specific contexts, such as active
play during breaks, rather than across the full school day,
despite current UK guidance, which advocates a ‘whole-
school’ approach.¢'’

Lockdowns due to the COVID-19 pandemic have
affected both children’s physical activity and the school
environment, as schools closed, and children remained at
home for large periods of the day. After lockdowns were
lifted, children’s physical activity was initially lower than
before,®1? although recent work suggests that MVPA
has now recovered to pre-pandemic levels after about a
year.2%2! We also found substantial variation in how the
pandemic has affected the school environment, with
initial prioritisation of physical activity in the curriculum
when schools reopened giving way to pressure to catch
up on academic learning, staffing pressures impacting on
support for physical activity, and some social distancing
policies retained for convenience.?? These differences in
adaptations, policies and provision in schools mean that
it is essential to understand between-school variation in
children’s physical activity post lockdown, to determine
if and how the role of schools has changed, and whether
there are key recommendations that can help schools
promote physical activity in future.

Aim and objectives

Theaimofthisreportistoexplore between-schoolvariation
(between-school differences) in children’s physical activity
before and after the COVID-19 lockdowns. We will
investigate the following:

1. whether the proportion of between-school variation
has changed post lockdown, which would indicate a
potential change in the role that schools play

2. the extent to which school-level factors explain
between-school variation in children’s MVPA and
whether this has changed post lockdown.
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A secondary aim is to explore whether individual or
school-level factors mediate the postlockdown reduction
in children’s MVPA.

Methods

The Active-6 study®®?°2 compared postlockdown
accelerometer-measured MVPA collected in two waves
between May 2021 and July 2022 to a pre-COVID-19
comparator group, to investigate the effects of the
COVID-19 lockdowns on the physical activity of children
aged 10-11 years (in Year 6 of primary school). Pre-
COVID-19 data came from the B-Proactlv study,?* which
collected data from 10- to 11-year-old children between
March 2017 and May 2018 from 50 schools in and around
Bristol, UK. Active-6 invited the same 50 schools to
participate, with 23 schools taking part in Wave 1 (May-
December 2021) and 27 schools in Wave 2 (January-July
2022); 22 schools participated in both waves. Wave 1 took
place when schools had reopened, but some restrictions,
such as size of gatherings remained, and there were still
disruptions due to COVID-19 outbreaks. Wave 2 took
place in 2022 when all restrictions were removed. At all
measurement points, we collected child accelerometer and
questionnaire data from both children and their parent/
carer. Data on a total of 1296 children were collected
pre-COVID-19, 393 children in Wave 1 and 436 children
in Wave 2 (of whom 128 also participated in Wave 1).
Full details of both studies are given elsewhere.?%?* Both
studies received ethical approval from the School of Policy
Studies Ethics Committee at the University of Bristol,
UK (Ref SPSREC/20-21/150) and parental consent was
received for all participants.?® The project was listed on the
Research Registry (project 6646).2¢

Data

Outcome data

Children wore a waist-worn ActiGraph wGT3X-BT
accelerometer (ActiGraph LLC; FL, USA) for 5 consecutive
days in the pre-COVID-19 data, including weekends,
and 7 consecutive days in Waves 1 and 2, increased
to maximise the amount of valid data under difficult
data collection conditions. Between 4 and 5 days of
monitoring, including weekends, has been found to
provide reliable estimates of usual physical activity in
children.?” Average accelerometer wear time and mean
weekday minutes of MVPA, using Evenson population-
specific cut-points for children,?® were derived for all
children who provided valid data (at least 500 minutes)
on a minimum of 2 weekdays.?’
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Individual level data

Parents/carers reported child date of birth and gender
and the highest education qualification in the household,
which was recoded into two groups as ‘Below University
degree or equivalent’ and ‘University degree or equivalent
or higher’. Parents reported the time their child typically
spent engaging in screen-viewing on weekdays, with
questions differing between pre- and post-COVID-19
studies.®® In the pre-COVID-19 study, separate questions
were asked about time spent screen-viewing from TVs,
computers, phones/tablets and games consoles and time
spent multiscreen-viewing (i.e. using multiple devices
simultaneously), each coded from ‘None’ to ‘4 hours
or more. We summed the midpoints of each category
over devices and subtracted the minutes of multiscreen
viewing. In Active-6, parents/carers reported total leisure
weekday screen-viewing in hourly categories from ‘Less
than 1 hour’ up to > 5 hours’, and midpoints of each
category were used to estimate the total leisure weekday
screen-viewing. Children reported on which days (Monday
to Friday) they attended an active after-school club based
at their school, which was summed to give the number
of days they attended a school-based active after-school
club. Children also reported how they typically travelled
to school. In the pre-COVID-19 data, children were asked
about travel mode on each day of the week and we used
the modal value to represent typical travel, as there was
very little daily variation.3! In the postlockdown data,
children were asked directly for their typical travel mode.
In both cases, we created a binary indicator of whether
they typically used active (walk, bike or scooter) or inactive
(car, bus or train) modes of travel to school. Quintiles
of Index of Multiple Deprivation (IMD?®?) were derived
from parent-reported postcode and categorised as most
deprived area (lowest quintile) versus less deprived (above
the lowest quintile).

School-level data

The number of pupils in Year 6 was reported by a school
contact, the percentage of children in the school receiving
free school meals®® was retrieved from publicly available
school data and school IMD quintile and population
density of the local area®* derived from school postcode.
We also calculated aggregated pupil characteristics for
each school: the percentage living in the most deprived
IMD quintile, percentage using active travel to school,
average number of after-school clubs attended and
average minutes of weekday leisure screen-viewing.

A member of school staff was asked to provide
information on the school policy environment and
use of physical activity in the curriculum, using items
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from the school physical activity policy assessment.1035
Trained fieldworkers completed a playground audit!*3¢
during a normal school day to assess the presence of
walking/cycling, sport and play provision, and design
and aesthetics of the school grounds. The full policy,
curriculum and playground audit measures collected
are described in detail elsewhere.!* In this report, we
focus on policy and curriculum factors, which may have
changed over the pandemic, and aspects of the school
physical environment previously found to be associated
with children’s MVPA.1>* We included policies: cycle
training, active travel and school crossing patrol and any
restrictions on access to outdoor open space; curriculum:
whether PE was often compromised due to space,
whether physical activity was used in non-PE subjects
and whether teachers provided activity breaks during
lesson-time; and environment: provision of allotments,
assault courses, pitches, drinking fountains and five or
more pieces of playground equipment.

Statistical analysis

Individual and school characteristics and missing data
were summarised by wave. Sources of variation and
mediation were explored in relation to a base model, in
a series of exploratory analyses as pre-specified in the
Statistical Analysis Plan.?” As this analysis was exploratory,
we avoided formal hypothesis testing and focused on a
combination of model fit [Akaike Information Criterion
(AIC) and log likelihood] magnitude, precision of estimates
and p-values. The base model, described in detail in the
main Active-6 paper,? is a linear mixed-effects random
intercepts model for child weekday MVPA, with repeated
measurements within children within schools. Wave was
included as a categorical explanatory variable, with pre-
COVID-19 as the reference category, and the model
was adjusted for accelerometer wear time, COVID-19
restrictions,'® hours of daylight, seasonality via second-
order harmonic sine/cosine functions,® and child age,
gender and highest household education. This model
partitions the total variation in child MVPA into different
sources: between-school variation (attributable to
unmeasured school-level factors), between-pupil variation
(attributable to unmeasured individual characteristics)
and within-pupil variation (due to repeated measures).
The focus of this report is specifically in understanding
between-school variation, so results in the main report
present between-school variation only, however all
sources of variation are reported in the Appendix tables.
Models were run in MLwiN v3.06 [version 3.06 (program):
Centre for Multilevel Modelling, University of Bristol,
2022] via the runmlwin® command in Stata v17 [Stata
Statistical Software: Release 17 (program). College Station,
TX: StataCorp LLC, 2021].
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Between-school variation

To compare the proportion of between-school variation
across the three waves, we extended the base model
to include wave random coefficients at the school level,
allowing the between-school variation to differ between
waves (between- and within-pupil variation was assumed
constant). We explored different covariance structures
(unstructured and diagonal covariance matrix under
different parameterisations) and used likelihood ratio tests
and AIC to identify the best-fitting wave random coefficient
model. We compared this to the base model via a likelihood
ratio test to identify whether between-school variation
differed between waves, and estimated the percentage of
the total variation attributable to between school, between
pupil and within pupil for each wave. We then used this
model to estimate school-specific estimates of average
weekday MVPA at each wave and plotted the change for
each school, which included data at all three time points.

School characteristics that explain

between-school variation

The between-school variation wave random coefficients
model above estimates the percentage of the total
variation due to unmeasured school factors. We explored
how much of this between-school variation was explained
by school characteristics, school-aggregated pupil
characteristics, policy, curriculum and environmental
school factors, by adding each variable to the wave random
coefficients model separately. For school-aggregated pupil
characteristic models we also included the corresponding
individual variable, centred on school means, to allow
school-level effects to be interpreted as contextual effects.
Thus, for example, child weekday MVPA is assumed to
relate to both the number of after-school clubs a child
attends as well as the mean number of clubs attended by
children in their year group. Factors that were separately
associated with child MVPA were identified on the basis
of magnitude and precision of estimates. These factors
were then added to a combined model, assuming additive
effects, and refined using a model selection process
based on magnitude of estimates, p-values and model fit
(AIC), to produce a final school characteristics model. We
excluded any factors with substantial amounts of missing
data at school level but added them to the final school
characteristics model in a separate sensitivity analysis. For
each model, we calculated the proportion of between-
school variation explained by the variables included in the
model for each wave.

Mediation by individual and school

factors

We explored the extent to which differences in MVPA
between pre- and post lockdown were mediated by
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individual factors (active travel to school, screen-time
and number of after-school clubs) and school factors
(policy, curriculum and environment variables), which
might feasibly have changed pre- and post-COVID-19.
Formal mediation tests can be problematic in multilevel
models and introduce confounding, as mediators may
act at different levels,*® and so we did not attempt to
directly estimate a mediation effect. Instead, we identified
potential mediators as those which were associated with
MVPA, which varied between waves, and which made
substantial changes to the estimates of differences in child
weekday MVPA between waves. We restricted mediation
analysis to those factors that were found to be associated
with MVPA in the previous school characteristic models,
with each potential mediator considered separately.
To determine if potential individual mediators differed
between waves, we fit an appropriate mixed-effects
model (logistic model for active travel, Poisson model
for screen-time®® and number of after-school clubs) for
differences between waves, with child and school random
intercepts and adjusting for age, gender and household
education. For potential school-level mediators, we
compared proportions by wave descriptively, due to
the lower number of schools. For both individual and
school-level variables if the potential mediator differed
sufficiently between waves, we fit the wave random
coefficients model, adjusting for the potential mediator,
and used a combination of magnitude and precision of
estimates and p-values to assess the extent to which the
potential mediator was responsible for all, part or none of
the observed postlockdown differences in MVPA. Finally,
if multiple mediators were identified, we included all of
them simultaneously in the wave random coefficients
model, to explore their combined additive effect.

Patient and public involvement

Patient and public involvement was integral throughout
the Active-6 project, with children, parents, teachers
and school staff involved in research design, data
collection methods, development of study materials and
dissemination plans. Parent representatives are active
members of the study management and steering groups,
children have participated in group sessions at schools to
review materials, and early school-level results have been
shared with schools and participating families.

Equality, diversity and inclusion

The 50 schools invited to take part in Active-6 were
those that completed Phase 3 of the B-Proactlv study,
which comprised a mix of urban and rural schools of
different sizes across four local authorities in the Bristol
area. Schools that took part in Active-6 were broadly

This article should be referenced as follows:

Salway R, House D, Walker R, Emm-Collison L, Breheny K, Sansum K, et al. School-level variation in children’s moderate to vigorous intensity physical activity before and after COVID-19:

Public Health Research 2024

representative of these schools. Participating children
were roughly equally split by gender, and drawn from
all IMD deciles, although with more participants from
higher socioeconomic backgrounds, especially in the post-
COVID-19 samples where the challenges of recruiting in a
pandemic affected response rates especially among those
who are typically less likely to engage in research. The
sample had low ethnic diversity, with only 9% from non-
white backgrounds, although this is typical of the ethnic
diversity of the area as a whole.

Results

Individual and school characteristics are summarised by
wave in Tables 1 and 2, respectively, with missing values
presented in Appendix 1, Table 5. Although fewer schools
took part in Waves 1 and 2, demographics were similar. As
no schools reported more than five pieces of playground
equipment post lockdown, this variable was excluded from
subsequent analysis. In addition, we note that active travel
policy, school crossing patrol and restrictions on access to
open space had larger amounts of missing data (26-34%)
and so should be treated with caution.

Between-school variation

A random coefficients model with school-level random-
effect terms for each wave was used to compare the
percentage of between-school variation across the three
waves, which is the percentage of the total variation in
child MVPA that can be attributed to school-level factors.
A diagonal covariance matrix was found to be sufficient
to capture the covariance structure, based on AIC and
the log-likelihood ratio test (see Appendix 1, Table 6). A
log-likelihood ratio test (p < 0.001) concluded that the
school-level wave random coefficients model was a
better fit to the data than the random intercepts model
(see Appendix 1, Table 6), but that within-school random
coefficients for waves were not needed. Total variation
in child MVPA was similar between pre-COVID-19 and
Wave 2, and slightly lower in Wave 1 (see Appendix 1,
Table 7). The percentage of between-school variation
(attributable to school-level factors) changed across
waves, from 14% pre-COVID-19, dropping to 7% in
Wave 1 and increasing again to 13% in Wave 2 (see
Figure 1; Appendix 1, Table 7). Figure 2 plots the difference
in average MVPA for each school by wave, plotted for
those schools with data at all three time points, although
estimates of variation are based on data from all schools.
Nearly all schools mirrored the overall pattern of an initial
drop in average MVPA in Wave 1, followed by a recovery
to pre-pandemic levels.

a multilevel model analysis. [published online ahead of print October 2 2024]. Public Health Res 2024. https://doi.org/10.3310/WQJK9893
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TABLE 1 Individual child characteristics, and characteristics of the households in which they live

Post lockdown 2021-2

Pre-COVID-19 2017-8 Wave 1

Female: N (%) 680 (52) 193 (49) 224 (51)
Household education degree or higher: N (%) 636 (53) 257 (66) 267 (62)
White British ethnicity: N (%) 944 (87) 310 (84) 323(81)
Most deprived areas®: N (%) 142 (11) 31 (8) 31(7)

Active travel to school: N (%) 747 (58) 227 (62) 238 (58)
Screen-viewing (minutes): mean (SD) 147 (92) 144 (77) 143 (75)
Number after school clubs attended: mean (SD) 0.7 (1.1) 0.7 (1.0) 0.7 (0.9)

a Percentage in most deprived Index of Deprivation quintile.

TABLE 2 School-level characteristics

Pre-

COVID-19

2017-8 Post lockdown

Wave 1 (2021) Wave 2 (2022)

N =50 N=23 N =27
Urban: N (%) 45 (90) 19 (83) 24 (89)
Schools in most deprived areas® N (%) 7 (14) 2(9) 3(11)
Population density: mean (SD) 32.3(26.5) 31.8(32.2) 34.9 (30.2)
Size of year group: mean (SD) 41.1(20.1) 44.5 (23.8) 46.7 (26.0)
% pupils receiving free school meals: mean (SD) 10.2 (8.5) 12.9(7.7) 12.9 (8.4)
% pupils of White British ethnicity: mean (SD) 85 (13) 84 (12) 78 (16)
% pupils living in most deprived areas® mean (SD) 14 (22) 9 (20) 10(17)
% pupils using active travel: mean (SD) 56 (21) 56 (25) 54 (23)
Mean number of after-school clubs attended: mean (SD) 0.8 (0.5) 0.7 (0.5) 0.7 (0.4)
Cycle training policy: N (%) 14 (33) 6 (26) 6 (24)
Written active travel policy: N (%) 17 (52) 6(33) 9 (45)
School crossing patrol: N (%) 18 (53) 9 (50) 11 (52)
Restrictions on open space: N (%) 19 (51) 9 (50) 11 (55)
PA used in other subjects: N (%) 32(78) 17 (74) 17 (71)

PE compromised due to space: N (%)

Rarely 11 (27) 20(87) 23(88)
Sometimes 12 (29) 2(9) 2(8)
Often 18 (44) 1(4) 1(4)
Activity breaks during lesson-time: N (%) 13 (36) 11 (48) 12 (46)
Presence of allotments: N (%) 22 (44) 15 (65) 20 (74)
Presence of assault courses: N (%) 40 (80) 20 (87) 22 (81)
6
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TABLE 2 School-level characteristics (continued)

Post lockdown

Wave 1 (2021) Wave 2 (2022)
N=23 N =27
Presence of pitches: N (%) 27 (54) 15 (65) 20 (74)
Presence of drinking fountains: N (%) 11 (22) 6(26) 4 (15)
Five+ playground equipment: N (%) 11 (22) 0(0) 0(0)

a Percentage in most deprived Index of Deprivation quintile.

Wave 0
2017-8 | 4
Wave 1 | 7
2021
Wave 2
2022 13
T T T T
0 5 10 15

Total variation attributable to unmeasured school factors (%)

FIGURE 1 Percentage of unmeasured variation attributable to between-school variation by wave.

School characteristics that explain

between-school variation

Table 3 shows the associations of school characteristics,
school-aggregated pupil characteristics, policy, curriculum
and environment school factors with child MVPA by
adding each variable to the wave random coefficients
model separately. The factors identified for the full school
characteristics model were school IMD, cycle training
policy, compromised PE space, allotments and pitches,
plus individual and contextual effects for low IMD, active
travel and number of active after-school clubs attended.
The potentially relevant variables of an active travel
policy and restrictions on access to open space were
excluded from this stage due to high levels of missing
schools (see Appendix 1, Table 5), but considered later in a
sensitivity analysis.
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The final school characteristics model (Table 4) included
additive effects for the presence of a school cycle
training policy, compromised PE space and individual and
contextual effects for active travel and active after-school
clubs. A cycle training policy in the school was associated
with 4.0 minutes higher average daily MVPA (95% Cl 0.4
to 7.5) for children in that school, compared to children in
schools without cycle training. Children in schools where
PE was sometimes compromised due to space engaged
in an average of 5.4 minutes less MVPA (95% Cl 0.5 to
10.2), rising to 9.3 minutes less (95% Cl 4.4 to 14.1) when
PE was often compromised. Individual-level effects were
6.0 minutes higher MVPA (95% CI 3.8 to 8.1) for a child
using active travel, and 1.6 minutes higher MVPA (95%
Cl 0.5 to 2.6) for each active after-school club attended.
Additional contextual effects were seen for attending

7

a multilevel model analysis. [published online ahead of print October 2 2024]. Public Health Res 2024. https://doi.org/10.3310/WQJK9893


https://doi.org/10.3310/WQJK9893

DOI: 10.3310/WQJK9893

Public Health Research 2024

20
<
£
<10 A
>
>
&
2
[0}
()
2
o]
E O7- -
o
c
©
Q
£
©
o
O
[%2]
-10 A
T T T
Wave O Wave 1 Wave 2
2017-8 2021 2022

FIGURE 2 Between-school variation in MVPA by wave for wave random coefficients model. Note: Lighter lines plot the average MVPA by
school (N = 21 schools with data at all three waves); the darker line indicates the overall average difference. Lines plotted in reference to

overall pre-pandemic average (59.9 minutes; red dashed line).

a school with a higher percentage of pupils using active
travel, of 1.0 minute higher MVPA (95% Cl 0.3 to 1.7) for
each 10% point increase in school active travel prevalence
(e.g. from 10% to 20% or from 40% to 50%), and for
attending a school where children attended more active
after-school clubs, of 7.0 minutes higher MVPA (95% ClI
3.5 to 10.5) for each additional club attended on average
in the school. Together these factors explained 22% of
the between-school variation in child MVPA (i.e. variation
attributable to school-level factors) pre-COVID-19, with
the proportion more than tripling to 82% at Wave 1 and
72% at Wave 2 (see Figure 3; Appendix 1, Tables 8 and 9).
This represented 3%, 6% and 9%, respectively, of the total
variation in child MVPA, that is variation attributable to
the combination of both school and individual factors
(see Appendix 1, Table 9). The relative importance of each
school-level factor also changed, with cycle training policy
and active travel most important pre-COVID-19, active
after-school clubs, active travel and compromised PE
space most important in Wave 1 and cycle training policy,
active after-school clubs and compromised PE space most
important in Wave 2. In a sensitivity analysis we added the
variables for a written active travel policy and restrictions
on access to open spaces to the model, both of which had
a high number of schools missing data. Estimates for the
previously included factors were similar (see Appendix 1,
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Table 10), although with larger confidence intervals and
slightly larger estimates for compromised PE space.
Restrictions on access to open spaces were additionally
associated with 2.3 minutes lower MVPA (95% Cl -2.3 to
7.0), compared to children in schools with no restrictions.
There was no association with a school active travel policy.

Mediation by individual and school

factors

The following factors were associated with child MVPA
(see Table 3) and used in the mediation analysis: cycle
training policy, compromised PE space, allotments,
pitches, individual active travel to school and individual
number of active after-school clubs. Appendix 1, Table 11
gives modelled differences between waves for individual
potential mediators, with the proportion in each wave for
differences between waves for potential school mediators
shown previously in Table 2. Potential mediators identified
at this stage were cycle training policy, compromised
PE space, allotments, pitches and individual number of
active after-school clubs. All mediators were considered
separately, and the postlockdown differences in MVPA
for the mediated models are summarised in Appendix 1,
Table 12. None of the variables were found to individually
mediate the postlockdown differences in MVPA, with
the exception of compromised PE space, which had a



DOI: 10.3310/WQJK9893

Public Health Research 2024

TABLE 3 Associations between school characteristics, school-aggregated pupil characteristics, policy, curriculum and environment factors

and child MVPA

School characteristics

Year 6 size (per 10 pupils)

% in most deprived areas (per percentage point)

% free meals (per percentage point)
Population density (per 10 people/hectare)
School policies

Cycle training policy

Written active travel policy

School crossing patrol policy

Restrictions on access to open space
School curriculum

PE compromised due to space®: often

PE compromised due to space® sometimes
PA used in other subjects

Activity breaks during lesson-time
Playground environment

Presence of allotments

Presence of assault courses

Presence of pitches

Presence of drinking fountains

Aggregated contextual effects

Most deprived

Active travel

Screen-viewing (per 10 minutes)

No. clubs attended

Estimate

0.8
-4.0
<01

0.3

51
3.6
1.2
-2.5

-6.5
-2.2
3.0
2.7

4.5
-1.5
31
3.0

Individual 1.313
Contextual® -1.162
Individual 5.869
Contextual® 1.081
Individual -0.081
Contextual -0.343
Individual 1.606

Contextual® 6.566

95% Cl I\
00to 1.5 1777
-98t0 1.9 1777
-0.2t0 0.3 1777
-3.0t0 9.5 1777
12to9.1 1641
-0.6t07.7 1232
-29to5.2 1332
-6.7t0 1.8 1353
-12.1t0 -0.9 1610
-7.8t03.3 1610
-0.9t0 6.9 1574
-1.3t0 6.7 1515
09t08.1 1777
-6.0to 3.1 1777
-0.5t0 6.8 1777
-12t07.3 1777
-2.7t0 5.3 1742
-2.1t0-0.2
39t07.9 1735
0.3t0 1.9
-0.2t0 0.0 1647
-1.03t0 0.4
0.7t02.6 1744
3.0t010.1

a Compared to rarely compromised.

b Increase in MVPA for each 10% point increase in school prevalence, for example, from 10% to 20%.

¢ Increase in MVPA for each additional club attended on average in school.

suppressor effect in Wave 2. PE was compromised less Discussion
often after the lockdowns, which explained some of the

Wave 2 recovery in MVPA to pre-pandemic levels. As
only a single mediator was identified, we did not explore
potential additive effects of the different mediators.
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While average children's MVPA differed between schools
and across waves, nearly all schools showed the same
pattern of an initial drop in Wave 1 and recovery in Wave 2.
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TABLE 4 Estimates from final school characteristics model (N = 1542)

Estimate 95% ClI

Cycle training policy 4.0 04to7.5
PE compromised due to space

Sometimes -54 -10.2to -0.5
Often -9.3 -141to-4.4

Aggregated contextual effects

Active travel Individual 6.0 3.8t08.1
Contextual? 1.0 0.3t0 1.7

No. clubs attended Individual 1.6 0.5t0 2.6
Contextual® 7.0 3.5t010.5

Wave estimates (compared to pre-COVID-19 2017-8)
Wave 1 (2021) -16.2 -24.8to-7.6
Wave 2 (2022) -2.4 -7.3t02.6

a Increase in MVPA for each 10% point increase in school prevalence, for example, from 10% to 20%.
b Increase in MVPA for each additional club attended on average in school.

Wave O Wave 1 Wave 2

Cycle training policy

Compromised PE space

Active travel

After-school clubs

All

|}l

0 5 10 15 0 5 10 15 0 5 10 15
Total variation explained (%)

FIGURE 3 Between-school variation explained by school characteristics at each wave. Note: Box indicates total amount of between-school
variation, while shaded area represents the proportion explained by the variables.

Moreover, there do not seem to be any systematic patterns waves, with the percentage of between-school variation

to which schools experienced the largest drops in terms in Wave 1 around half that pre-COVID-19 and in Wave 2
of school characteristics. There was no difference in the (7% compared to 14/13%). This suggests that in the initial
amount of within-school variation (between- and within- months after restrictions were eased, it was individual

pupil), but between-school variation differed between factors that dictated a child’s physical activity, with schools
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only regaining their role as life became more settled by Wave
2. This is not surprising as during the initial period there
were still disruptions due to COVID-19 outbreaks, such as
school or class closures, and multiple children isolating. We
also found no evidence that the initial drop was mediated
by either individual- or school-level factors. Although we
cannot entirely rule out the explanation that the drop is
due to some other unknown factor changing over this
time frame, these results support the conclusion that the
COVID-19 pandemic and lockdowns led to reductions in
children’s physical activity in the shortterm, and that there
was little schools could do to mitigate this.

The role of schools remains important after the COVID-19
lockdowns. School factors were responsible for 14% of
the total variation in children’'s MVPA before COVID-19,
consistent with pre-pandemic estimates seen elsewhere,>-8
and returned to a similar level in 2022. Between-school
differences in MVPA were explained by the following
school factors: whether PE was compromised due to space
(often: 9 minutes lower MVPA; sometimes: 5.4 minutes
lower), high after-school club attendance (7 minutes higher
MVPA for each additional club attended on average in the
school), a cycle training policy (4 minutes higher MVPA),
and higher prevalence of active travel (1 minute higher
MVPA for each increase in 10% points). Individually,
these associations of around 5-7 minutes difference in
MVPA are moderate in size, representing around 20% of
the 30 minutes MVPA recommended during the school
day, but could cumulatively contribute to even greater
increases, with associated health benefits. For example,
replacing 10 minutes of sedentary time with 10 minutes
of MVPA is associated with improved cardiometabolic
indicators,** which in turn are associated with lower risk of
cardiovascular disease in adulthood. However, there were
postlockdown differences in both the overall and relative
importance of these factors in describing difference
between schools. In Wave 2, these factors explained
nearly three-quarters (72%) of all between-school
variation, compared to only a fifth (22%) pre-pandemic.
This amounts to 9% of the total variation explained post
lockdown, which aside from gender, equates to more
than any of the individual factors considered (household
education, individual club attendance, individual active
travel), either separately or combined. There was also a
change in which factors were most important in explaining
variation between schools, where cycle training and active
travel dominated pre-pandemic and cycle training, high
active club attendance and compromised PE space most
important in 2022. Thus, while the overall importance of
the school has not changed, these factors are stronger
contributors and have changed in relative importance,
suggesting a change in the way in which schools influence

This article should be referenced as follows:
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children’s physical activity post lockdown. These changes
reflect other Active-6 findings, which suggest that although
children’s physical activity has recovered to pre-pandemic
levels there are notable differences in who is being
active and how.?4%44 This suggests that understanding
the school-specific context is very important for future
approaches to increase physical activity at school,*> and
that future research should explore the potential of a
whole school approach.”

Pre-COVID-19, while active after-school clubs were
important for individual child MVPA, they did not explain
between-school differences. This has changed post
lockdown, with differences in after-school clubs now
accounting for nearly a third (30%) of the between-
school variation. This is consistent with other Active-6
results, which found an increased reliance on structured
activities, such as clubs post lockdown,*® with a high
demand for active school-based clubs that some schools
were struggling to meet.** The findings in this report
reinforce the importance of ensuring schools are able
to meet that demand, as the benefits to children include
both individual and contextual effects. This means that
children benefit not just from attending an after-school
club themselves, but from being in a school where children
are encouraged or able to attend more active after-school
clubs. A child who attends an additional club per week will
have an MVPA 1.6 minutes higher on average across the
week, but a child who attends a school where on average
all the children attend an additional club will have an
MVPA 7 minutes higher - even if they do not themselves
attend a club. As mentioned above, there are potential
health benefits associated with increases in MVPA of this
magnitude. We are not aware of any other research that
has looked at contextual effects on children’s physical
activity, where children benefit both directly from
participating in an activity themselves, and indirectly by
being in an environment where other children regularly
take part, and so further exploration of contextual effects
could be a fruitful area of future research.*> Such factors
could be due to a combination of school leadership,
culture and/or expectations, as a school that provides
lots of clubs that children are encouraged to attend are
likely to encourage physical activity in other ways as
well. It could also be through the influence of children
themselves, with children who attend clubs more active at
other times,* leading to their friends being more active as
well,”4647 and this in turn shapes the school culture with
a higher demand for an active environment. Regardless,
it is crucial to ensure that schools are supported in the
provision of affordable, and accessible active clubs that
are sufficient to meet demand, especially in an increasingly
pressured environment.?
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Other positive school factors identified were a cycle
training policy and active travel. The importance of a school
cycle training policy has nearly doubled, now explaining
around a third of the total between-school variation. While
previous evidence has shown an association between
schools that offer cycle training and higher MVPA,*! other
research has found that cycle training did not increase
cycling frequency or independent cycling,*® and so it is
not clear what is driving this association. Anecdotally,
some parents reported that cycle training helped them
feel more confident taking their children on bike rides, so
cycle training may build confidence and skills and facilitate
being more active generally. Cycling was one of the few
activities possible during lockdowns, and less crowded
roads may have encouraged children to put their training
into practice. Cycling infrastructure, both in school (e.g.
storage) and out of school (cycle routes), and safety have
also been found to be related to active travel to school.*
In this study, we found that the main benefit of active
travel was at the individual level, presumably as it is highly
dependent on location, traffic safety and environment
as well as individual circumstances.®®>* There was a
small contextual effect of active travel, with 2 minutes
higher MVPA for children attending a school with 60%
active travel compared to 40%, which may be capturing
differences between local neighbourhoods rather than
between schools. However, there was no association
with a school active travel policy, a reminder that it is
the behaviour itself that is associated with MVPA, rather
than just the existence of a policy, an important point
to consider when recommending a school cycle training
policy on the basis of these results.

A negative factor associated with postlockdown
differences between schools was if PE lessons were
sometimes or often compromised due to space, although
this did not explain differences before the pandemic. We
note that there was a large change in the number of schools
reporting compromised PE sometimes or often before and
after lockdowns, from 73% to 13%, respectively, so the
role in between-school differences is potentially driven
by the few schools where PE is still compromised, which
have lower average MVPA. This factor was reported by a
member of school staff, and it is possible that this result
reflects changes in who answered the questionnaire pre-
and post lockdown, although this would have needed to
be a systematic change in nearly all the schools in our
sample. Alternatively, it could be due to differences in
interpretation of the question, with the experience of
delivering virtual PE during lockdowns leading to a much
wider definition of ‘compromised’, and PE lessons now
being seen as less compromised by comparison. It may
also be a genuine change, with schools placing more value
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on physical activity post lockdown?? and thus more likely
to prioritise it. Increased options for virtual PE during
lockdowns may mean that even when space is an issue,
there are now more classroom-based online activities
available and so PE can be delivered more effectively
in smaller spaces without compromise. The mediation
analysis also suggests that the reduction in compromised
PE in schools may be responsible for some of the recovery
in children's MVPA to pre-pandemic levels. A related
factor is restrictions on access to outdoor space, including
the use of rota systems. Unfortunately, missing data
makes it difficult to draw firm conclusions, but the study
results suggest that such restrictions may be associated
with a reduction in MVPA. This is concerning as some
schools have reported the continuation of such systems
introduced during the pandemic, often for convenience.??
Access to open space is important for promoting physical
activity and lack of sufficient space can impact both on
facilitating PE lessons and in managing outdoor free play
during play times.>?%® However, these results show the
need to prioritise physical activity even when space is an
issue. Schools that use rota systems should ensure that
these are in place for the benefit of pupils, rather than
for the convenience of the school, and that they facilitate
rather than limit physical activity. Those schools that still
struggle to deliver PE due to space could explore wider
options, such as classroom-based and/or online activities.
It may be advantageous to work with schools that have
overcome this problem, in order to identify examples of
good practice that can be shared.

These findings suggest that post lockdown, the role of
schools remains important, but the nature of this role
has changed, with cycle training and active clubs being
key school-level contributors to explaining difference
between schools, along with ensuring that PE lessons
are not compromised. It is possible that these are proxies
for some other school-level factors that are responsible
for differences in MVPA, although there were no strong
associations between these factors and any of the
extensive range of policies, curriculum and the built
environment measures we investigated. They may also
reflect a general positive school ethos around physical
activity, rather than the presence of these features
directly, although a review of the impact of the school
physical activity climate on adolescents was inconclusive.>?
However, note that the reverse is also true: not allowing
physical activity to be compromised and promoting cycle
training, active clubs and active travel are themselves
actions that can help build a positive culture around
physical activity. The key message is that the focus should
be on reducing differences between schools by increasing
opportunities for physical activity through a number of
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different strategies, depending on the school.** The study
results suggest that a combination of the following could
provide a good place to start:

e prioritising physical activity and PE lessons even when
space is limited by sharing examples of good practice

e supporting pressured schools to meet the demand for
active after-school clubs by offering a wide range of
options and encouraging uptake to ensure these are
accessible to as many as possible

e offering cycle training to pupils.

These factors are all associated with increases in MVPA of
a magnitude that can be linked to improved cardiovascular
health in both childhood and adulthood, which suggests
that implementing these changes may have the potential
to make a substantial public health impact, both in the
short- and long-term.

Strengths, limitations and future research

This study has a number of strengths. It uses rich school-
level data on the policies, curriculum and playground
environment and combines this with accelerometer-
measured MVPA and questionnaire from individual
children. The use of the same schools before and after
the COVID-19 lockdowns removes the between-school
variability from measures of change across waves. In
addition, the multilevel modelling includes all schools that
provide data from at least one time point and allows us
to jointly model both individual and school-level factors.
In particular, the separation of individual and contextual
effects gives a unique insight into which differences are
attributable to differences in pupil behaviour versus
differences in the schools themselves. However, only 27
of the initial 50 schools participated in the postlockdown
study. Although these schools are broadly comparable
to those included in terms of demographics and
characteristics, they were slightly less likely to be from
the most deprived areas, which limits our ability to make
comparisons across waves, especially if the impact of
lockdown has disproportionately affected schools in more
deprived areas. Sample sizes were additionally affected by
missing data for some variables, so, for example, we are
unable to draw firm conclusions about the impact of rota
systems and other restrictions on access to open space.

While schools play an important role, pre-COVID-19
research on school factors was limited. As these results
suggest that context may have changed, with some factors
playing a stronger role, it is therefore even more important
to explore this further. School-level interventions,
particularly those aimed at active clubs and cycle training,
offer a promising avenue to increasing children’s physical
activity and the changes post lockdown mean that it may
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be worth revisiting approaches that were not found to
be sufficiently effective pre-pandemic. In particular, it
is important to understand and account for the school
context when designing interventions.*> In addition,
future research should explore further the separation
of individual and contextual effects of child behaviours,
such as club attendance and active travel. Finally, more
work is needed to explore further the possible impact
of residual lockdown restrictions on open space, such as
rota systems.

Conclusions

Nearly all schools experienced the same pattern of an
initial short-term drop in MVPA followed by a recovery.
While schools continue to play an important role in
facilitating children’s physical activity, the factors that
contribute to this have changed post-COVID-19, with
cycle training, active after-school clubs and ensuring PE
is prioritised even when space is limited now explaining
nearly three-quarters of the between-school differences
in children's MVPA. School-level interventions that focus
on these areas and policies that support them offer the
potential to increase children’s physical activity.

Additional information

Acknowledgements

We would like to thank all the schools and families that took
part in the Active-6 project. We would also like to acknowledge
the contributions of Byron Tibbitts (BT), Study Manager (May-
December 2021) and Tom Reid (TR), Fieldworker (May 2021-
January 2022) for their work on study design, delivery and
data collection.

Contributions of authors

Ruth Salway (https:/orcid.org/0000-0002-3242-3951) Senior
Research Associate, Statistics. Conducted the statistical analysis
of all models and led the writing of the report.

Danielle House (https://orcid.org/0000-0001-6171-9922)
Senior Research Associate, Study Manager. Oversaw data
collection in Wave 2, managed the project and edited the report
for intellectual content.

Robert Walker (https:/orcid.org/0000-0001-9901-5285) Research
Associate, Qualitative Lead. Supported the development of the
report and edited the report for intellectual content.

13

a multilevel model analysis. [published online ahead of print October 2 2024]. Public Health Res 2024. https://doi.org/10.3310/WQJK9893


https://doi.org/10.3310/WQJK9893
https://orcid.org/0000-0002-3242-3951
https://orcid.org/0000-0001-6171-9922
https://orcid.org/0000-0001-9901-5285

DOI: 10.3310/WQJK9893

Lydia Emm-Collison (https://orcid.org/0000-0002-5493-3223)
Steering Group Member. Oversaw data collected in Wave O,
supported the development of the report and edited the report
for intellectual content.

Katie Breheny (https:/orcid.org/0000-0001-6886-4049)
Senior Research Associate, Health Economics. Supported
the development of the report and edited the report for
intellectual content.

Kate Sansum (https://orcid.org/0000-0003-3392-6750)
Fieldworker. Conducted Wave 2 data collection, supported
the development of the report and edited the report for
intellectual content.

Joanna G Williams (https:/orcid.org/0000-0002-4737-1760)
Steering Group Member. Supported the development of the
report and edited the report for intellectual content.

William  Hollingworth  (https://orcid.org/0000-0002-0840-
6254) Steering Group Member, Health Economics. Supported
the development of the report and edited the report for
intellectual content.

Frank de Vocht (https:/orcid.org/0000-0003-3631-627X)
Steering Group Member. Supported the development of the
report and edited the report for intellectual content.

Russell Jago (https://orcid.org/0000-0002-3394-0176) Principal
Investigator, Active-6. Led the project, oversaw all aspects of
study design and interpretation, supported the development of
the report and edited the report for intellectual content.

Disclosure of interests

Full disclosure of interests: Completed ICMJE forms for all
authors, including all related interests, are available in the toolkit
on the NIHR Journals Library report publication page at https:/
doi.org/10.3310/WQJK9893.

Primary conflicts of interest: Russell Jago, Katie Breheny,
Frank de Vocht and William Hollingworth are partly funded by
the National Institute for Health and Care Research Applied
Research Collaboration West (NIHR ARC West) at University
Hospitals Bristol NHS Foundation Trust and the University
of Bristol.

Russell Jago is partly funded by the National Institute for Health
and Care Research Bristol Biomedical Research Centre, and was
a member of the PHR Prioritisation Group 11 October 2019-12
October 2021, and a member of the PHR - Research Funding
Board 1 June 2014-12 October 2021.

14

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Public Health Research 2024

Frank de Vocht has been on the NIHR Public Health Research
Funding Board since 8 October 2019.

William Hollingworth was a member of the HTA Clinical
Evaluation and Trials Committee 1 July 2016-31 March 2021.

Data-sharing statement

All data requests should be submitted to the corresponding
author for consideration. Access to anonymised data may be
granted following review.

Ethics statement

Ethical approval was gained from the School of Policy Studies
Ethics Committee at the University of Bristol, UK (Ref
SPSREC/20-21/150) on 9 March 2021. The project was listed
on the Research Registry.

Information governance statement

The University of Bristol is committed to handling all personal
information in line with the UK Data Protection Act (2018) and
the General Data Protection Regulation (EU GDPR) 2016/679.
Under the Data Protection legislation, the University of Bristol
is the Data Controller, and you can find out more about how we
handle personal data, including how to exercise your individual
rights and the contact details for our Data Protection Officer
here (www.bristol.ac.uk/secretary/data-protection/).

Department of Health and Social Care disclaimer

This publication presents independent research commissioned
by the National Institute for Health and Care Research (NIHR).
The views and opinions expressed by authors in this publication
are those of the authors and do not necessarily reflect those of
the NHS, the NIHR, MRC, NIHR Coordinating Centre, the PHR
programme or the Department of Health and Social Care.

Funding

This article presents independent research funded by the
National Institute for Health and Care Research (NIHR) Public
Health Research programme as award number NIHR131847.

This article reports on one component of the research award School-
level variation in children’s moderate to vigorous intensity physical
activity before and after COVID-19: a multilevel model analysis. For
more information about this research please view the award page
[https:/www.fundingawards.nihr.ac.uk/award/NIHR131847].



https://orcid.org/0000-0002-5493-3223
https://orcid.org/0000-0001-6886-4049
https://orcid.org/0000-0003-3392-6750
https://orcid.org/0000-0002-4737-1760
https://orcid.org/0000-0002-0840-625
https://orcid.org/0000-0002-0840-625
https://orcid.org/0000-0003-3631-627X
https://orcid.org/0000-0002-3394-0176
https://doi.org/10.3310/WQJK9893
https://doi.org/10.3310/WQJK9893
www.bristol.ac.uk/secretary/data-protection/
https://www.fundingawards.nihr.ac.uk/award/NIHR131847

DOI: 10.3310/WQJK9893

About this article

The contractual start date for this research was in April 2021.
This article began editorial review in May 2023 and was accepted
for publication in December 2023. The authors have been wholly
responsible for all data collection, analysis and interpretation,
and for writing up their work. The Public Health Research
editors and publisher have tried to ensure the accuracy of the
authors’ article and would like to thank the reviewers for their
constructive comments on the draft document. However, they
do not accept liability for damages or losses arising from material
published in this article.

This article was published based on current knowledge at
the time and date of publication. NIHR is committed to being
inclusive and will continually monitor best practice and guidance
in relation to terminology and language to ensure that we remain
relevant to our stakeholders.

Copyright

Copyright © 2024 Salway et al. This work was produced by Salway
et al. under the terms of a commissioning contract issued by the
Secretary of State for Health and Social Care. This is an Open Access
publication distributed under the terms of the Creative Commons
Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for
any purpose provided that it is properly attributed. See: https:/
creativecommons.org/licenses/by/4.0/. For attribution the title,
original author(s), the publication source - NIHR Journals Library,
and the DOI of the publication must be cited.

List of abbreviations

AIC Akaike Information Criterion
IMD Index of Multiple Deprivation
MVPA moderate to vigorous physical
activity
PE physical education
References

1. Skrede T, Steene-Johannessen J, Anderssen SA,
Resaland GK, Ekelund U. The prospective associa-
tion between objectively measured sedentary time,
moderate-to-vigorous physical activity and car-
diometabolic risk factors in youth: a systematic review

This article should be referenced as follows:

Salway R, House D, Walker R, Emm-Collison L, Breheny K, Sansum K, et al. School-level variation in children’s moderate to vigorous intensity physical activity before and after COVID-19:

Public Health Research 2024

and meta-analysis. Obes Rev 2018;20:55-74. https:/
doi.org/10.1111/0br.12758

. Ahn JV, Sera F, Cummins S, Flouri E. Associations

between objectively measured physical activity and
later mental health outcomes in children: findings
from the UK Millennium Cohort Study. J Epidemiol
Community Health 2018;72:94-100. https:/doi.
org/10.1136/jech-2017-209455

. Chaput JP, Willumsen J, Bull F, Chou R, Ekelund U,

Firth J, et al. 2020 WHO guidelines on physical activity
and sedentary behaviour for children and adolescents
aged 5-17 years: summary of the evidence. Int J Behav
Nutr Phys Act 2020;17:141. https://doi.org/10.1186/
$12966-020-01037-z

. UK Chief Medical Officers. UK Chief Medical Officers’

Physical Activity Guidelines. London, UK: Department
of Health and Social Care; 2019. URL: www.gov.uk/
government/publications/physical-activity-guide-
lines-uk-chief-medical-officers-report (accessed 2
May 2023).

. Faulkner G, Zeglen L, Leatherdale S, Manske S, Stone

M. The relationship between school physical activity
policy and objectively measured physical activity
of elementary school students: a multilevel model
analysis. Arch Public Health 2014;72:20. https:/doi.
org/10.1186/2049-3258-72-20

. Kristensen PL, Olesen LG, Ried-Larsen M, Grontved

A, Wedderkopp N, Froberg K, Andersen LB. Between-
school variation in physical activity, aerobic fitness,
and organized sports participation: a multi-level anal-
ysis. J Sports Sci 2013;31:188-95. https://doi.org/10.
1080/02640414.2012.723818

. Salway R, Emm-Collison L, Sebire SJ, Thompson JL,

Lawlor DA, Jago R. A multilevel analysis of neighbour-
hood, school, friend and individual-level variation
in primary school children’s physical activity. Int J
Environ Res Public Health 2019;16:4889. https:/doi.
org/10.3390/ijerph16244889

. Fairclough SJ, Beighle A, Erwin H, Ridgers ND. School

day segmented physical activity patterns of high and
low active children. BMC Public Health 2012;12:406.
https:/doi.org/10.1186/1471-2458-12-406

Sterdt E, Liersch S, Walter U. Correlates of physical
activity of children and adolescents: a systematic
review of reviews. Health Educ J 2014;73:72-89.
https:/doi.org/10.1177/0017896912469578

. van Sluijs EM, Jones NR, Jones AP, Sharp SJ, Harrison

F, Griffin SJ. School-level correlates of physical activity
intensity in 10-year-old children. Int J Pediatr Obes
2011;6:e574-81. https://doi.org/10.3109/17477166
.2010.518239

15

a multilevel model analysis. [published online ahead of print October 2 2024]. Public Health Res 2024. https://doi.org/10.3310/WQJK9893


https://doi.org/10.3310/WQJK9893
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/obr.12758
https://doi.org/10.1111/obr.12758
https://doi.org/10.1136/jech-2017-209455
https://doi.org/10.1136/jech-2017-209455
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1186/s12966-020-01037-z
www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://doi.org/10.1186/2049-3258-72-20
https://doi.org/10.1186/2049-3258-72-20
https://doi.org/10.1080/02640414.2012.723818
https://doi.org/10.1080/02640414.2012.723818
https://doi.org/10.3390/ijerph16244889
https://doi.org/10.3390/ijerph16244889
https://doi.org/10.1186/1471-2458-12-406
https://doi.org/10.1177/0017896912469578
https://doi.org/10.3109/17477166.2010.518239
https://doi.org/10.3109/17477166.2010.518239

DOI: 10.3310/WQJK9893

11.

12.

13.

14.

15.

16.

17.

18.

19.

16

Emm-Collison L, Salway R, Matthews J, Reid T, Jago R.
Associations between the built environment, policies
and curriculum in schools and primary school chil-
dren’s physical activity. Wellcome Open Res 2023;8:85.
https://doi.org/10.12688/wellcomeopenres.18262.1

Morton KL, Corder K, Suhrcke M, Harrison F, Jones AP,
van Sluijs EM, Atkin AJ. School polices, programmes
and facilities, and objectively measured sedentary
time, LPA and MVPA: associations in secondary school
and over the transition from primary to secondary
school. Int J Behav Nutr Phys Act 2016;13:54. https:/
doi.org/10.1186/s12966-016-0378-6

Harvey A, Faulkner G, Giangregorio L, Leatherdale
ST. An examination of school- and student-level
characteristics associated with the likelihood of
students’ meeting the Canadian physical activity
guidelines in the COMPASS study. Can J Public
Health 2017;108:348-54. https://doi.org/10.17269/
cjph.108.5925

Willenberg LJ, Ashbolt R, Holland D, Gibbs L,
MacDougall C, Garrard J, et al. Increasing school
playground physical activity: a mixed methods study
combining environmental measures and children’s
perspectives. J Sci Med Sport 2010;13:210-6. https:/
doi.org/10.1016/j.jsams.2009.02.011

Black IE, Menzel NN, Bungum TJ. The relationship
among playground areas and physical activity levels
in children. J Pediatr Health Care 2015;29:156-68.
https://doi.org/10.1016/j.pedhc.2014.10.001

Public Health England. What Works in Schools and
Colleges to Increase Physical Activity? 2020. URL:
www.gov.uk/government/publications/what-works-
in-schools-to-increase-physical-activity-briefing
(accessed 2 May 2023).

Jones G, Longbon K, Williams S. Exploring the accept-
ability and feasibility of a whole school approach to
physical activity in UK primary schools: a qualitative
approach. BMC Public Health 2022;22:2236. https:/
doi.org/10.1186/s12889-022-14647-y

Salway R, Foster C, de Vocht F, Tibbitts B, Emm-
Collison L, House D, et al. Accelerometer-measured
physical activity and sedentary time among children
and their parents in the UK before and after COVID-
19 lockdowns: a natural experiment. Int J Behav
Nutr Phys Act 2022;19:51. https://doi.org/10.1186/
$s12966-022-01290-4

Ganzar LA, Salvo D, Burford K, Zhang Y, Kohl HW,
Hoelscher DM. Longitudinal changes in objectively-
measured physical activity and sedentary time
among school-age children in Central Texas, US
during the COVID-19 pandemic. Int J Behav Nutr
Phys Act 2022;19:56. https:/doi.org/10.1186/
$s12966-022-01299-9

NIHR Journals Library www.journalslibrary.nihr.ac.uk

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Public Health Research 2024

Jago R, Salway R, House D, Walker R, Emm-Collison L,
Sansum K, et al. Short and medium-term effects of the
COVID-19 lockdowns on child and parentaccelerometer-
measured physical activity and sedentary time: a
natural experiment. Int J Behav Nutr Phys Act 2023;20:42.
https:/doi.org/10.1186/s12966-023-01441-1

Sport England. Active Lives Children and Young People
Survey, Academic Year 2021-22. UK: Sport England;
2022. URL: www.sportengland.org/news/chil-
drens-activity-levels-recover-pre-pandemic-levels
(accessed 2 May 2023).

House D, Walker R, Salway R, Emm-Collison L,
Breheny K, Sansum K, et al. The impact of the COVID-
19 pandemic on the physical activity environment in
UK primary schools: a multi-perspective qualitative
analysis. Public Health Research; in press.

Jago R, Foster C, Williams J, de Vocht F, Hollingworth
W. Protocol for ASSESSING the Impact of COVID-19 on
the Physical Activity of Year 6 Children and Their Parents:
Identifying Scalable Actions to Mitigate Adverse Impacts
& Provide Rapid Evidence to Policy Makers (ACTIVE-6);
2021. URL: https:/fundingawards.nihr.ac.uk/award/
NIHR131847 (accessed 14 June 2022).

Jago R, Salway R, Emm-Collison L, Sebire SJ,
Thompson JL, Lawlor DA. Association of BMI category
with change in children’s physical activity between
ages 6 and 11 years: a longitudinal study. Int J Obes
(Lond) 2020;44:104-13. https://doi.org/10.1038/
s41366-019-0459-0

Jago R, Bailey R. Ethics and paediatric exercise sci-
ence: issues and making a submission to a local ethics
and research committee. J Sports Sci 2001;19:527-35.
https://doi.org/10.1080/026404101750238980

Research Registry. Assessing the Impact of COVID-
19 on the Physical Activity of Year 6 Children and
Their Parents: Identifying Scalable Actions to Mitigate
Adverse Impacts and Provide Rapid Evidence to Policy
Makers; 2021. URL: www.researchregistry.com/
browse-the-registry#home/registrationdetails/604b-
4760d539c90020642beb/ (accessed 2 May 2023).

Trost S, Pate R, Freedson P, Sallis JF, Taylor W. Using
objective physical activity measures with youth: how
many days of monitoring are needed? Med Sci Sports
Exerc 2000;32:426-31.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray
RG. Calibration of two objective measures of physical
activity for children. J Sports Sci 2008;26:1557-65.
https:/doi.org/10.1080/02640410802334196

Salway R. Accelerometer Processing Code: OSF; 2022.
URL: https://osf.io/y8mwu (accessed 18 March 2022).

Salway R, Walker R, Sansum K, House D, Emm-
Collison L, Reid T, et al. Screen-viewing behaviours


https://doi.org/10.12688/wellcomeopenres.18262.1
https://doi.org/10.1186/s12966-016-0378-6
https://doi.org/10.1186/s12966-016-0378-6
https://doi.org/10.17269/cjph.108.5925
https://doi.org/10.17269/cjph.108.5925
https://doi.org/10.1016/j.jsams.2009.02.011
https://doi.org/10.1016/j.jsams.2009.02.011
https://doi.org/10.1016/j.pedhc.2014.10.001
www.gov.uk/government/publications/what-works-in-schools-to-increase-physical-activity-briefing
www.gov.uk/government/publications/what-works-in-schools-to-increase-physical-activity-briefing
https://doi.org/10.1186/s12889-022-14647-y
https://doi.org/10.1186/s12889-022-14647-y
https://doi.org/10.1186/s12966-022-01290-4
https://doi.org/10.1186/s12966-022-01290-4
https://doi.org/10.1186/s12966-022-01299-9
https://doi.org/10.1186/s12966-022-01299-9
https://doi.org/10.1186/s12966-023-01441-1
www.sportengland.org/news/childrens-activity-levels-recover-pre-pandemic-levels
www.sportengland.org/news/childrens-activity-levels-recover-pre-pandemic-levels
https://fundingawards.nihr.ac.uk/award/NIHR131847
https://fundingawards.nihr.ac.uk/award/NIHR131847
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.1038/s41366-019-0459-0
https://doi.org/10.1080/026404101750238980
www.researchregistry.com/browse-the-registry#home/registrationdetails/604b4760d539c90020642be6/
www.researchregistry.com/browse-the-registry#home/registrationdetails/604b4760d539c90020642be6/
www.researchregistry.com/browse-the-registry#home/registrationdetails/604b4760d539c90020642be6/
https://doi.org/10.1080/02640410802334196
https://osf.io/y8mwu

DOI: 10.3310/WQJK9893

31.

32.

33.

34.

35.

36.

37.

38.

39.

of children before and after the 2020-21 COVID-19
lockdowns in the UK: a mixed methods study. BMC
Public Health 2023;23:116. https://doi.org/10.1186/
s12889-023-14976-6

Salway R, Emm-Collison L, Sebire S, Thompson
J, Lawlor D, Jago R. The association of school-
related active travel and active after-school clubs
with children’s physical activity: a cross-sectional
study in 11-year-old UK children. Int J Behav Nutr
Phys Act 2019;16:1-10. https:/doi.org/10.1186/
s12966-019-0832-3

Ministry of Housing Communities and Local
Government. English Indices of Deprivation 2019:
Ministry of Housing, Communities and Local Government;
2019. URL: www.gov.uk/government/statistics/
english-indices-of-deprivation-2019  (accessed 3
February 2023).

Department for Education. Get Information about
Schools UK; 2022. URL: https:/get-informa-
tion-schools.service.gov.uk/ (accessed 17 February
2022).

Office for National Statistics. Lower layer Super Output
Area population density (National Statistics); 2020.
URL: www.ons.gov.uk/peoplepopulationandcommu-
nity/populationandmigration/populationestimates/
datasets/lowersuperoutputareapopulationdensity
(accessed 3 February 2023).

Lounsbery MA, McKenzie TL, Morrow JR Jr, Holt KA,
Budnar RG. School physical activity policy assess-
ment. J Phys Act Health 2013;10:496-503. https:/doi.
org/10.1123/jpah.10.4.496

Jones NR, Jones A, van Sluijs EM, Panter J, Harrison F,
Griffin SJ. School environments and physical activity:
the development and testing of an audit tool. Health
Place 2010;16:776-83. https://doi.org/10.1016/j.
healthplace.2010.04.002

Salway R, Jago R, Tibbitts B. The ACTIVE-6 Project:
Detailed Statistical Analysis Plan: Assessing the Impact
of COVID-19 on the Physical Activity of Year 6 Children
and Their Parents: Identifying Scalable Actions to
Mitigate Adverse Impacts and Provide Rapid Evidence
to Policy Makers. Bristol, UK: University of Bristol;
2021. URL: https:/research-information.bris.ac.uk/
en/publications/the-active-6-project-detailed-statis-
tical-analysis-plan-assessing (accessed 14 June 2022).

BhaskaranK, GasparriniA, HajatS, Smeeth L,Armstrong
B. Time series regression studies in environmental epi-
demiology. Int J Epidemiol 2013;42:1187-95. https:/
doi.org/10.1093/ije/dyt092

Leckie G, Charlton C. runmlwin: a program to run
the MLwiN multilevel modeling software from
within Stata. J Stat Softw 2013;52:1-40. https:/doi.
org/10.18637/jss.v052.i11

This article should be referenced as follows:
Salway R, House D, Walker R, Emm-Collison L, Breheny K, Sansum K, et al. School-level variation in children’s moderate to vigorous intensity physical activity before and after COVID-19:
a multilevel model analysis. [published online ahead of print October 2 2024]. Public Health Res 2024. https://doi.org/10.3310/WQJK9893

40.

41.

42.

43.

44,

45.

46.

47.

48.

Public Health Research 2024

Zhang Z, Zyphur MJ, Preacher KJ. Testing multilevel
mediation using hierarchical linear models: problems
and solutions. Organ Res Methods 2009;12:695-719.
https://doi.org/10.1177/1094428108327450

Hansen BH, Anderssen SA, Andersen LB, Hildebrand
M, Kolle E, Steene-Johannessen J, et al.; International
Children’s Accelerometry Database (ICAD)
Collaborators. Cross-sectional associations of reallo-
cating time between sedentary and active behaviours
on cardiometabolic risk factors in young people: an
international children’s accelerometry database (ICAD)
analysis. Sports Med 2018;48:2401-12. https:/doi.
org/10.1007/s40279-018-0909-1

Salway R, de Vocht F, Emm-Collison L, Sansum K,
House D, Walker R, et al. Comparison of children’s
physical activity profiles before and after COVID-19
lockdowns: a latent profile analysis. PLOS ONE; in
press.

Walker R, House D, Salway R, Emm-Collison L,
Hollander LE, Sansum K, et al. The new normal for
children’s physical activity and screen viewing: a
multi-perspective qualitative analysis of behaviours a
year after the COVID-19 lockdowns in the UK. BMC
Public Health 2023;23:1432. https://doi.org/10.1186/
$12889-023-16021-y

Walker R, Salway R, House D, Emm-Collison L,
Breheny K, Sansum K, et al. The status of active
after-school clubs among primary school children
in England (UK) after the COVD-19 lockdowns:
implications for policy and practice. Int J Behav Nutr
Phys Act 2023;20:120. https:/doi.org/10.1186/
$12966-023-01499-x

Jago R, Salway R, House D, Beets M, Lubans DR,
Woods C, de Vocht F. Rethinking children’s physical
activity interventions at school: a new context-specific
approach. Front Public Health 2023;11:1149883.
https://doi.org/10.3389/fpubh.2023.1149883

Salway RE, Sebire SJ, Solomon-Moore E, Thompson
JL, Jago R. Associations within school-based same-sex
friendship networks of children’s physical activity and
sedentary behaviours: a cross-sectional social net-
work analysis. Int J Behav Nutr Phys Act 2018;15:18.
https://doi.org/10.1186/s12966-018-0653-9

Prochnow T, Delgado H, Patterson MS, Unstattd
Meyer MR. Social network analysis in child and
adolescent physical activity research: a systematic
literature review. J Phys Act Health 2020;17:250-60.
https://doi.org/10.1123/jpah.2019-0350

Goodman A, van Sluijs EM, Ogilvie D. Impact of
offering cycle training in schools upon cycling
behaviour: a natural experimental study. Int J Behav
Nutr Phys Act 2016;13:34. https://doi.org/10.1186/
$s12966-016-0356-z

17


https://doi.org/10.3310/WQJK9893
https://doi.org/10.1186/s12889-023-14976-6
https://doi.org/10.1186/s12889-023-14976-6
https://doi.org/10.1186/s12966-019-0832-3
https://doi.org/10.1186/s12966-019-0832-3
www.gov.uk/government/statistics/english-indices-of-deprivation-2019
www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://get-information-schools.service.gov.uk/
https://get-information-schools.service.gov.uk/
www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareapopulationdensity
www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareapopulationdensity
www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareapopulationdensity
https://doi.org/10.1123/jpah.10.4.496
https://doi.org/10.1123/jpah.10.4.496
https://doi.org/10.1016/j.healthplace.2010.04.002
https://doi.org/10.1016/j.healthplace.2010.04.002
https://research-information.bris.ac.uk/en/publications/the-active-6-project-detailed-statistical-analysis-plan-assessing
https://research-information.bris.ac.uk/en/publications/the-active-6-project-detailed-statistical-analysis-plan-assessing
https://research-information.bris.ac.uk/en/publications/the-active-6-project-detailed-statistical-analysis-plan-assessing
https://doi.org/10.1093/ije/dyt092
https://doi.org/10.1093/ije/dyt092
https://doi.org/10.18637/jss.v052.i11
https://doi.org/10.18637/jss.v052.i11
https://doi.org/10.1177/1094428108327450
https://doi.org/10.1007/s40279-018-0909-1
https://doi.org/10.1007/s40279-018-0909-1
https://doi.org/10.1186/s12889-023-16021-y
https://doi.org/10.1186/s12889-023-16021-y
https://doi.org/10.1186/s12966-023-01499-x
https://doi.org/10.1186/s12966-023-01499-x
https://doi.org/10.3389/fpubh.2023.1149883
https://doi.org/10.1186/s12966-018-0653-9
https://doi.org/10.1123/jpah.2019-0350
https://doi.org/10.1186/s12966-016-0356-z
https://doi.org/10.1186/s12966-016-0356-z

DOI: 10.3310/WQJK9893

49.

50.

51.

Ikeda E, Hinckson E, Witten K, Smith M. Associations
of children’s active school travel with perceptions
of the physical environment and characteristics of
the social environment: a systematic review. Health
Place 2018;54:118-31. https://doi.org/10.1016/j.
healthplace.2018.09.009

Page A, Cooper AR, Griew P, Jago R. Independent
mobility, perceptions of the built environment and
children’s participation in play, active travel and
structured exercise and sport: the PEACH Project.
Int J Behav Nutr Phys Act 2010;7:17. https:/doi.
org/10.1186/1479-5868-7-17

van Sluijs EM, Fearne VA, Mattocks C, Riddoch C,
Griffin SJ, Ness A. The contribution of active travel

Appendix 1

TABLE 5 Missing data

52.

53.

Public Health Research 2024

to children’s physical activity levels: cross-
sectional results from the ALSPAC study. Prev
Med 2009;48:519-24. https://doi.org/10.1016/j.
ypmed.2009.03.002

Morton KL, Atkin AJ, Corder K, Suhrcke M, van Sluijs
EM. The school environment and adolescent physical
activity and sedentary behaviour: a mixed-studies
systematic review. Obes Rev 2016;17:142-58. https:/
doi.org/10.1111/0br.12352

Dyment JE, Bell AC, Lucas AJ. The relationship
between school ground design and intensity of phys-
ical activity. Child Geogr 2009;7:261-76. https://doi.
org/10.1080/14733280903024423

Individual

Active travel to school 17
Screen-viewing (minutes) 229
No. after-school clubs attended 2
Most deprived areas 45
School

Size of year group 0
% free school meals 0
IMD 0
Population density 0
Cycle training policy 8
Written active travel policy 17
School crossing patrol 16
Restrictions on access to open space 13
PA used in other subjects 9
PE compromised due to space 9
Activity breaks during lesson-time 14
Presence of allotments 0
Presence of assault courses 0
Presence of pitches 0
Presence of drinking fountains 0
Five+ playground equipment 0

o O o o

16
34
32
26
18
18
28

o O o o o
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TABLE 6 Comparison of random intercept and random coefficient models

AIC Log-likelihood Degrees of freedom p-value
Random intercept 15612 -7787.8 18
Random intercept and between-school wave coefficients
Unstructured 15570 -7762.1 23 < 0.001°
Diagonal 15570 -7764.9 20 < 0.0012
Random intercept, between-school and between-pupil coefficients

Diagonal 15611 -7784.6 21 1.000°

AIC, Akaike Information Criterion: lower value indicates better model fit.
a Compared to random intercept model.
b Compared to random intercept and between-school wave coefficients model.

Note
All p-values doubled due to testing variances on the boundary of the parameter space.

TABLE 7 Sources of variation at each level: wave random components model

Wave 0 Wave 1 Wave 2
% between-school variation 14.0 6.8 12.6
% between-pupil variation 54.8 59.4 55.7
% within pupil variation 31.2 33.8 31.7
Total variation 4143 382.3 407.9

TABLE 8 Percentage of variation explained by school factors

Wave 0 (%) Wave 1 (%) Wave 2 (%)

Between-school variation 14 7 13
% of school variation explained by:

Cycle training policy 17 0 31

No. active after school clubs attended 0 62 30

PE compromised due to space 0 21 16

Active travel to school 12 22 3

All 22 82 72
% of total variation explained at 3 6 9
schoollevel
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TABLE 9 Sources of variation at each level: final school characteristics model

% variation explained (compared to wave random components model)

% between-school variation
% between-pupil variation
% within pupil variation

% total variation

% variation unexplained

% between-school variation
% between-pupil variation
% within pupil variation

Total variation

Wave 0

22
0.4
0
3

11.2
56.3
324
406.1

Wave 1

1.3
62.6
36.1
368.8

Public Health Research 2024

Wave 2

3.8
61.0
35.1
382.1

TABLE 10 Estimates from final school characteristics sensitivity model

Cycle training policy

Active travel policy

Restrictions on access to open space
PE compromised due to space
Sometimes

Often

Aggregated contextual effects

Active travel

No. clubs attended

Wave estimates (compared to Wave 0)

Wave 1

Wave 2

Individual
Contextual®
Individual

Contextual

Estimate 95% ClI
2.8 -1.8to 7.4
-0.3 -441t03.8
-2.3 -7.0t02.3
-8.3 -14.0to -2.7
-12.5 -18.9to -6.1
52 25t07.8
1.5 0.6t02.4
2.5 1.3t0 3.8
5.2 -0.0to 10.4
-23.5 -34.0to -13.0
-1.8 -8.3t04.7

a Per 10% points.
Note

Missing data in restrictions on access to open space means this model is based on reduced data: N = 1017, from 29 schools in Wave 0, 15

in Wave 1 and 16 in Wave 2.
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TABLE 11 Potential individual mediators: differences between waves

Difference in MVPA between Wave 0 and Difference in MVPA between Wave 0

Wave 1 and Wave 2

Estimate 95% Cl Estimate 95% Cl
Individual
Active travel to school (OR) 1.3 0.8to 1.9 0.8 0.6to1.1 0.344
No. after-school clubs (RR) 0.7 0.5t0 0.9 0.9 0.5t0 0.9 0.004

OR, odds ratio; RR, relative rate ratio.

TABLE 12 Mediation models

Difference in MVPA between Wave 0 and Difference in MVPA between Wave 0

Wave 1 and Wave 2
Estimate 95% Cl Estimate 95% Cl
Base -10.7 -19.3t0 -2.0 1.2 -43to0 6.6 1777
Individual
No. after-school clubs -9.7 -18.1to-14 0.7 -4.6t0 6.0 1744
School
Cycle training policy -10.3 -19.1to-1.5 2.3 3.0to 7.5 1641
PE compromised due to space -10.1 -17.8to -2.5 -7.6 -12.1to -3.2 1610
Allotments -11.4 -19.9t0 -2.8 -0.1 -5.6to5.4 1777
Pitches -11.5 -20.2to -2.9 0.6 -3.9to 6.1 1777
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