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Background: Integrated curriculum interventions have been suggested as an effective means to
increase physical activity (PA) and health. The feasibility of such approaches in children living in
deprivation is unknown. This study sought to pilot an integrated curriculum pedometer intervention
in children living in deprivation on school-based PA, body fatness, resting blood pressure, motor skills

and well-being.

Methods: Using a pilot cluster randomized intervention design, children (6-7-years-old, n=64) from
two schools in central England undertook: (1) 10-week integrated curriculum intervention or (2)
control (regular school-based activity). School-based PA, body fatness, resting blood pressure, motor

skills and well-being was assessed pre and post intervention.

Results: for the intervention group PA was higher on school days when children had PE lessons or
there were physically active integrated curriculum activities. Body fatness significantly decreased,
wellbeing and perceived physical competence increased, pre-post for the intervention group
compared to the control group. Accelerometer derived PA, motor skills and resting blood pressure

were not significantly different pre-post for intervention or control groups.

Conclusions: A 10-week integrated curriculum PA intervention is feasible to conduct and can

positively impact aspects of health in 6-7-year-old children in England.
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Introduction

The benefit of physical activity (PA) on children’s health and well-being is well established.? Increasing
PA is a key strategy to curb increases in childhood obesity, mental health issues and other lifestyle
related diseases in children and youth. ! Despite this, there remain concerns that children do not
engage in sufficient PA for health benefits,> mental health issues are increasing,® and children are not
developing the fundamental movement skills needed to engage in PA for life.* Children coming from
more disadvantaged areas are also often the least active® and demonstrate poorer health profiles than
their more affluent peers® with such profile being delayed even further as a result of the COVID-19

pandemic.”

The school is an important environment for children and is consistently cited as one location
where attempts to promote PA may be particularly successful.#® While both Personal, Social and
Health Education (PSHE) and curriculum Physical Education (PE) are important in this context, there is
a recognition from Public Health England® and the World Health Organization (WHO) that there are
educational and other benefits of PA beyond PSHE and PE. The WHO acknowledges schools should
not be the sole location where children undertake PA.X° However, due to children spending more time
at school than anywhere, other than the home, schools represent an excellent opportunity for PA
promotion. ¥ This is especially the case for children living in deprived areas, who face additional

barriers to undertaking PA outside of school environments.*°

One means by which PA has been embedded within schools is through integrated curriculum
approaches. Accumulating PA throughout the school day via active travel, active play, incidental
activity and active lessons is an effective means to increase total daily PA.!* Systematic review data
have shown that school-based interventions can positively influence: Duration of habitual PA, TV
viewing time, maximal exercise capacity and blood cholesterol.}> However, there is considerable
variation in the types of school based interventions that use the term ‘integrated’ with some simply
adding physical activity into the school day, such as ‘energizer breaks’ where short bouts of PA are
performed in school time,**!* to studies which add activity into specific school lessons such as maths?®
and English,® to studies which fully integrate PA in multiple aspects of the curriculum to embed
physically active learning in more than one area of school life. 1181 For any positive effect to be seen
using an integrated curriculum model, it has been suggested that as a minimum, changes to the
curriculum are needed alongside some additional material, such as booklets, posters and visual aids.?
There are some studies which have demonstrated the potential for such integrated curriculum models

to enhance PA in school time using the approach stated above, and focusing on more than one aspect



of the school curriculum, including an open-loop feedback and monitoring mechanism for PA

behaviour change. 171819

Oliver et al.”’

employed an integrated curriculum model, using pedometers over a 4-week
period in a convenience sample of 78, 8-9-year-old school children from New Zealand. This
intervention centred around increasing PA in school to virtually walk to various cities in New Zealand.
PA was integrated into the curriculum in different school subjects. In English, children were asked to
read about the different cities the children were virtually walking to. In social studies, children
investigated how technology had changed through history in the context of measuring PA. In
mathematics, children used the step count data to calculate stride length and distance walked. Oliver
et al. did not report a significant improvement in habitual PA over the course of the intervention but

did report a significant improvement in average steps/day as a consequence of the intervention for

those children that accumulated less than 15,000 steps/day at baseline.'’

Duncan et al.’ used a similar approach to that of Oliver et al.)” where 59 English children,
aged 10-11 years, were challenged to walk the length of the United Kingdom (from John O’Groats to
Lands’ End) over a 4-week period. Children wore a pedometer every day to record step counts. The
curriculum was modified by the school to integrate PA into geography, science, mathematics and
information technology lessons. Duncan et al.’® reported a significant increase in average steps/day
during the intervention and four weeks post-intervention compared to baseline (p =.0001). This effect

was consistent between boys and girls.

In the only other published study to date using such an integrated curriculum model, Eyre et
al.’ employed a 6-week integrated curriculum and pedometer-based intervention in a sample of 134
multi-ethnic 9-11-year-olds. Unlike prior work, Eyre et al.'® utilised an intervention group and a
control group, reporting that average daily steps were significantly higher at 6-weeks post intervention
compared to baseline for the intervention group. School lessons in science and PE were integrated

into the curriculum alongside cross-curricular links in literacy, art, and music.

However, there are several limitations in prior work using an integrated curriculum approach.
The work by Oliver et al.?” and Duncan et al.!® used a pre-post design with no control group. All prior
studies on this topic have used pedometry as both the outcome measure of PA and the mechanism
by which the children gauged their progress throughout the intervention. This is despite prior work
suggesting that in such interventions, different measures of PA need to be used as outcome measures
and as the mechanism by which PA feedback is gained by participants.?’ Of note, there is consistent
evidence that school-based interventions can positively impact children’s mental health and well-

being,?! cardiovascular health!? and motor competence.® Yet, the majority of interventions to date



have tended to target single health related outcomes. This is despite an acknowledgement that whole
school interventions have potential to change multiple health related behaviours.?? This is because
multi-behavioural interventions (i.e., those containing different components) are hypothesized to
have synergistic effects of different aspects of health,?? and can target different clusters of health
outcomes, or ‘super-domains’ of outcomes .22 Such an approach has only been demonstrated for
school-based interventions with adolescents and targeting super domains of addiction related
outcomes (i.e., smoking, alcohol and drug-use) and energy balance related outcomes (i.e., sedentary
behaviour, physical activity).?? Theoretically, an integrated school curriculum model focused on PA is
likely to act on different outcomes such as those relating to well-being, motor skills, and cardiovascular
health as all these constructs are influenced by PA. To date, prior work using integrated curriculum
models has only focused on PA and obesity metrics as outcome measures with results of such studies
suggesting a synergistic effect on these two types of outcomes. 7181° The effect of integrated
curriculum approaches in younger age ranges (e.g., Key Stage 1 in the English curriculum) has not been

investigated although it has been a recommendation of prior studies. 171819

The present study sought to address these gaps by piloting a 10-week integrated curriculum
pedometer intervention in 6—7-year-olds living in a deprived part of England and examining effects on

school-based PA, body fatness, resting blood pressure, motor skills and well-being.

Methods

This study employed a repeated measures approach, with a cluster randomized intervention
design where children from two schools in central England were allocated into two conditions: (1)
integrated curriculum intervention or (2) control (regular school-based activities). The schools
involved were comparable in terms of ethnicity and were located in electoral wards adjacent to each
other that were ranked within the top 10% most deprived areas nationally based on the Index of
Multiple Deprivation.? All participants were drawn from year 2 classes (ages 6-7). Allocation to
intervention or control conditions was done by chance (coin toss). The control group undertook a 10-
week integrated curriculum pedometer intervention whereas the control group continued their
normal curriculum activities. The curriculum activities for the two schools did not differ other than the

intervention activities during the intervention period. Randomization took place at the school level.

Participants
Sixty-four children aged 6-7 years (37 boys, 27 girls; Mean + SD = 6.3 = 0.5 years) from two central

England primary schools (one school class per school) participated in this study following institutional



ethics approval, written informed parental consent, and child assent. One class (n=32) comprised the
intervention group and the other class (n=32) comprised the control group. On completion of the
intervention period, complete data were available for 60 children, where four children (all girls) were
not included in final data analysis due to moving school during the intervention period (n=1), illness
resulting in significant time away from school during the intervention period (n=2) or absence during
data collection periods (n=1). Ethnic classifications of participants were: 90% ‘Caucasian;’ 7% ‘South
Asian;’ 1.5% ‘East Asian’, 1.5% ‘Black’. Inclusion criteria comprised being a child in school year 2 in the
schools taking part, not having a registered special educational need, nor any form of musculoskeletal
issue that would impair movement. It is generally accepted that pilot studies do not require a formal
power calculation.?* However, this study recruited ~30 children per group as per pilot study sample

size recommendations.?>%¢

Integrated Curriculum Intervention

Children undertook a 10-week, school-based pedometer intervention using an integrated
curriculum model. The intervention followed processes previously employed with older children and
over shorter timespans.”*® The intervention took the form of a virtual challenge where children were
asked to walk the length of the London underground train route over the 10-week period. Prior to the
intervention, we conducted a brief interview with the teacher of the intervention class. Here, we
explored how the intervention might effectively integrate with the curriculum. At the time the
intervention was to take place, the children’s topic was ‘London’. Thus, citing the pedometer challenge
aspect of the intervention of walking the London underground linked to the cross-curricular topic the
children were engaging with during the school term, and gave context to the other activities included

in the integrated curriculum intervention.

The intervention itself used interlinking elements to create opportunities to increase PA with
a goaltoincrease PA levels by at least 2000 steps per day from baseline, as this increment is associated
with a significant reduction in cardiovascular risk.?” The intervention took a standard framework for
delivery and administration whilst at the same time allowed an individualised approach to increasing

18,19

PA. Scaffolded by previous research using integrated curricula, and co-developed with classroom

teachers, this intervention comprised two elements.

The first element was designed to increase opportunities for PA throughout the school day via
the use of the step-based challenge of walking the London underground. This stage directly supports

the increase of steps per day for each child by providing an open loop feedback mechanism to



motivate the children to engage. This was achieved by providing each child with a piezo-electric
pedometer (New Lifestyles NL-1000) and a ‘challenge pack’ which included maps of each trainline,
split into stages, alongside step-logs and a progress bar related to their progress relative to the overall
challenge. Children were given autonomy to record their step counts at the end of each school day in
their individual challenge thereby giving them ownership of the process. At the end of each school
week a researcher attended the school and logged the steps the children had accrued. Importantly,
the NL-1000 pedometer employed in the present study had an internal memory, so the fidelity of
children’s reporting versus the actual septs recorded could be verified. At each of these weekly points
the researcher visually “filled” each child’s progress bar and ticked off each stage of the London
underground the child had completed during the course of the week’s activities. This process
employed elements of gamification including levels/stages, and visual progress related to an overall
goal to maintain children’s engagement in the process. We used a conversion rate of 700 steps to 1

mile to visually log progress.

The second element of the intervention was designed to provide an environment that
promotes the benefits of PA in schools in a way that was pragmatic for teachers recognising there is a
crowded school curriculum. In Key Stage 1 (ages 5-7), children follow themes across their academic
subjects; therefore, supplanting a ‘physical’ theme across curriculum subjects such as science, art,
mathematics, and geography is a natural accommodation for the children and teachers. This approach
also follows prior work with older children.'® To achieve this, the curriculum was modified by the
school to integrate active lessons into different aspects of school life linking the intervention challenge
with the curricula theme of London. During PE lessons, children were provided with educational
sessions relating to the role of PA in maintaining healthy weight. In geography lessons, children used
the data to track their progress in walking the length of the London Tube in relation to topographical
maps of London and also took part in active lessons relating to reading/interpreting maps which
required movement/accrual of steps to complete. In history lessons, children took part in active
lessons where they walked (including measurement of) the distance of the great fire of London, and
the London Wall on the school playground. Other active sessions included walking the height of
London Landmarks such as ‘the Shard’ in mathematics and information and communications
technology lessons and then using the step data for creating graphs. During the 10-week intervention
period, in addition to curriculum PE, there were two other fully active lessons each week (i.e., PA was

undertaken throughout the whole lesson) that were undertaken in subjects other than PE.

Collectively, the intervention design incorporating the London Underground challenge with
individualised progress, printed materials, and challenge book, alongside changes to the curriculum,

adhered to the recommended changes required to influence school-based PA.*?



Measures

At pre- and post-intervention, each participant undertook assessment of PA, anthropometry,
resting blood pressure, motor skills and well-being. In addition, school PA was assessed each day of

the intervention period for the intervention group, but not the control group.
Primary outcome

Physical activity monitoring. Children wore an accelerometer (ActiGraph GT9X; FL, USA) over
a 7-day period on their non-dominant wrist with data collected at 100Hz and in 5 sec epochs. The
device was worn throughout the day and removed for sleeping, when having a bath, swimming or for
safety reasons. All children were provided with a diary to note times children took off the
accelerometer. The time spent in sedentary behaviour, light, moderate and vigorous intensity PA was
determined using child-specific cut-offs.?® These cut offs are described a reliable and recommended
for use to assess PA in children of the ages participating in the present study.?® The accelerometer was
worn one week prior to the intervention starting and one week after the intervention had concluded.
Accelerometer data collection and processing followed guidelines proposed by Migueles et al for
dealing with accelerometry with children.?® Recognising that there is ho consensus on non-wear time
definition for accelerometer derived PA in children, where 10mins of consecutive zeros up to 90mins
of consecutive zeros have been suggested, non-wear time was considered as 60mins of consecutive
zeros in line with recommendations form Migueles et al.?®

For the intervention group, steps/day during the intervention period were collated based on
the pedometer derived data (New Lifestyles NL-1000) for each day of the intervention. Steps/day were
retrieved at the end of each school week from the internal storage memory of the pedometer. The
pedometer employed was chosen as it has shown one of the highest reliability and validity coefficients
in children and across weight status groups®® and has been successfully used in similar studies
previously.’®!° Prior to the monitoring period, children were familiarized with the pedometers (all
children had prior experience wearing pedometers as part of school science classes) including

pedometer attachment, removal, and reattachment.

Secondary outcomes

Resting arterial blood pressure. Resting blood pressure was assessed by trained researchers
in the school setting. Children were assessed in a seated position, with feet flat on the floor on an
individual basis and following a 10-15-minute rest period. Measurements were taken in the morning

using an automated oscillometric device (Omron HEM907XL; Omron Healthcare Europe BV,



Hoofddorp, The Netherlands). The blood pressure cuff was applied to the right arm with the lower
margin of the cuff approximately 2cm above the elbow crease and with the arrow on the cuff aligned
with the brachial artery. The cuff was wrapped to a tightness allowing two fingers to be inserted under
the top and bottom of the cuff. Cuff size used was determined based on mid-upper arm circumference.
Three consecutive measurements were taken at minute intervals. The first reading was discarded and
the mean of the second and third measurements was used for analysis in line with prior research3!and
because the first reading of a series of blood pressure measurements is typically higher with
oscillometric devices.?? Assessment of blood pressure followed recommended guidelines for
determination of resting blood pressure in pediatric populations3? and the monitor used in the present

study is valid and reliable when compared to manual sphymomanometry.34

Anthropometry. Stature was measured using a stadiometer (Leicester portable height
measure, UK) to the nearest Imm. Body mass was measured to the nearest 0.1kg using weighing
scales (Tanita inc. Tokyo Japan). Body fat percentage was also determined using leg-to-leg Bioelectrical
impedance analysis (BIA) (Tanita inc. Tokyo Japan, BF350) as this form of assessment has been
demonstrated to be valid, reliable, and practical for the estimation of body fatness in children.®
Moreover, the BIA monitor employed in the present study is deemed reliable to assess percentage
body fatness in children of the ages involved in the present study being, associated with r values of

>.87 compared to dual x-ray absorptiometry derived fatness.3®

Motor skill. The Test of Gross Motor Development-3™ Edition was employed as a measure of
gross motor competence in the present study.?” The TGMD comprises a series of skills, categorised
into two classes of movement: locomotor and object control. In the current study the following skills
were assessed: Run, Jump, Overarm Throw, Catch. These skills were specifically chosen as they are
the fundamental motor skills identified by the National Curriculum for Physical Education in England
which children should be proficient in by the end of school year 2. All skills were video recorded (Sony
video camera, Sony, UK) and subsequently edited into single film clips of individual skills on a computer
using Quintic Biomechanics analysis software v21 (Quintic Consultancy Ltd., Birmingham, UK). Scores
from two trials were summed to obtain a raw score for each skill. The scores for all the skills were then
summed to create a total motor competence (scored 0—40) score following recommended guidelines
of administration of the TGMD-3.3” Two researchers experienced in the assessment of children’s
movement skills (having previously assessed movement skills in the context of a previous research

study) analysed the motor competence videos. Congruent with prior research,® training was
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considered complete when each observer’s scores for the two trials differed by no more than one unit
from the instructor score for each skill (>80% agreement). Intraclass correlation coefficients for inter
and intra-rater reliability were 0.925 (95% Cl = 0.87-0.95) and 0.987 (95% Cl = 0.94—0.98), respectively,

demonstrating good reliability.®

Well-being. The Short Mood and Feelings Questionnaire (SMFQ) is a shortened version of the
33-item Mood and Feelings Questionnaire and was used to assess general well-being in participants
aged 6-17 years.®® The SMFQ contains 13 items and assesses the presence of affective and cognitive
symptoms related to depression and general well-being over the past two weeks on a 3-point scale
(O=not true, 1=sometimes, 2=true). Total SMFQ scores range from 0 — 26. The tool takes approximately
5 minutes to complete and has been validated in children of the ages taking part in the present
study.**? The assessment of well-being was undertaken on a one-to-one basis with each participant
and a trained researcher. Good discriminant validity of the SMFQ has been demonstrated though clear
distinctions between psychiatric and paediatric, depressed and non-depressed, populations.®® Internal
reliability is high (Cronbach’s alpha = 0.85), with 60% sensitivity and 85% specificity with a cut off score

of 8 or more, which is recognised as the cut-off for clinical depression in children aged 6-17 years.*°

Perceived physical competence. Children’s perceived skill competence was assessed using
the Pictorial Scale of Perceived Movement Skill Competence for Young Children 3™ Edition.** Children
were asked to rate their perceived competence in running, jumping, overarm throwing and catching
(to match the assessment of actual motor skills in the present study) on a four-point scale where 4
represents the highest degree of perceived competence. Items were summed to create an overall
perceived movement skill competence scale score which ranged from 4 to 16 with higher scores
reflecting greater self-perception of competence in motor skills. The Pictorial Scale of Perceived
Movement Skill Competence for Young Children demonstrates validity in distinguishing children with
better or poorer movement patterns* and two week test-retest reliability data, from our laboratory,
in subsample of children (n = 43; 22 boys, 21 girls; mean age = 5.6, SD = .48 years), indicated good
agreement (Intraclass correlation coefficient = .86, Cl =.74 - .92) and internal consistency (Cronbach’s

a =.89) for the total perceived physical competence score.*

Class teacher reflections on the intervention
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Once the intervention had been completed, a brief (20min) one to one interview was held with the
class teacher of the intervention group to capture their reflections of the intervention. The interview
process was based on recommendations for conducting qualitative research and validation of
interview scheduling.*® The interview used a structured guide with open questions and asked four
main questions, 1. What did you consider were any positive outcomes from the children engaging in
the intervention? 2. What did you consider were any negative outcomes from the children engaging
in the intervention? 3. What were any challenges you faced when implementing the intervention with
your class? 4. What ways might the intervention be better if we were to roll this out in other schools?
Prior to the interview, the interviewer followed the eight-stage interview preparation stage identified
by McNamara® and was led by one facilitator. Probing was used throughout the interview to gain
further understanding. The interview was transcribed verbatim. The transcript was analysed using
inductive analysis following the steps proposed by Braun and Clarke such as familiarisation of data,
reading and re-reading the data, code generation, categorisation, search and reviewing themes and
defining and naming themes.*® Analyst triangulation was conducted to increase quality and credibility

of findings.*’

Statistical analysis

To examine any differences in primary and secondary outcome variables a series of univariate
analysis of covariance (ANCOVA) were used with change scores for each variable as the dependent
variable and baseline values for each variable as the covariate. This approach was employed as
research suggests that analysis using ANCOVA on intervention change scores, and controlling for
baseline, results in the least biased analysis technique where there has been no control in the pre and
post treatment variance.*® Such as is the case in studies such as the present study, and others, where
data is not collected using a matched design where pre-test variance in baseline scores can be
controlled between intervention and control groups.*® The ANCOVA approach we employ with change
scores is also recommended where there is significant correlation between baseline and post scores
and avoids regression to the mean.* Group (Intervention vs Control) was used as between subjects’
factors. Partial Pn? was used as a measure of effect size. Where any significant differences were found
post hoc, pairwise comparisons (Bonferroni adjusted) were employed to examine where the
differences lay and Cohen’s d was used to further identify effect size. Independent samples t-tests
were used to examine any differences in outcome variables between intervention and control groups
at baseline and between boys and girls at baseline. The Statistical Package for Social Sciences (SPSS,
Version 28, IBM Corp, Armonk, New York) was used for all analysis. Given the limitations of data

presentation using bar graphs showing only mean + SD, primary and secondary outcome variables



12

were visually presented as a means and data distribution in figures to ensure more complete

presentation of data following procedures advocated by Weissgerber et al.>®

Results

Mean + SD and 95% Confidence Intervals for primary and secondary outcome variables at pre and

post for intervention and control groups are presented in Table 1.
***Table 1 here***

There was no difference in PA, DBP, BMI, Body fat percentage, SMFQ, PMC and FMS scores at baseline
between intervention and control groups (all P>.05) although at baseline, SBP (P=.008) was
significantly higher for the intervention group, compared to the control group. Likewise, boys reported
significantly greater perceived physical competence (P=.007) and motor skill scores (P=.03) at

baseline. This is congruent with prior studies examining actual and perceived motor skills in children.?

Physical Activity
Pre-Post

When accelerometery derived time spent in sedentary behaviour, light, moderate and vigorous PA
pre and post intervention during school time was considered, there was no significant change in any

of the aforementioned variables pre-post for either intervention or control group (all P>.05).

Ambulatory PA during the intervention

The average steps/day undertaken by the intervention group during the intervention demonstrated
that the steps/day accrued during the school-based intervention itself accounted for 36-41% of the
recommended total steps/day for health in children.®® When daily steps were considered on a day-
by-day basis (See Figure 1), steps accrued were higher on school days when children had statutory PE
lessons or there were physically active integrated curriculum activities. There was not a marked
difference in the steps accrued on days when children had PE lessons, compared to days when they
were involved in physically active integrated curriculum activities. Figure 2 presents the mean + SD of
steps accrued during each day of the intervention period identifying days when physically active
integrated curriculum activities took place (Dotted bars) and days when statutory PE took place
(Chequered bars). Of note, there was no marked reduction in the steps accrued during school time

across the intervention period.
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***Figure 1 here***

Resting Blood Pressure

For SBP, the change in SBP was not significantly different pre-post, controlling for baseline values (F1,s7
=2.742,P =.103, Pn? = .046), nor was baseline SBP significant as a covariate (P =.502). This finding was
replicated for DBP which was not significantly different pre-post, controlling for baseline values (Fys7

=2.978, P =.09, Pn? = .05), nor was baseline DBP significant as a covariate (P =.778).

Body Fatness

For percent body fatness, there was a significant difference pre-post (F1s7 = 10.633, P = .002, Pn? =
.157, See Figure 4). Bonferroni post hoc pairwise comparison indicated that there was a greater
change in body fatness for the intervention group (-1.26 + 2.2) compared to the control group (.335 +
1.6), whereby percent body fat decreased for the intervention group but not the control group with
Cohen’s d (d=0.29) indicating a small effect size. Percent body fat at baseline was also significant as a
covariate (P=.023, B = -.121) indicating that higher percent body fat at baseline was significantly

associated with a greater reduction in percent body fat at the end of the intervention.

***Figure 2 here***

Motor Skill, Well-Being, and perceived physical competence

For motor skill, total FMS scores were not significantly different pre-post, controlling for baseline
values (F157 = 1.28, P = .263, Pn? = .022), nor was baseline FMS significant as a covariate (P =.500). In
regard to measures of well-being the SMFQ and perceived physical competence, results for the SMFQ
revealed that there was a significant difference pre-post (Fis7 = 13.2, P =.001, Pn? = .524, See Figure
3). Bonferroni post hoc pairwise comparison indicated that there was a greater change in SMFQ scores
for the intervention group (-2.32 * 2.1) compared to the control group (-.56 * 1.7), with Cohen’s d
(d=0.59) indicating a medium effect size. whereby SMFQ scores decreased for the intervention group
to a greater extent than the control group. SMFQ scores at baseline were also significant as a covariate
(P=.001, B = -.414) indicating that higher SMFQ scores at baseline (i.e., poorer well-being) was

significantly associated with a greater reduction in SMFQ scores (i.e., better well-being) at the end of
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the intervention. Similarly, there was also a significant difference in perceived physical competence
pre-post (F157, = 8.356, P =.005, Pn?=.128, See Figure 4) with Bonferroni post hoc pairwise comparison
indicating that there was a greater change in perceived physical competence scores for the
intervention group (-740 £ 1.2) compared to the control group (.134+ 1.0) with Cohen’s d (d=0.26)
indicating a small effect size. Baseline scores for perceived physical competence as a covariate was

not, however, significant (P = .505).

***Figure 3 here***
***Figure 4 here***
Teacher Reflections

The teacher reflection (n=1) produced additional insight into how the intervention worked from the
teacher’s perspective. Recognising this was a brief interview and with the teacher who administered
the intervention, this should really be considered a snapshot. Thematic analysis revealed one main
theme focused on intervention delivery and outcomes. The themes from this reflection is presented
in Figure 5. Key aspects that were raised by the teacher centred around the needs to plan the
intervention sessions, considered additional workload, that the intervention was more challenging to
run for children with additional needs, and the use of pedometers as being an additional demand on
school time. The teacher suggested solutions to develop the intervention further including using apps-

based technology and/or involving family units more widely.

***Figure 5 here***

Discussion

The present study pilot tested a 10-week integrated curriculum pedometer intervention in 6—7-year-
olds living in a deprived part of England. The results of the present study demonstrate the feasibility
of using an integrated curriculum approach to engage 6—7-year-old children living in deprived areas in
school-based PA. This is the first study to examine the possibility of using integrated curriculum PA
interventions with children in Key Stage 1 of the English curriculum, and also the first to employ an

intervention period lasting a whole term.

The results of the present study suggest that, compared to control group, those children who
undertook the intervention experienced a reduction in body fat percentage and an improvement in

mental well-being and perceived physical competence pre to post. There was no significant change in
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systolic or diastolic blood pressure or motor skills pre to post for intervention for intervention or
control groups, although the study was not formally powered to detect a significant change.
Participation in the intervention itself during school hours contributed approximately 40% of
children’s recommended PA for health. On days where integrated curriculum PA sessions took place
the level of PA was comparable to, or in excess of, school days where statutory PE took place. This is
suggestive that for PA, integrated curriculum days buffered the effect of non-PE days, providing a
means to engage children in school time PA, on days where they traditionally would not be as active.
We therefore argue that this integrated curriculum approach adds value in terms of school-based PA.
Such an assertions aligns with suggestions made by prior authors regarding the potential for school-
based interventions, especially those that embed PA opportunities within the curriculum, to positively
impact multiple health outcomes.***'>1% However, although PA via steps/day was increased during
the intervention period for the intervention group, there was no significant difference in
accelerometer derived PA or sedentary behaviour assessed before and after the intervention period.
This would suggest that participating in the intervention itself increased school-based PA rather than

it leading to PA change post intervention.

From a behaviour change perspective, contextualising the integrated curriculum intervention
trialled in the present study with the COM-B model within the Theoretical Domains Framework>? may
help highlight how and why an integrated curriculum intervention works. According to the COM-B for
a given behaviour to occur an individual must have the capability and opportunity to engage in the
behaviour, and the strength of motivation to engage in the behaviour must be greater than for any
other competing behaviour at a given time. Within the integrated curriculum intervention in the
present study, embedding PA within different curriculum areas works extensively on the opportunity
component of the COM-B model. By embedding PA within different curriculum areas within school
there are a significantly increased number of opportunities to be physically active throughout the day,
which are also reinforced by the social norm of a whole class undertaking the intervention. The use of
open loop feedback, via step counting and including staged section (ie the different train lines on the
London Underground) works on the motivation aspect of the COM-B model. By situating the
interventionin a personal challenge within the whole class, the open loop feedback from step counting
acts on reflective motivation (i.e., participants have a goal which aligns to their intentions) which
subsequently should work on automatic motivation (as the integrated curriculum sessions themselves
should facilitate associative learning habits and drives). The capability aspect of the COM-B is implicit
within the intervention. As the intervention itself focuses on step counts, the participants all have the
physical capability to undertake the task itself. Of note, although the intervention did elicit some

positive changes in some of our outcome variables, there was no effect on our primary outcome



16

variable of PA. The results in the context of behaviour change are explainable in that, when the
intervention was withdrawn, accelerometer derived PA was not different to pre-intervention. Thus,
without the intervention, the opportunity aspect of the COM-B model reverted back to a standard
school curriculum where there were fewer opportunities to engage in PA during the school day, and
the motivation aspect of the COM-B also changed, where the lack of goal driven, open loop feedback
process (via step counting to walk the different stages of the London Underground) may have resulted

in a reduction in motivation to engage in PA behaviour.

Consequently, the results of the present study would suggest that longer term planning is
needed to maintain increases in PA seen during the intervention we trialled in the current study. Use
of behaviour change techniques could be useful here for researchers seeking to implement integrated
curriculum models in schools over a longer period than that used in the present study. However, when
considering this possibility, it is also relevant to bear in mind the qualitative reflection made by the
teacher in the present study. While schools are seen as an environment where PA can be effectively
promoted®® the demand on teaching staff when embedding such interventions in practice needs to
be considered. From the teacher reflection, there was acknowledgement that the intervention had
benefit and was seen as positive, but also that, to undertake it, there was a need to undertake
additional work in terms of planning lessons to link to the step-based challenge, as well as ensuring
that children legged steps effectively during the intervention itself. A logical next step when trying to
further develop the integrated curriculum intervention we have trialled in the present study, may be
to undertake a co-development process with teachers to refine the intervention, whilst also exploring
how to effectively overcome challenges that teaching staff may face when implementing the

intervention, such as the increased planning time noted by the teacher in the present study.

Engaging children living in deprived communities in PA has been identified as a key target for
non-communicable disease prevention.>® Children living in such circumstances are hard to reach and
the school setting is recognised has having significant potential to effect PA promotion. Of particular
concern, children living in deprived areas of England have high levels of inactivity and poorer levels of
their fundamental motor skills.>*>*5> Any opportunity to increase PA is useful in enhancing the health
of a population where 65% of 7-9-year-olds fail to meet PA guidelines for health.> The results of the
current study demonstrate evidence of promise in this regard and, we would suggest, the results of

the present study merit further exploration.

There are many recognised barriers which prevent children living in deprived areas engaging
in the amount of PA needed for health benefit and it is recognised that there are many overlapping,

interrelated and complex factors which influence opportunity to engage in PA for such children.>® The
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socio-ecological model of health®” as applied to PA®® suggests that multiple factors, from intrapersonal
and interpersonal to organisational, community and policy combine to influence opportunity for PA.
This is particularly the case for children living in deprived areas in England.>® The results of the present
study are important in this respect. The integrated curriculum model developed and piloted in the
current study, addresses multiple aspects of the socio-ecological model in unison, targeting
intrapersonal factors at the child level, interpersonal factors at the level of the teacher and school

class and organisational level by targeting the school environment.

The current study is not without limitations, as a pilot study, we recognise that sweeping
conclusions regarding the utility of integrated curriculum interventions for PA cannot be made.
However, the changes observed in the present study are important for public health and merit further
exploration in subsequent research. The results of the present study are also restricted to the age
range and population examined, so may not be extrapolated to other demographics. The research was
also conducted as a pre-post design, so no longer-term follow-up of any effect on outcome variables
was performed. As a pilot study, we ought to explore the potential of the integrated curriculum
approach in 6-7-year-old children living in deprived areas, so a longer-term follow-up was not initially
intended. Including a longer-term follow-up, to examine if the integrated curriculum intervention

resulted in longer-term changes to our outcome variables, would be useful.

Conclusions

The present study suggests that a 10-week integrated curriculum PA intervention is feasible to conduct
in 6-7-year-old children. Mental well-being and body fatness were positively impacted because of the
intervention compared to controls and undertaking the integrated curriculum intervention

contributed approximately 40% of the recommended daily PA for health.

Funding: This research project was funded by the Investigator Initiated Study grant provided to
Professors Jakovljevic and Duncan from Coronary Prevention Group, London, UK. The study design,
data collection, analyses, interpretation of data, and drafting of the manuscript do not reflect the
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Table 1. Mean + SD and 95% Confidence Intervals for primary and secondary outcome variables at pre

and post for intervention (INT) and control (CON) groups

Variables

Pre-Post

INT

Mean#SD [95%Cl]

CON

Mean#SD [95%Cl]

Sedentary Time (mins)

Light PA Time (mins)

Moderate PA Time
(mins)

Vigorous PA Time
(mins)

SBP (mmHg)

DBP (mmHg)

Body fatness (%)

Motor Skills (0-40)

Perceived Physical
Competence (4-16)

SMFQ (0-26)

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

Pre-intervention

Post-intervention

82.2+ 62.0
[58.2-106.2]
118.9+ 56.4
[97.1-140.8]
159.5+ 43.9
[142.9-176.5]
141.5+ 51.5
[121.6-161.5]
63.2+ 25.8
[53.2-73.2]
62.3% 20.9
[54.4-70.3]
1.93+10.2
[53.2-73.2]
0£0
[0-0]
90.2+ 12.4
[85.4-95.0]
81.3+12.7
[76.7-85.8]
61.6+ 8.4
[58.4-64.9]
59.2+ 13.5
[54.0-64.5]
17.9+ 5.6
[15.7-20.1]
17.2+ 4.5
[15.4-19.0]
19.1% 3.5
[17.8-20.6]
19.5+ 3.2
[18.2-20.8]
13.2£3.2
[12.0-14.5]
14.0+ 2.3
[13.1-14.9]
5.2+3.1
[4.0-6.4]
3.0£1.7
[2.3-3.7]

93.5+ 108.2
[39.7-147.4]
139.4+ 121.3
[79.6-200.2]
193.3+ 78.9
[154.0-232.5]
167.8+ 98.4
[118.9-216.8]
73.2+33.9
[56.3-90.1]
52.2+33.2
[35.6-68.7]
0+ 0
[0-0]
0+ 0
[0-0]
83.7+ 18.7
[76.5-91.1]
80.2+ 12.1
[75.8-84.6]
57.8+ 8.1
[54.8-64.7]
58.8+ 7.7
[56.1-61.6]
17.8£3.9
[16.3-19.2]
18.1£ 3.6
[16.8-19.4]
19.9+ 4.7
[18.2-21.7]
20.4+3.9
[18.9-21.8]
13.5+2.7
[12.5-14.5]
13.6% 2.3
[12.8-14.5]
4135
[2.8-5.3]
3.6£2.7
[2.5-4.5]
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Figure 1. Mean % SD of steps accrued during each day of the intervention period identifying days when physically active integrated curriculum activities took

place (Dotted bars) and days when statutory PE took place (Chequered bars).
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Figure 2. Mean and individual data for percent body fat, pre and post for intervention and control

groups
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Figure 3. Mean and individual data for Short Mood and Feeling Questionnaire (0-26, lower scores =

better mental well-being), pre and post for intervention and control groups
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Figure 4. Mean and individual data for Perceived Movement Competence (0-16, higher scores = more

positive perception of own physical ability), pre and post for intervention and control groups

‘The kids liked it, and really
got the idea, they were
engaged and really liked
ownership of logging their
steps’

‘Might be more
effective if it was a bit
more automated, like

an app and used
something like fitbit”

‘It took some planning to really
think about using the steps
challenge as part of lessons,

maybe just doing the step

challenge separate to the
curriculum would work just as
well”

‘The link to the curriculum
and what we are doing was Teacher Reflections on the
nice and having to record Intervention
the steps every day around
the tube has helped develop
their knowledge of London’

‘Was more challenging for
some children, those with
additional needs, not the
activity, but the process around
it with the maps and logging
steps’

‘The pedometers can be a bi
problematic, children losing
them, and it placed more
demand on our time, to
make sure they were logging
steps, sometimes not all of
them did”

‘Could be really good if
it was done with
families as well, a

school-family challenge’

‘It encouraged them to
think more about being
active and doing more
activity in the day’

Figure 5. Teacher reflections on the intervention.
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