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Abstract

Physical activity is associated with improved physical and mental health in
preschool-aged children. Physical activity behaviours established in early
childhood track into adulthood. This mixed methods thesis comprises three
studies which explored physical activity and sedentary time in 2-4-year-old
children.

An epidemiological study of data from the International Children’s
Accelerometry Database found that 30.0% and 21.2% of 3-4-year-old children
from four high-income countries did not engage in internationally-
recommended daily total physical activity (2180 minutes) and moderate-to-
vigorous physical activity (=60 minutes). Variations in activity levels were
observed in relation to 10 potential correlates (age, gender, country, season,
ethnicity, parental education, day of the week, time of sunrise, time of sunset and
hours of daylight).

Next, codebook thematic analysis was used to qualitatively explore mothers” and
fathers’ perspectives on the barriers and facilitators to increasing physical activity
and decreasing sedentary time in 2-4-year-old children. A broad range of barriers
and facilitators were identified across parents’ social and structural
environments, which highlighted socioeconomic and racial inequalities in access
to activity opportunities. Themes included: children’s characteristics and
circumstances; interactions with other children; parents’ priorities and
circumstances; parents’ social networks and information sharing; home and
childcare environments; organisation-run activities; local authority, council and
community-run opportunities; and accessibility and the environment. Mothers
were observed to have the main role in children’s activity behaviours compared
to fathers due to an unequal division in work and childcare.

In the final study, quantitative analyses on acceptability and reliability found that
two newly developed questionnaires were appropriate for measuring key
parental and nursery staff mediating factors (self-efficacy, motivation and
knowledge) towards changing 2-4-year-olds” activity behaviours.

This thesis suggests that 2-4-year-old children may not have equal access to a
wide range of physical activity opportunities. Policy, practice and research
responses need to promote physical activity through enhanced surveillance,
public health interventions and systems-based approaches.
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CHAPTER 1. INTRODUCTION

1.1. Overview

This chapter sets the scene for the thesis and introduces the international and
national public health context of preschool-aged children (section 1.2) and
discusses the definitions (section 1.3) and influences of physical activity and
sedentary time in young children’s health and development (section 1.4). In
sections 1.5 and 1.6, I provide a summary of how physical activity and sedentary
behaviours are measured and the levels of physical activity and sedentary
behaviours currently displayed by preschool-aged children. I present how global
and local policy contexts relate to reducing inactivity in section 1.7. I conclude
this chapter by outlining the thesis aims and research questions (section 1.8) and

the mixed methods approach used (section 1.9).

1.2.  Public health context for preschool-aged
children

According to the World Health Organisation (WHO), 39% of adults aged over 18
years-old were overweight (body mass index (BMI) > 25) and 13% of adults were
obese (BMI = 30) in 20163. This reflects a three-fold increase in global obesity rates
since 1975%. In England, 35% of adults were overweight and 28% obese in 20184,
The risk of developing non-communicable diseases such as type 2 diabetes,

1



cardiovascular diseases, musculoskeletal disorders and some cancers is raised
with increases in BMI3. One analysis has estimated that obesity costs the United
Kingdom (UK) £58 billion annually®. This figure includes: National Health
Service (NHS) costs (e.g. primary care, hospitalisations, medications and
antidepressants); individual costs (i.e. loss of quality of life); wider costs (e.g. loss
of workplace productivity and social care costs); and COVID-19 costs (i.e. higher
probability of hospitalisation and death)®. Alongside improvements in dietary
patterns, overweight/obesity and related non-communicable diseases can be
prevented in part by engaging in regular physical activity and reducing physical

inactivity?3.

For children under the age of five, overweight and obesity are defined as having
a standardised BMI (zBMI) score that is two and three deviations higher than the
WHO Child Growth Standards median, respectively?. Globally, the number of
overweight and obese children under the age of five was estimated at 39 million
in 2020%. In England, the National Child Measurement Programme survey
calculated that 13.3% of 4-5-year-old children were overweight and a further
14.4% obese in the 2020/2021 school year, which has increased from 13.1% and
9.9% respectively, in 2019/2020¢. Children living with obesity are at greater risk
of conditions such as hypertension, breathing difficulties, fractures, insulin
resistance and psychological effects3. Childhood obesity is also a predictor of

obesity, disability and premature death in adulthood3 7. Conversely, being



physically active in early childhood is positively associated with several health
indicators®12 (see section 1.4), including psychosocial health!3, cognitive

development!4, fundamental motor skills!®> and motor development!®.

In combination with maintaining a healthy diet, increasing physical activity and
decreasing time spent being sedentary plays a key role in the primary and
secondary prevention of overweight and obesity'”-18. Being physically active and
reducing inactivity in preschool-aged children is also beneficial to young
children’s health and development (see section 1.4)3-12. It is therefore imperative
that promoting physical activity in this age group is considered a public health
priority. Evidence suggests that physical activity and sedentary behaviour
patterns track from early childhood (0-5-years-old) into adolescence, making the
early years a key time to promote beneficial physical activity behaviours'®. When
referring to preschool-aged children throughout this thesis, I will be discussing
2-4-year-old children, which is in line with international and UK physical activity
guidelines and research (see section 1.6). This is to ensure that the thesis findings
are relevant to this age group, where it is assumed that able-bodied children can
fully engage with physical activities, and before these children have begun

formal schooling in the UK.



1.3. Defining physical activity and sedentary

behaviour

Physical activity (PA) can be defined as any bodily movement produced by
skeletal muscles that results in energy expenditure (>1.5 metabolic equivalent
(METs))?0. Physical fitness refers to a set of attributes that individuals must
achieve which are either health- or skill-related and can be measured with
specific tests?0. Exercise is a subcategory of physical activity involving planned,
structured and repetitive bodily movement, done to improve or maintain
physical fitness components?. Although children under the age of five can
exercise, they are more likely to engage in physical activity through play, which
can be described as being voluntary, enjoyable, imaginative and without having
a specific goal in mind?!. Unstructured play is primarily child-led, and has no
particular outcome or rules, allowing children to work on decision-making and
discovery on their own, whereas structured play has a set outcome in mind and
is often adult-led??. In contrast to physical activity, sedentary behaviours (SB)
consist of any waking behaviours which are characterized by an energy
expenditure <1.5 METs while in a sitting, reclining or lying position??. Sedentary
time (ST) refers to periods spent sitting, which for children under five-years-old
could include sitting in high-chairs, buggies or listening to a story?!. Sedentary

screen time refers to passive engagement with screen-based entertainment?!.



1.4. Importance of physical activity for health

and development

Two systematic reviews by Timmons et al® and Carson et al® found beneficial
associations between physical activity and a wide range of health indicators in 0-
4-year-olds, which included: adiposity; bone and skeletal health; motor skill
development; psychosocial health; cognitive development; cardiometabolic
health; and physical fitness. The authors of the more recent review? consistently
found that more physical activity in terms of frequency and duration was better
for young children’s health indicators and highlighted the importance of children
in the early years being physically active. A systematic review by LeBlanc et all®
found that increased television (TV) viewing was unfavourably associated with
adiposity, psychosocial health and cognitive development scores. A more recent
systematic review by Poitras et al'! also found that increased screen time was
positively associated with adiposity measures and negatively associated with
measures of psychosocial health, motor and cognitive development. The authors
however observed that some included studies showed null associations!l.
Associations between objectively measured sedentary time and adiposity and
motor development were either unfavourable or null whereas time spent
reading/storytelling showed beneficial or null associations!!. Dose-response
relationships were evident in terms of increased television watching and

decreased cognitive development and psychosocial health!l. However, the



authors highlighted that further data is needed to look at the appropriate types,
patterns and durations of sedentary behaviour needed to promote optimal health
outcomes!% 1. None of the included studies reported on associations between
sedentary behaviours and bone and skeletal health or cardiometabolic health

indicators10 11,

A systematic review by Rollo et al'? assessed adherence to 24-hour movement
guidelines (which is a compositional mix of physical activity, sedentary
behaviour and sleep recommendations) and health indicators across the lifespan.
The findings showed that adherence to the 24-hour movement guidelines was
beneficially associated with social-cognitive development, health-related quality
of life and behavioural and emotional problems among preschool-aged (3-4-
years-old) children but not associated with adiposity among toddlers (1-2-years-
old)!2. Favourable associations were also found between the composition of 24-
hour movement behaviours with adiposity, bone and skeletal health among
preschoolers’2. All the reviews812 identified a few important limitations with
including many low-quality evidence studies and the need to carry out narrative
syntheses instead of quantitative meta-analyses, due to the heterogeneity in
outcome measurements across the included studies. The evidence therefore
signals the need for higher quality studies to be conducted with stronger study

designs (e.g. longitudinal) and standardised outcome measurement protocols, to



assess the associations between physical activity, sedentary time and health

indicators in preschool-aged children.

1.5. Measurement of physical activity and

sedentary behaviours

It is essential to measure physical activity/sedentary time and sedentary
behaviours in preschool-aged children for: surveillance; guideline adherence; to
inform policy and intervention development; and to establish the effectiveness of
interventions and policies designed to target these behaviours?* 2. Physical
activity and sedentary behaviours can be measured using a variety of different
tools: proxy self-report measures (e.g. diaries, parent questionnaires); device-
based measurement tools (e.g. accelerometers, heart rate monitors); energy
expenditure measures (e.g. whole room calorimetry, doubly labelled water); and
direct observation?. To be appropriate for the preschool-aged population, the
choice of measurement tool needs to reflect: their reduced cognitive abilities?”
and inability to self-report their own behaviours; their sporadic movement
patterns?; and their increased likelihood of interfering with device-based

measurement tools?.

A recent review by Phillips et al?¢ examined the reliability, validity and feasibility
of measurement tools used to assess physical activity and sedentary behaviour

in preschool-aged children. The authors concluded that based on the available
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evidence, accelerometers (Actigraph, Actical and ActivPAL) have the best
measurement properties for physical activity and sedentary time in preschoolers
and should be the tool of choice when possible; ideally used with proxy reported
measurement tools for contextual information, which is not collected by device-
measurement tools?¢. The authors also found that Fitbits (Flex and Zip) may be
appropriate for physical activity measurement, and that proxy measurements

can provide valid data when budgets are limited?.

1.6. Levels of physical activity and sedentary

time in preschool-aged children

The WHO recommend that able-bodied children aged 1-4-years-old should
spend at least 180 minutes per day in a variety of types of physical activities, with
3-4-year-olds spending at least 60 minutes of this time engaging with moderate-
to-vigorous activity (active play)?l. The WHO also recommend that 1-4-year-olds
should not be sedentary for more than 60 minutes at a time, with 2-4-year-olds
having sedentary screen time limited to a maximum of one hour per day?!. The
UK Chief Medical Officers have the same physical activity recommendations as
the WHO for healthy, typically developed toddlers (1-2-years-old) and
preschoolers (3-4-years-old) but do not have specific sedentary or screen time
guidelines3? (see Figure 1). The only available, and most nationally representative
physical activity and sedentary time data in England is from the Health Survey

for England, which found that 9% of 2-4-year-olds were classified as meeting the
8



guidelines of 180 minutes of physical activity per day in 20153!. Approximately
4% and 9% of 2-4-year-olds spent six hours or more in sedentary time on
weekdays and weekends respectively3l. Further, 83% of 2-4-year-olds did less
than one hour of physical activity either on all or some days of the week3!. It is
important to recognise however, that while these data were collected from a
representative sample of children, the survey used a parent-reported assessment
of physical activity which is a less accurate method of measuring physical activity

and sedentary time?26.31.



Figure 1: Infographic of the UK physical activity guidelines for early years30
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Individual studies®?-37 have assessed adherence to nationally recommended
guidelines3¥-40 in their study populations using objectively measured physical
activity and proxy self-reported screen time. Internationally, the percentage of
preschool-aged children meeting recommended guidelines of 180 minutes of
physical activity per day ranged from 5.1%3* (Australia) to 100%32 33 (UK), with
one study® (Canada) finding that 13.7% spent at least 60 minutes in moderate-
to-vigorous physical activity (MVPA) per day. Other studies have found that
17.3%% (Australia) to 24.4%3¢ (Canada) of preschool-aged children met screen
time guidelines of less than one hour per day. However, it is not possible to
compare these study findings due to differences in the accelerometry processing

protocols and self-report measures which were applied in each study.

A systematic review by Pereira et al*! conducted a meta-analysis of
accelerometry-measured sedentary time in early childhood. The meta-analysis
found that a sample of 14,598 2-5-year-olds from 50 studies spent 51.4% of their
waking time in sedentary time#!. As mentioned earlier, the authors discussed the
need for higher quality evidence involving the use of age-appropriate
measurement devices, validated accelerometry cut points and accelerometry
wear time criteria*!. A recent systematic review by Tapia-Serrano et al*?
conducted a meta-analysis to assess the proportion of children who met 24-hour
movement guidelines?!. In the sample of 11,768 3-5-year-olds from 26 studies in

14 countries, the authors found that 11.3% met all three movement guidelines

11



and 8.81% did not meet any of the 24-hour movement recommendations*?. The
inclusion of studies with different self-report and device-based physical activity
and sedentary behaviour measurements introduced some limitations regarding
the validity and reliability of the analyses*?. The authors also discussed that bias
may have arisen from the 24-hour movement guidelines that were implemented
in Canada, Australia, New Zealand, South Africa and Asia-Pacific between 2016

- 202142,

1.7.  Physical activity and sedentary behaviour

policies for preschool-aged children

In 2018, the WHO released a global action plan which provided updated
guidance and a framework of feasible and effective policy actions that countries
could implement to promote physical activity at all levels using a systems-based
approach®. The WHO'’s goal is to globally reduce inactivity by 10% by 2025 and
by 15% by 203043. The plan outlines four objectives: create active societies - social
norms and attitudes; create active environments - spaces and places; create active
people - programmes and opportunities; and create active systems - governance
and policy enablers®. It also presents 20 policy actions that are universally
applicable to all countries in considering individual, cultural and environmental
factors of inactivity3. Implementation of effective whole systems-based
approaches requires dedicated leadership and the WHO have stated that they

will logistically and financially support countries to co-ordinate multisectoral
12



and cross-government partnerships to reduce inactivity across all ages and
abilities*3. One of the first barriers to implementing policy changes and systems-
based approaches is that this requires a high degree of political and
governmental agency. It also requires that these bodies acknowledge the public
health priority of increasing physical activity and decreasing sedentary time in
under-fives. This highlights the important role of academic researchers in

providing evidence and recommendations to appropriate stakeholders.

In the UK, the government’s “‘Childhood Obesity: A Plan for Action’ report was
published in 2016, which outlined strategies to reduce rates of childhood obesity
over the following 10 years*. The report was condemned by several
stakeholders, who criticised its lack of accountability and mandatory
recommendations, and for the removal of strategies before publication relating
to restricting junk food advertising and promotions*> 4. The report’s only
reference to physical activity in the early years was the updating of the Early
Years Foundation Stage Framework to include the UK guidelines for physical
activity®0 44, In the second report which was published in 2018, it stated that
Ofsted would be conducting research into what curriculum best supports
physical development in the early years, which is limited as teaching 2-4-year-

olds about healthy behaviours is unlikely to lead to behaviour change?’.

Ensuring that children have the best start in life was identified as a priority within

Public Health England’s five-year strategy, which runs from 2020 to 202548. At
13



the local authority level in England, public health teams are responsible for
commissioning the Healthy Child Programme, which aims to help establish a
healthy life for all children#’ 0. The ‘Pregnancy and first five years of life” part of
the programme is run by health visitors, who offer families a programme of
immunisations, screening tests, developmental reviews and information and
guidance to help support parents to make healthy choices# %0. This includes the
identification of early risk factors for obesity and supporting parents to promote

healthy physical activity behaviours to reduce the risk of obesity4% 3.

1.8. Thesis aims and research questions

The overall aim of the PhD is to build on the work and challenges identified
above by using a mixed methods approach to explore physical activity and
sedentary time in preschool-aged children. I will be exploring the levels, factors,
barriers and facilitators associated with physical activity and sedentary time in
preschool-aged children. The findings from the thesis may be used to inform the
design of interventions and policies to decrease sedentary time and increase
physical activity levels in under-fives in the UK. The PhD components aim to
address the research questions and gaps in the literature that have been identified
in the Introduction (Chapter 1) and Literature Review (Chapter 2). The thesis

research questions are summarised below:
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1. What are the levels and potential correlates of sedentary time and physical
activity in preschool-aged children (Chapter 3)?

2. What does the most methodologically robust evidence show in terms of
factors associated with changes in physical activity and sedentary time in
preschool-aged children (Chapter 2)?

3. What are the barriers and facilitators of increasing physical activity and
decreasing sedentary time in preschool-aged children (Chapter 4)?

4. What self-report measures could be used to assess mediating factors
relating to parents’ and nursery staff’'s self-efficacy, motivation and

knowledge towards preschoolers” activity behaviours (Chapter 5)?

The thesis is organised into six chapters. In Chapter 2, I summarise existing
systematic review findings on the correlates and determinants of physical
activity and sedentary time, to explore potential behaviour change intervention
targets. Chapter 3 is a quantitative study which aims to demonstrate this public
health priority by determining the levels of objectively measured physical
activity and sedentary time in preschool-aged children internationally. Chapter
3 also aims to assess correlates of physical activity and sedentary time in under-
fives, to identify factors which may enable or limit physical activity. The
qualitative study I report in Chapter 4 aims to identify parents’ views of barriers
and facilitators to preschoolers” activity. In Chapter 5, I present a quantitative

study to evaluate the reliability of questionnaires which measure mediating
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factors associated with physical activity and sedentary behaviours in 2-4-year-
olds. Chapter 6 provides an overall discussion of the thesis findings and the

implications that arise from the work.

1.9. Mixed methods research in the context of the

thesis

Mixed methods can be described as a third research paradigm where a
combination of quantitative and qualitative methods are used in a single study
to analyse data and integrate findings®!. Mixed methods research is commonly
used in health services research and is guided by pragmatism rather than
principle. A key concept is that no single approach (such as quantitative
methods) can provide a complete understanding of complex health care research
questions, which require multiple ways of looking at them52. ‘Pragmatists” argue
that there is a false dichotomy between quantitative and qualitative research and
encourage the use of both methods®. Quantitative methods can be used to
address the “what’ research questions whereas qualitative methods address the
‘why” of different but related research questions®. Using mixed method
approaches allows for the strengths of one method to counterbalance the
limitations of another method, for example, qualitative methods can be used to
explain findings identified from quantitative methods?®. O’Cathain® et al refer to
three analytical techniques for integrating data from quantitative and qualitative

studies in mixed methods research:
16



Triangulation protocol®® is when separate quantitative and qualitative
studies are conducted to address different objectives within an
overarching research question. The study findings are combined at the
interpretation stage to observe convergence, discrepancy and
complementarity between the study findings. This method also looks for
‘silences” where findings or themes identified in one method are not found
in another.

Following a thread®® describes themes or research questions which are
identified at the initial analysis stage of each component; then the theme
or question from one component is investigated further across other
components.

The mixed methods matrix>¢ approach involves conducting quantitative and
qualitative methods on the same cases within a study, therefore allowing

cases to be studied at the analysis stage of the mixed methods study.

The thesis will use a triangulation protocol®¢ analytical approach (see Figure 2) to

address the overall aim of the thesis through conducting separate quantitative

and qualitative studies and corroborating study findings in the discussion

chapter (Chapter 6). Another possible view is that the thesis could be described

as a multimethod study, which can be defined as the collection of data from

different sources using different research methods, to produce results which will

help explain human and social behaviour®’. The terms ‘mixed methods” and

17



‘multimethods” have been used synonymously amongst researchers, making it
more difficult to differentiate between the two definitions®. However, the
integration of findings from the different studies is a key part of mixed methods
research, which is not required in multimethods research®. As I have employed
a triangulation protocol approach to analyse the study findings in the discussion
chapter of the thesis, my PhD can be described as mixed methods research®.
Figure 2 provides an overview of the thesis structure by chapter, research

objective and methods.
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Figure 2: Structure of the thesis within the context of mixed methods research

Chapter 1

Introduction

and in the UK

Objective: Introduce the topic and context of physical activity and sedentary behaviour in preschool-aged children globally

v

Chapter 2

Literature Review

in the thesis

Objective: Summarise the existing literature and gaps in
research surrounding physical activity and sedentary
behaviour in preschool-aged children and discuss how the
findings have been used to inform the research conducted

Objective: To explore the known factors associated with
changes in physical activity and sedentary time in preschool-

aged children

Method: Critical appraisal using the ROBIS tool and summary
of existing systematic reviews assessing factors associated
with changes in physical activity and sedentary time in

preschool-aged children

L

Chapter 3

Chapter 4

Chapter 5

Quantitative Study

Qualitative Study

Quantitative Study

Objective: To determine the levels
and potential correlates of physical
activity and sedentary time in 3-4-
year old children in four high-
income countries

Method: Individual-participant
meta-analysis of accelerometry
data from the MRC Epidemiology
Unit's International Children's
Accelerometry Database (ICAD)

Objective: To investigate
parents’ perspectives on the
barriers and facilitators to
increasing physical activity
and decreasing sedentary
time in 2-4-year olds in
England

Method: In-depth qualitative
telephone interviews with

40 parents of 2-4-year olds

A4

Objective: To evaluate self-report
measures which assess parents’ and
nursery staff's seli-efficacy, motivation and
knowledge towards 2-4-year olds’ activity
behaviours in England

Method: Acceptability, internal consistency
and test-retest reliability analyses of
questionnaires developed for the Nutrition
and Physical Activity Self-Assessment for
Childcare (NAP SACC) UK feasibility study

o\

Chapter 6

Discussion

Objective: Summarise and corroborate the main study findings from each chapter in relation to the wider literature and
discuss the implications for future research, policy and practice

Note: Black arrows indicate where findings have been used to inform aspects of the
study/chapter. Pink arrows indicate the triangulation protocol approach in corroborating the
study findings to address the overall aim of the thesis.
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CHAPTER 2. LITERATURE REVIEW

2.1. Overview

In Chapter 1, I introduced the public health context of the need to increase
physical activity and decrease sedentary time in 2-4-year-old children in the UK,
and listed the four research questions that this thesis aims to address. This
literature review chapter provides a critical summary of the existing literature
related to the focus of the PhD and provides a rationale for conducting the
different components of the thesis. Throughout the chapter, I discuss how the
findings from the literature have been used to inform the research that has been

conducted as part of the PhD.

The first section of this chapter (section 2.2) critically appraises key systematic
reviews which have assessed factors associated with physical activity and
sedentary time in preschool-aged children. I outline how the research gaps I
identified across these reviews are addressed in the study I present in Chapter 3
and throughout the thesis. To inform Chapter 4, I critically evaluate existing
qualitative literature and research on physical activity and sedentary time in
preschoolers (section 2.3). Finally, in section 2.4, I outline physical activity

interventions and introduce the importance of assessing mediating factors
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relating to the activity behaviours of 2-4-year-olds, to support the work presented

in Chapter 5.

2.2.  Summary of existing literature relating to
factors associated with physical activity and

sedentary time in preschool-aged children

2.2.1. Critical appraisal of quantitative reviews
assessing factors associated with physical activity
and sedentary time in preschool-aged children

In this section (2.2.1) I describe how I identified and critically appraised

systematic reviews which assessed factors associated with physical activity and

sedentary time in preschool-aged children. In section 2.2.2 I discuss the
limitations highlighted by these reviews in terms of assessing the levels and
correlates of activity measures and how I will address these limitations in

Chapter 3. In section 2.2.3 I summarise the findings from these reviews and

answer Research Question 2 of the thesis: ‘What does the most methodologically

robust evidence show in terms of factors associated with changes in physical activity and
sedentary time in preschool-aged children?’. In section 2.2.4 1 describe the
overarching limitations and gaps in the research and how I intend to address

them with the thesis.
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At the start of my PhD, I used a systematic approach to identify and critically
appraise relevant systematic reviews, to inform the direction of the thesis. The
aim of the initial literature search was to identify systematic reviews relating to
factors that are associated with physical activity and sedentary time in preschool-
aged children. I focussed on reviews as they can provide more reliable
conclusions compared to looking at individual studies and can be used to
identify gaps in the literature®. Appendix 1 shows the search strategy that was
used to identify the relevant reviews. The following databases were searched in
2018: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present,
Cochrane Library and PROSPERO. I chose these databases as they are suitable
for finding internationally published and prospective reviews in the field of
medicine and healthcare. Results from the literature searches were exported into
EndNote X9. Titles, abstracts and full texts were screened in line with the PECO
eligibility criteria: preschool-aged children; sedentary time and/or physical
activity; correlates, determinants; and reviews. Reference lists of identified

papers were checked for additional reviews.

Appendix 2 summarises the content of the identified systematic and narrative
reviews (n = 6) of quantitative studies which have assessed factors associated
with sedentary time and physical activity in preschool-aged children. Across the

reviews, factors are referred to as either correlates or determinants. Correlates
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can be described as cross-sectional statistical associations or correlations between
measured variables and activity outcomes®®. Determinants are longitudinal
factors in which temporal associations may be observed over time and variations
in these factors lead to systematic variations in physical activity and sedentary
behaviours®. The information in Appendix 2 has been presented in line with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist®l. The reviews by Bingham et al®> and Hesketh et al®® adhered to the
PRISMA reporting guidelines in full whereas the other reviews did not report
some aspects. The reviews were published between 2008 and 2017. Four>% were
named as systematic reviews in their titles, whereas the other two®: 7 were not

described as systematic reviews.

I critically appraised the identified systematic reviews to judge the quality of
their evidence and whether it was appropriate to use their conclusions to inform
the various components of the thesis. I used the Risk Of Bias in Systematic
Reviews (ROBIS)®8 to assess the risk of bias in the identified systematic reviews,
as this can be tailored to assess reviews which have synthesised evidence using
different study designs. Table 1 provides a summary of these risk of bias

assessments where I adhered to the guidance featured on www.robis-tool.info in

performing these assessments. Phase one (not included in Table 1) involved
determining whether the identified reviews were relevant to addressing the

research question i.e. whether they quantitatively assessed factors associated

23


http://www.robis-tool.info/

with activity measures in preschool-aged children. Phase two involved four
domains relating to concerns regarding bias: 1) study eligibility criteria; 2)
identification and selection of studies; 3) data collection and study appraisal; and
4) synthesis and findings. Each domain requires a rating of low, high or unclear
concern. Phase three considers the findings from Phase two in summarising the

overall risk of bias of the review, categorised as low, high or unclear risk of bias.
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Table 1: Assessment of the risk of bias of reviews exploring factors associated with sedentary time and physical activity in preschool-aged children using

the ROBIS tool (Phase 2 and Phase 3)

PHASE 2

DOMAIN 1: STUDY ELIGIBILITY CRITERIA

Bingham et al®?

De Craemer et al®

Hesketh et al®3

Hinkley et al®

Hinkley et al®”

Li et al®®

1.1 Did the review adhere to
pre-defined objectives and
eligibility criteria?

PY

PY

Y

PY

PY

PY

1.2 Were the eligibility
criteria appropriate for the
review question?

1.3 Were eligibility criteria
unambiguous?

1.4 Were all restrictions in
eligibility criteria based on
study characteristics
appropriate?

1.5 Were any restrictions in
eligibility criteria based on
sources of information
appropriate?

PN

PN

PY

PN

PN

PN

Concern for specification of
study eligibility criteria

High concern

High concern

Low concern

High concern

High concern

High concern
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No study protocol No study protocol | No study protocol
but objectives and | No study protocol but objectives and | but objectives and
eligibility criteria | but objectives and eligibility criteria | eligibility criteria
appear to be pre- eligibility criteria appear to be pre- | appear to be pre- No study
defined. Only appear to be pre- Only full-text defined. Only defined. Only protocol but
included defined. Only 0 included included objectives and
published, peer- included full-text Stl:vcﬁiejhl?;;ugeed published, peer- published, peer- | eligibility criteria
Rationale for concern reviewed studies | studies which can justified given the reviewed studies | reviewed studies | appear to be pre-
which can be be justified given . which can be which can be defined.
justified given the the narrative syn tﬁzls:::;ho d justified given the | justified given the Unjustified in
narrative synthesis method narrative narrative restricting to
synthesis method | used. Unjustified in used. synthesis method | synthesis method | English language
used. Unjustified restricting to used. Unjustified | used. Unjustified studies only.
in restricting to English language in restricting to in restricting to
English language studies only. English language | English language
studies only. studies only. studies only.
DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES
Bingham et al®? De Craemer et al* Hesketh et al® Hinkley et al® Hinkley et al®” Li et al®
2.1 Did the search include an
appropriate range of
databases/ electronic sources Y PN Y Y Y Y
for published and
unpublished reports?
2.2 Were methods additional
to database searching used to Y Y Y Y Y Y

identify relevant reports?
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2.3 Were the terms and
structure of the search
strategy likely to retrieve as
many eligible studies as
possible?

PN

PN

PN

PN

PN

2.4 Were restrictions based
on date, publication format,
or language appropriate?

2.5 Were efforts made to
minimise error in selection of
studies?

NI

NI

Concern regarding methods
used to identify and/or
select studies

Low concern

High concern

Low concern

High concern

High concern

Low concern

Inadequate search

Inadequate search
terms and

Inadequate search
terms and

terms and L. ..
Inadequate search combinations. C(?mblnatlgns. No C(?mb1nat19ns. No Inadequate

Rationale for concern terms and PubMed search mformatl.on on mformatl.on on search terms and

combinations only but screening screening combinations

’ ADDIO ri}; te for the abstracts and abstracts and ’
tp pe gf literature titles or full-text titles or full-text
yp ’ assessment. assessment.

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL

Bingham et al®? De Craemer et al* Hesketh et al® Hinkley et al Hinkley et al®” Li et al®®
3.1 Were efforts made to
minimise error in data Y NI Y NI NI NI

collection?
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3.2 Were sulfficient study
characteristics available for
both review authors and
readers to be able to interpret
the results?

3.3 Were all relevant study
results collected for use in
the synthesis?

NI

3.4 Was risk of bias (or
methodological quality)
formally assessed using
appropriate criteria?

3.5 Were efforts made to
minimise error in risk of bias
assessment?

NI

Concern regarding methods
used to collect data and
appraise studies

Low concern

High concern

Low concern

High concern

High concern

Unclear concern

Rationale for concern

No information
regarding data
extraction. Risk of
bias not formally

Not clear whether
risk of bias
assessment was
conducted by two

No information
regarding data
extraction. Risk of
bias not formally

No information
regarding data
extraction. Risk of
bias not formally

No information
regarding data
extraction or

independent results collected.
assessed. . assessed. assessed.
reviewers.
DOMAIN 4: SYNTHESIS AND FINDINGS
| Binghametal® | DeCraemeretal® | Heskethetal®® | Hinkleyetal®® | Hinkleyetal? | Li et al®
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4.1 Did the synthesis include
all studies that it should?

NI

NI

4.2 Were all pre-defined
analyses reported or
departures explained?

NI

NI

NI

NI

NI

4.3 Was the synthesis
appropriate given the nature
and similarity in the research
questions, study designs and
outcomes across included
studies?

PY

PY

PY

PY

PY

4.4 Was between-study
variation (heterogeneity)
minimal or addressed in the
synthesis?

4.5 Were the findings robust,
e.g. as demonstrated through
funnel plot or sensitivity
analyses?

PN

PN

PN

PN

PN

4.6 Were biases in primary
studies minimal or
addressed in the synthesis?

Y

N

N

N

N

N

Concern regarding the
synthesis and findings

High concern

High concern

High concern

High concern

High concern

High concern

Narrative Narrative synthesis Narrative No information/ | No information/ Risk of bias
Rationale for concern synthesis method method synthesis method flow chart flow chart assessment
appropriate, but appropriate but appropriate but | available to assess | available to assess results not
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not the quantitative quantitative numbers. numbers. incorporated in
quantitative element not due to | element not due Narrative Narrative synthesis.
element not due heterogeneity in to heterogeneity | synthesis method | synthesis method
to heterogeneity | outcomes. Different in outcomes. appropriate but appropriate but
in outcomes. A approach could Different quantitative quantitative
different lead to different approach could element not due element not due
approach could conclusions but lead to different to heterogeneity to heterogeneity
lead to different justified due to conclusions but in outcomes. in outcomes.
conclusions, but limited literature. justified due to Different Different
justified due to Risk of bias not limited literature. approach could approach could
limited literature. assessed. Risk of bias lead to different lead to different
assessment conclusions but conclusions but
results not justified due to justified due to
incorporated in | limited literature. | limited literature.
synthesis. Risk of bias not Risk of bias not
assessed. assessed.
PHASE 3: RISK OF BIAS IN THE REVIEW
Bingham et al®? De Craemer et al* Hesketh et al® Hinkley et al® Hinkley et al®” Li et al®
A. Did the interpretation of
findings a.ddre-ss. all.of the PY N PY N N N
concerns identified in
Domains 1 to 4?
B. Was the relevance of
identified studies to the Y Y y Yy Yy Y

review's research question
appropriately considered?
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C. Did the reviewers avoid
emphasizing results on the

Rationale for risk

inclusion of low-
quality studies
stated as
limitations.

identified in Phase
two were not
addressed in the
review discussion
or conclusions.

Risk of bias scores
not incorporated
or justified but
may be due to a
lack of literature.

Phase 2 were not
addressed in the
review discussion
or conclusions.

Phase 2 were not
addressed in the
review discussion
or conclusions.

basis of their statistical Y Y Y PY PY Y
significance?
Risk of bias in the review Low risk of bias High risk of bias Low risk of bias High risk of bias | High risk of bias | High risk of bias
Limitations in Inclusion of
Exclusion of non- | synthesis method | published studies Concerns
. . Concerns Concerns . .
English discussed. The only stated as . A . A identified in
.2 . D . identified in identified in
publications and | remaining concerns | publication bias. Phase 2 were not

addressed in the
review
discussion or
conclusions.

Note: Y=Yes, PY=Probably Yes, PN=Probably No, N=No, NI=No Information
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Using the ROBIS tool, the systematic reviews by Bingham et al®> and Hesketh et
al®3> were rated as having a relatively low risk of bias whereas the other four
reviews®-” had a relatively high risk of bias. The rationale sections in Table 1
provide a more detailed description of the concerns and bias risk. In general, the
reviews had the following issues: no study protocols; the inclusion criteria were
limited to English language studies only; inadequate search terms and
combinations to identify all relevant studies; limited or no information on data
extraction methods; no form of risk of bias assessment or description of how these
assessments have been reflected in the analysis; and the use of narrative synthesis
methods. Although the reviews by Bingham et al®? and Hesketh et al®® had their
limitations, the authors appropriately discussed these limitations and the
impacts on the findings and therefore these two systematic reviews® ¢ were

deemed to be of low risk of bias.

The findings from this assessment highlight the limitations with using the ROBIS
tool. For example, differentiations between the levels of concerns and overall risk
of bias in Phases two and three were limited to just three categories: low, high or
unclear. There is a subjective element to judging the concerns and risk of bias
which may lead to different conclusions if undertaken by someone else.
Similarly, judgements may have been based on comparisons between the
different reviews and therefore, different conclusions may have been reached if

different reviews were critiqued. The ROBIS tool provides a framework which
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allows researchers to systematically and thoroughly assess where biases may
have been introduced in the design and conduct of systematic reviews®. One of
the strengths of using the ROBIS tool in the early stages of the PhD is that it made
me appreciate the importance of designing and conducting high quality studies
and reducing the introduction of bias where possible. The ROBIS tool influenced
my use of other reporting checklists (e.g. Consolidated Criteria for Reporting
Qualitative Research (COREQ)®’) when designing and writing up the studies
from my PhD. Where the introduction of bias was unavoidable, I made sure to
discuss the implications of bias on the study findings, which some of the reviews
I assessed with the ROBIS tool failed to do so appropriately. Whilst it is important
to acknowledge that the risk of bias assessments have these limitations, their use

in directing the next stages of the thesis can still be considered appropriate.
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2.2.2. Assessing the levels and correlates of physical
activity and sedentary time in preschool-aged
children

Establishing the proportion of preschool-aged children reaching recommended

physical activity and sedentary time guidelines is important for informing public

health research and funding priorities’? 7! (as discussed in Chapter 1). Most of
the reviews62-64 66,67 discussed in section 2.2.1, which assessed factors associated
with physical activity and sedentary time in preschoolers, struggled to synthesise

the study findings or to conduct meta-analyses due to study variability in the: a)

measures of physical activity and sedentary time; b) measures of associated

factors; c) accelerometer cut points; and d) covariates used in the regression
models. The authors of one review® mentioned that some of the included studies
stratified their analyses (e.g. by gender), which may have affected the results
relative to looking at the whole sample. Future studies need to consider how they
can consistently measure and report factors, physical activity and sedentary
behaviours in a way that allows a comparison of findings between studies,
particularly regarding the use of statistical meta-analytical techniques. An
example of where it would be possible to conduct a cross-study comparison and
meta-analysis is the International Children’s Accelerometry Database (ICAD),
which is a pooled database of raw accelerometer data files reduced using

standardised techniques”2.

34



The identified reviews®264 6,67 mostly included studies which had measured
sedentary time and physical activity with less valid subjective assessment
methods (e.g. parental proxy self-report measures). These subjective assessments
may not have accurately measured sedentary time and physical activity as they
are more prone to measurement error and bias (e.g. social desirability, recall)?°.
This could have affected the strength and precision of the associations reported.
Both subjectively and objectively measured sedentary behaviours were under-
researched compared to physical activity and therefore need to be assessed in
future studies®. Li et al®® tried to address these limitations by only including
longitudinal and prospective studies which used objective measures of sedentary
time and physical activity; however, this meant that only nine studies were
included in the review. This had implications for the review’s results synthesis®.
I aim to address some of these limitations in Chapter 3 through conducting a
meta-analysis of objectively measured accelerometry data from the ICAD
pertaining to physical activity and sedentary time in preschool-aged children,
and further add to the literature by identifying potential correlates of these
factors. In Chapter 3, I address Research Question 1 of the thesis: ‘What are the

levels and potential correlates of sedentary time and physical activity in preschool-aged

children?’.
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2.2.3. Summary of factors associated with physical
activity and sedentary time in preschoolers

To inform the design of more targeted public health interventions and policies, it
is necessary to identify factors associated with preschool-aged children’s
sedentary time and physical activity levels”! 73. Identifying these correlates (i.e.
cross-sectional factors) is important in determining factors which may facilitate
or restrict physical activity and can therefore inform the design of behaviour
change interventions and policies” 74. Positively associated correlates of total
physical activity (TPA) identified by Bingham et al®? included being male (42/77
studies), parental support (5/5 studies - subjectively measured outcomes),
parental physical activity (4/5 studies - subjectively measured outcomes),
childcare attendance (6/6 studies) and time spent outdoors (7/8 studies). Being
male (33/54 studies) and childcare attendance (3/4 studies) were found to be
positively associated correlates of moderate-to-vigorous physical activity©2.
Although subjective measures of activity are less reliable than objective
measurements, the authors found few differences between the correlates of
subjectively and objectively measured physical activity across the ecological

modelé?.

The inclusion of cross-sectional studies and the lack of prospective or
longitudinal physical activity studies were stated as limitations across the

reviews®2-¢7. Using cross-sectional data limits the ability to capture habitual

36



sedentary time and physical activity patterns across a range of times, locations
and contexts. There is a need for more longitudinal studies to be conducted in
preschool-aged children, as they have stronger study designs compared to cross-
sectional studies and can better estimate factors associated with temporal
changes in sedentary time and physical activity behavioursé? 6. 65, It would not
be feasible to carry out a longitudinal study within the timescale and budget of
the PhD. Until more longitudinal studies are conducted, there is a lack of
additional literature to justify updating the relatively recent reviews conducted
by Bingham et al®?, Hesketh et al®® and Li et al®>. A systematic review was

therefore not conducted as part of this thesis.

Once the determinants (longitudinal factors) of risk behaviours have been
identified, they can be transformed into intervention targets and behaviour
change strategies”!. In section 2.2.1, I deemed the two reviews by Bingham et al¢?
and Hesketh et al® to have a relatively low risk of bias. The findings from the
two reviews thus represent the best evidence to date regarding factors associated
with changes in physical activity in preschool-aged children. Therefore, the
findings of these two reviews®? % were used to address Research Question 2 of
the thesis: ‘What does the most methodologically robust evidence show in terms of factors
associated with changes in physical activity and sedentary time in preschool-aged
children?’. Bingham et al®> found that male sex (2/3 studies) and time spent

playing with parents (3/4 studies) were positively associated with total physical
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activity. Maternal depressive symptoms were also found to be negatively
associated with subjectively measured total physical activity in one study®2. No
determinants of light or moderate-to-vigorous physical activity were identified®2.
Based on findings from Hesketh et al’s review®, parental monitoring and
childcare provider training were positively associated with physical activity and
moderate-to-vigorous physical activity respectively (=4 studies). There was some
evidence (<4 studies) to suggest that maternal role modelling, sibling co-
participation, opportunities for play, additional childcare providers, structured
physical activity and playground density were also positively associated with

physical activity.

2.24. Addressing the research gaps in the thesis

Assessing study limitations helps researchers determine the credibility of study
findings as well as highlighting gaps in the literature which need to be addressed
with future research. Where possible, I have aimed to address the gaps in the
research identified across the relevant reviews®2¢7 when conducting the PhD
studies, which I have highlighted in the rationale and discussion sections of each
study chapter. Most of the reviews mentioned their inclusion of low-quality
studies which sometimes had small sample sizes and potentially non-
generalisable populations as limitations®>64 ¢ 67 The authors suggested that
future studies need to be conducted in larger sample sizes to provide findings

which are more representative of the general population to assess yet undetected
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associations. Two of the reviews® ¢ highlighted that some of the included
studies did not use or report the use of measurement tools which were reliable
or validated for preschool-aged children. The divergence in practices in
processing accelerometer data and classifying physical activity intensities were
other cited limitations in the reviews®>¢7. In section 3.3 of Chapter 3 I assess the
most appropriate accelerometry wear time practices to apply to preschool-aged
children data, which I use when conducting the ICAD analyses. I also conduct
reliability analyses on questionnaires which measured mediating factors relating

to preschool-aged children’s activity behaviours in Chapter 5.

Study samples included in the reviews were limited in that they mainly consisted
of white participants in high-income countries who came from middle to higher
socioeconomic backgrounds with highly educated parents®? 3. Data on the
factors of sedentary time and physical activity were typically provided by
mothers and other female caregivers meaning that there was a lack of data
collected from male caregivers®. Taking these generalisability limitations into

consideration, more studies need to be conducted:

a) With more ethnically and culturally diverse populations;
b) Inlow- and middle-income countries;
c) In populations with lower socioeconomic statuses (SES); and,

d) With male caregivers.
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The authors of the reviews encountered difficulties in synthesising study
findings due to the lack of research carried out looking at certain factors. Specific
under-researched variables stated across the reviews®? 63 6567 jincluded:
community, environmental and policy level factors; interacting biopsychosocial
factors (e.g. potentially greater social interactions through active play in childcare
settings); paternal factors; socioeconomic status; cultural factors; child growth
and maturation; child/parent goal setting; childcare provider monitoring; and
social support. Li et al®® mentioned that none of their included studies explicitly
stated a theoretical framework that their examined determinants were based
upon. Theory is arguably important to consider when choosing influences of
interest in future sedentary time and physical activity research. Some of these
under-researched variables will be explored in the quantitative analyses carried

out in Chapter 3 and the qualitative study conducted for Chapter 4 of the thesis.
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2.3.  Exploring parents’ perceptions of factors
which influence physical activity and

sedentary time in preschool-aged children

2.3.1. Parental influences

Through conducting the literature search in section 2.2.1, I identified one key
qualitative systematic review by Hesketh et al”> which informed the qualitative
component of the thesis. In this section (2.3.1), I summarise the findings from this
systematic review?”>. I will then examine some of the included studies in more
depth, where these are of relevance to the context of the thesis (i.e. studies which
include parents of 2-4-year-old children). I will also examine relevant qualitative
studies which have been published since 2016, which is when the literature
search was conducted by Hesketh et al’s systematic review”. In section 2.3.2, I
summarise the identified gaps in the qualitative literature, and discuss how these

will be addressed in Chapter 4 of the thesis.

Identifying influences on behaviour change can help optimise the
implementation and effectiveness of interventions and policies which aim to
increase activity in preschool-aged children’®. The quantitative reviews
discussed in section 2.2 identified factors which have been less frequently
investigated, particularly community- and policy-related influences, relative to

child, family and environmental factors’. Qualitative research provides an
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alternative avenue for exploring factors which influence young children’s
activity and sedentary time, but like the quantitative research in the field, there
is a paucity of qualitative studies which have explored physical activity and
sedentary time in 2-4-year-old children. Parents are key gatekeepers to young
children’s activity behaviours. Children who receive greater parental support for
activity”’, are exposed to positive parental role-modelling behaviours”® and have
appropriate restrictions on television viewing and outdoor play in their home
environments”?, have been found to engage with higher levels of activity and
lower levels of television viewing. Therefore, investigating parents’ perceptions
of what influences their children’s health behaviours is important to inform the
development of interventions and policies to increase physical activity and

decrease sedentary time in preschool-aged children.

Qualitative systematic review

The review by Hesketh et al”> aimed to systematically synthesise qualitative
literature which explored perceived barriers and facilitators to physical activity
and sedentary behaviours in 0-6-year-old children. Data was extracted and
synthesised from 43 included articles, involving 35 study samples, using
thematic content analysis. The synthesis was underpinned by the socioecological
model”. Most of the included studies conducted semi-structured one-to-one
interviews and focus groups and used thematic/content and inductive data

analysis techniques”. As discussed in section 2.2.1, it is useful to assess the
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quality of evidence when interpreting study findings. Using the ROBIS tool, I

found the qualitative systematic review to have a low risk of bias (Table 2).

Table 2: Assessment of the risk of bias of the qualitative systematic review by Hesketh et

al’> using the ROBIS tool

PHASE 2
DOMAIN 1: STUDY ELIGIBILITY CRITERIA
1.1 Did the review adhere to pre-defined objectives and

eligibility criteria? ¥

1.2 Were the eligibility criteria appropriate for the Y

review question?

1.3 Were eligibility criteria unambiguous?

1.4 Were all restrictions in eligibility criteria based on Y

study characteristics appropriate?

1.5 Were any restrictions in eligibility criteria based on PY

sources of information appropriate?
Concern for specification of study eligibility criteria Low concern
Only published full-text studies
were included, which can be
justified given the qualitative
synthesis method used.

Rationale for concern

DOMAIN 2: IDENTIFICATION AND SELECTION OF STUDIES
2.1 Did the search include an appropriate range of
databases/ electronic sources for published and Y
unpublished reports?

2.2 Were methods additional to database searching used

to identify relevant reports? NI
2.3 Were the terms and structure of the search strategy Y
likely to retrieve as many eligible studies as possible?

2.4 Were restrictions based on date, publication format, Y
or language appropriate?

2.5 Were efforts made to minimise error in selection of Y

studies?
Concern regarding methods used to identify and/or
select studies

Low concern

No information on additional
Rationale for concern methods used to identify relevant
literature.

DOMAIN 3: DATA COLLECTION AND STUDY APPRAISAL
3.1 Were efforts made to minimise error in data

. Y
collection?
3.2 Were sufficient study characteristics available for
both review authors and readers to be able to interpret Y

the results?
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3.3 Were all relevant study results collected for use in

assessment?

the synthesis? Y
3.4 Was risk of bias (or methodological quality) formally y
assessed using appropriate criteria?

3.5 Were efforts made to minimise error in risk of bias NI

Concern regarding methods used to collect data and
appraise studies

Low concern

Rationale for concern

Not clear whether risk of bias
assessment was carried out by
two independent reviewers.

DOMAIN 4: SYNTHESIS AND FINDINGS

in the synthesis?

4.1 Did the synthesis include all studies that it should? Y
4.2 Were all pre-defined analyses reported or departures
explained?
4.3 Was the synthesis appropriate given the nature and
similarity in the research questions, study designs and Y
outcomes across included studies?
4.4 Was between-study variation (heterogeneity) NI
minimal or addressed in the synthesis?
4.5 Were the findings robust, e.g. as demonstrated

e PY
through funnel plot or sensitivity analyses?
4.6 Were biases in primary studies minimal or addressed N

Concern regarding the synthesis and findings

High concern

Rationale for concern

No information on whether
heterogeneity was accounted for
in the synthesis. Interpretation of
qualitative data is likely to differ

with different authors. Risk of
bias assessment results not
incorporated in the synthesis.

PHASE 3: RISK OF BIAS IN THE REVIEW

A. Did the interpretation of findings address all of the

basis of their statistical significance?

concerns identified in Domains 1 to 4? PY
B. Was the relevance of identified studies to the review's Yy
research question appropriately considered?

C. Did the reviewers avoid emphasizing results on the N/A

Risk of bias in the review

Low risk of bias

Rationale for risk

Inclusion of published studies
only stated as publication bias.
Risk of bias scores not
incorporated or justified but this
may be due to the lack of
literature.

Note: Y=Yes, PY=Probably Yes, PN=Probably No, N=No, NI=No Information
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The systematic review authors identified seven broad themes, representing the
views of children, parents and childcare providers, to be important with regards
to physical activity and sedentary behaviour in 0-6-year-old children?>. These
were: the child; the home; out-of-home childcare; parent-childcare provider
interactions; environmental factors; safety; and weather”>. Each of these seven
themes mapped onto between one and five levels of the socioecological model,
where barriers and facilitators at the interpersonal level of the socioecological
model were the most frequently mentioned”. Figure 3 shows the overarching
theoretical framework the authors developed to map their seven themes and thus

help explain physical activity and sedentary behaviour in early years’ children?.

Figure 3: Overarching theoretical framework of qualitative data on the barriers and
facilitators to 0-6-year-old children’s physical activity and sedentary behaviour from

Hesketh et al”> (CC BY 4.0)
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a: includes the subthemes: predisposition and preferences, necessary respite, development, health and lifestyle; b: includes the subthemes:

parents, siblings and peers, home environment; ¢: includes the subthemes: care-providers, childcare environment.

45




Across the 43 articles included in the Hesketh review, 77 different barriers and
facilitators to preschool-aged children’s activity behaviours were listed”>. Within
the child theme, parents and childcare providers perceived children to be
naturally active and would therefore facilitate some daily downtime periods”.
This would also allow the caregivers to carry out necessary tasks?. Not all
sedentary behaviours were deemed to be negative, with developmental activities
(e.g. reading and drawing) seen as beneficial compared to non-beneficial
entertainment-based TV viewing”. However, many parents stated that media
use was a main barrier to children’s activity”>. Under the home theme, parental
barriers included a lack of time and resources to engage their children with
physical activities?. Childcare providers perceived themselves to be important
in influencing children’s activity behaviours, but as with the quantitative
research, it has been difficult to determine the precise role they play”. Childcare
providers often referred to available space and resources in childcare settings as

impacting on children’s activity engagement”.

The parent-childcare provider interactions theme was a novel finding to emerge
from this systematic review, where parents believed that childcare providers
played a key influence on children’s activity behaviours, and vice versa”.
Resources in the local environment (e.g. parks and community support)
presented as either barriers or facilitators, with parents in rural areas believing

that having more open space facilitated outdoor play but that a lack of resources
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may be a barrier to opportunties”. Risk aversion and ensuring a safe
environment were barriers to physical activity mentioned by childcare providers,
parents and children themselves”. Moderate weather conditions were perceived
to facilitate activity whereas extreme conditions were thought to decrease
physical activity and increase time spent sedentary”>. The findings from this
systematic review provide an overall summary of the barriers and facilitators to
early years’ activity behaviours identified from qualitative research”. Given that
the systematic review analysed studies involving qualitative data collected from
children, parents and childcare providers of 0-6-year-olds?, in the following
sections I will be discussing some of the included studies in depth, where they
have collected data from parents of 2-4-year-olds, which is in line with the thesis
aims. I will also be discussing studies that have been published since the

systematic review was published”.

Mothers

A qualitative study of a sample of mothers of 2-4-year-old children explored
mothers’ perceptions of the UK early years’ physical activity and sedentary
behaviour guidelines’? 81. Mothers were recruited through nurseries, preschools
and toddler groups from four areas of varying socioeconomic statuses within
Bristol, UK8! 8. The study used thematic framework approaches to analyse data
from 2481 one-to-one semi structured interviews. Overall, mothers were not

aware of the recommended guidelines, and believed that their children were
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achieving appropriate levels of physical activity and sedentary time®!. Mothers
expressed confusion differentiating between physical activity and sedentary
behaviours and believed that increasing their children’s physical activity and

decreasing their sedentary time would cause them additional stress®!.

Another qualitative study, which interviewed 26 participants from the same
sample described in the study above®!, used the same methods to explore
mothers” views of their children’s screen viewing behaviours82. The study found
that mobile phones were frequently used as portable television viewing and
educational engagement devices, often on an ad hoc basis and as a distraction
tool outside of the home environment®2. Many of the mothers were concerned
about and restricted mobile phone use but many acknowledged that they were
an unavoidable and necessary part of life$2. The findings from these two studies
provide an insight into potential barriers and facilitators to increasing physical
activity and decreasing sedentary time in 2-4-year-olds in England?8! 82. However,
not unique to the two discussed studies®! &, there is a notable dearth of
qualitative studies which have explored fathers’ influences on preschool-aged
children’s physical activity and sedentary behaviours”. To better inform
population level interventions and policies targeted at parents, it is essential to
explore fathers’ roles in their children’s physical activity and sedentary

behaviours.
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Fathers

There is one qualitative study which aimed to explore the role of fathers in their
young children’s physical activity and sedentary behaviours?3. Although this
study had a focus on fathers, the interviews were conducted with mothers of 5-
6-year-olds who discussed their perceptions of the fathers’ influence on their
children’s physical activity behaviours®. The study used deductive content
analysis to assess the data from 37 one-to-one telephone interviews conducted
with mothers who were recruited through primary schools as part of the B-
Proactlv Study run in Bristol, UK83. The authors found that mothers reported
that fathers played an active role in encouraging and co-participating in their
children’s physical activity83. Fathers’ availability was viewed as the main factor
in the amount of activity involvement and there were indications of differences
between the roles of fathers and mothers in their children’s physical activity
behaviours®3. While the findings from this study provide valuable insights into
fathers’ influences on their young children’s physical activity and sedentary time,
there is a need for more fathers to provide qualitative data on their own
perceptions of their influence on their children’s activity behaviours, with a focus

on younger children.

One Australian study explored mothers’ (n=16) and fathers’ (n=12) perceptions
of the benefits and risks of active play and screen time in 3-5-year-old children

through conducting semi-structured telephone interviews?4. Parents believed
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that active play was beneficial to children’s health and developmental skills such
as socialisation, imagination and enjoyment. Conversely, they felt it could
present risks such as exposure to strangers and safety concerns?. Parents felt that
screen time promoted relaxation, education and learning but that it also
contributed to negative health, cognitive and social outcomes, exposure to
inappropriate content and the development of bad habits®. The authors observed
few differences between mothers’ and fathers’ views, such as mothers being more
likely to use screens for keeping their child in one place than fathers, and fathers
referring to the health risks of screen time more often than mothers84. It is a
credible finding that there may not be much of a difference in views between
mothers and fathers regarding their preschool-aged children’s activity
behaviours. However, the authors stated that it was unclear what activities the
parents undertook with their children, and variations in activities need to be
considered with the development of interventions and polices®. It is essential to
explore differences and similarities in the perceptions of mothers and fathers
from different contextual backgrounds, to assess whether the findings from this

study are replicated or contradicted in other populations.

Socioeconomic status

Efforts have been made by several studies to recruit participants across
socioeconomic strata to provide a variety of parents” views on preschool-aged

children’s activity influences”. One United States of America (USA)-based study
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conducted surveys and focus groups to assess factors influencing obesogenic
behaviours reported by parents of 2-5-year-old children®. Content analysis of the
focus group data found that parents with lower educational attainment spent
more time in active play with their children compared to parents with higher
educational attainment®®. The authors hypothesised that highly educated parents
may spend less time with co-participating in physical activities with their
children due to work commitments, even though they may have more disposable
incomes to spend on play equipment and structured programmes®. Given that
barriers and facilitators appear to vary according to parental education levels, it
is important to assess factors across the socioeconomic strata to ensure that

interventions and policies meet the needs of different groups®.

Culture

As well as the possibility of barriers and facilitators varying across the
socioeconomic strata, it is possible that different cultural beliefs may influence
preschool-aged children’s physical activity and sedentary time behaviours8. A
couple of American qualitative studies investigated factors associated with
activity behaviours in Hispanic8” and Latino farmworker88 families, as preschool-
aged children from these migrant communities have been found to be less
active®” and more overweight and obese® than their non-Hispanic peers. The
study by Grzywacz et al®$, involving 33 semi-structured interviews, found that

mothers believed in limiting excessive physical activity to prevent their children
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from developing illnesses and other physical and emotional problems. Mothers
believed in providing sedentary activities to promote their children’s learning88.
A lack of familiarity with neighbours and the physical and environmental
hazards present in the rural community were also seen as barriers to activity®s.
Even though the mothers understood the health benefits of physical activity, the
findings from this study illustrated the cultural beliefs and circumstantial
barriers specific to the Latino farmworker community, therefore providing an
example of cultural differences in parental influences on preschoolers” activity

behaviours®s.

Another example of qualitative research conducted with immigrant communities
in the USA, is a study which explored Brazilian immigrant mothers” practices
towards facilitating or restricting physical activity in 2-5-year-old children!.
Thematic analysis was conducted on data from 37 mothers who participated in
focus groups®’. The authors identified seven parental practice facilitators to
children’s physical activity: modelling physical activity; engaging and being
physically active with their children; providing logistic support; offering
motivational support; watching, supervising and teaching children how to
engage in physical activity; monitoring and restricting children's screen time; and
prompting children to be physically active’l. The authors also recognised four
parental practice barriers to activity: modelling of sedentary behaviours; having

rules and restrictions due to safety- and weather-related concerns; limiting
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children's outdoor time due to a lack of parental time; and restricting children's

outdoor and play time as a punishment®!.

A study which was conducted on the same sample of participants as above?!
aimed to look at practices, attitudes and beliefs towards preschool-aged
children’s sedentary behaviours among Brazilian immigrant mothers in the
USA®2. Although mothers voiced concerns about their children’s screen time,
they viewed the use of screens to have more advantages than disadvantages, and
perceived screen time to be an acceptable part of daily life?2. Mothers believed
that screens provided positive educational and entertainment opportunities and
were functionally acceptable to use for facilitating communication with family
members who lived outside of the USA%2. The mothers did discuss monitoring
and setting rules and restrictions with regards to their children’s screen time and
the content they viewed, and prompting their children to engage with other
activities?2. The findings from these two studies®" 92 provide examples of parental
beliefs, attitudes and practices towards 2-5-year-olds” activity behaviours, which
are potentially unique to Brazilian immigrants who live in the USA. Conducting
qualitative research in different cultural contexts is key in identifying varying
modifiable parental beliefs and practices which can be used to inform culturally

specific interventions and policies®2.
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Country

Most qualitative studies which have explored parental influences on 2-4-year-old
children’s activity have been conducted in western and middle-to-high-income
countries which contrasts with the lack of qualitative studies conducted in non-
western cultures and developing countries’>. Using a combination of focus
groups and one-to-one interviews, a study in Hong Kong used inductive
thematic analysis and found that parents of preschool-aged children (median
age: 4 years) discussed focusing on academic achievement, safety concerns,
promotion of sedentary activities and a lack of time and resources as barriers to
children’s physical activity®>. One study conducted in Malawi provides an
example of parents’ perceptions of influences on children’s physical activity and
sedentary time in a developing country®. Parents who participated in individual
interviews and focus groups demonstrated a thorough understanding of physical
activity examples and the associated physical and mental health benefits®4. The
availability of food and good health were considered by the parents as being the
most important facilitators of children’s physical activity®4. These two studies
further highlight differing parental influences in different countries which need
to be considered when developing country-specific and culturally sensitive
interventions and policies? %. It is important to explore factors associated with
the promotion of beneficial activity behaviours in migrant communities and in

developing countries, who may have different cultural influences and contexts.
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2.3.2. Addressing the gaps in the qualitative literature
in the thesis

The gaps in the literature discussed in section 2.3.1 highlight that there is a need
for future qualitative research to be conducted: with fathers and male caregivers;
across the socioeconomic strata; in ethnically and culturally diverse populations;
and in low-to-middle-income countries. Much of the existing qualitative work
has focused on mothers” perceptions of factors associated with preschool-aged
children’s physical activity and sedentary time?>. This thesis will be adding to the
field by conducting a qualitative study on fathers’ perceptions of the barriers and
facilitators of young children’s activity behaviours, reported in Chapter 4, that
can ultimately be used to better inform policy and practice. There is also a
sparsity qualitative work that has recruited participants across the socioeconomic
strata. I designed a study to recruit participants across the socioeconomic strata,
as barriers and facilitators to children’s activity are likely to be different for
different groups, which must be addressed when developing population level
polices and interventions. Although there is a need for more qualitative studies
to be conducted in developing countries and within different cultures”, it is
beyond the aim and scope of the thesis to carry out the necessary qualitative
studies to address these research gaps. The aim of the thesis is to inform
intervention and policy development in England, UK (where I am based),
therefore I will be exclusively interviewing parents from the England. This is

because the four nations within the UK have different public health systems, so I
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will be focusing recruitment on participants from England to ensure that findings
are contextually appropriate and could generate useful knowledge for the public

health context in England.

To address Research Question 3 of the thesis: ‘What are the barriers and facilitators
of increasing physical activity and decreasing sedentary time in preschool-aged
children?’, I conducted a qualitative study which is described in Chapter 4. The
qualitative study addresses the lack of literature conducted with fathers and
explores a comparison between mothers” and fathers” barriers and facilitators to
increasing physical activity and decreasing sedentary time in 2-4-year-old
children. The study aimed to recruit parents across the socioeconomic strata to
ensure that a variety of factors are represented. The mixed methods approach of
this thesis means that the qualitative findings from this study can be used to
provide some contextual information to the quantitative study findings in

Chapter 3 and the findings discussed in section 2.2.3 of this chapter.

24. Interventions to change physical activity and

sedentary time in preschool-aged children

24.1. Effectiveness of physical activity interventions
with preschool-aged children
In this section (2.4.1), I describe interventions which have effectively increased

physical activity and decreased sedentary time in preschool-aged children, and
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what intervention components have been shown to be effective or ineffective in
leading to behaviour changes. In section 2.4.2, I then go on to discuss the
strengths and limitations of behaviour change theories which effective
interventions have been based on. To inform the study conducted in Chapter 5
of the thesis, I introduce a preschool setting-based physical activity intervention

in section 2.4.3.

Given the importance of being physically active in improving young children’s
health and developmental outcomes (see Chapter 1), it is crucial to determine
what aspects of existing interventions have been effective in increasing physical
activity levels in preschool-aged children, to better inform the development of
future interventions and policies. Between 2010 and 2019, seven reviews assessed
evidence from interventions which aimed to increase physical activity and
decrease sedentary time in early childhood. Four of these reviews focused on
childcare setting-based interventions only?>-%8, whereas the other three reviewed
interventions which were conducted in any settings (childcare, home and the
community)??-101. In Table 3, I summarise 18 study interventions that have been
identified across the two most recently published systematic reviews!% 101, which
have demonstrated a statistically significant positive effect on at least one
measure of 2-4-year-old children’s objectively measured physical activity and
sedentary time, compared to the control groups in the randomised controlled

trials (RCT). There are some common features across the identified interventions:
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provision of training and/or educational materials for childcare providers
and/or parents (15 out of 18); multifaceted interventions which include a
structured physical activity component (13 out of 18); component which focuses
on environmental or policy changes (14 out of 18); and interventions based on

theories (11 out of 18).
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Table 3: Summary of intervention components which have shown a positive effect on preschool-aged children’s physical activity and sedentary time

levels
Study Intervention and Control Components Theory
Alhassan et al'0? Locomotor Skills-Based Structured PA Programme: N/A
(2012) 30 mins structured PA/day, 5 days/week; teachers received 8 hours of training on structured PA
USA Control - Unstructured Free Playtime:
30 mins free play PA/day, 5 days/week; teachers received 2 hours of training on free play
Alhassan et all03 Intervention: N/A

(2013)

USA

Teacher training (8 hours) led by the study principal investigator on learning the structured outdoor playtime activities
(based on SPARK programme involving age-appropriate, moderate-to-vigorous activities)

Control:
Teacher training (2 hours) led by the study’s principal investigator focused on the importance of allowing students to
play freely during allocated intervention time

Annesi et a]104-107

Start For Life Intervention:

Self-efficacy

information to parents that focused on PA and nutrition recommendations at home

(2013) 30 mins structured PA per day; teachers received 4 hours of training and a binder of daily lesson plans; teachers used theory and
‘achievement charts’ to monitor children’s progress with stickers social
USA cognitive
Control: theory
30 mins structured PA per day
Bonis et al'% (2014) | NAP SACC Intervention: Social
Dietitians with PA training implemented four workshops that demonstrated the importance of PA the nutrition; cognitive
USA dieticians maintained regular contact with staff and provided support in addressing barriers; also distributed education | theory and
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socioecological

Control: framework
Received programme after completion of the project
Chow et al'® (2016) | Intervention: McLeroy’s
Provision of the following PA resources: The Healthy Start Implementation Manual, a step-by-step guide for ecological
Canada implementing, tailoring and adapting intervention activities and resources to fit the needs of various childcare centre model and
environments; HOP, a PA guide and activity bag with child-tested activities and materials; and ongoing support and population
monthly communication throughout the intervention health
approach
Control:
Intervention waiting list
Cottrell et al0 Intervention: Paper
(2005) Received two pedometers (one for child and one for parent) plus a daily step log and specific information about age- inaccessible
appropriate diet and exercise guidelines and ways to increase steps taken; children with >85th percentile BMI also
USA received information on ways to reduce caloric intake
Control:
Received one pedometer for child use, log book and information about age-appropriate diet and exercise guidelines
De Bock et al'!! Intervention: General
(2013) State-sponsored PA Programme PLUS; three parent-teacher meetings; parents and preschools received: an intervention- | system theory
specific website, an introductory video and a book with 15 project ideas
Germany

Control - State-Sponsored PA Programme:
Two 1-hour gym classes per week; one parent-gym trainer meeting

De Craemer et al!2
(2014)

ToyBox Intervention:
Teachers received 3 training sessions; 20-weeks structured PA; parents received: 2 newsletters, 2 tip-cards and one poster
through children; environmental change in classrooms

PRECEDE-
PROCEED
model
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Belgium

Control:
Usual care
Eliakim et al13 Intervention: N/A
(2007) Parents received 2 orientation lectures on childhood obesity and the benefits of exercise in the first 2 months; nutrition
curriculum in class; dietary information on working sheets/flyers; PA: 45 mins/day exercise training, 6 days/week;
Israel encouraged to reduce sedentary activities and increase PA after school
Control:
Parents received 2 orientation lectures on childhood obesity and the benefits of exercise in the first 2 months
Fitzgibbon et al'4 Teacher-Delivered Weight Control Intervention: Social
(2011) Two 20 mins lessons on nutrition and PA per week; two 20 mins PA sessions per week; parents received weekly cognitive
newsletters with a homework assignment theory and
USA self-
Control: determination
One 20 mins lesson on general health concepts per week; parents received weekly newsletters without a homework theory
assignment
Goldfield et all1> Intervention: N/A
(2016) The experienced master trainer provided two 3-hour training workshops to childcare providers and a resource training
manual - the manual included information on how providers could facilitate structured and unstructured PA that
Canada targeted fundamental movement skills; the goals of the programme were to increase PA to meet guidelines of 120 mins

per day (60 structured, 60 unstructured); twelve bi-weekly ‘booster” sessions provided by master trainer

Control:
Standard childcare curriculum
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Palmer et al'’¢ (2016) | Intervention: Achievement
Replaced outdoor free play with movement programme 2 days/week for 12-weeks - 30-min programme consisted of motivation
USA dancing, motor skills stations and PA games theory
Control:
Continued normal outdoor free play (e.g. 30 mins every morning on the playground)
Pate et al17 (2016) Intervention: Socioecological
No scripted curriculum was provided, teachers were encouraged to use SHAPES elements to modify instructional framework
USA practices and the class
Control:
Regular instruction and organisational practices
Roth et al8 (2015) Intervention: Psychomotor
Programme (designed by professionals, led by preschool teachers); children received daily PA (30 mins; focused on concept
Germany coordinative skills and perception) and PA homework 1-2 times/week; parents invited to 3 interactive lectures on the
promotion of motor skills in childhood
Control:
Usual curriculum
Salazar et al'’? (2014) | Intervention: Social
The programme consisted of education material, weekly counselling by nutritionists and physical education teachers, a cognitive
Chile training programme for educators and educational and motivation strategies delivered to parents and families theory and
socioecological
Control: framework
Usual programme
Specker et al120,121 Fine motor + Calcium (Group 1): N/A

(2003-2004)

30 mins/ day sitting quietly; two 500mg calcium tablets/day, 5 days/week

62




USA

Fine motor + Placebo (Group 2):

30 mins/ day sitting quietly

Cross motor + Calcium (Group 3):

30 mins PA/day, 5 days/week (5 mins warm-up, 20 mins jumping, hopping, and skipping activities, 5 mins cool-down);
two 500mg calcium tablets/day, 5 days/week.

Cross motor + Placebo (Group 4):

30 mins PA/day, 5 days/week (5 mins warm-up, 20 mins jumping, hopping, and skipping activities, 5 mins cool-down)

Trost et al22 (2008)

USA

Intervention:

PA opportunities integrated into the preschool curriculum (e.g. maths, science); lead teachers required to include 2 move
and learn curriculum activities >10 mins in each 2.5-hour session several times per week; teachers received one 3-hour
training session

Control:
Usual curriculum

N/A

Yin et al' (2012)

USA

Centre-Based Intervention:

30-45 mins structured outdoor play/day; 15-20 mins PA during recess; classroom activities: Sesame Street Workshop
Healthy Habits for Life resource kit, including 9 modules, one module/2 weeks; teachers received 6-hours initial and 4-
hour follow-up training

Centre- and Home-based Intervention:
Centre-based intervention PLUS: seven peer educators; parents viewed posters; take-home bag including a storybook,
family activities, and games

Control:
Parents received monthly newsletters emphasizing prereading skills

Early
childhood
development
theory and
general system
theory
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The most recent systematic review!?! conducted both a meta-analysis and a
realist synthesis to help determine the contexts and mechanisms which appeared
to be the most effective or ineffective in improving preschool-aged children’s
physical activity and sedentary time across all 34 included interventions. A realist
synthesis aims to identify contexts which trigger mechanisms and subsequent
outcome changes, to understand how, why and in what circumstances certain
interventions work!?*. Based on the realist review findings, the authors
concluded that successful interventions were tailored to their target groups
(parents and/or childcare providers) in terms of providing ongoing support to
overcome emerging challenges, applying cultural considerations and
acknowledging community expertise and needs!®l. Childcare settings which
incorporated structured physical activity sessions into their usual routines (e.g.
outdoor activities, dancing, gross motor skills sessions) appeared to be the most
effective in increasing children’s moderate-to-vigorous physical activity0l.
Furthermore, interventions delivered through ‘hands-on” methods such as
workshops seemed key in increasing childcare staff’s knowledge and their ability
to implement structured activities through changing the social culture of the

childcare setting101.

Although there have been few interventions trialled in the home, evidence from
interventions which consist of both a home and childcare component suggests

that changing parent and childcare staff practices (e.g. incorporating physical
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activity into preschool curriculums) can be effective in changing children’s
physical activity behaviours!?l. However, this was only observed when parent or
childcare provider practices were reported to have been changed, through
measuring these targeted constructs or mediating factors'®l. Even though
educational strategies were the most common target across the interventions,
there was no evidence that this mechanism was effective in increasing children’s
physical activity, either alone or when paired with other intervention targets0l.
Some of the included studies reported that the intervention dose was too low to
influence children’s physical activity, which may be in part be explained by the
relatively active control practices!?l. Differences in intervention effects were

observed for child gender and socioeconomic status!0l.

Childcare settings present a major opportunity for physical activity promotion at
a population level. In England, eligible disadvantaged 2-year-olds and all 3-4-
year-olds are eligible for 15 hours of funded early education for 38 weeks of the
year, with working parents of 3-4-years-olds being eligible for a further 15
hours'®. In 2021, 62% of eligible 2-year-olds and 90% of all 3-4-year-olds were
registered to receive funded early education, which corresponded to a decrease
in uptake compared to 2020 (69% and 93%), likely related to the context of the
COVID-19 pandemic!?®. The number of childcare-based physical activity
interventions has exponentially increased over the past two decades and as

discussed above, interventions have varied in their effectiveness in increasing
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physical activity levels in preschool-aged children® % 126, In terms of future
directions, it has been recommended that childcare-based interventions should
consider national and international trends in the childcare sector and find

imaginative ways to deliver interventions!?.

2.4.2. Theories of behaviour change used in physical
activity interventions with preschool-aged
children

As outlined in section 2.4.1, many of the interventions that have attempted to

increase physical activity and decrease sedentary time in preschool-aged

children (Table 3), have been based on one or two behaviour change theories'®.

In Table 4, I provide descriptions of the behaviour change models which have

been used to inform these effective interventions.
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Table 4: Summary of behaviour change theories and models used in interventions which have positively affected physical activity and sedentary time in

preschool-aged children

Behaviour change theory or model Description

Achievement motivation theory Interventions which incorporate this theory aim to provide a motivational learning

environment for children which encourages effort and reinforces the learning process'1é.
127

Early childhood development theory Such theory-driven interventions focus on providing interactive and supportive learning
environments for early years children, as this is a critical time in children’s behaviour
development!?.

General system theory According to this theory, children’s health behaviours exist within a larger network of

relationships (e.g. siblings, parents, childcare providers)!1?.12,129, The theory suggests
that efforts to change health behaviours need to involve as many agents in as many
contexts as possible, to develop behavioural norms via interactions throughout the
whole network!11, 123,128,129,

PRECEDE-PROCEED model A comprehensive educational and ecological approach which provides a structure for
planning a targeted public health intervention (PRECEDE) and a structure for
implementing and evaluating the programme (PROCEDE)?12, 130,

Psychomotor concept This approach focuses on the motor, social, cognitive, emotional and sensory
development of a child and allows for engagement in enjoyable age-appropriate
activities while training their motor skills!!8 131, Children are encouraged to problem

67




solve activity tasks in their own way, which will, in turn, promote their self-competence
and self-esteem, on top of developing their motor abilities!!8 131,

Self-determination theory

This theory suggests that children are motivated to adopt behaviours when their needs
for competence, autonomy and connection are met!14 132, Interventions informed by this
theory allow for the differentiation between activities which children want to engage in
and those that they are coerced into performing?!4 132,

Self-efficacy theory

Self-efficacy is defined as an individual’s belief in their ability to execute control over
one’s behaviour and motivation to perform specific attainments!?. Interventions which
aim to improve self-efficacy can promote an individual’s confidence in initiating and
maintaining positive activity behaviours!.

Social cognitive theory

This theory posits that modelling behaviours helps children to develop positive activity
behaviours and relies on internal and external social reinforcement108, 114,119,133,

Socioecological model/framework and McLeroy’s
ecological model

This model theorises that children’s activity behaviours are influenced by factors
operating at multiple levels (individual; interpersonal; organisational; community;

policy and environmental), therefore intervention targets are formed across multiple
levels108, 109,117,119, 135, 136_
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Some of the theories in Table 4 can be described as influencing behaviour change
at the individual level in terms of guiding preschool-aged children’s
developmental skills through providing age-appropriate activity environments
(i-e. early childhood development theory; psychomotor concept). Interventions
which are based on other individual-level behaviour change theories have aimed
to improve either children’s, parents’ or childcare providers’ self-belief in their
abilities to provide or engage with physical activity opportunities (i.e.
achievement motivation theory; self-determination theory; self-efficacy theory).
One limitation of interventions which target individuals” behaviours is that they
require a high degree of agency, which is less effective than low agency
population interventions, and could potentially increase inequalities!®’.
Individual interventions may be unreliable when preschool-aged children are the
primary intervention target, due to children’s lack of control over the
opportunities that they engage with and the sporadic nature of their physical

activity engagement?s.

The remaining theories described in Table 4 affect behaviour change at wider
levels and rely upon interactions between different agents to address behaviour
change of individuals (i.e. general system theory; PRECEDE-PROCEED model;
social cognitive theory; socioecological model; and McLeroy’s ecological model).
An advantage of interventions targeting higher levels such as preschool policies

is that they can formalise an organisation’s commitment to goals for physical
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activity and the implementation of healthy physical activity and sedentary time
practices. These policies may be less likely to “wash out” (lose effectiveness over
time) as they prompt continued training and assessment compared to individual-
level approaches. Interventions which focus on systems, as opposed to
individuals, assume that changes made at these levels will affect children’s
behaviours, and they still require high levels of agency at individual levels. For
example, changes to physical activity policy changes will lead to increased
physical activity engagement by preschool-aged children and childcare provider
training resulting in child and parental behaviour changes. Also, as these theories
are broad reaching, such interventions can be difficult to operationalise, and it is

unclear which factors are more influential on behaviour change than others.

As mentioned in the previous section (2.4.1), few studies have measured whether
changes in individual or wider level mediators of behaviour change can explain
intervention effects!®l. In the next section (2.4.3), I describe a UK-based
intervention which is driven by the socioecological model (SEM) and social
cognitive theory (SCT) and aims to influence behaviour at both the individual
and wider levels. In Chapter 5 of the thesis, I analyse the reliability of mediator
questionnaires which were developed for the intervention study described

below.
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24.3. The NAP SACC UK intervention

The Nutrition and Physical Activity Self-Assessment for Child Care (NAP SACC)
is an intervention that aims to improve the physical activity and nutrition
environment, policies and practices in childcare settings!®. The original NAP
SACC intervention was developed in the USA13 and an updated version was
developed in 2014 called Go NAP SACC!%. Randomised controlled trials of NAP
SACC conducted in the USA found that the intervention was effective in
increasing accelerometry measured total physical activity by 17.5% and vigorous
physical activity by 46.2%1%, and in decreasing children’s BMI z-score'40. The
intervention was found to increase children’s Environment and Policy
Assessment and Observation (EPAO) nutrition scores by 11% from a baseline
score of 8.613 and to increase parent’s knowledge of raising healthy kids and
nursery staff’s knowledge of childhood obesity, healthy eating, personal health

and working with families!49.

In England, a feasibility study was conducted to determine whether a version of
the NAP SACC intervention, which had been adapted in line with UK guidelines,
would be acceptable and feasible to implement within UK-based childcare
settings!4l. The first steps of the intervention involved nursery managers and staff
using the NAP SACC UK ‘review and reflect’ tool to identify 10 key areas in
physical activity, nutrition and oral health which could be improved with the

guidance and support of health visitors (NAP SACC UK Partners)!4l. Physical
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activity and nutrition experts delivered two workshops to raise nursery staff’s
self-efficacy, motivation and knowledge to make changes'4l. The nursery staff
would use what they learned from the workshops to develop an action plan for
improving the 10 identified areas, with the NAP SACC UK Partners providing
regular support and guidance to make these improvements over the next six
months!4l. The NAP SACC UK ‘review and reflect’ tool was then completed for
a second time and the action plans were revised to set new goals and objectives
to make progress on areas where improvements had not been made, with the

continued assistance of NAP SACC UK Partners!4l.

The NAP SACC intervention is based on components of social cognitive theory
within the socioecological framework, which are described in Table 4142. As per
the SCT and SEM, the logic model for the NAP SACC UK study (Figure 4)
outlines parental and nursery staff’s self-efficacy, motivation and knowledge as
mediating factors in changing preschool-aged children’s physical activity and
nutrition behaviours!#l. As there were no existing measurement tools to measure
these mediating factors, there was a need to develop questionnaires in the
feasibility study to measure parental and nursery staff’s self-efficacy, motivation
and knowledge. Part of developing these measures involved assessing whether
the questionnaires were reliable for measuring these mediating factors!#!. Few
physical activity interventions which have been trialled in early years’

populations have reported on mediating factors and how they have changed
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from pre- to post-intervention!l. Aside from the qualitative investigations
conducted in process evaluations in trials, the lack of reliable measures on
mediators makes it difficult to ascertain why interventions have, or have not,
effectively changed parent or childcare provider practices and therefore explain

intervention outcomes!01,
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Figure 4: NAP SACC UK logic model from Kipping et al'#1(CC BY 4.0)

Household and nursery environment characteristics

Socio-demographic factors for the child and family: area-level deprivation (IMD Score using home postcode); gender; ethnicity
Nursery environment factors self-reported by nursery: nursery policy to promote healthy eating and physical activity and reduce sedentary behaviours; external initiatives to promote healthy eating

and physical activity and/or reduce sedentary behaviour
Nursery factors reported on national website: Ofsted school performance factors

Intervention

NURSERY: ‘Review and reflect’ against best practice with
regular targeted assistance from a NAP SACC UK Partner to
undertake goal setting and action planning to change the
environment, policies and practices:

di

-Fruit and veg

-High-fat foods

-Beverages

-Meals and snacks

-Menu and variety

-Food items outside of regular meals and snacks
-Supporting healthy eating

-Oral health promotion

-Nutrition education for children, parents & staff
-Nutrition policy

Nutrition

Knowledge

Nursery staff/parents increased knowledge
of best practice about nutrition and physical
activity (process evaluation)

Nursery staff/parents increased knowledge
of health benefits of nutrition, physical
activity, decreasing sedentary time and
health risks for children from excess weight
(process evaluation)

-Active play and inactive time

-Screen use and viewing

-Play environment

-Supporting physical activity

-Physical activity education for children, parents
and staff

-Physical activity policy

Physical activity

Self-efficacy and

motivation

Nursery staff/parents strengthened self-
efficacy and internal motivation for
improving children and staff health,
improving children’s nutrition and physical
activity (self-efficacy and motivation
measures)

HOME: ‘NAP SACC at Home’ component for parents to
review nutrition, physical activity, sedentary, oral health and
sleep behaviours at home with ideas for changes at home
supported by post, text and email reminders.

Nursery environment factors assessed by Environmental Policy
and Observation Assessment

Physical activity and diet behaviours

Increased moderate and vigorous physical activity

(accelerometry)

Decreased sedentary time (accelerometry)

Increased fruit and vegetables consumed per day
(CADET)

Decreased unhealthy snacks, high fat foods and high
energy drinks consumed per day (CADET)

Decreased screen viewing (questions added to CADET)

JV

Obesity-related

Reduced body mass index (if overweight or obese)
(zBMI)

Decreased prevalence of overweight and obesity
(zBMI and IOTF/UK1990 thresholds)

Guidance and policy context

Eat Better Start Better; Change4Life; Food and Health Guidelines for early years and childcare settings; Start Active, Stay Active: a report on physical activity for health from the four home countries’ Chief

Medical Officers
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In Chapter 5, I conducted a study to assess the acceptability, internal consistency
and test-retest reliability of the parent and nursery staff questionnaires which
were developed for the NAP SACC UK feasibility study'4!. This study examined
whether these questionnaires were reliable in measuring the mediating factors of
parents’ and childcare provider’s self-efficacy, motivation and knowledge
towards 2-4-year-old children’s physical activity behaviours. This study is
described in Chapter 5 and addresses Research Question 4 of the thesis ‘What self-
report measures could be used to assess mediating factors relating to parents’” and nursery
staff's self-efficacy, motivation and knowledge towards preschoolers” activity

behaviours?’.

2.5. Summary

This chapter has provided a critical evaluation of both quantitative and
qualitative literature relating to physical activity and sedentary time in 2-4-year-
old children. I have discussed the inconsistent and often limited quantitative
findings relating to the factors associated with physical activity measures in
preschool-aged children. Findings from systematic reviews have highlighted
issues regarding differences in data measurement protocols (associated factors
and activity outcome variables) which have had implications for the synthesis of
data across different studies. Through an exploration of the qualitative literature,
it was evident that there is a lack of research conducted with fathers in relation

to their involvement and views towards their children’s activity behaviours. The
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literature also emphasised the need to apply socioeconomic, cultural and
country-specific contextual information acquired from qualitative research in
designing physical activity interventions and policies. I summarised components
of interventions which have been effective in increasing physical activity and
decreasing sedentary time in 2-4-year-old children and discussed some of the
pros and cons of the behaviour change theories those interventions were based
on. It was evident from intervention studies that potential mediating factors have
not been adequately measured and that it has therefore been difficult to
determine behaviour change mechanism pathways and intervention effects.
Throughout the chapter I refer to the importance of using reliable and valid
outcome measurement tools which are appropriate for the preschool-age
population to measure and analyse data. Together with Chapter 1, this chapter
has provided a thorough evaluation of the literature on physical activity and
sedentary in preschool-aged children, and has identified research gaps and

limitations which this thesis aims to address.
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CHAPTER 3. LEVELS AND
POTENTIAL CORRELATES OF
SEDENTARY TIME AND
PHYSICAL ACTIVITY IN
PRESCHOOL-AGED CHILDREN

3.1. Overview

The work presented in this chapter was published in the International Journal of
Environmental Research and Public Health!. My contribution to the published
manuscript included drafting the proposal to apply for data access, the
methodology, data preparation, data analysis, writing the original draft, and
reviewing and editing later drafts of the manuscript for publication. Except for
this overview (section 3.1), section 3.3, concluding implications for thesis (section
3.8) and minor edits, the chapter is presented as per the published article.
“International comparison of the levels and potential correlates of objectively
measured sedentary time and physical activity among three-to-four-year-old
children” answers Research Question 1 of the thesis: ‘What are the levels and
potential correlates of sedentary time and physical activity in preschool-aged children?’
The findings of this study will provide an insight into the average daily levels of
sedentary time and physical activity that preschool-aged children are achieving

and also see what measured variables are associated with these activity levels.
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In section 3.2 I outline the rationale for the study. I provide a critical assessment
of the literature to inform the most appropriate accelerometry cut points and
wear time practices to apply to the ICAD analyses in section 3.3. In section 3.4, I
present the methods used, including descriptions of the study variables and
statistical analyses. I present the study results in section 3.5, and a discussion of
the findings in relation to the wider literature, followed by the strengths and
limitations of the study in section 3.6. To conclude this chapter, I provide the
study conclusions in section 3.7 and the implications of the findings for the thesis

in section 3.8.

3.2. Rationale

Physical activity patterns track from childhood through to adulthood!43, making
preschool-aged children an important population to target for physical activity
interventions. Being physically active during the early years is associated with
improved adiposity, cardiometabolic health indicators, motor skill development,
bone and skeletal health, cognitive development, and psychosocial health?.
Current Canadian®? and Australian® guidelines advise that children aged 2-5-
years-old should not be sedentary for periods of over 60 minutes at a time. The
Canadian, Australian, USA# and UK®* guidelines also specify that children
under the age of five, who can walk unaided, should be physically active for at
least 180 minutes per day and should spend at least 60 minutes of this time in

MVPA3% 40 Only a few studies have looked at the proportion of preschool-aged
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children meeting these activity guidelines using objective measures of physical
activity. Two studies from the UK32 33 found that 100% of children aged three-to-
four-years met the recommended >180 minutes a day of TPA whereas a Belgian,
Australian®* and Canadian® study found that 11.0%, 5.1% and 83.8% of
preschool-aged children met these guidelines, respectively. Furthermore, the
Canadian study found that 13.7% of five-year-olds spent 260 minutes in MVPA
per day®. It is, however, not possible to establish whether children in the UK are
more physically active than children in Canada and Australia due to differences
in definitions of accelerometer wear time applied across these studies?”- 2. This
emphasises the importance of applying standardised data processing methods to

ensure comparisons across countries are valid.

A key stage in the development of behaviour change interventions is identifying
variables which could either be potential targets to change behaviour (mediators)
or variables that could affect the outcome of the behaviour change programme
(moderators). Therefore, identifying the key correlates of preschoolers” sedentary
time and physical activity is important for designing effective behaviour change
programmes’3. Narrative reviews have assessed the correlates of sedentary
time®* %7 and physical activity®4 0 in preschool-aged children. Across the reviews,
there was inconsistent support for associations between sedentary time and
physical activity with correlates. For example, one review concluded boys were

more active than girls®, whereas the other did not%. Conflicting findings were
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also observed for day of the week, where one review found no association® and
the other found a positive association® with physical activity. Both found no
association between age, ethnicity, season, or parent education with physical
activity®4 6. All three reviews were limited in that they included studies which
used self-report measures of sedentary time and physical activity, which may not
accurately detect associations. Since these reviews were published, there have
been a few additional studies which have assessed the correlates of sedentary
time and/or physical activity in preschool-aged children using objectively
measured accelerometry data'¥152, The findings across these studies are
similarly inconsistent, and there is the issue of comparability as they have
processed accelerometry data using different methods of processing and
analysing datal4>-132, In addition, none of the studies have made cross-national
comparisons of the proportion of children meeting guideline levels of sedentary
time, total physical activity, and moderate-to-vigorous physical activity and
using a standardised method of processing accelerometry data. Accordingly, I
aim to determine the levels and correlates of sedentary time, total physical
activity and moderate-to-vigorous physical activity in children aged 3-4-years-
old using data from four countries, applying a consistent approach to data

processing.
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3.3. A critical assessment of appropriate
accelerometry wear time practices to apply

to preschool-aged children

To appropriately analyse the ICAD data, it is essential to apply accelerometry
wear time practices which are specific to preschool-aged children, to consider
their growth, development and habitual activity patterns!® 154. I acknowledge
that some research groups have extended beyond this approach to look at 24-
hour movement behaviours (physical activity, sedentary behaviours and sleep)
but that is not the bulk of the research, so I have limited the discussion to cut
point methods!%. In this section, which is not included in the published article?,
I summarise the existing literature to inform suitable accelerometry wear time

practices to be applied to the ICAD analyses.

3.3.1. Accelerometry cut points for preschool-aged
children

Accelerometers are devices which measure the accelerations of the body part

which they are attached to and can therefore detect bodily movements'>. For

preschool-aged children, accelerometers are often attached to an elasticated belt

and worn around the child’s waist, with the device positioned over the child’s

hip?7. The raw accelerometry data output is provided in the form of counts per

unit of time or counts per epoch!¢. The most standard method for converting
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raw accelerometry output into estimates of physical activity intensities (e.g. time
spent in MVPA) is with the use of intensity-related accelerometry cut points!>
154, Accelerometry cut points are calculated using receiver operator characteristic
curves or single regression equations which describe non-/linear relationships
between counts and energy expenditure!®. It is important for accelerometers to
be calibrated against specific age categories as age has been shown to influence
the relationship between accelerometry counts and energy expenditurel!®s.
Several studies have derived their own cut points using different methods,
meaning that researchers must decide which cut points are appropriate to apply
to their specific datal®. Alternative accelerometry measurements such as the
minimum acceleration value above which the most active 30 minutes were
accumulated in the day could be used as an alternative to cut points to measure
children’s activity levels!>®. However, although such metrics have demonstrated
agreement with equivalent cut point approach results, they have not yet been

calibrated for the preschool-aged population!®.

Table 5 summarises five studies which have derived accelerometry cut points to
measure young children’s activity levels. Participants in the studies by Pate et
al'®0, van Cauwenberghe et al'¢! and Sirard et al'6? provided the most appropriate
age ranges to represent the preschool-age population. The studies by Pate et all®,
Evenson et al'®® and Puyau et al'®* only measured the relationship between

energy expenditure and physical activity, which is limited in terms of the time
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delay between measured oxygen consumption (VO2) and change in physical
activity!®l. The study by Puyau et al'®* is the only instance of accelerometry data
being measured in 1-minute intervals as opposed to 15 second epochs, making
the derived thresholds less reliable predictors of the true physical activity levels.
This is because collecting data in intervals less than 1-minute in length, is more
accurate at capturing the sporadic nature of preschool-aged children’s activity16>-
167 All of the studies had participants perform a variety of activities but only the
study by Sirard et al’®? had children perform the activities in preschool settings,
making the accelerometer calibration more representative of typical behaviour.
The populations in all of the studies are limited in terms of generalisability as

they were conducted in American!®0, 162164 and Belgian'®! populations.
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Table 5: A comparison of five accelerometry thresholds derived to measure children’s sedentary time and physical activity levels

Reference and | Sample Accelerometer | Research methods Statistical Analyses Results Strengths Limitations
NP citations characteristics* | and cut points
(counts/15s)
Pate RR et al®0. | 30 preschool ActiGraph Children wore an Intercepts and slopes | The correlation The age The cut points
168 children (29 in (ActiGraph, Fort | accelerometer and a | were fitted for each between VO, and category of the | are derived
analysis) Walton Beach, Cosmed portable subject, and then an counts wasr = (0.82 sample is from activities
2006 FL) metabolic system overall regression line | across all activities. | representative | performed ina
4.4+0.8(3.30 to during 10 minutes of | was calculated for the | Goodness-of-fit of preschool- laboratory
Google Scholar: | 5.95) years Sedentary: 0- rest and while relationship between | indices from the aged children | setting only
372 37/0-199 performing three 5- VOzand model with only [44+0.8(3.30 | (however this
Male (44.8%) minute structured accelerometer counts. | ActiGraph counts to 5.95) years]. | was cross-
Web of Science: LPA: 38- physical activities (at | Accelerometer counts | were (R?=0.904, The cut points | validated with
239 African 419/200-419 2mph, 3mph and for prediction of VO,, | standard error of the | are derived the same
American 4mph respectively) in | other variables were estimate = 4.70). Cut | from a narrow | children
Scopus: 249 (55.2%) and MPA: 420-841 a laboratory setting. | considered both one points for MPA and | age range. The | performing a
White (44.8%) For cross-validation, | atatime andina VPA were identified | cut points are | variety of
VPA: 2842 the same children multivariate model. at 420 counts/15 s derived from a | activities in
BMI: 16.5£2.2 wore the same Models were (VO2=20mL/kg variety of preschool
(13.7 to 24.5) instruments while compared and per min) and 842 activities. settings in a
kgm- participating in assessed using counts/15s (VO2= | Accelerometry | separate
unstructured indoor | goodness-of-fit 30 mL/kg per min), | data was study). The cut
Height and (blocks, reading, statistics. Count cut respectively. The measured in 15 | points are
weight data computer time, points for MPA and ICC coefficient second based on direct
available in sociodramatic play, VPA were identified | between measured | intervals measures of
reference. music or movement | through visual and predicted VO, energy
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Columbia,
South Carolina,
USA

play) and outdoor
(climbing, swinging,
digging, playing with
balls or other objects,
running or chasing)
activities for 20
minutes each
(spending 4-6
minutes on an
activity) at their
preschool. Expired
respiratory gases
were collected and
oxygen consumption
(VO2) was measured
on a breath-by-breath
basis. Accelerometer
data were collected at
15-second epochs.

inspection of the
distribution of the
VO; values for slow
walking, brisk
walking, and jogging.
Intraclass, Spearman
and Pearson
correlations for the
associations

between measured
and predicted VO»
were calculated.
Agreement between
MPA/VPA based on
measured VOz2and
estimated intensity
was assessed using
percentage
agreement, kappa and
modified kappa
statistics. The
equation VO, =
10.0714 + 0.02366
(counts/15 s) was
used to determine cut
points for MVPA and
VPA.

was R = 0.57 and the
Spearman
correlation
coefficient was R =
0.66 (p < 0.001).
When these cut
points were applied
to the cross-
validation data,
percentage
agreement, kappa
and modified kappa
for MPA were 0.69,
0.36 and 0.38
respectively. For
VPA, the same
measures were 0.81,
0.13 and 0.62.
Sensitivity and
specificity for the
MPA cut points
were 96.6% and
86.2% respectively
and for VPA, 65.5%
and 95.4%
respectively.

expenditure
only.
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Evenson KR et | 33 children ActiGraph Children wore both The relationship Resting VO2 The cut points | The ages of the
al163 (#AM7164-2.2; | accelerometersand a | between averaged 4.7 are derived children
73+£11(5.1to | Manufacturing | COSMED portable accelerometer counts | ml/kg/min. The from a variety | measured are
2008 9.0) years Technologies metabolic system and VO;max Pearson correlation | of activities. not
Inc. Health during 15 min of rest | percentage of between average Accelerometry | representative
Google Scholar: | Female: 63.6%, | Systems, Fort and then performed | represented by each heart rate and data was of preschool-
1086 Male 36.4% Walton Beach, up to nine different activity was average VO, from measured in 15 | aged children,
Florida) activities for 7 min calculated. Using the treadmill was second even though
Web of Science: | Black (15.2%), each on two separate | receiver operating 0.69. The maximal intervals. the youngest
674 White (66.6%) Sedentary: 0-25 | days in the characteristic curve VO, was predicted age in the
and Other laboratory: (ROC) analysis, cut at 39.8 ml/kg/min. range is 5.1 [7.3
Scopus: 732 (18.2%) LPA: 26-573 Sedentary: Rest, points that maximised | For sedentary, MPA +1.1(5.1to
watch a DVD and both sensitivity and and VPA 9.0) years]

BMI: 16.6 £2.2 | MPA:574-1002 | colour books. specificity were respectively; the The cut points

(13.2-21.7) Light: Slow walk. determined for sensitivity was 95%, are derived

kgm- VPA: >1003 Moderate: Stair sedentary, moderate 77% and 68%; the from a large
climbing, dribble and vigorous specificity was 93 %, age range. The

Height and basketball and brisk | activities. Differences | 81% and 89% and cut points are

weight data walk. by age group (5-6 vs | the area under the derived from

available in Vigorous: Cycling, 7-8 years) for each ROC curve was 0.98, activities

reference. jumping jacks and intensity level and for | 0.85 and 0.83. performed in a
running. both accelerometers laboratory

Piedmont, VO and heart rate was determined by setting.

North Carolina were measured, and comparing the area Activities not
accelerometer data under the ROC curve. representative
were collected at 15- | Ratings suggested by of preschool-
second epochs. Landis and Koch were aged children

followed. (dribble
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basketball and

jumping jacks).
The cut points

are based on

direct
measures of
energy
expenditure
only.
Puyau MR et 26 children - Computer Accelerometers were | Threshold levels were | The mean The cut points | The ages of the
alte4 Boys (n=14) and | Science and validated and defined in terms of correlations between | are derived children
girls (n=12). Applications calibrated against 6- | activity energy EE or AEE and from a variety | measured are
2002 Actigraph hour energy expenditure (AEE) counts were for the | of activities. not derived
Boys: 10.7 £2.9 | (model 7164; expenditure (EE) computed as EE - CSA-hip (r=0.66 + from preschool
Google Scholar: | (6 to 16) years. Computer measurements by RMR was regressed 0.08) and CSA-leg (r aged children
1002 Girls: 11.1 £2.9 | Science room respiration against counts to =0.73 £ 0.07). EE or [Boys: 10.7 £
(7 to 16) years. | and calorimetry, activity | derive threshold AEE was correlated 2.9 (6 to 16)
Web of Science: Applications, by a Doppler counts. Descriptive highly with heart years. Girls:
618 White (n=16), Shalimar, FL) microwave sensor, statistics, Pearson rate (r = 0.80 £ 0.10) 111+29 (7 to
African and heart rate by correlations and and microwave 16) years]. The
Scopus: 636 American (n=2), | Sedentary$: 0- telemetry in a room multiple regression activity counts in cut points are

Hispanic (n=4)
and Asian
(n=4).

CDCBMI Z
scores: Boys:
0.42+0.83 (-1.7

199

LPAS: 200-799

MPAS: 800-2049

VPAS: 22050

calorimeter. During
the 6 hours, the
children performed
structured activities,
including:

analyses were
performed between
counts and EE, and
counts provided by
the CSA and MM
monitors.

the calorimeter (r =
0.82+0.04).
Correlation between
the CSA-hip and
CSA-leg placement
was 1 =0.77. EE was
significantly related

derived from a
large age
range. The cut
points are
derived from
activities
performed in a
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to 1.3). Girls: Sedentary: Nintendo, to counts and age laboratory
032+ arts and crafts and but not to sex. Age setting
0.73 (-1.5 t0 0.8). playtime 1. increased the 12 for (unclear
Light: Aerobic warm- the prediction of EE whether how
Height, weight up and Walk 1. from counts by 2% this was
and body mass Moderate: Tae Bo, to 3%. Age did not calibrated with
index (BMI) playtime 2 and walk significantly alter the activities
information 2. the prediction of that were
available in Vigorous: Jogging, AEE from counts. performed in
reference. jump rope, walk 3, Predicting AEE field settings).
skip, jogging and from the The cut points
soccer. combination of the are based on
The children were counts from the hip direct
monitored and leg increased measures of
throughout a series the r2 to 86%. The energy
of outdoor sedentary, light, expenditure
measurements under moderate and only.
field conditions. vigorous categories Accelerometry
Counts, VO,, VCOs,, were set at <0.015, data was
EE and heart rate >0.015 but <0.05, measured in 1-
were averaged at 1- >0.05 but <0.10 and minute
minute intervals. >0.10 intervals.
kcal/kg/minute
respectively.
Van 18 children-10 | GT1IM The children spent 20 | Receiver Operating For sedentary, MPA | This is the The cut points
Cauwenberghe | girls for phase 1 | ActiGraph minutes in a free play | Characteristic (ROC) | and VPA most recent are derived
E et a]'61 (calibration the session followed by curve analyses were respectively; the publication out | from activities
accelerometer) | Sedentary: 0-372 | 10 3-minute and 1 10- | used to determine the | sensitivity was of the five performed in a
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2011

Google Scholar:

110

Web of Science:

49

Scopus: 63

and 154
children for
phase 2
(predicted PA
using cut
points)

Phase 1: 5.8 +
0.4 years. Phase
2:55+03.

IOTF definition:

Normal weight
(16) and
Overweight (2)

Ghent, Belgium

LPA: 373-584

MPA: 585-880

VPA: 2881

minute structured
activities in a
laboratory which
were based on the
Children’s Activity
Rating Scale (CARS):
sitting, standing,
drawing,
walking/jogging at 7
increasing speed
levels and the 10-
minute easy paced
walk. Accelerometry
data was measured
in 15 second
intervals. A second-
by-second direct
observation
(modified CARS) was
carried out by two
researchers on the
videotaped free play
session and used as a
criterion measure of
PA. For phase 2,
children wore the
accelerometer for 5
consecutive days.

sedentary, moderate
and vigorous
accelerometer cut
points where
sensitivity and
specificity were both
maximised: counts
per 15s of each
calibration activities
by the activity. For
phase 2, ANOVA was
used to determine the
differences between
estimations of time
spent (in)active
according to the
various accelerometer
cut points (Sirard et
al, Pate et al and
Evenson et al.

85.9%, 87.2% and
87.5%; the specificity
was 91.2%, 82.2%
and 91.3%; the area
under the ROC
curve was 0.95, 0.91
and 0.94.

summarised.
The ages of the
children from
which the
thresholds
were derived
from are on the
upper end of
what would be
defined as
preschool aged
[Phase 1: 5.8 +
0.4 years.
Phase 2: 5.5 +
0.3]. The cut
points are
derived from a
narrow age
range. The cut
points are
derived from a
variety of
activities. The
cut points are
based on a
combination of
direct
measures of

laboratory
setting. No
ethnicity data
is presented.
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energy

expenditure
and direct
observation.
Accelerometry
data was
measured in 15
second
intervals.
Sirard J R et 16 children for | ActiGraph Children performed | Receiver Operating For sedentary, MPA | The paper does | The cut points
alte2 phase 1-23 accelerometers | five 3-minute Characteristic (ROC) | and VPA not provide are derived
recruited but 7 | (Manufacturing | structured activities. | curve analyses respectively; the the exact ages | from direct
2005 removed Technology, A modified identified count cut sensitivity ranged of the children, | observation
(calibrating the | Inc., Fort Children’s Activity offs for four physical | from 9.4% - 100%; but the age only.
Google Scholar: | accelerometer) | Walton Beach, Rating Scale (CARS) | activity intensities specificity ranged range is
261 and 269 FL) was used as the where sensitivity and | from 66.7% - 100%; | derived from
children for criterion physical specificity were both | the area under the preschool aged
Web of Science: | phase 2 3-year-olds activity measure: maximised. ROC ROC curve ranged children [3 to 5
N/A (validating the | Sedentary: 0-301 | sitting and talking, curve analyses were from 0.92-1.00 for years]. The cut
cut offs in LPA: 302-614 fast walking (4.3 £ 0.6 | calculated separately | the 3,4 and 5-year- | points are
Scopus: N/ A preschool MPA: 615-1230 | km/hr), sitting and for the 3, 4 and 5-year- | old thresholds. derived for
settings) VPA: 21231 playing, slow olds. Pearson correlation | specific age
walking (3.2 0.6 coefficients between | groups (3yr,
See Table 2 in 4-year-olds km/hr), and jogging direct observation 4yr and 5yr).
reference for by | Sedentary: 0-363 | (6.9 £3.9 km/hr). physical activity The cut points
age category LPA: 364-811 Each child was variables and are derived
and phase data | MPA: 812-1234 | measured for 15 ActiGraph variables | from a variety
for gender, VPA: 21235 seconds at a time. To collected during the | of activities.
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ethnicity, evaluate the ability of field trial are The cut points
height, weight | 5-year-olds the count cut offs to moderate in are derived
and BMI data. Sedentary: 0-398 | categorize activity magnitude (0.46 to from activities
LPA: 399-890 intensity, children 0.70) and all are performed in
3 to 5 years MPA: 891-1254 | wore the statistically preschool
VPA: 21255 accelerometer during significant (P < settings.
Columbia, the entire time they 0.001). Accelerometry
South Carolina were at their data was
preschool for up to measured in 15
10 consecutive second
weekdays. intervals.

Note: LPA: Light Physical Activity, MPA: Moderate Physical Activity, VPA; Vigorous Physical Activity, ICC: Intraclass Correlation Coefficient
*Mean £SD (range) for continuous data unless otherwise stated
$Thresholds described by Puyau et al were stated in counts/min in the references: Sedentary: 0-799, LPA: 800-3199, MPA: 3200-8199 and VPA: 28200
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The accelerometry cut points available in the ICAD dataset are those described
by Evenson et al'®3 and a combination of those described by Pate et al'0. 168 and
Puyau et al'® (mainly consisting of those identified Pate et al'6%. 18). A variety of
activities were performed and the accelerometry data were collected in 15 second
epochs in two of the calibration studies!® 163, However, both of these studies
were limited in that the activities were performed in laboratory settings and the
cut points were derived based on energy expenditure only. The study by Evenson
et al'®3 is further limited on the basis that the participant age range and the
activities performed, are not representative of those undertaken by children aged
under five-years-old. The age range of the children in the study by Pate et all® is
more representative of a preschool-age population and for this reason it would
be more appropriate to use these cut points for the primary analyses of the ICAD
(section 3.4.3). If more thresholds were available in the ICAD, it would be more
appropriate to use the cut points specified by van Cauwenberghe et al'¢! or Sirard
et al'2 in the primary analyses. Both studies had participants which represented
preschool-aged children; derived thresholds from a variety of activities; and
collected accelerometry data in 15 second epochs. The study by van
Cauwenberghe et all®! is the only study to combine a measure of energy
expenditure and direct observation to derive the cut points whereas Sirard et al162
used direct observation only. Activities were performed in a laboratory setting in
the study by van Cauwenberghe et al'®! as opposed to preschool settings in the

study by Sirard et al'®2, which is more appropriate.
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Itis evident that there is a large degree of variability with how different cut points
are developed, presenting researchers with an obstacle in quantifying
accelerometry data known as the cut point conundrum¢’, which results in the
magnitude of activity estimates being altered based on the cut points used.
Without a standardised approach to reducing accelerometry data, it is only
possible to choose the most appropriate cut points based on the population being

analysed and those which are available.

3.3.2. Accounting for non-wear time with accelerometry
data

Accelerometry non-wear time refers to intervals where participants are not
wearing their accelerometers, such as when they are sleeping, showering or
swimming!”. Non-wear time needs to be excluded from the raw data to
accurately assess the time spent in different physical activity intensities during
participants” wear time!”0. In the ICAD?2, non-wear time is defined as 60 minutes
of consecutive zeros allowing for two minutes of non-zero interruptions!”!, which
was removed from the raw dataset. Looking at this reference in more detail, non-
wear time is defined as an interval of at least 60 consecutive minutes of zero
activity intensity counts, with allowance for one to two minutes of counts
between 0 and 100'71. A study by Goodman et al'”? was conducted using the
ICAD, where the authors removed hours with less than 30 minutes of data when

conducting by hour analyses. There are no validation studies specifically
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advising on the number of minutes of wear time needed per hour for by hour
analyses, therefore for the by hour analyses I present in section 3.5.3 when
looking at the activity patterns across the day, I remove hours with less than two

minutes of wear time in line with the reference by Troiano et al'”!.

It is necessary to restrict the hours of analysis within a day to exclude the times
that the participants are sleeping at night however the hours that the participants
are asleep is not available in the ICAD. As the participants are from different
countries, which may have variations in typical daily routines, it would not be
appropriate to apply the same ‘routine’ to the whole analysis sample. To help
guide the time period to restrict the analyses by, I assessed previous literature
which have stated time period inclusion when analysing preschool-aged
children’s accelerometry data (Table 6). The studies are conducted in high-
income countries which is representative of the data available to analyse in the
ICAD. Looking at Table 6 together with the preliminary ICAD data analyses
(data not shown), I decided to restrict the analyses from 6am-10pm (6:00-21:59)3%

173 to best reflect when this population would be awake.
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Table 6: A summary of a sample of studies which have stated the time periods and

minimum valid day inclusions criteria for the analysis of accelerometry data in preschool-

aged children
. Minimum number | Minimum .
Time . Participant
Reference . of hours/minutes | number of Country
period ages
per day days
Hesketh et 6am -
Al 11pm 10 hours Not stated 4 years UK
Hesketh et 7am - 6pm 10 hours Not stated 3-4 years UK
al3?
10 hours 19 3 days
O’Dwyer et minutes (weekday) | including 1
all74 7am - 8pm and 10 hours 24 weekend 3-5 years UK
minutes (weekend) day
4 days
Berglind et including 1
175 7am - 9pm 10 hours weekend 4 years Sweden
day
Van Sluijs et 6am -
All73 10pm 10 hours 3 days 4 years UK
Hnatiuk et 6am -
al147 9/11pm 10 hours 1 day 3-4 years UK
Dawson- 6am -
Hahn et all76 12am 3 hours 5 days 3-5 years USA
Schmutz et 3 days
al'® and including 1
Leeger- 7am - 9pm 10 hours 5 2-6 years | Switzerland
weekend
Aschmann et d
all?7 ay
N/A -
Olesen et preschool 3 hours in 3 preschool
al'78 time preschool days 5-6 years Denmark
period
2 weekdays
Sijtsma et Sleep times . and 1
Al179 recorded 6 hours 40 minutes weekend 3-4 years | Netherlands
day
Non-wear 2 weekdays
Dolinsky et time and 1
all4 removed 6 hours weekend 2-5 years UsA
only day
Non-wear 2 weekdays
Bringolf-Isler time and 1 .
ot a]150 removed 10 hours weekend 4-7 years | Switzerland
only day
Non-wear 6 (baseline) - 8 3 days .
78 -
Abbott etal time (follow-up) hours | including 1 3-5 years Australia

95




removed weekend
only day
Non-wear 3 weekdays
Hinkley et time and 1 .
Al removed 7 hours weekend 3-5 years Australia
only day
3 weekdays
Eichinger et and both
a]i51 7am - 9pm 4 hours weekend 3-6 years Germany
days
3.3.3. Number of valid days of accelerometry data

The accelerometry cut points described by Puyau et al'®* and Pate et al160. 168 will
be used in the primary analyses of the ICAD, as described earlier: Sedentary (0-
199 counts/15 seconds), light physical activity (LPA) (200-419 counts/15
seconds), moderate physical activity (MPA) (420-841 counts/15 seconds) and
vigorous physical activity (VPA) (=842 counts/15 seconds). Studies by Byun et
al’82and Addy et al'® have determined the number of days of accelerometry data
needed to reliably estimate daily sedentary time and physical activity levels in
children aged 3-5-years-old using these cut points. Both studies used data from
the Children’s Activity and Movement in Preschool Study (CHAMPS) which is
described elsewherel68. In brief, ActiGraph (ActiGraph model 7164, Shalimar, FL,
USA) accelerometry data was collected over 8-10 consecutive days from children

from 22 preschools in greater Columbia, South Carolina, USA. In
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Table 7, I have collated the results from the two studies!82 183 which I will describe

below.

Table 7: Number of days of accelerometry data needed to achieve acceptable reliability

Pllrll}t’::;ilaecsh(::g’ ICCs achieved with number of | Number of days of accelerometry
. days of accelerometry data data to achieve ICCs
points)
1 4 7 >07 | 2075 | 208 | 209
Sedentary (<37.5
counts/15 seconds) 0.32 0.65 0.76 5 6 9 19
Sedentary (<200
counts/15 seconds) 0.36 0.69 0.8 4 5 7 16
Total PA (2200
counts/15 seconds) 0.36 0.79 N/A 4.24 5.45 7.26 N/A
MVPA (2420
counts;/15 seconds) 0.39 0.72 N/A 3.62 4.65 6.21 N/A

Note: ICC: Intraclass Correlation Coefficient

In the study by Byun et al'®?, the count data was categorised using three different
cut points for sedentary time: <37.5 counts/15 seconds!®®, 200 counts/15
seconds!® and <373 counts/15 seconds!®l. Two samples of children were
analysed: Total-Days (n= 150) who had at least six days of valid data and In-
School (n=191) who had at least four valid weekdays. The number of days of
accelerometry data needed to reliably estimate sedentary time was calculated
using the Spearman-Brown prophecy formula where an intraclass correlation
coefficient (ICC) of 0.8 was considered a reliable cut off. The Standard Error of
Measurement (SEM) was calculated to measure the precision of the sedentary
time using the estimated ICCs. Looking at the results of the sedentary time cut

point described by Pate et all¢0. 168 (<200 counts/15 seconds) from the Total-Days
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sample, seven days of accelerometry data are needed to produce an ICC of >0.8
(see Table 7). One, four and seven days of data were calculated to produce ICCs

of 0.36, 0.69 and 0.8. The SEMs for one, four, six, seven and nine days of data was

22,1.6,1.3,1.3 and 1.2182,

The study by Addy et al'® reduced accelerometry data using cut points specified
for 3-5-year-olds!®. 168: total physical activity (=200 counts/15 seconds) and
MVPA (2420 counts/15 seconds). Three different samples of participants were
analysed: Total-Days (n=150) who had at least six days of valid data, In-School
(n=199) who had at least four in-school days and Weekdays (n=204) who had at
least four weekdays. Like the study by Byun et al'®, the Spearman-Brown
prophecy formula was used to determine the number of days of accelerometry
data required to obtain a specific ICC. For total physical activity, one day of
accelerometry data achieved an ICC of 0.36 and four days achieved an ICC of
0.69 in the Total-Days sample (Table 7). Additionally, one day of accelerometry
data achieved an ICC of 0.39 whereas four days of data achieved an ICC of 0.72

for MVPA.

Table 7 summarises the number of days of accelerometry data needed to achieve
ICCs of values between >0.7 and =0.9 for the different physical activity intensities,
based on the two studies!®? 18, Although the study by Byun et al'®? stated that an
ICC of 20.8 was considered acceptable based on previous literature, the study by

Addy et al'® discusses an ICC of 20.75 as achieving acceptable reliability. Based
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on psychometric theory, it has been stated that an ICC of 0.7 can be considered
as an acceptable threshold!®. This highlights the inconsistencies in determining
an acceptable reliability threshold between different studies. The Spearman-
Brown prophecy formula predicts a large number of days needed to reliably
estimate physical activity levels, which does not coincide with data available in
the ICAD and would therefore limit my ability to analyse the data. Thus, I have
had to consider what is appropriate but also feasible, with choosing
accelerometry wear time practices to apply to the ICAD, which I will describe in

section 3.3.5.

3.3.4. Whatis considered a valid day of accelerometry
data

A study by Hinkley et al'® assessed the volume of accelerometry data required
to reliably estimate preschool-aged children’s activity measures and whether it
was appropriate to include weekday and weekend data as a minimum
requirement. Overall, ActiGraph Model GTIM accelerometry data were
analysed from a sample of 1004 children participating in the Healthy Active
Preschool Years study in Melbourne, Australia. The Spearman-Brown prophecy
formula was used to estimate the number of days needed to estimate ICCs of 0.7,
0.8 and 0.9 and how many hours of accelerometry data is needed for each of those
days. The cut points used to categorise total physical activity are those described

by Sirard et al'®? which are different to those that are available to analyse the
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ICAD. The authors found that four days, each consisting of five/six hours
(300/360 minutes) of data, were needed to achieve an ICC of 0.7. Alternatively,
3.2 days of accelerometry data, with eight hours (480 minutes) per day also
achieved an ICC of 0.7. The authors found that including a weekend day of data

improved the reliability.

Table 6 summarises a sample of studies which have looked at correlates of
sedentary time and physical activity in preschool-aged children and stated their
inclusion criteria for the minutes of accelerometry wear time needed to consider
a day valid and the number of valid days needed. Most of the studies do not
specify a reference for their inclusion criteria and it is evident that there is a large
variation in valid day criteria. As discussed in section 3.3.3, it is important to
weigh up what is both reliable and feasible inclusion criteria, with the

accelerometry data that is available to analyse.

3.3.5. Valid day inclusion criteria for the ICAD analyses

Based on the studies used by Byun et al'82 and Addy et al'83 (section 3.3.3), which
have used the accelerometer cut points that are available in the ICAD, I would
need participants with at least four valid days of accelerometry data to achieve
an ICC 20.7 for all of the physical activity intensities. Combining this with the
study by Hinkley et al'8 (section 3.3.4), a day could be considered valid if there
are at least five to six hours of accelerometry data. Out of the 1246 participants in

the ICAD aged 3-4-years-old with at least one valid day (six hours) of
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accelerometry data, 875 (70.2%) of the sample have four valid days of data (data
not shown). By removing almost 30% of the potential sample using these criteria,
the power would be reduced which would skew analysis results, if those who
are excluded are different to those retained in the sample. To maximise the
sample size whilst maximising the reliability, participants with three days of
valid accelerometry data (1016) with at least eight hours of data (1227) will be
analysed in the primary analyses (82.8%), which is in line with the validation
study findings by Hinkley et al'®> to achieve an ICC of 0.7. So as not to reduce the
power of the analyses further, the inclusion criteria of having at least one
weekend day to increase reliability will not be applied to the data. It is
appropriate to conduct sensitivity analyses looking at participants with four days
of data with at least six hours of wear time; to see how the results compare to the
suggested number of valid days to include as calculated for the cut points used

in the study82 183,

3.4. Methods

3.4.1. Study design

Cross-sectional analyses were carried out on data obtained from the ICAD, which
has been described in detail elsewhere”2. In brief, the ICAD is a pooled database
of raw Actigraph accelerometer (Actigraph LLC, Pensacola, FL, USA) data files

and accompanying demographic, anthropometric, and health data collected from
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children (2-18-years) between 1997 and 2009. Data were pooled from 20 studies
conducted in 11 countries and included cross-sectional, longitudinal,
intervention and closed cohort studies. Data were reduced using standardised
techniques to allow for comparison of physical activity outcome variables across
studies (see below). Formal data sharing agreements were established between
all study authors and the ICAD. All studies consulted their individual research
boards to confirm that appropriate ethical approval had been attained for

contributing data.

3.4.2. Participants

For this study, the analytical sample consists of children aged 3-4-years-old who
had at least three days (week and/or weekend days) of valid accelerometry
data®>. To maintain the independence of the observations, follow-up waves of
data were excluded from the analyses (n = 17). Participants aged two-years-old
(n = 17) and participants from Australia (n = 7) were excluded due to the very
small sample sizes for these groups. Data for the analysis sample were extracted
from six studies: Ballabeina Study'8 — Switzerland; Belgium Pre-School Study?6!
187,188 — Belgium; CHAMPS UK1#, 1% — UK; CHAMPS U.S.1¢8 —USA.; lowa Bone
Development Study (IBDS)™1 192—USA.; and Movement and Activity Glasgow

Intervention in Children (MAGIC)1% — UK.
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3.4.3. Physical activity measurement

Physical activity was measured using waist-worn, uniaxial Actigraph
accelerometers (models 7164, 71256, and GT1M). Raw data files were processed
using KineSoft version 3.3.20 (KineSoft, Sakatchewan, SK, Canada). Non-wear
time was defined as periods of 60 minutes of consecutive zeros allowing for two
minutes of non-zero interruptions!’l. A day was considered valid if there was at
least 480 minutes of accelerometry data®5. The analysis of physical activity data
was restricted to 06:00 and 21:59 to exclude the times when the children would
be asleep!73. When looking at physical activity patterns across the day, hours with
less than two minutes of wear time were removed from the analyses'”!. Physical
activity thresholds available in the ICAD were those specified by Puyau et al.1¢4
and Pate et al.10: sedentary (<800 cpm)!%4, TPA (=800 cpm)!¢* and MVPA (21680
cpm)!%. Mean hourly, daily, weekday and weekend minutes spent in sedentary
time, total physical activity and moderate-to-vigorous physical activity across the

whole week were the outcome variables.

3.4.4. Variables

The following 10 potential correlates were examined: age, gender, country,
season, ethnicity, parental education, day of the week (weekday vs weekend),
time of sunrise, time of sunset and hours of daylight. These variables were
explored based on a combination of what was available and what had been
identified as potential correlates by previous studies® ¢ 67, Ethnicity data were
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available from three studies in the analysis sample and categorised as white or
other (non-white). Parental education was available from four studies and was
dichotomised into ‘up to and including completion of compulsory education
including vocational training’ and ‘any post-compulsory education including
vocational training’, as a measure of socioeconomic status. The season, time of
sunrise, time of sunset and hours of daylight variables were derived from the
date that the accelerometer started collecting data and the city, or nearest city,

where the study took place using the website www.timeanddate.com. The

countries in the sample were all in the Northern Hemisphere and therefore, had
the same seasons (spring: March-May; summer: June-August; autumn:
September-November; winter: December-February). The time of sunrise
variable, time of sunset and hours of daylight variables were categorised into
before and after 07:00; before and after 19:00; and less than or more than 12 hours,

respectively.

3.4.5. Statistical analyses

Participant characteristics were summarised using frequencies and percentages
for categorical data. The percentage of children meeting the recommended daily
guidelines of 2180 minutes of total physical activity3? 4080, 144 and >60 minutes of
moderate-to-vigorous physical activity3® 40 were compared across categories of
each correlate using chi-squared tests. Mean minutes spent in sedentary time,

total physical activity and moderate-to-vigorous physical activity were plotted
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for every hour between 06:00 and 21:59. Adjusted multilevel linear regression
models were used to determine the association between sedentary time, total
physical activity and moderate-to-vigorous physical activity for each potential
correlate. Models were adjusted for age, gender, season, minutes of wear time
and study clustering effects. Linear regression analyses were undertaken
assuming a linear relationship, multivariate normality, homoscedasticity and
little multicollinearity which were tested via inspection of scatter plots of the
outcomes vs. the independent variable; histograms of the outcome variables;
scatter plots of the residual errors vs. the linear predictor; and variance inflation
factors of the variables included in the models, respectively. Results from the
assumption tests clarified that these assumptions had been met (data not shown).
ICCs and R-squared values (R?), as proposed by Snijders and Bosker!®*, were
calculated for each of the models. Some studies!82 18 suggest that four valid days
of accelerometry data are needed to reliably measure activity levels to achieve an
ICC of 20.7 when using the accelerometry thresholds specified in the analyses'®".
164 Sensitivity analyses were, therefore, carried out on a sample where
participants had at least four days of valid accelerometry data (data not shown).

All analyses were carried out in Stata v15 (StataCorp, College Station, TX, USA).
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3.5. Results

3.5.1. Participant characteristics

The 1052 participants in the analysis sample (Table 8) contributed an average of
4.82 days of data comprising 3.79 weekdays and 1.03 weekend days. The average
daily wear time between 6:00 to 21:59 was 697.27 minutes (see Appendix 3). Data
were collected between September 1998 and June 2009. Out of the six studies
which contributed data, most participants were from the UK-based MAGIC

study (36.8%).
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Table 8: Sociodemographic characteristics of children

Characteristic N (%)
Overall 1052 (100.00)
Age
3 343 (32.60)
4 709 (67.40)
Gender
Male 528 (50.19)
Female 524 (49.81)
Country
UK 426 (40.49)
Switzerland 142 (13.50)
Belgium 104 (9.89)
USA 380 (36.12)
Season
Winter 136 (12.93)
Spring 110 (10.46)
Summer 117 (11.12)
Autumn 689 (65.49)
Ethnicity
White 200 (19.01)
Other 219 (20.82)
Missing/Not available 633 (60.17)
Parental Education
Up to and including completion of compulsory vocational training 86 (8.17)
Any post-compulsory education including vocational training 300 (28.52)
Missing/Not available 666 (63.31)
Day of the Week
Weekday 1052 (100.00)
Weekend 626 (59.51)
Time of Sunrise
Before 07:00 433 (41.16)
After 07:00 619 (58.84)
Time of Sunset
Before 19:00 548 (52.09)
After 19:00 504 (47.91)
Hours of Daylight
Less than 12 hours 589 (55.99)
More than 12 hours 463 (44.01)
Study
Ballabeina 142 (13.50)
Belgium Pre-School 104 (9.89)
Children’s Health and Activity Monitoring Programme USA 361 (34.32)
Movement and Activity Glasgow Intervention in Children 387 (36.79)
Children’s Health and Activity Monitoring Programme UK 39 (3.71)
Iowa Bone Density Study 19 (1.81)
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3.5.2. Percentage of children meeting Canadian,
Australian, USA and UK guidelines for sedentary
time, total physical activity, and moderate-to-
vigorous physical activity

Participants spent an average of 490.18 minutes per day in sedentary time (see

Appendix 3). Table 9 shows that 70.0% of participants met recommended daily

guidelines of 2180 minutes of total physical activity and 78.8% of participants met

daily guidelines of 260 minutes of moderate-to-vigorous physical activity, based
on total physical activity (=800 cpm)'®* and moderate-to-vigorous physical

activity (21680 cpm)!0 thresholds specified by Puyau et al. and Pate et al. A

greater percentage of four-year-olds than three-year-olds and boys than girls met

the recommended guidelines for total physical activity and moderate-to-
vigorous physical activity. The findings suggest that the percentage of children
reaching total physical activity and moderate-to-vigorous physical activity
guidelines varied between the different countries. The lowest percentage of
children achieving guideline moderate-to-vigorous physical activity levels was
observed in Belgium (50.0%), and the highest percentage was observed in the

USA (88.7%). The percentage of children reaching the recommended total

physical activity and moderate-to-vigorous physical activity levels increased

from winter through to summer before it decreased in autumn and was greater
on weekdays compared to weekends. A greater percentage of non-white children

met the moderate-to-vigorous physical activity guidelines compared to white
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children (92.7% vs. 78.0%, X2 = 18.40, p < 0.001). When the hours of daylight were
more than 12 hours, a greater percentage of children met total physical activity
(76.2% vs. 65.0%, X2 = 1552, p < 0.001) and moderate-to-vigorous physical
activity (85.1% vs. 73.9%, X2 =19.62, p < 0.001) guidelines compared to when days
were less than 12 hours long. A greater percentage of children met total physical
activity and moderate-to-vigorous physical activity guidelines when the time of
sunrise was before 07:00 and the time of sunset was after 19:00 compared to being

after 07:00 and before 19:00. No differences were observed for parental education.
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Table 9: Frequency and percentage of children meeting internationally recognised
quidelines of 2180 minutes of total physical activity per day and 260 minutes of

moderate-to-vigorous physical activity per day by the different correlates

2180 min ) 260 min )
Correlate N of TPA X P of MVPA X p
Overall 1052 ( 679396 6) N/A | N/A | 829(78.80) | N/A | N/A
Age
223
3 343 (65.01) 257 (74.93)
4 709 >13 593 | 0.015 | 572 (80.68) | 4.58 | 0.032
(72.36) . . . . .
Gender
406
Male 528 (76.89) 451 (85.42)
330
Female 524 (62.98) 24.24 | <0.001 | 378 (72.14) | 27.76 | <0.001
Country
297
UK 426 (69.72) 332 (77.93)
Switzerland 142 | 99 (69.72) 108 (76.06)
Belgium 104 | 46 (44.23) 52 (50.00)
294
USA 380 (77.37) 42.70 | <0.001 | 337 (88.68) | 74.70 | <0.001
Season
Winter 136 | 82 (60.29) 93 (68.38)
Spring 110 | 79 (71.82) 85 (77.27)
Summer 117 | 90 (76.92) 106 (90.60)
485
Autumn 689 (70.39) 8.99 | 0.029 | 545 (79.10) | 18.78 | <0.001
Ethnicity
. 143
White 200 (71.50) 156 (78.00)
171
Other 219 (78.08) 241 | 0.120 | 203 (92.69) | 18.40 | <0.001
Parental Education
Up to and including
completion of compulsory 86 | 73 (84.88) 81 (94.19)
vocational training
Any post-compulsory 226
education includin, . . . . .
ducation including 300 (75.33 3.49 | 0.062 | 260 (86.67) | 3.67 | 0.055
vocational training 33)
Weekday vs. Weekend
720
Weekday 1052 (68.44) 813 (77.28)
Weekend 626 ( 6?18666) 8.03 | 0.005 | 423 (67.57) | 19.07 | <0.001
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Time of Sunrise

344
Before 07:00 433 (79.45) 382 (88.22)
After 07:00 619 ( 6?;9??3) 31.49 | <0.001 | 447 (72.21) | 39.09 | <0.001
Time of Sunset
350
Before 19:00 548 (63.87) 399 (72.81)
After 19:00 504 (7368569) 20.21 | <0.001 | 430 (85.32) | 24.59 | <0.001
Hours of daylight
383
Less than 12 hours 589 (65.03) 435 (73.85)
More than 12 hours 463 (73655 4) 15.52 | <0.001 | 394 (85.10) | 19.62 | <0.001

Note: Total Physical Activity, MVPA: Moderate-to-Vigorous Physical Activity
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3.5.3. Patterns of sedentary time and physical activity
across the day

Figure 5, Figure 6 and Figure 7 show that sedentary time levels increase until
around 09:00 and then decrease throughout the day, whereas total physical
activity and moderate-to-vigorous physical activity levels increase throughout
the day with variations in physical activity by country, day of the week and hours
of daylight between 11:00 and 15:00. Figure 5 suggests that children from the USA
showed a greater dip in total physical activity and moderate-to-vigorous physical
activity levels between 11:00 and 15:00 than that observed around 12:00 in the UK
and in Switzerland. Minutes spent in sedentary time appear to have been higher
on weekdays compared to weekends (Figure 6) until 14:00 and 15:00 when
minutes spent in sedentary time became similar. On weekdays, the minutes spent
in total physical activity and moderate-to-vigorous physical activity rose until
10:00 to 11:00 before dipping, whereas, on weekends, the minutes spent in total
physical activity and moderate-to-vigorous physical activity increased gradually
throughout the day before reaching a peak at the same time as weekdays at
around 16:00. Between the hours 09:00 and 18:00, the minutes spent in sedentary
time were higher when the hours of daylight were less than 12 hours compared
to being more than 12 hours (Figure 7). The minutes spent in total physical
activity and moderate-to-vigorous physical activity were noticeably higher when

the hours of daylight were more than 12 hours long, apart from the period before
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09:00 and at the dipped levels observed between 12:00 and 15:00 where levels

were similar to those observed on days which are less than 12 hours long.

Figure 5: By country differences in minutes spent in sedentary time, total physical

activity and moderate-to-vigorous physical activity by hour
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Figure 6: Differences in minutes spent in sedentary time, total physical activity and

moderate-to-vigorous physical activity by hour on weekdays compared to weekends
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Figure 7: Differences in minutes spent in sedentary time, total physical activity and
moderate-to-vigorous physical activity by hour when the hours of daylight are less than

12 hours long compared to being more than 12 hours long
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3.5.4. Correlates of sedentary time and physical activity
in preschool-aged children

Table 10 shows the adjusted associations between the potential correlates and
average daily minutes spent in sedentary time, total physical activity and
moderate-to-vigorous physical activity after adjusting for age, gender, season,
minutes of wear time and study level clustering. Minutes spent in sedentary time
were higher, while minutes spent in total physical activity were lower, in girls,
winter and children whose parental education levels were higher compared to
boys, spring and lower parental education levels, respectively. Children spent
more minutes in sedentary time on weekdays compared to weekends and in
moderate-to-vigorous physical activity summer compared to winter. There was
evidence that four-year-olds, boys and non-white children spent more time in
moderate-to-vigorous physical activity compared to three-year-olds, girls and
white children, respectively. Minutes spent in sedentary time were lower and the
time spent in total/ moderate-to-vigorous physical activity was higher when the
hours of daylight were greater, i.e. when the time of sunrise was before 07:00,
time of sunset was after 19:00 and when the hours of daylight were longer than
12 hours long. UK-based children spent more time in total physical activity and
fewer minutes in sedentary time compared to children from Switzerland,
Belgium and the USA but only spent more time in moderate-to-vigorous physical
activity compared to Switzerland and Belgium. The unadjusted analysis findings

are available in Appendix 4.
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Table 10: Multi-level adjusted associations between potential correlates and average daily
minutes spent in sedentary time, total physical activity, and moderate-to-vigorous

physical activity in children aged 3-to-4-years-old

Sedentary Time
Correlate (Reference Category) N B (95% CI) p ICC | R?
Age (ref = 3—years) 1052 -3.54 (;97'%5' 0.272 | 0.085 | 0.635
= (12.14,
Gender (ref = Male) 1052 17.81 23.49) <0.001 | 0.085 | 0.635
Country (ref = UK) 1052 0.000 | 0.944
Switzerland 22.06 (12.09, <0.001
' 32.03) )
. (25.34,
Belgium 36.68 48.02) <0.001
(2.54,
USA 10.73 18.91) 0.010
Season (ref = Winter) 1052 0.085 | 0.635
. _ (-26.28,
Spring 14.01 ~1.74) 0.025
B (—24.90,
Summer 12.16 0.57) 0.061
(-9.42,
Autumn 0.93 11.28) 0.861
- . (-12.71,
Ethnicity (ref = White) 419 -3.07 6.56) 0.532 | 0.000 | 0.903
Parental Education (ref = Up (3.65,
to/including compulsory education) 386 14.91 26.17) 0.009 1 /0.000 | 0.609
Weekday vs. Weekend (ref = 3 (—40.03,
Weekday) 1678 33.60 ~27.18) <0.001 | 0.084 | 0.511
Time of Sunrise (ref = Before 07:00) 1052 10.80 1(?;5;2’) 0.002 | 0.070 | 0.696
. _ (-22.20,
Time of Sunset (ref = Before 19:00) 1052 | -15.20 ~8.19) <0.001 | 0.089 | 0.626
Hours of daylight (ref = Less than 12 1052 | -1033 (-17.53, 0.005 | 0.085 | 0.636
hours) -3.13)
Total Physical Activity
Correlate (Reference Category) N B (95% CI) p ICC R?
Age (ref = 3—years) 1052 3.54 (;28;)7’ 0.272 | 0.085 | 0.273
- (-23.48,
Gender (ref = Male) 1052 | -17.81 12.14) <0.001 | 0.085 | 0.273
Country (ref = UK) 1052 0.000 | 0.888
. : (-32.02,
Switzerland 22.05 ~12.08) <0.001
. _ (—48.02,
Belgium 36.68 ~25.35) <0.001
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(-18.90,

USA -10.72 ~253) 0.010
Season (ref = Winter) 1052 0.085 | 0.273
. (1.73,
Spring 14.00 26.28) 0.025
(-0.58,
Summer 12.16 24.89) 0.061
B (-11.28,
Autumn 0.93 9.42) 0.860
. . (—6.56,
Ethnicity (ref = White) 419 3.07 12.71) 0.532 | 0.000 | 0.884
Parental Education (ref = Up _ (-26.17,
to/including compulsory education) 386 1491 —3.65) 0.009 1 0.000 | 0.203
Weekday vs Weekend (ref = _ (-9.30,
Weekday) 1678 3.65 2.00) 0.205 | 0.096 | 0.224
Time of Sunrise (ref = Before 07:00) 1052 | -10.80 (::1))75;)2’ 0.002 | 0.070 | 0.395
Time of Sunset (ref = Before 19:00) 1052 15.20 gg())') <0.001 | 0.089 | 0.256
Hours of daylight (ref = Less than 12 1052 10.33 (3.12, 0.005 | 0.085 | 0276
hours) 17.53)
Moderate—to—Vigorous Physical Activity
Correlate (Reference Category) N p (95% CI) p ICC | R?
Age (ref = 3—years) 1052 491 (90'0757)’ 0.020 | 0.095 | 0.299
_ (-18.66,
Gender (ref = Male) 1052 | -14.94 | Y 11.21) <0.001 | 0.095 | 0.299
Country (ref = UK) 1052 0.000 | 0.904
. _ (-22.46,
Switzerland 15.93 ~9.41) <0.001
. _ (=29.90,
Belgium 2248 | Y 15.05) <0.001
(-1.30,
USA 4.06 9.42) 0.137
Season (ref = Winter) 1052 0.095 | 0.299
. (-0.10,
Spring 7.96 16.03) 0.053
(3.57,
Summer 11.94 20.32) 0.005
(-3.24,
Autumn 3.58 10.39) 0.304
. . (2.89,
Ethnicity (ref = White) 419 9.53 16.18) 0.005 | 0.000 | 0.865
Parental Education (ref = Up _ (-15.59,
to/including compulsory education) 386 775 0.09) 0.053 1 0.000 | 0.149
Weekday vs Weekend (ref = _ (—4.96,
Weekday) 1678 1.39 218) 0.446 | 0.095 | 0.289
Time of Sunrise (ref = Before 07:00) 1052 -4.96 (__09 4502)’ 0.033 | 0.086 | 0.364
Time of Sunset (ref = Before 19:00) 1052 9.47 1(1?)2’) <0.001 | 0.099 | 0.281
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Hours of daylight (ref = Less than 12 (2.30,
hours) 1052 7.04 11.77)
Note: CI: Confidence Interval, ICC: Intraclass Correlation Coefficient. All models are adjusted
for age, gender, season, minutes of wear time and study clustering effects.

0.004 | 0.098 | 0.284

3.6. Discussion

This study aimed to determine the levels and correlates of objectively measured
sedentary time, total physical activity and moderate-to-vigorous physical activity
in preschool-aged children using pooled data from the ICAD, which has been
processed and analysed using standardised methods. Across four high-income
countries, three-to-four-year-olds were sedentary for an average of over 8 hours
per day. Thirty percent of the preschool-aged children were not engaging in the
recommended >180 minutes of total physical activity and 21.2% were not getting
>60 minutes of moderate-to-vigorous physical activity per day. Data by each
hour suggest that the minutes spent in sedentary time decreased throughout the
day, and the dips in total physical activity and moderate-to-vigorous physical
activity levels generally observed between 11:00 and 15:00 were more prominent
on weekdays compared to weekends, and in the USA compared to the other three
countries. There was evidence for an association between all 10 potential
correlates analysed and at least one of the outcome variables; average daily
minutes spent in sedentary time, total physical activity and/or moderate-to-

vigorous physical activity.

119



Overall, 70.0% of the sample achieved =180 minutes of total physical activity,
which differs to findings from the UK32 33, Belgian”, Australian®* and Canadian®
studies which found that 100%, 11.0%, 5.1% and 83.8% of preschool-aged
children achieved recommended guidelines, respectively. Compared to the total
physical activity threshold used in this study (=800 cpm)!¢4, the two UK studies
and Canadian study used thresholds of 2152cpm3? 160, >20cpm?3? and =2100cpm3>
195, respectively. These thresholds are lower than the ones used in this study, and
therefore, a greater percentage of their participants could have achieved the
physical activity guidelines. Similarly, the Belgian”® and Australian3* studies
used thresholds described by Reilly et al. (21100 cpm)?% and Sirard et al. (3-years:
>1208 cpm; 4-years: 21456 cpm; 5-years: 21596 cpm)162 which are higher than this
study and may explain why such a small percentage of their samples achieved
daily total physical activity guidelines compared to my sample. The Canadian
study® found that 13.7% of five-year-olds spent 260 minutes in moderate-to-
vigorous physical activity per day, whereas 78.8% of the ICAD sample achieved
these recommendations. In comparing the different thresholds used in the
studies, one might expect the percentage of my participant sample who achieved
the recommended moderate-to-vigorous physical activity guidelines to be lower
than the Canadian study, as they used a lower moderate-to-vigorous physical
activity threshold, but this is not the case (78.8% vs. 13.7%). This highlights the
difficulties with making comparisons between studies due to study differences

in not only the accelerometry thresholds for different intensities but also the
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exclusion of participants based on insufficient accelerometry wear time?” 2. As 1
used a pooled dataset in which data has been processed in the same way across
studies’?, the differences found between countries cannot be attributed to
differences in data processing. I found that the greatest proportion of children
reaching recommended total physical activity and moderate-to-vigorous
physical activity guidelines were in the USA, followed by the UK, Switzerland
and Belgium. An exploratory subgroup analysis (data not shown) found the
percentage of four-year-olds was highest in Switzerland followed by the UK,
Belgium and the USA, and the ratio of girls to boys was similar across the four
countries. Most of the data were collected in autumn for UK, USA and
Switzerland-based children and in spring for Belgium-based children. Minutes
of wear time were highest in the USA followed by Switzerland, Belgium and the
UK (see Appendix 3). It is therefore, unlikely that the between-country
differences are a result of age, gender, season or minutes of wear time differences;

which had been adjusted for in the regression analyses.

Visual inspection of the plots of sedentary time by hour suggested that children
spent fewer minutes in sedentary time as the day progressed after an initial
increase in sedentary time levels until 09:00. In general, the figures showed that
total physical activity and moderate-to-vigorous physical activity levels peaked
either side of 11:00 and 15:00, with the peak observed after 15:00 being the highest

level of physical activity reached in the day. The findings are comparable to
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results from an Australian-based study'®” which found that sedentary time was
at its lowest and moderate-to-vigorous physical activity levels were at their
highest from the mid-afternoon through to the evening on both weekdays and
weekends. The dip in total physical activity and moderate-to-vigorous physical
activity levels observed in the USA between 11:00 and 15:00 was greater in width
and magnitude than the dips observed in Switzerland and the UK at around
12:00, which may represent differences in the childcare routines practiced by the
different countries. The patterns of sedentary time and physical activity in
Belgium throughout the day were harder to distinguish, which is likely due to
the lower sample size which contributed data. The dips in total physical activity
and moderate-to-vigorous physical activity levels were more prominent on
weekdays compared to weekends from 11:00 to 15:00 which may be
representative of preschool lunchtime and napping procedures; however, we do
not have preschool attendance data available to draw such conclusions. Reports
from international early years settings suggest that compulsory sleep times are
commonplace in childcare settings'%-200 which highlights the importance of
having this information on policies and practices on sleep times available for
analysis. The two peaks of moderate-to-vigorous physical activity levels in the
morning and evening are elevated when the days are longer than 12 hours long
compared to being less than 12 hours long. It could be suggested that more
opportunities for outdoor play are available for children when the days are

lighter, which is contributing to these higher activity levels®.
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The findings from the regression analyses replicate those from other studies
which found no association between age and sedentary time!45-148, 177,180, 201 and
found that girls were more sedentary than boys!45 146, 149, 201 Children in
Switzerland, Belgium and the USA spent more minutes in sedentary time than
children in the UK. My findings replicate results from another study which found
that children were more sedentary in winter!¥® compared to spring, whereas
other studies only found that they were less sedentary in autumn!”” compared to
spring or did not find an association between seasonality and sedentary time!4%
180, No association was found between sedentary time and ethnicity which is
consistent with another study!®, and I found a positive association between
sedentary time and parental education which is not consistent with other
studies!45 146, 149-151, 180 that found no association with sedentary time. It is possible
that this is a chance finding due to the smaller sample sizes of participants who
had ethnicity (n = 419) and parental education (n = 386) data. I found that
children were more sedentary on weekdays compared to weekends, which is
consistent with a previous study which found that hour-by-hour sedentary time

levels tended to be lower on weekends compared to weekdays!?’.

It is well established that older preschoolers are more active than younger
preschoolers!4 148, 149,152,177 and that boys are more active than girls!45 148,149,152,
173,177,178, 180, 181, 202 g]though we did not observe a difference in minutes spent in

total physical activity between three- and four-year-olds. I found that children in
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the UK were more physically active than children in Switzerland, Belgium and
the USA, but there was less evidence to show that moderate-to-vigorous physical
activity levels were higher in the USA. Similar to my findings, it has been
observed elsewhere that children spend more time in moderate-to-vigorous
physical activity in summer compared to winter'® and another study observed
that children were only more active in spring and not in summer compared to
winter”3, although this was for moderate-to-vigorous physical activity not total
physical activity as in this study. Another study found that children spent more
time in total physical activity in summer compared to other seasons'4, whereas
others found that children spent more time in moderate-to-vigorous physical
activity in summer and less time in winter compared to spring!®. Previous
studies found no associations with ethnicity® or parent education”# 149 150,152,178,
180 and physical activity measures, whereas I found that non-white children spent
more time in moderate-to-vigorous physical activity than white children, and
children whose parents had lower education levels spent greater time in total
physical activity than those with higher parental education levels. I did not
observe a difference between weekday and weekend data physical activity levels
which is consistent with one study?%, whereas another study found that children
spent more time in moderate-to-vigorous physical activity on weekends
compared to weekday'””. When the hours of daylight were longer (including an
earlier sunrise and later sunset) the children spent a greater time in physical

activity and fewer minutes in sedentary time which is comparable to a study
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looking at older children (5-16-years) which found that longer evening sunlight

was associated with increased daily physical activity!72.

3.6.1. Strengths and limitations

The strength of this study is that it adds to the limited literature on levels and
correlates of objectively measured sedentary time and physical activity in
preschool-aged children. There have been a particularly limited number of
studies which have previously examined sedentary time and physical activity by
ethnicity and parental education variables. Estimates for the ethnicity and
parental education variables had large amounts of missingness therefore, we
have assumed that these estimates would apply if the data were not missing. To
my knowledge, there have been no previous literatures looking at differences in
objectively measured sedentary time/physical activity by country, time of
sunrise, time of sunset and hours of daylight in this age group. Consequently,
there were no previous references to base the daylight variable categorisations
on which may be a limitation in the analyses. As the data from the different
studies within the ICAD have been processed in the same way, the results I
present are a ‘fair’ comparison of levels of sedentary time/physical activity
across different countries which have not previously been possible. It is
important to acknowledge that there are a relatively small number of children in
each of the countries that were included in the sample. Therefore, my findings

are not representative of each country’s population. The studies included in the
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analysis sample are all based in high-income countries; therefore, the results may
not be generalisable to low-to-middle-income countries. Data used in this study
were collected between 1998 and 2009 therefore, the results may not be
generalisable to the current cohorts of preschool-aged children, especially given
children’s changing access to screens?%. I was not provided with the raw data, so
it was not possible to accurately identify the number of times children exceeded
being sedentary for periods 260 minutes at a time; therefore, I was not able to
measure the proportion of children meeting recommended sedentary time
guidelines. Based on the information provided in the ICAD?2 codebook, there is
no information on napping, and as such, it appears that nap/sleep time may have
been considered as non-wear time which may have led to the overestimation of
sedentary time levels and the underestimation of physical activity levels. The
data is compositional in nature, therefore using compositional data techniques as
opposed to standard techniques may have produced different results2%. I did not
have data available about childcare differences within and between samples,
which could have been used to interpret the findings and to potentially explain
between-country differences. Data from longitudinal studies can estimate
modifiable factors associated with changes in sedentary time and physical
activity®®, whereas this cross-sectional study is limited in only providing

evidence of associations.
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3.7. Conclusions

Using data from four high-income countries, I found that children spent over
eight hours per day in sedentary time and 30.0% and 21.2% of children were not
engaging in recommended daily amount of total physical activity (2180 minutes)
and moderate-to-vigorous physical activity (=60 minutes), respectively. The
minutes spent in sedentary time decreased throughout the day and the dips in
total physical activity and moderate-to-vigorous physical activity levels observed
between 11:00 and 15:00 were greater in the USA compared to Switzerland,
Belgium and the UK and on weekdays compared to weekends. Age, gender,
country, season, ethnicity, parental education, day of the week, time of sunrise,
time of sunset and hours of daylight were all identified as potential correlates of
minutes spent in sedentary time and/ or total physical activity and/or moderate-
to-vigorous physical activity. The associations between ethnicity and parental
education with sedentary time and physical activity were derived from smaller
sample sizes and should be investigated further in a larger population.
Internationally, there is a need for public health interventions, to decrease
sedentary time and increase physical activity levels in 3-4-year-olds. The
potential correlates identified in this study can be considered in designing these
public health interventions. However, further research is needed to determine
modifiable factors associated with sedentary time and physical activity in

preschool-aged children to inform effective behaviour change programmes.
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3.8. Implications for thesis

The results from this study have highlighted a need for interventions in high-
income countries to increase physical activity and decrease sedentary time levels
in 3-4-year-olds, to help a greater percentage of children meet internationally
recommended guidelines. These findings emphasise the rationale for the thesis,
which aims to inform the design of physical activity interventions and policies.
Although this study provides an insight into how sedentary time and physical
activity levels can vary depending on the categories of 10 potential correlates, it
is not possible to hypothesise how these measured variables could inform the
design of effective behaviour change programmes using quantitative data alone.
Chapter 4 will use qualitative methods to explore parents’ perspectives on what
the barriers and facilitators are to increasing physical activity and decreasing
sedentary time in preschool-aged children. The topic guide for the qualitative
study presented in Chapter 4 has been partially informed by the findings from
this study, to explore potential explanations for the observed differences in

sedentary time and physical activity levels further.
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CHAPTER 4. A QUALITATIVE
STUDY OF THE BARRIERS AND
FACILITATORS OF PHYSICAL
ACTIVITY AND SEDENTARY
TIME IN 2-4-YEAR-OLDS

4.1. Overview

This chapter outlines the methods and findings associated with the qualitative
study I conducted which addresses Research Question 3 of the thesis: ‘What are
the barriers and facilitators of increasing physical activity and decreasing sedentary time
in preschool-aged children?’ I start by presenting the study rationale (section 4.2). I
describe the participant recruitment methods and qualitative analysis methods
used in the study in section 4.3. I then present the results of the study
thematically, using evidence in the form of quotations from the interview
transcripts in section 4.4. I discuss the study findings in relation to the empirical
research and literature in section 4.5, where I also provide a discussion of
implications of this study for practice and future research and the study strengths
and limitations. To conclude, I summarise the study conclusions in section 4.6

and the implications for the overall thesis in section 4.7.
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4.2, Rationale

Identifying the barriers and facilitators that impact on preschool-aged children’s
physical activity and sedentary time is important for designing effective
behaviour change programmes?. Recognising barriers and facilitators to
behaviour change can help promote the implementation of effective
interventions and could help understand why an intervention or policy has or
has not worked as intended?%. Parents play a key role in influencing preschool-
aged children’s physical activity and sedentary time behaviours®? 207, 208, To
develop successful public health interventions and policies, we need to
understand these parental influences, and identify the barriers and facilitators to
changing their children’s activity behaviours across social, policy and physical

environments®’.

A systematic review by Hesketh et al®® looked at the longitudinal factors
associated with changes in physical activity in 0-6-year-old children by
conducting a narrative data synthesis of quantitative data gathered from four
prospective cohort studies and 38 interventional studies. The review found that
parental monitoring and childcare provider training were positively associated
with overall physical activity and moderate-to-vigorous physical activity
respectively (24 studies). There was some evidence (<4 studies) to suggest that
maternal role modelling, sibling co-participation, opportunities for play,
additional childcare providers, structured physical activity and playground

density were also positively associated with physical activity. The review? also
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highlighted that there was a lack of information on the variables associated with
change in physical activity in the environmental and policy domains of the

socioecological model.

Hesketh et al also conducted a systematic review synthesising qualitative
literature”>, regarding the barriers and facilitators of physical activity and
sedentary time behaviours in 0-6-year-olds. The authors found that a
combination of parents, childcare providers and children had identified seven
broad themes to be important with sedentary time and physical activity: the
child; the home; out-of-home childcare; parent-childcare provider interactions;
environmental factors; safety; and weather”. The two systematic reviews have
been critically appraised and discussed in more detail in sections 2.2 and 2.3 in
Chapter 2 of the thesis. The qualitative review”> highlighted the lack of
qualitative studies conducted with fathers and male carers. The review mainly
included studies with participants from lower socioeconomic backgrounds or
racial minority groups and the authors advised on assessing the barriers and
facilitators towards physical activity behaviours across the socioeconomic status

strata, as such groups are less likely to engage with quantitative studies”.

This study aims to explore parents’ perspectives on why the positive associations
were identified in the quantitative systematic review®® and subsequently what
the barriers and facilitators are to changing these factors to increase physical

activity and decrease sedentary time levels in 2-4-year-old children. The study
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aims to address the identified gaps in the evidence base such as the paucity of

qualitative data from fathers.

4.3. Methods

4.3.1. Recruitment

Parents of 2-4-year-olds across England were recruited through study adverts
(Appendix 5) via Facebook parenting groups, Twitter, word of mouth, nurseries,
children’s centres and workplaces from July to November 2019, prior to the
COVID-19 pandemic. Respondents contacted me via email or telephone to ask
further questions and to express their interest in participating in the study.
Inclusion criteria: parents of 2-4-year-old children who lived in England.
Exclusion criteria: parents of children who were not 2-4-years-old, lived outside
of England and were part of the same parent dyad. I sent eligible individuals the
participant information sheet (Appendix 6) and consent form (Appendix 7) via
email and arranged a convenient date and time to conduct telephone interviews.
Recruitment of participants continued until saturation of codes/themes was
achieved which also allowed the comparison of females” and males’ perspectives
(50/50 sample). Once 20 mums had been interviewed, the study materials were
amended to solely invite fathers. The amended study adverts were shared on
Facebook parenting groups and Facebook groups for fathers, which had proved
to be the most successful recruitment method, to maximise the number of male
respondents. Participants were posted a £10 high-street shopping voucher to

thank them for their time and contribution.
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4.3.2. Data collection

Semi-structured telephone interviews were recorded using an encrypted audio-
recorder (Olympus Digital Voice Recorder DS-3400) and a telephone device
(Olympus TP8). I read out each consent form statement and completed the
consent form on the participants’ behalf before recording the interview. Verbal

consent was also audio recorded at the start of the interview.

A few of the interview topic guide questions (Appendix 8) asked the parents to
describe their children’s and their own typical physical activity and sedentary
time behaviours; the activities they would like their children to engage with; and
what they believed were the main barriers to physical activity were in 2-4-year-
olds. The remaining questions explored the influences on children’s physical
activity and sedentary time behaviours, which were developed from the
quantitative systematic review® findings highlighted in section 4.2, and the
findings from the ICAD analyses Chapter 3. I piloted the interview with a male
and female colleague who both had 2-4-year-old children; the language used and
the structure of the questions were consequently amended to make the topic

guide more user friendly.

I checked whether there were any factors that may impact on the children’s
abilities to engage in physical activity before deciding whether the interview was
appropriate to conduct. Participants were asked background questions such as:
age and gender; ethnicity; employment status; education level; city or town of

residence; ages and genders of their children; relationship to the children; who
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else lived in the home with the participant; and where they saw the study advert.
The topic guide was applied flexibly to explore mothers’ and fathers’
perspectives of the barriers and facilitators in increasing physical activity and
decreasing sedentary time in preschool-aged children and how these can be
overcome and facilitated. The topic guide was periodically adapted to improve

the clarity and reflect emerging themes from subsequent interviews.

4.3.3. Ethical approval and considerations

This project has been reviewed and approved by the University of Bristol Faculty
of Health Sciences Research Ethics Committee; ID: 84822 (Appendix 9). Both
written and verbal informed consent were provided by all participants. There
were no specific risks to this study. There is always a chance participants may
feel uncomfortable with the interview process or content. Discussing physical
activity and sedentary time of parents’ children may have been sensitive if their
children were overweight or the parents were struggling to engage their children
in physical activity. I was mindful to remind participants that if they were
uncomfortable with any of the content, we could move on or pause or stop the
recording. The other potential burden was loss of participants’ time, which was
mitigated by ensuring it was a convenient time for the participants and they were

reimbursed for their contribution.

I ensured confidentiality was upheld through measures such as: holding
telephones interviews in private meeting rooms where nobody could overhear

our conversation; using an encrypted audio recorder; storing transcription audio
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tiles on the University of Bristol server with only the study team having access to
the folder; and removing any names or personally identifiable information from
the transcripts and data analysis. All interview audio files were transcribed by
university-approved transcribers (Bristol Transcription Services) verbatim. All

data were stored in line with the General Data Protection Regulations (2018).

4.3.4. Analysis

The data was analysed using both deductive and inductive thematic analysis
approaches, that included the development of a codebook, which is a technique
used by Fereday and Muir-Cochrane?? 210, A codebook is a tool which can be
used to assist the analysis of large qualitative datasets?!. Codebooks define
themes and codes by outlining detailed descriptions and inclusion/exclusion
criteria on what can be included within each code, and also providing examples
of each code?!0. Although using the codebook analysis technique is seen as time
consuming, it ensures a detailed description of the analyses which has the
potential to improve inter-rater reliability and replicability?. I began by
repeatedly reading the transcripts to gain familiarity with the data. The
deductive component of the codebook analysis technique involved creating an
initial codebook?!® which was based on the study research questions, findings
from the previous literature® 7>, quantitative study findings! (Chapter 3) and a
discussion with RJ, JW and RK who had each independently coded a single
transcript. I conducted double coding of four transcripts with another colleague
(KH) to test the codes and further refine the codebook. We assessed the refined

codebook together, with an initial summary of findings, to inform the production

135



of a more finalised codebook. Following the development of this more finalised
codebook, I deductively applied it to all the data, using NVivo 11 to code the
transcripts. The inductive approach throughout the coding process allowed for
unexpected themes and codes to be developed from the data?!0. Once no more
new codes emerged, the final codebook was assumed to represent the data. The
final codebook consists of the code labels, definitions, descriptions, qualifications
or exclusions and examples of quotations (see Appendix 10 for an excerpt of the
codebook). I produced a summary of the study findings according to the themes
and codes, presented with extracts of data (see Appendix 11 for an excerpt of the
detailed summary of findings), with a final discussion in relation to previous

literature (section 4.5).

The codebook analysis method is a form of thematic analysis. Alternative
methods I could have used include reflexive thematic analysis?'! or framework
analysis?12. With reflexive thematic analysis, researchers can be more flexible and
freer with their analysis, whereas I had distinct inclusion/exclusion criteria I
developed for each code and then applied them to the data?!l. As I wanted to
specifically find out the barriers and facilitators to children’s activity
engagement, I wanted to apply a more deductive approach and required a more
structured analysis method. Framework analysis is another approach I could
have used which would involve organising the data into tables, having a
theme/code on the side column and putting associated quotes in the adjacent
column?'?2, There are similar elements between framework and codebook

analyses, but with a codebook you develop a more detailed set of criteria and
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apply those codes to the data, therefore providing more detail than tabulating

the data with a framework analysis approach?% 212,

4.3.5. Reflexivity

I am a female in my late twenties who was born in rural mid-Wales, UK to Sri
Lankan parents and I do not currently have any children. My highest academic
qualification to date is a Master’s in Public Health degree and I worked as a
Research Associate in Public Health Research prior to starting my doctorate
degree. I have previously had some experience of collecting qualitative data and
have attended courses on qualitative data analysis methods, but this is my first
experience of conducting a qualitative study and qualitative data analysis as the
primary researcher. Not having children meant I did not have any preconceived

views from personal parenting experiences when conducting the research.

4.4. Results

4.4.1. Participants

I conducted forty interviews with 20 mothers and 20 fathers between August and
November 2019. Eighty individuals responded to the study advert in total: 13
respondents did not arrange an interview after receiving the participant
information sheet and one week follow-up email; three respondents’ children
were not 2-4-years-old meaning they did not meet the eligibility criteria; one
respondent was away during the interviewing period; 19 mothers responded

after the first 20 recruited mothers had completed their interviews for the study;
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and four respondents had arranged interviews but did not respond to their

scheduled phone call or follow-up email.

Participant characteristics are presented in Table 11. Most participants were from
the Southwest of England, white, recruited via Facebook, lived in the 1st index of
multiple deprivation (IMD) quintile and were in full-time employment. The
participants had a total of 26 girls and 22 boys between the ages of 2-4-years-old
with a mean age of 2.71 years. The results below provide an overall summary of
the findings according to the themes which emerged from the data: children’s
characteristics and circumstances; children’s interactions with other children;
parents’ priorities and circumstances; parents” social networks and information
sharing; home and childcare environments; organisation-run activities; local
authority, council and community-run opportunities; and accessibility and the
environment. Under each theme, barriers are described, followed by the
facilitators. Quotes have been presented according to the parents’ gender and
participant reference number and the children’s age, gender and IMD quintile

have been provided as additional subject descriptors.
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Table 11: Participant characteristics of mothers and fathers

Characteristic N (%)
Relationship to child
Mother 20 (50.0)
Father 20 (50.0)
Age; Mean (SD) 35.33 (4.93)
Ethnicity
White 38 (95.0)
Indian 1 (2.50)
Chinese 1 (2.50)
IMD score; Mean (SD) " 15.38 (11.6)
IMD quintile
15t (least deprived) 12 (30.0)
2nd 9 (22.5)
3rd 7 (17.5)
4th 6 (15.0)
5th (most deprived) 2 (5.00)
Not found 4 (10.0)
Employment status
Student 1 (2.50)
Stay at home parent/caregiver 3 (7.50)
Full-time 22 (55.0)
Part-time 14 (35.0)
Education
No qualifications 1 (2.50)
Up to GCSEs/GCEs/O-levels or similar 2 (5.00)
A-levels/NVQs/GNVQs 11 (27.5)
First degree/diploma/HNC/HND 14 (35.0)
Higher degree (e.g. MSc, PhD) 12 (30.0)
Recruitment pathway
Facebook 30 (75.0)
Twitter 2 (5.00)
Nursery 4 (10.0)
Workplace 2 (5.00)
Word of mouth 2 (5.00)
Geographical location in England, UK
South West 27 (67.5)
North West 8 (20.0)
East Midlands 2 (5.00)
West Midlands 1 (2.50)
East of England 1 (2.50)
South East 1 (2.50)

Note: SD: Standard Deviation, IMD: Index of Multiple Deprivation, GCSE: General Certificate
of Secondary Education, GCE: General Certificate of Education, O-levels: Ordinary Levels, A-
levels: Advanced Levels, NVQ: National Vocational Qualification, GNVQ: General National
Vocational Qualification: HNC: Higher National Certificate, HND: Higher National Diploma
*N=36 as four participants’ postcodes were not linked to IMD scores




4.4.2. Barriers and facilitators to increasing physical
activity and decreasing sedentary time in 2-4-year-

olds

Children’s characteristics and circumstances

Barriers relating to children’s individual characteristics and circumstances
included their: age, size and abilities; interests and fears; and mood, tiredness
and illnesses. Parents talked about their children being unable to use certain
equipment or follow instructions which prevented them from participating in
unstructured and structured play (see section 1.3 of Chapter 1). A few parents
discussed the children’s young age and small size as the reason for these

inabilities.

Mother 4 (2-year-old girl and 4-year-old boy, 5" IMD quintile): The
smallest one hasn’t figured it out yet [riding bikes and scooters] so

we're working on that.

Father 36 (2-year-old girl, 24 IMD quintile): We've got a balance

bike for her, but bless her, she’s such a little dot, she can’t reach the

floor yet.

A couple of mothers factored their children not yet being potty trained into

deciding whether to go to settings where toilet facilities were not available.

Mother 6 (2-year-old boy, 2"¢ IMD quintile): Another thing is that
when there are no toilets. That can be a problem. They can do a nature

wee when they’re little but when they start getting older.
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Mother 7 (2- and 3-year-old boys, 4" IMD quintile): There are no
toilets [in the park]. When your toddler is toilet training, I have to
take a little, we have got a little elephant potty, good one for boys!
That can get a bit difficult and when they were in nappies and you

couldn’t change them.

Parents were less likely to engage their children in activities which the children

did not enjoy or had lost interest in.

Mother 20 (3-year-old boy, 1st IMD quintile): We tend to find as soon

as it’s a structured thing, so like with the dance one, as soon as [three-

year-old son] has to do anything that somebody was telling him and it
wasn’t on his terms, he just shuts down and he’s just like, I want to

g0 home now, so we tend to find he just likes the free play stuff.

Tiredness and illness resulted in children moving less and sitting more. A few
mothers spoke about facilitating sedentary activities when their children were
tired or unwell whereas fathers more commonly suggested that their children

initiated sedentary behaviours themselves when they were tired or poorly.

Mother 12 (3-year-old boy, IMD not found): He’s not one to sit still
too long, unless he’s really tired when I want him to sit down and
chill out for a bit, therefore I'll encourage the Kindle or TV if he is

tired.
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Father 32 (3-year-old girl, 1t IMD quintile): Yeah she only sits still
really when she’s tired and she wants to watch television which she

only wants when she’s tired, or when she’s ill.

Mothers reported their children being nervous about participating in activities
without parental supervision, while fathers identified specific elements of the

activities themselves that their children were scared of.

Mother 4 (2-year-old girl and 4-year-old boy, 5" IMD quintile): No
we tried, he wanted to do Kung-Fu. We tried him for about three
weeks then decided he didn’t want to do it anymore he was not happy
for me not to be allowed to go in with him was the issue. He was too
nervous to go on his own so we decided to leave that but no we don’t

really do anything structured.

Father 33 (2- and 3-year-old boys, IMD quintile not found): There
was quite a few older kids there [at football class] so he was a bit
intimidated even though I was there with him he wasn’t quite sure

about it. He’d watch. He just didn’t wanna join in.

Facilitators under this theme related to the children’s ages, abilities, interests and
personalities. Parents felt that their children were now able to engage with
activities more, and could play independently without parental supervision,

compared to when their children were younger.

Father 30 (3-year-old girl, 4" IMD quintile): Over the last 12 months

she’s started to become a lot more independent with it [soft play
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centres], so she’s actually doing the things herself now, whereas before
she was like, you’d have to go with her and hold her hand all the way

around, so now she’s a lot better with it.

Children enjoying certain activities meant that they were more willing to
participate in them. Parents described their children as always wanting to move

around and not sitting still for long periods of time.

Father 39 (3-year-old boy, 15t IMD quintile): He loves playing hide
and seek. He loves hiding behind blankets, he loves wrestling, playing,
all sorts, what kids do really (...) He’s quite boisterous, he’ll joke
around a lot with his activities, try to push me out the room and stuff.

He’s just quite active.

Children’s interactions with other children

It was a common assumption from parents that siblings and other children
sometimes had a negative impact on children’s physical activity and sedentary
time. Children sometimes copied the activities their siblings were engaged with,
which would include sedentary activities. Parents found the logistics of
managing more than one sibling by themselves difficult when taking their
children to activities; and they also had to assess the age-appropriateness and

additional costs of activities for all their children.

Father 27 (4-year-old boy, 3 IMD quintile): Yeah, certainly since
we've ot two, it’s increasingly difficult to coordinate. Even with one,

it took us a while, once my wife went back to work it took us a while to
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adjust. (...) it’s finding time to do everything, and have everyone have

the opportunity to do things that they enjoy.

Although something mentioned by several parents, regardless of gender,
mothers more frequently referred to having to factor the additional needs of the

children’s infant siblings.

Mother 3 (2-year-old girl, 3 IMD quintile): It's predominately the
weather. Especially now we have a smaller one as well if it is very wet
and cold we might go for like a puddle walk in wellies and stuff but we

certainly wouldn’t go out for as long as we would now sort of now
we're out sort of four to five hours a day and maybe we would go out

for maybe an hour if it wasn’t too wet and cold.

Mother 13 (2-year-old girl, 15t IMD quintile): Again, it would be a lot
better if these things were on weekends where I could just go with her
on my own and not have to worry about trying to take a little baby

with me as well.

Parents were reluctant to take their children to play settings at certain times of
the day, on weekends and during school holidays because the settings were busy

with often older children, who they find to be bigger and more physically rough.

Father 11 (3-year-old, 15t IMD quintile): I don’t know if you ve got
kids yourself, but if you tend to go to soft plays at the weekend, it’s

just a nightmare. It’s too busy, there’s too many, and the main thing
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is there’s too many bigger children there which means that the little

ones tend to get pushed about, so that’s one thing.

Mothers in particular also commented on avoiding parks due to teenagers
displaying antisocial behaviours, which was not mentioned as a concern by

fathers.

Mother 7 (2- and 3-year-old boys, 4" IMD quintile): Certain points of
the day we won’t go [to the park], so we have got a college across the
road from the park. There is absolutely no way we will go there
around 3:00. It is full of teenagers. It is not a nice place to be at that

point of time.

Most parents observed how their children were more active through
entertaining, copying and playing together with their siblings. Children were
considered to have developed play, physical and coordination skills quicker from
having older siblings. A few children’s interests in unstructured and structured

activities were prompted by their older siblings” participation in such activities.

Mother 15 (4-year-old girl, 4 IMD quintile): Definitely, because she
wants to keep up with what she’s [older sibling] doing. The younger
one has learnt to ride a bike a lot quicker and things because she’s

obviously the younger one.

Mother 8 (2- and 4-year-old girls, 1t IMD quintile): If we don’t have
a club on that day, she tends to play with her big sisters. If it is dry,

they will play in the garden. If it is not, they will play in the house.
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They tend to play schools, or mums and dads, all that imaginary play,

then dinner and then play again for about an hour and then go to bed.

Fathers were more likely to mention how they have learnt from their older
children’s experiences to better engage their younger children with more

physical activity opportunities.

Father 29 (2-year-old girl, 4" IMD quintile): Because weve got an
older son, we've seen what he went through and what he did at
nursery, and we sort of replicated that environment for her at home as

well on the back of it.

Father 40 (2-year-old girl, 1t IMD quintile): ...so her sister went into
it all when she was three and she’ll be following in her footsteps doing

gymnastics and things like that.

Children engaged with different activities, more imaginative play and at higher
intensities when they were with other children, compared to being by themselves
or with adults. Having other children around in structured and unstructured

activity settings made children more comfortable and engaged with the activities.

Mother 10 (4-year-old boy. 3" IMD quintile): Whereas another kid,
they’ll superhero their way around the climbing frame or they’ll chase
each other or sing songs, it’s just far more free. I think they interact
with the park differently, so theyre more likely to make a story of it as

opposed to just move from item to item.
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Father 34 (2-year-old boy, 2 IMD quintile): I think he tends to
explore a bit more with them or um...yeah he’s very much influenced
by older kids I think. When he sees them doing something he wants to

try it and we find that his development really increases as well.

Parents’ priorities and circumstances

This was the most dominant theme where most barriers and facilitators were
identified, which included parents’: priorities; motivation; interests; knowledge;
co-participation in activities; safety measures, rules and restrictions; time;
tiredness and mood; and parent-child ratio. There were a broad range of parents’
priorities which conflicted with physical activity opportunities for their children.
Parents would encourage screen time when they were busy trying to get other
tasks done and would engage their children with sedentary activities as a
downtime technique. Parents prioritised more relaxed evenings and weekends
spent as a family, and maintaining their routine and lifestyle, over committing to

regular activities.

Father 26 (3-year-old girl, 1t IMD quintile): Yeah, I think having
quiet time or still time is pretty important, so sometimes we’ll tell her
to do that, you need to go and watch TV or play with her train set or
whatever, yeah, or do some drawing or a bit of crafting just “cause I

think it’s good that she’s not running around all the time.

Mother 10 (4-year-old boy. 3" IMD quintile): Then weve never
really done stuff in the evenings because it’s limited family time, so 1

think it’s those things. It’s getting the balance of time with him and
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money. He does an awful lot at nursery as well, it’s difficult to know

what the right number of extra things is.

Fathers were more likely to comment on how they would prioritise activities

being worth the associated cost, travel or time.

Father 18 (3-year-old boy, 15t IMD quintile): I suppose it's a balance
between how far away it is and how long it's going to take to get there
and how much enjoyment he'll have when he does get there. There
was something on in the south of [place] last week and we decided not
to bother because it was going to take an hour to get there and it was
going to cost £10.00 and then we weren't sure if he'd enjoy it or not.

So we gave that one a miss.

Father 24 (4-year-old girl, 3 IMD quintile): But yeah, we look at the

costs and, yeah, you can look at it as is it worth them doing that?

Parents generally thought that their children were doing enough activities in
their childcare settings, so there was no need to engage them with additional
activities at home or by engaging them with organisation-run structured and
unstructured classes. Parents did not always feel motivated to seek out and

commit to structured classes and did not always facilitate unstructured play.

Father 30 (3-year-old girl, 4" IMD quintile): All different things.
They try and do more structured stuff [at nursery] as well which is

why we try to be less structured at home.
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Mother 21 (2-year-old boy, 3" IMD quintile): Yeah, I do want to try
that [using a bike and scooter]. I think that’s more me. I need to get
him a helmet, but I keep saying to him “as soon as I get you a helmet

and knee pads’, so I just need to go and get that for him.

Parents” dislike of activities or activity environments would prevent them from

taking their children to those opportunities more often.

Father 38 (2-year-old boy, 2" IMD quintile): [Referring to indoor
play areas| Other people! I'd rather they were doing something
outside rather than inside. It's difficult in the winter and joking aside
there is probably limited places to take them — it would be very busy
and that’s probably my issue more than theirs. They always like the

fact that it’s busy. It gives me hives but yeah.

Some parents did not know what activities were appropriate or available for their

children to engage with.

Father 23 (2- and 3-year-old girls, 4" IMD quintile): Maybe 1
suppose I think I don’t know what’s out there for kids as well. I don’t
know enough about... there’s nothing that’s... looking at it, now
youve mentioned that, I think actually I'm thinking should I be
putting my kids in classes? Maybe I should. 1've not seen any
advertised or anything like that. I don’t know of any classes other
than something that you get at nursery on a community notice board

or something like that.
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Logistics could also present a barrier to physical activity. For instance, one
mother mentioned that she did not know the process of how to take her child
swimming. Interestingly this was the only non-white participant who grew up in
a non-European country, which highlights the impact of different cultural
upbringings on parents” knowledge, motivation and self-efficacy with engaging
and accessing activities for their children in countries that they did not grow up

in.

Mother 14 (3-year-old girl, IMD quintile not found): It's just not
knowing how it... I've never been to like the leisure centres. I think
just knowing like the process. I know it’s like really easy, but it’s just
knowing, get changed, like can I manage her on my own? (...) And
then do I have to have lessons first before I take her swimming because
I don’t know how to swim, and I know they aren’t big pools, just

really shallow ones, but there’s still a risk.

Engagement in activities which involved parental co-participation would
depend on the parents’ abilities and willingness to participate fully. Children
wanting to be carried by their parents or wanting their parents to be present at

activities were also barriers to activity.

Mother 10 (4-year-old boy. 3" IMD quintile): In the [rugby class]
that’s for his age, a parent is involved as well, so it depends on the

level of energy that the parents are willing to put in and also the level
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of control for the kids that are unruly and if the parents don't keep on

top of their own child, the class just kind of disintegrates.

Father 24 (4-year-old girl, 3" IMD quintile): Yeah, she tends to walk
a lot. If I'm with her then she tends to want to be picked up by me or

put on my shoulders.

Parents were hesitant about their children engaging with activities they deemed

to have safety and traffic-related concerns.

Father 29 (2-year-old girl, 4" IMD quintile): I think it’s probably,
sometimes I'm just overly cautious, so the cotton wool dad, it’s
terrible because I try not to be, but with a two year-old you pretty
much have to be, because she wants to go where the bigger kids are, or
where, and they don’t care, they just see her as another body and don't
realise and recognise that she’s two, they just push past, so I think

that’s the biggest one.

Father 25 (3-year-old girl, IMD quintile not found): The traffic and
the gangs. To be honest, there’s not an awful lot of that around, we're
in a relatively rural part of [place], but you're just, I don’t know, just

conditioned to be scared to do it, perhaps. If I moved back to [place]

where I grew up I wouldn’t have an issue with it, at all.

Mothers were more likely to comment on these safety issues and would also
assess the risks of their children picking up illnesses before participating in

activities.
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Mother 12 (3-year-old boy, IMD not found): They quite often pick up
bugs and both of my children are really healthy and I think it’s
because I don’t actually put them in --, I don’t see friends if their kids
are ill. They're really healthy and I don’t want the stress of them
being ill, so I'd rather avoid soft play and things like that for that

reasomn.

Parents held back on signing up their children for structured classes until they

were older or until they started school.

Father 38 (2-year-old boy, 2" IMD quintile): [Referring to
trampolining and gymnastics classes] Probably, yeah, just you know
is he quite ready for that sort of formal instruction at that age and you
know, we’ve probably decided that he’s not quite ready but now he’s

probably getting to a point where it would be okay.

Furthermore, mothers would sometimes restrict indoor and outdoor play in their

home settings.

Mother 2 (2-year-old girl, 2 IMD quintile): She would like to do in
the garden when it’s winter and obviously she gets really frustrated
when she can’t go in it and just go outside and scoot around or play
on the trampoline. I think that’s more us controlling her because she’d
probably go if we wrapped her up, she for one would be more than

happy to do the same scooting and things like that out in the rain so 1
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think there is a difference but I think that probably comes from us

more than her.

Parents described timing clashes and having limited time outside of their other

commitments, to dedicate to their children’s physical activity.

Mother 15 (4-year-old girl, 4 IMD quintile): I would have gone for
swimming lessons with her earlier I think, except they don’t have the

timings that we’re available, or things don’t fit in with our lifestyle.

Particularly on weekends, children were more likely to engage with sedentary

activities or not be taken to active opportunities because their parents were tired.

Father 39 (3-year-old boy, 1st IMD quintile): So, I think it is quite
important that the parent engages and encourages different activities.
Some days I'm really good at it, some days I'm not quite as good at it.

Depends on your own energy levels.

Parents prioritised going outside on most days for everyone to get fresh air, to
improve their mental wellbeing and for their children to burn off “excess” energy
to help manage their sleep and behaviour. Families prioritised spending more
time together on weekends which sometimes involved longer outings in different
places. It was more important to parents that their children enjoyed the activities
that they engaged with, so that they will incorporate activity as part of their
lifestyle, over forcing them to engage with activities. Some parents reflected on
their own upbringings and other families” attitudes towards children’s physical

activity, to either replicate or learn from, which motivates them to ensure their
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children engage with activities to be healthy and well-rounded. There were
several examples of parents proactively creating and maintaining opportunities

for their children to play and move around.

Mother 19 (2- and 4-year-old boys, 2"¢ IMD quintile): We'll usually
have things planned like that and if we're not doing something that’s
a paid for activity I try to get them to the park. I know that sounds
really worthy and don’t mean it to it’s just that for me, if he doesn’t

do an activity he is so hard to parent because he has so much energy.

He has to run it off...

Mother 16 (2-year-old girl, 2" IMD quintile): Just for their health,
really. I grew up quite active, and I think it’s probably helped me stay
healthy, so yeah, I think it’s an important part of their health and if
they are used to being active, then hopefully as adults they will stay

active.

An identified contrast based on gender was that mothers were more likely to
engage their children with activities which made their children happy and well-
rounded, whereas fathers were more likely to engage with activities that aligned

with their own interests.

Mother 22 (2-year-old boy and 4-year-old girl, 1st IMD quintile):
He’s more of a soft play dad. He likes soft play. He likes parks to a

certain extent but he doesn’t like farms or zoos or anything like that. 1
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would be the one that would be encouraging them to do to that, not so

much their dad.

Father 23 (2- and 3-year-old girls, 4" IMD quintile): We socialise
with our friends that have got kids as well. (...) So, we get a little bit
of cider in, put some music on for the kids sometimes. I used to be a
D] so I've got like laser lights. We put on a little kids disco and then

obviously calm it down by about eight o’clock.

As well as gender, occupation appeared to impact on parent decisions and
assumptions. For instance, a few parents highlighted their understanding of the
importance of physical activity on their children’s mental and physical health

and development, which was sometimes informed by their professions.

Father 33 (2- and 3-year-old boys, IMD quintile not found): I agree
with making them move around as much as possible, I do believe it
helps their development and their skills with hand-eye co-ordination

and just being generally more sociable [child’s mother is a midwife].

Sometimes parents must be involved in organisation-run structured and
unstructured activity sessions. A few parents get their children involved in
helping with the housework and parents play games with them in their home

environments.

Mother 22 (2-year-old boy and 4-year-old girl, 1t IMD quintile): She
will play games with her dad if her dad’s in the house so sometimes

they’ll play hide and seek and things like that.
155



Some parents specified restricting their children’s daily screen time allowance
and would sometimes make their children engage with structured activities even

if they showed resistance.

Father 33 (2- and 3-year-old boys, IMD quintile not found): We try to
go anyway ‘cause they enjoy it [swimming lessons] when they get
there. It's just the initial don’t wanna get out of bed and that sort of

thing. We try to enforce it anyway.

Mothers were more likely to comment on how having safe environments

encourages them to engage their children with different activities.

Mother 13 (2-year-old girl, 1st IMD quintile): Like I said, she’s at that
age now where I just let her do what she wants cause I know in the
house that she’s safe and she’s got lots of things, as you can imagine,

in her bedroom to play with.

Parents described having more time to engage their children with activities on

days when they were not working or when they were stay-at-home parents.

Father 25 (3-year-old girl, IMD quintile not found): Sometimes if it’s
really, really wet on the day then we shan’t bother [going to the park]
but, other than that, I'm lucky to be in quite a flexible job, so I've got
lots of time when I have her to, yeah, just go off and do our own thing,

really.
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Parents stated that they would get more involved in certain activities when both
parents were present, from a logistic or reassurance perspective, often on

weekends.

Mother 19 (2- and 4-year-old boys, 24 IMD quintile): It's hard, it’s
really hard to manage two very active children, so I think can
sometimes put mums or dads off. The known is safer isn’t it, you kind
of know your environment. Going into something new if I'm honest

with you, I would only do if I had my husband around.

Parents’ social networks and information sharing

Children’s grandparents were described as allowing more screen time than the
children’s parents would normally allow. Grandparents would also facilitate
more sedentary indoor activities with the children due to their advanced ages

and limited abilities.

Father 38 (2-year-old boy, 2" IMD quintile): Currently he spends
one day a week with his grandparents. Fair to say he’s less active on
those days. On that day because theyre 75 and they are not quite as
active as they used to be and so to keep up with him, definitely a few

more sedentary things with them. I mean they take him to the park

but they don’t tend to do quite so much.

Not knowing local people with similar aged children, and friends and family

with similar aged children living far away, limited opportunities for play.
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Mother 17 (3-year-old boy, 3" IMD quintile): Most of his cousins, all
of his cousins on my side of the family, live away from us. So, he
wouldn't see them so much on a daily basis. Generally, when he does
see them, he sees them for longer periods. We go on holiday with them

and that kind of thing.

Only one mother commented on being unaware of community events whereas
fathers attributed their lack of knowledge to their dislike of social media

platforms or not knowing where to look for local opportunities.

Mother 13 (2-year-old girl, 1¢t IMD quintile): We've got a
community centre who host events and things like that, or a town hall
type thing, but I don't hear of anything ever going on, unless I'm left

out of the circle, I don’t ever hear of anything going on.

Father 28 (2-year-old boy and 4-year-old girl, 1t IMD quintile): Well,
I don’t know, when I try I can never find anything. There could be
some kind of central information place where you can find stuff,

because it’s all over the show.

Grandparents and great-grandparents who lived nearby were able to take
children to structured and unstructured activities on days when they were

looking after the children or when the parents were unable to take their children.

Father 29 (2-year-old girl, 4" IMD quintile): We are lucky because
her grandad and nana look after her on a Tuesday and Wednesday, so

they make sure that through the week on one or both days they go and
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do an activity with her, so they would take her to a dance class, for
example, that I mentioned earlier, or they take her to the toddler time

at the trampolining centre.

Parents created more opportunities for their children to engage with activities
and play with other children through organising meet ups with their social
networks which included: friends; family members; colleagues; neighbours; and
parents they have met through National Childbirth Trust (NCT) classes, nursery

and school environments.

Mother 20 (3-year-old boy, 15t IMD quintile): I've also got a very
good group of mum friends that I met when I was pregnant with
[three-year-old son] and weve also all had seconds within a very close
space of time as well, so we tend to try and meet up at least once a

month as a big group.

Fathers commented on how it was mainly the children’s mothers” who formed
social networks to facilitate meetups. Parents would arrange gatherings and find
out about local opportunities through social media, word-of-mouth, posters and
leaflets. Fathers preferred using internet searches and mobile phone applications

to seek out opportunities over using social media.

Father 18 (3-year-old boy, 15t IMD quintile): I think that [wife] has
built up a network of people she knows with WhatsApp groups and
Facebook groups. There's enough people now to call on and there's

normally somebody around.
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Father 32 (3-year-old girl, 1t IMD quintile): Either at school people
tell us there, or if I'm looking for something, I just Google it
specifically. And there is [Facebook group] and Hoop, it’s what it’s

called - Hoop is quite nice.

Home and childcare environments

Children sometimes engaged with sedentary activities in their home and
childcare environments which includes nurseries, childminders, preschools and
schools. Gardens and outside space at home were sometimes described as

inappropriate for outdoor play in terms of safety and available play equipment.

Mother 14 (3-year-old girl, IMD quintile not found): Yes, but she
hardly plays out there. Our garden is not really, I haven't really sort

of like done it up, no toys, just like...

One father believed that not having a garden limited opportunities for outdoor

play.

Father 23 (2- and 3-year-old girls, 4 IMD quintile): I worked out
percentage wise and I think we can save 20% of damage to the flat by
having a garden! But yeah having a garden I think would be optimal

for just running around, eating outside, messy play, that kind of stuff.

Some nurseries focused on child-led small world play or sedentary activities,
over more active play, and did not let children outdoors when the weather was

poor.
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Father 39 (3-year-old boy, 1st IMD quintile): It is actually learning or
if there's a day when he does not want to do much, then they allow
that as well, that’s their key policy is that they lead what they do for

the day.

Parents described having children’s toys and play equipment available in their
homes and gardens for the children to play with throughout the day. Children
sometimes helped with the housework and played games by themselves, with

their siblings or with their parents in their home environment.

Mother 3 (2-year-old girl, 3" IMD quintile): I think we have
everything out as well I know that some people their toys aren’t out
on display they have things put away but all of ours are all sort of
accessible so she has access to everything all day so she hasn’t kind of
got to ask me to get things for her to do or anything like that that

would stop her from being able to just go and do an activity.

Parents were grateful for having gardens and outside space at home for their

children to engage with outdoor play regularly.

Father 35 (3-year-old boy, 1st IMD quintile): In the garden we’ve got
a couple of slides, swings, trampoline, sand and water table, sand pit,
mud kitchen and some outdoor ride alongs as well. They’re the sort of
things he would play on with, either with his brother or with us and

sort of make-believe games he likes to do as well. (...) We're really
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fortunate with the garden we’ve got at the moment, it’s like 90 foot so

it’s good. They’re out there quite a lot.

Childcare settings also provided indoor and outdoor toys and play equipment
for the children to engage with. A few parents felt that nursery environments
were set up and led in a way that promoted active play and some parents

specified that the children played outdoors in all weathers.

Mother 12 (3-year-old boy, IMD not found): They have two hours
outside between half 12 and half four. (...) They don’t stop that at
school though, so if it’s raining, they’ll still go out for a couple of
hours. Rain doesn’t stop play at school, it just stops play outside at

home.

There were examples from all the different childcare settings of providing regular
outings for the children and engaging them with externally run unstructured and

structured activities.

Father 25 (3-year-old girl, IMD quintile not found): But I know that
they get out to the local park quite a bit, theyve got quite a large play
area at the nursery and they do visits to the local old people’s home,

for singing and stuff like that, yeah.

Parents and grandparents who owned dogs provided opportunities for children
to go on dog walks to a variety of environments and to subsequently go play in

parks.
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Father 35 (3-year-old boy, 15t IMD quintile): In the summer we tend
to walk the dogs in the park. He’'ll go every day and we’ll walk down
and he’ll have five-ten-minute play in that. So, once a week in the

winter, but most days in the summer.

Organisation-run activities

Issues regarding organisation-run structured classes were discussed in terms of
long waiting lists, age restrictions and clashing timings. Parents were also put off
classes where they felt the instructors were unable to cater for different abilities

within the class or when the instructors were bad at interacting with the children.

Father 38 (2-year-old boy, 2" IMD quintile): We have a lack of
swimming pools in [place] so he’s on a waiting list, that’s about a 12-
month waiting list so um, yeah. Probably when he’s coming up to

four, he’ll start his swimming lessons.

Mother 19 (2- and 4-year-old boys, 274 IMD quintile): I actually took
my little boy [four-year-old] to a dance class in [place] before I found
[dance company] cause he loves music and I just thought it was going
to be great to get out the house and do some dancing and it was so
awful because the lady that ran it took it all so seriously and was

reprimanding him for basically enjoying it too much.

Mothers also mentioned how some organisation-run structured classes did not

run over the school holidays.
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Mother 16 (2-year-old girl, 24 IMD quintile): I have looked into the
football classes I think actually we might start her on, but in summer
holidays they tend to stop running the classes, so it's kind of waiting

for the new term.

Parents did not want to spend limited finances on their children attending
multiple different organisation-run structured and unstructured classes. Parents
were reluctant to enrol their children in sessions which required block payments
rather than paying per class attended, as they would lose money whenever they

missed a session.

Mother 8 (2- and 4-year-old girls, 1¢* IMD quintile): To be honest
with four kids, it comes down to cost a lot. They do have the
[gymmnastics class] and the backing music classes and stuff, but they
just end up being so expensive, especially because a lot of them you
have to pay per term. With four of them, the chances of one of them
being poorly at any one point, or having something else on, it feels like
a lot of money to pay if you are not sure that they are going to go to
every class. I tend to stay away from the classes where you have to pay

for a term upfront.

Parents felt that there were a lack of organisation-run unstructured activities in

their local area or a lack of age-appropriate settings for free play.

Father 11 (3-year-old, 1st IMD quintile): I guess they need more of

them [soft play centres]. I think the way they re set up, and the one
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thing I've noticed is they re very good for really small children and
they’re really good for eight-year-olds and that kind of age, but the
middle bracket in there it’s quite difficult because although my
daughter is capable of going on the bigger kid’s stuff, but then there
are kids charging around and so there’s maybe not a great provision

for that middle group.

Many parents expressed their dislike of indoor play environments because they
found them too loud, busy, unsafe, stressful and unhygienic; especially on
weekends, in school holidays and at parties. On top of being considered too
expensive, organisation-run unstructured activities had the additional problem

of price increases over the school holidays.

Mother 10 (4-year-old boy. 3" IMD quintile): In terms of soft play,
we do that quite a lot but we don’t tend to go as much during the
school holidays because it’s full of ginormous children that run
around far too fast and obviously it’s busier and it tends to be more

expensive as well.

A few children attended organisation-run structured activities on a weekly basis

throughout the year, which run between 30 to 60 minutes in duration.

Father 37 (3-year-old girl, 2 IMD quintile): Yeah, all year around I
think apart from maybe two - three weeks of the year during sort of
Christmas and stuff like that. Yeah like her dance classes run every

week of the year and her — well her skiing lessons do as well.
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Some mothers commented on being happy to spend more money for higher

quality lessons which have a higher instructor to child ratio.

Mother 12 (3-year-old boy, IMD not found): It's about 15 quid for
half an hour but it’s worth it because four is really the maximum in
the class. (...) I'd rather pay for quality, because really it is about

getting him to be able to swim as soon as possible.

Parents were grateful for having different options of inexpensive sessions and
environments where their children could engage with unstructured play. Parents
were more likely to take their children to toddler-specific sessions, quieter

environments and sometimes pay for annual season passes to attractions.

Mother 13 (2-year-old girl, 15t IMD quintile): We've got a trampoline
park about ten minutes away, which we go to quite often because the

toddler sessions are really quiet, so there’s no other kids bouncing on

her head and stuff.

Father 30 (3-year-old girl, 4" IMD quintile): ...we"ve got a season
pass for the zoo. It's about 15-20 miles away, so we’ll probably go 10-
15 times a year, and she’ll just walk around the zoo, go and see

different animals, so that’s another option.

Instructors who were more successful in engaging children with structured and
unstructured activities were said to do so by being enthusiastic, encouraging and
by getting to know the children individually. They focused on making the

sessions age-appropriate and fun by creating games and competitions, so that the
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children were learning by play. Having instructors in unstructured sessions
helped the children engage with available equipment and activities fully and
having more than one instructor present in structured sessions helped the classes

run more smoothly.

Father 26 (3-year-old girl, 1t IMD quintile): Yeah I think all the
activities that I've seen them do [in gymnastics classes], they’re all
fun and they’re all games and it’s not just this is how you do a
forward roll, do a forward roll and that’s all they do, whatever, it’s all

learning by play, which is key at that age.

Local authority, council and community-run opportunities

Parks, toddler groups and events are both run and maintained by either, or a
combination of local authorities, councils and community organisations. Mostly
mothers discussed issues with parks regarding the lack of facilities or interactive

and appropriate playing equipment.

Mother 5 (3-year-old boy, 3" IMD quintile): Like I said because we’re
in a small rural village it’s not a fantastic park so actually they get
bored fairly quickly so by the time you get there and you go half an
hour they’re like oh shall we go home you know whereas if you're in
one of the town parks you can spend a couple of hours there take a

picnic but you couldn’t do that at our park.

One father thought that his child could interact with some park equipment

dangerously if left unsupervised.
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Father 28 (2-year-old boy and 4-year-old girl, 1st IMD quintile): The
climbing frame has a platform on it, and they like jumping off and
grabbing on to a bar, and like “Watch this” but it’s really dangerous,

so I try not to encourage it too much.

Parents mentioned a lack of toddler, parent and play groups in their local area

for their children to attend.

Mother 7 (2- and 3-year-old boys, 4" IMD quintile): A lady came two
hours a week to help me get out of the house more and do more
activities with them. That was massive. The only problem with that is
the funding stopped for [charity playgroup]. They didn't do the same
amount of sessions. The only session they do now is when I am at

work! It was unfortunate.

Only fathers commented on family friendly events, which were described as

expensive, stressful and loud, with sometimes limited places available.

Father 32 (3-year-old girl, 1t IMD quintile): We tried the toddler
disco once, or [wife] tried it I have to say, but she really doesn’t like

loud noises so that wasn’t a massive success.

Several children regularly played games in, and ran around park settings, as well
as engaged with a variety of park equipment through physical and imaginative
play. Active travel methods were more commonly used to get to local parks, but

a few parents would drive to parks further afield because they had more to offer,
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were better maintained and to retain their children’s interest in parks with a

change of scenery.

Mother 19 (2- and 4-year-old boys, 2"¢ IMD quintile): Otherwise
you're stuck with just your local park and however good your local
park is kids are going to get so bored of that. The reason we’ll travel

sometimes to parks is because the boys love going somewhere new and
that’s probably thinking about it why we do so many different things

is because it’s to keep their interest up.

Regular toddler, play and parent groups, provided opportunities for parents to
take their children to interact with different activities and children, in mainly

indoor environments during weekdays.

Father 40 (2-year-old girl, 1t IMD quintile): That’s why her mum
takes her to the toddler group instead. It’s obviously not gymnastics
but they can run about and play with toys and they can do certain

things so she just gets her a bit more active during the week.

Parents described taking their children to family friendly events which were

sporadically run throughout the year in their local area.

Mother 8 (2- and 4-year-old girls, 15t IMD quintile): As we have the
age range of two up to eight, we tend to do things that are a little bit
less structured, just because you can play it by ear how well people
are coping. Recently they did a thing in the community where they

hid painted rocks and they had a Facebook page. My kids loved that.
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Accessibility and the environment

Barriers and facilitators were identified which related to the families’
environments and their accessibility to their environments. Parents were less
likely to take their children to opportunities if they were not easily accessible by
active or passive travel methods. Parents with cars would sometimes choose to
drive over choosing active travel options whereas parents without cars found it

difficult to get to physical activity opportunities.

Mother 6 (2-year-old boy, 2" IMD quintile): Well if I don’t have the
car, then that restricts whether we go to places. I do feel to get to a
decent place, to get them outside, you have to drive. That obviously is

a restriction.

Parents described traffic safety concerns with regards to restricting their children

from playing outside the house and near activity settings.

Father 23 (2- and 3-year-old girls, 4" IMD quintile): I suppose there
is a percentage of the fact that in the daytime it’s a busy road outside,
yeah. We live upstairs in a flat. Straight out on the high street. To get
to the park you've got to go through a busy high street and it’s all...
not one of them on its own but all together it was quite a substantial
percentage of like ‘oh, maybe I'll wait until later” or that type of thing

so that’s the issue of where we are.

Mothers described the quality of pavements and a lack of car parking spaces as

problematic when going to activities.
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Mother 20 (3-year-old boy, 1st IMD quintile): Parking as well, that
one makes me a bit nervous. If I don’t know there’s a good car park,
especially with the two of them, trying to get them out on a main road

or something.

A couple of mothers did not take their children to nature reserves: one did not
own a car and relied on lifts; and the other did not like dog poo that was not

disposed of properly.

Mother 6 (2-year-old boy, 2" IMD quintile): Dog poo is really I hate.
There is a nature reserve at the end of our road but I have never been
there because every time someone comes back with dog poo on, every

single time and I just hate that. There is always dog poo there.

Parents engaged their children with more sedentary indoor activities and fewer
outdoor opportunities in the winter or when the weather was poor, commonly

referring to when it was raining.

Mother 12 (3-year-old boy, IMD not found): If it’s raining I'll think,
okay, today we’ll do some painting or we’ll do playdoh, so I think of

an indoor activity, like a rainy day activity.

Fathers commented on doing fewer outdoor activities with their children when

the evenings were darker.
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Father 35 (3-year-old boy, 1st IMD quintile): In the winter obviously
we don’t go in the garden in the evenings, once I get home from work.

It's dark now.

Owning a car has allowed most parents to take their children to opportunities as
well as a larger range of options. Parents also chose active travel methods where

it was feasible.

Father 38 (2-year-old boy, 2" IMD quintile): There’s probably two
[parks] within scooting/walking difference. We’ll alternate between or
we'll — if we're bored of those, we’ll then drive to an alternative one 10

or 15 minutes away if needs be just for a change of scenery.

Some parents walked around the shops and in towns and cities with their

children on days when they were not working.

Father 32 (3-year-old girl, 1t IMD quintile): Sometimes at the
weekends so in the weekend in the morning we do ballet. So we go
there - if it’s nice weather I sometimes take her to city centre and we

did a lot of playing in that water feature thing at [place].

Mothers also commented on the built environment being suitable for using

scooters and bikes in terms of flat pavements and enclosed spaces.

Mother 15 (4-year-old girl, 4" IMD quintile): You know, a bike ride
that we go on, or we go down the local tennis courts that not being

used for tennis, so we cycle down there. Because weve got an enclosed
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space that’s safe with nobody there, for the bike, you know, it’s like

two tennis courts’ size.

Having natural environments local to families” homes provided opportunities for

children to explore and walk or run around.

Mother 21 (2-year-old boy, 3" IMD quintile): He’ll tend to go
straight to the sea. I try and bring us down a bucket and spade. But
yeah, he does like the water, so he’ll run straight for that. I just let him
paddle. There’s loads of rock pools with like crabs and things. We
recently did a pirate hunt. I gave him a little map and he had to follow

that then run and find treasure.

Parents facilitated more outdoor opportunities in the summer months, in “nice”

weather and during lighter evenings.

Mother 21 (2-year-old boy, 3" IMD quintile): He climbs up there and
he’s got the slide, he’s got a swing, he’s got the swimming pool that he
had out in the summer and he’s got... we built him a mud kitchen out

of palettes and he loves that.

Fathers were more likely to comment on taking their children to opportunities
during specific seasons or school holidays compared to mothers who referred to

daily circumstances, primarily the weather.
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Father 27(4-year-old boy, 3" IMD quintile): [Referring to going to
the park] During term time it’s probably once a week, during holiday

time it’s probably three or four times a week.

Mother 13 (2-year-old girl, 1st IMD quintile): After lunch, if it’s dry

enough, we open the backdoor so she can play in the garden.

4.5. Discussion

The data presented in this chapter has highlighted the barriers and facilitators
that parents of 2-4-year-old children in England expressed as relating to their
children’s physical activity and sedentary time behaviours. Barriers and
facilitators were categorised under eight general themes: children’s characteristics
and circumstances; children’s interactions with other children; parents’ priorities and
circumstances; parents’ social networks and information sharing;, home and childcare
environments; organisation-run activities; local authority, council and community-run
opportunities; and accessibility and the environment. Barriers and facilitators were
often interconnected across the themes and were usually dependent on the
parents’ circumstances and their environments, which commonly changed as

their children grew older.

Parents reported that children were sometimes not interested in taking part in
physical activity, because their children were “not in the mood” or well enough to
engage with activities. However, when children did enjoy an activity, they
willingly engaged and rarely sat still. This common observation by parents

suggests that exposing children to different activities to try and find some they
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enjoyed may help to increase their engagement in physical activities?!3. Without
exploring what activities children enjoy and understanding that different
children may enjoy different things, there may be a risk that parents attribute
their children’s lack of engagement down to unchangeable personality traits,
which in turn could demotivate parents in engaging their children with physical
activities. Thus, identifying activities that children enjoy is a critical component

of promoting physical activity for preschool-aged children?!3.

It was evident from the data that some equipment and activities were not suitable
or available for the younger children, which may partially explain why four-year-
olds are more active than two-year-olds and three-year-olds! 74 (see Chapter 3).
Parents described their children’s confidence and independence improving with
age and experience, meaning that they eventually learnt how to interact with
equipment. However, the availability of ergonomically adapted equipment?!4
could increase younger children’s engagement with such equipment e.g. ride-on
toys and park equipment. Successful engagement in activities that were
organised by external groups was achieved when sessions focused on play over
technique. This focus on fun, which is consistent with identifying activities that
the children enjoyed (discussed above), appears to be critical to making activities
appropriate for this age group and appealing to children. It is important to flag
that some structured activities were often unavailable for younger ages. As such,
increasing the availability of equivalent unstructured activities (such as free play
gymnastics sessions) could be an effective method of providing more age-

appropriate methods of exposing children to a wider range of activities, which
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has been highlighted in previous research to be preferred by preschoolers

themselves?13.

Siblings and other children are key influences on preschoolers” physical activity
levels?>215.216_Overall, parents framed this influence as positive, stating that their
children were more active at higher intensities, engaged with more imaginative
play and developed skills faster when interacting with siblings or other children.
This assumption resonates with quantitative data that shows how young
children often observed and imitated behaviour of siblings and peers?! 217219,
For instance, a longitudinal study in Canada found that 3-5-year-old children
influenced each other’s accelerometry-measured moderate-to-vigorous physical
activity over time in childcare settings?!”. However, a few mothers in the current
study presented a conflicting perspective to this idea, in that it was often more
difficult for them to encourage their older child to be active if they had the child’s
infant sibling to take care of. Therefore, this data signals the benefits of children
having the opportunity to play with other children their own age or older, which
again is consistent with the concept of promoting more unstructured play
opportunities for children?! 22 220, Engagement in active play and opportunities
for structured and unstructured physical activity fits with the WHO physical
activity guidelines for under-fives, to promote motor skill development and the

exploration of the physical environment?!.

Parents perceived that they were the most important influences on their

children’s physical activity. Parents” knowledge, motivation and self-efficacy
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were key contributors to these participants” ability to engage their children with
activities. For example, knowledge of age-appropriate activities was observed to
stem from parents’ own childhood experiences, educational and career
background-based knowledge and their ability to seek out and share
opportunities. Participants demonstrated their knowledge of the harms
associated with excessive screen exposure on their child’s activity levels through
restricting their children’s screen time. However, for parents who mentioned
using screen time as downtime or safety measures in terms of keeping their child
in one place, this may indicate a lack of knowledge, motivation or means towards

providing alternative activities that are healthier?1-223,

Furthermore, a lack of motivation to seek out and engage children with activities
outside of childcare settings may be reflective of parents not knowing exactly
what their children do in those settings and how much activity preschool-aged
children should engage with. Although parents mentioned wanting their
children to keep active for obesity prevention reasons, their main motivations to
engage their children with activities were for several other reasons: to spend time
as a family; to go outdoors for fresh air; to improve their children’s and their own
mental wellbeing; to manage their children’s sleep and behaviour; to develop
children’s physical and social skills to become well-rounded; and to engage
children with activities that they enjoy. These findings highlight ways in which
we could encourage parents to engage their preschool-aged children with
structured and unstructured activities to help children to be more physically

active, through framing the activities in line with these motivations.
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It is crucial to note that parents” knowledge, motivation and self-efficacy cannot
be separated from the wider social determinants of health and there is evidence
that they are associated with ethnicity??* and socioeconomic status??. This was
evident through one interview with a non-white participant, whose lack of
knowledge, motivation and self-efficacy towards taking their child swimming
demonstrated how society and providers of services make a lot of assumptions
about how to provide and access physical activity opportunities. This
observation may be applicable to other families who are raising families in a
different country and culture to which they were raised??¢ 227, Participants who
could work part-time, had flexible working hours or be stay-at-home parents had
more time to dedicate to their children’s physical activity??823%, signalling an
example of activity levels being linked to their parents’ higher socioeconomic
status. This highlights the importance of considering disadvantaged
communities’ circumstances when aiming to reduce health inequalities, through

ensuring that underprivileged children can partake in activities.

Another key finding which related to the social determinants of health is parental
costs and resources. Several studies have highlighted potential barriers to
children being physically active as limited parental financial support and a lack
of transportation means?! 232, A lack of disposable income and material
resources were key barriers among the study participants. For instance, the
parents often referred to the cost of activities run by organisations as being too
expensive, and not taking their children to unstructured activities during the

school holidays because of price increases. Families with limited incomes have

178



less to spend on equipment and activities in the home environment?33, and for
external activities and settings which facilitate physical activity?3!, which
highlights the importance of having affordable environments which all families
can access. Some parents felt there was a lack of free or low-cost playgroups
which could limit low-income families from exposing their children to different
activities and other children, while also establishing local social networks234 235,
Families who did not own cars were restricted in getting to different physical
activity opportunities easily. For example, participants who owned cars spoke
about driving to better parks, which would result in more activity, thus widening
the differences in children’s activity exposure and levels compared to families
who did not own cars. Ensuring that opportunities are accessible to individuals
who do not own cars, which will more likely affect ethnic minority and low-
income families?3¢ 237, can be improved through appropriate public transport and

urban planning?38 239,

Access to gardens was also mentioned by parents as an important structural
influence on their children’s physical activity. Having access to a garden allows
children to regularly play outside in an enclosed environment without needing
such a high level of parental supervision and time. This environmental factor has
the potential to be a barrier or facilitator and much like access to other physical
activity settings, is a factor that partially explains socioeconomic inequalities in
children’s physical activity levels. One in eight households in the UK (12%) have
no access to a private or shared garden?¥, with White people four times as likely

than Black people to have outdoor space at home. Those in unskilled and semi-
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skilled manual occupations, casual workers or unemployed individuals are
almost three times as likely as those in administrative, managerial and
professional occupations to be without a garden?V. Garden ownership is
beneficial for several aspects of health?*! on top of promoting children’s physical
activity, and should therefore be a priority for new housing developments.
Parents often described taking their children to parks and natural environments
for outdoor activity. Reassuringly, people who live in the most deprived areas in
England who may not have access to gardens, are twice more likely than people
in the least deprived areas to be within a five-minute walking distance to a public

park?® which is a credit to appropriate urban planning.

Across the interviews it was clear that mothers and fathers shared common
assumptions and recognised similar barriers and facilitators to their children’s
physical activity across social and structural domains. However, there were some
themes that were discussed differently according to gender. For example, the
establishment of social networks was much greater among mothers. Mothers
were observed to be the main parent to seek children’s physical activity
opportunities through their social networks which included family, friends,
colleagues, communities and childcare settings. This finding echoes qualitative
research which has explored mothers’ feelings of isolation, loneliness and
disconnection with other adults in early motherhood?¥? and the importance to
them of establishing social networks to buffer these effects?43 244, This may also
be reflective of gendered working norms, where fathers were reported to be more

involved in the evenings and on weekends when they were not working, which
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has been observed in parents of older children® 245, Even with the shift in
gendered childcare roles?#, mothers are still more likely to work part-time or
become stay-at-home parents?*” who can dedicate more time to their children’s

care, of which organising opportunities for physical activity is a part of.

Mothers in the study were also more likely to engage with social media?#
compared to fathers, who were more likely to seek opportunities through
internet searches, workplaces and childcare settings on an ad hoc basis. One view
on this which is consistent with decades of feminist theory and research is that
rather than solely disliking social media, fathers could be off-loading the
responsibility of seeking physical activity opportunities onto mothers, based on
the gendered division of labour they have adopted in relation to childcare which

is embedded in society?48-250,

Parents (usually mothers) were less likely to take their children to environments
which they deemed to be unsafe and unhygienic. Many parents expressed being
put off by other older children for safety and noise reasons, particularly in
unstructured play settings such as soft play centres. Having time slots to restrict
numbers and having age-specific sections were suggested by the parents to
prevent these issues but strict enforcement would be required to make sure
children stay within their designated areas. Some parents expressed safety
concerns about the built environment surrounding and beyond their homes
which could be addressed with appropriate urban planning, policies and

funding?!: traffic and speed restrictions; reduction in criminal activity; enclosed
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outdoor spaces; adequate car parking places; toilet facility availability; and
improved pavement quality. It is vital for housing and urban planning to
promote children’s physical activity?? 253 through making mothers in particular
feel safe?54 255, Maintenance of the built and natural environment is lower, while
road safety issues and criminal activity are higher in more deprived areas?>! 25¢-
258, thus the safety concerns discussed are likely to be greater amongst parents
from lower socioeconomic backgrounds. Mothers” concerns about teenagers in
parks are unlikely to be resolved unless the lack of opportunities for older
children and adolescents are also addressed, such as the decrease in youth
services by 69% since 2010/11%7, highlighting the importance of using systems-

based approaches with intervention and policy development?60, 261,

4.5.1. Strengths and limitations

The main strength of this study is the original parental insight into the barriers
and facilitators of preschool-aged children’s physical activity and sedentary time.
The in-depth qualitative approach of this study has provided data that would be
unachievable to obtain through conducting a quantitative study. A major
strength was the sample of parents which was equally split between mothers and
fathers, as qualitative studies with parents of preschoolers usually represent the
mothers” voices”>. The majority of the mothers in the study identified as the
primary caregivers whereas the fathers considered themselves to be the
secondary caregivers of the children. This limited the ability to draw as many
confident comparisons related to the parents’ gender compared to their

caregiving status. However, the study demographics with regards to caregiver
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status are representative of the division of work and childcare between UK-based
mothers and fathers?”, which makes the study findings transferable to the

general population in the UK.

The study sample was limited in being overwhelmingly white and of higher
educational status. Efforts were made to recruit parents from varying ethnic
minority and socioeconomic groups, but there are limits to the transferability of
these study findings beyond white middle-class parents. Given that there are
inequalities in children’s physical activity, which was interpreted in these
tindings, further qualitative and quantitative work should have a greater focus
on the influence, barriers and facilitators of preschool-aged children’s physical
activity in ethnic minority and lower socioeconomic groups. Although it was
possible to suggest recommendations of how to overcome the several structural
barriers that were identified in this study, further research needs to be conducted
with stakeholders to understand their systems and identify the barriers and

facilitators at their levels.

4.6. Conclusions

The broad range of barriers and facilitators identified across the parents’ social
and structural environments emphasises the need for multisectoral interventions
and policies to reduce health inequalities, through increasing physical activity
and decreasing sedentary time in 2-4-year-olds in England. The increased
availability and accessibility of affordable, age-appropriate unstructured
activities would allow children from all socioeconomic backgrounds to explore
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different activities while having the opportunity to play with other children.
Additionally, increased funding to public health in local authorities could offset
cost-related barriers through subsidising access to activities for families with low
incomes. Parental knowledge, motivation and self-efficacy were key factors in
engaging children with physical activity opportunities. This signals an important
role for health visitors, charities and children’s centres in engaging and providing
information to parents from lower socioeconomic backgrounds and migrant

communities in particular.

It was evident that there was a lack of structural support for facilitators of activity
in terms of the design and maintenance of the home, built and natural
environments which are more likely to negatively affect ethnic minority and
more deprived communities, thus highlighting structural drivers of physical
activity inequalities. These structural drivers of inequality may be addressed
through changes in public health policies, urban planning policies (including
housing) and funding to appropriate stakeholders to provide suitable and safe
settings for parents to promote their children’s physical activity. Based on the
study findings, it is unlikely that fathers can have more of an influence on
engaging their children with physical activities without a societal shift in the
division of work and childcare. Future research needs to explore the barriers and
facilitators in policy makers and other stakeholders in making structural changes

in policy to facilitate parents” ability to promote their children’s physical activity.
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4.7.  Implications for thesis

The findings from this study have provided a wide range of barriers and
facilitators to increasing physical activity and decreasing sedentary time in 2-4-
year-old children in England. Further, this chapter adds richness to the thesis
overall as I present an in-depth exploration of how these barriers and facilitators
play out in families” everyday lives. This thesis aims to inform the design of
public health interventions and policies to improve preschool-aged children’s
activity behaviours. The qualitative evidence presented in this chapter is
invaluable in developing acceptable and effective interventions as it highlights
potential avenues for implementation, as well as ways interventions may not be
acceptable for certain settings or populations. The next chapter in the thesis
(Chapter 5) will further illuminate the qualitative findings in this chapter, as it
aims to assess the reliability of an evaluation tool which measures parental and
nursery staff’s self-efficacy, motivation and knowledge towards 2-4-year-olds’

activity behaviours.
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CHAPTER 5. SELF-REPORT TOOLS
USED TO MEASURE PARENTAL
AND NURSERY STAFF’S
MEDIATING FACTORS RELATING
TO PRESCHOOLERS’ PHYSICAL
ACTIVITY BEHAVIOURS

5.1. Overview

The work presented in this chapter has been published in Public Health
Nutrition?. My contribution to the published manuscript includes the
conceptualisation, methodology, participant recruitment and data collection,
data preparation, data analysis, writing the original draft, and reviewing and
editing later drafts of the manuscript for publication. Besides this overview
(section 5.1), minor edits and final implications for thesis (section 5.7), the chapter
is as per the published article. “Acceptability, internal consistency and test-
retest reliability of scales to assess parental and nursery staff’s self-efficacy,
motivation and knowledge in relation to preschoolers’ nutrition, oral health
and physical activity” answers Research Question 4 of the thesis: ‘What self-report
measures could be used to assess mediating factors relating to parents” and nursery staff’s

self-efficacy, motivation and knowledge towards preschoolers” activity behaviours?” The

186



tfindings of this study will determine whether newly developed questionnaires

demonstrate adequate acceptability and reliability to measure these outcomes.

I start by presenting the rationale for the study in section 5.2. In section 5.3, 1
describe the methods used in the study in terms of participant recruitment,
questionnaire development and the quantitative analyses used. In section 5.4, I
provide the results of the study and discuss the study findings comparative to
the wider literature in section 5.5. Finally, in section 5.6, I outline the study
conclusions, followed by the implications of the findings in relation to the thesis

in section 5.7.

5.2. Rationale

Globally, an estimated 38.3 million (5.6%) of children aged under-five were
overweight in 2017262, Guidance and support for caregivers and childcare
settings to provide healthy diets and physical activity opportunities have been
identified as strategies to reduce the prevalence of obesity in preschool-aged
children?¢3. Parents of preschool-aged children can make certain foods available
and accessible in the home environment to promote positive food behaviours264
266 and parental encouragement and beliefs about physical activity are important
predictors of children’s physical activity levels?%® 267, Various studies have
reported that childcare policies have influenced children’s dietary intake, and
that preschools have a responsibility to assist parents in providing healthy food
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to children?®. Childcare staff can also influence the level of physical activity
children engage in by encouraging them to be active?®. Early childhood caries
(ECC) are a global pandemic and prevalence among children aged 3-5-years
varies between different countries and continents?”0. Parents and preschool staff
need to supervise and be trained in tooth brushing practices together with
reducing children’s consumption of sugary foods and drinks to prevent the onset
of ECC?70. Parental and family dental health habits influence their children’s oral
health?”!. In 2017, around 71% of eligible 2-year-olds and 95% of 3-4-year-olds
received government funded early education in the UK?72 (see section 2.4.1 for

more recent figures).

As parents’ and nursery (preschool) staff’s encouragement have been associated
with the quality of children’s diet, oral health and level of physical activity,
interventions attempt to increase caregivers’ self-efficacy, motivation and
knowledge to improve these behaviours?”l. 273, Self-efficacy, a strong predictor of
health behaviour change?# is defined as one’s confidence in their ability to
perform the target behaviour and is a construct of Bandura’s social cognitive
theory!3% 273. Motivation refers to one’s readiness to change a specific behaviour,
which is defined as the degree to which a person feels a change is important?”>
276, Parental and nursery staff’s knowledge of healthy diets and physical activity
may also help encourage children to engage in healthy eating and physical

activity?”7. I am not aware of parent and/or nursery staff questionnaires which
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measure a combination of attitudes and knowledge towards preschooler’s
nutrition and physical activity. The aims of the current study are to test the NAP
SACC UK mediators for, 1) acceptability by examining response rates and
missing data; 2) maximising the internal consistency of the scales using
Cronbach’s a coefficients; and 3) assessing the levels of test-retest reliability of
individual items and scales using weighted kappa coefficients, intraclass

correlation coefficients and paired t-tests.

5.3. Methods

5.3.1. Sample

Nurseries from Bristol, UK were identified using the www.lbigdatabase.org.uk,

which is an online database of childcare and family information. Nursery
managers were recruited through postal invitations, followed by an email
invitation 10 days later (Appendix 12). Nursery managers were also sent a
participant information form (Appendix 13) and their written informed consent
was obtained (Appendix 14). Participating nursery managers (n = 21) recruited
nursery staff and parents via email (Appendix 15). Parents were also recruited
via an online advert on the survey forum of the UK-based parenting website

www.netmums.com (Appendix 16). Data were collected between November

2016 and January 2017. Inclusion criteria were nursery staff and parents or

guardians, who work with or have 2-4-year-old children. Online consent was
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gained from each participant prior to data collection commencing (Appendix 17).
This project has been reviewed and approved by the University of Bristol Faculty

of Health Sciences Research Ethics Committee; ID: 41585 (Appendix 18).

5.3.2. Study design

Nursery managers were instructed to send a link to the online nursery staff
questionnaire via email to all nursery staff who worked with 2-4-year-olds. This
was repeated for the parent questionnaire to parents who had 2-4-year-old
children. Participants were asked to provide their email address at the end of the
questionnaire; those who did were automatically sent the questionnaire again
one week later. They were sent a reminder email a further three days later.
Participants’ questionnaires were included in the analyses if the second
administration was completed between 7 and 11 days after the first
administration. Each participant was reimbursed with a £10 voucher on

completion of the first and second administrations of the questionnaire.

5.3.3. Development of the mediator questions

The NAP SACC intervention (see section 2.4.3) was designed in the USA to
improve the nutrition and physical activity environment, policies and practices
in nursery settings!®. The aim of the NAP SACC UK feasibility cluster
randomised controlled trial (cRCT) was to assess the acceptability of the

intervention, randomisation and the study measures within the UK41. A set of

190



potential mediator questions were created for the NAP SACC UK study to
measure parents’ and nursery staff’s knowledge, motivation and self-efficacy
towards children’s physical activity, oral health, nutrition and sedentary
behaviours'¥l. The mediator questions (Appendix 19) were based on the
questionnaire items used in the Active for Life Year 5278 study and were adapted
using the best practice of diet as recommended by the Children’s Food Trust?”
and UK physical activity guidelines®. The self-efficacy, motivation and
knowledge items were split into two sections; children’s nutrition/oral health
and children’s physical activity. All the self-efficacy items started with the same
stem, “I feel able to”, and were followed by dietary, physical activity or oral
health-related behaviours where the response options were: 1 - “Disagree a lot”;
2 - “Disagree a little”; 3 - “Not sure”; 4 - “Agree a little”; and 5 - “Agree a lot”.
The same health-related behaviours were included in the motivation items but
used the stem, “I am motivated to”. The motivation response options were: 1 -
“Never”; 2 - “Sometimes”; 3 - “I don’t know”; 4 - “Most of the time”; and 5 -
“Always”. Multiple choice questions were set for the knowledge items and

varied in terms of having one or multiple correct response options.

5.3.4. Data analysis

Descriptive statistics were used to summarise the participant characteristics,
response rates and missing data. Using the data from the first administration of

the questionnaire, Cronbach’s a coefficients were calculated to determine the
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internal consistency of the four scales: nutrition self-efficacy, physical activity
self-efficacy, nutrition motivation and physical activity motivation. Values of at
least 0.7 were considered acceptable?®). To assess test-retest reliability of the
individual items, weighted kappa coefficients for ordinal variables?! were
calculated. To interpret the kappa coefficient results, the cut-offs detailed by
Landis and Koch?8? were used: 0.00 - 0.20 = “Slight”, 0.21 - 0.40 = “Fair”, 0.41 -
0.60 = “Moderate”, 0.61 - 0.80 = “Substantial” and 0.81 - 1.00 = “ Almost Perfect”
agreement. A score was derived by calculating the total for each of the self-
efficacy and motivation scales. For the knowledge items, the percentage of correct
answers was derived for each participant. ICCs were used to assess the test-retest
agreement at scale level for each of the five scales with an ICC > 0.7 considered
acceptable!84. The sample size required for estimating an ICC of 0.8 with a 95%
confidence interval +0.1 for two repeated measures was 50 participants?83. Paired
t-tests were calculated on the continuous test and retest total self-efficacy,
motivation and knowledge scale scores to determine whether the scores were
higher at the test or retest administration. All analyses were carried out in Stata
v15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX:

StataCorp LLC).
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5.4. Results

54.1. Participants

Eighty-two parents and 69 nursery staff completed the first and second
questionnaire administrations within seven to 11 days and were included in the
analyses. Participants” demographic characteristics are shown in Table 12. Most
parents were mothers (72.0%) and 43.9% were in the 31-35-year age group
whereas nursery staff were mainly in the 25-30-year age category (31.9%). The
majority of parents (41.5%) and nursery staff (37.7%) had a university degree. The
Index of Multiple Deprivation scores of the 21 recruited nurseries ranged from
3.59 to 53.27 which were spread across the following IMD quintiles: 15t (3); 2nd (8);

3rd (3); 4th (2); and 5th (5).
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Table 12: Baseline characteristics of parents and nursery staff who completed two

administrations of their respective questionnaires within an interval of 7 to 11 days

Parent Characteristics N =82
Age (Years); Number (%):
Under 25 3 (3.66)
25-30 12 (14.63)
31-35 36 (43.90)
36 -40 25 (30.49)
41 and Over 6 (7.32)
Relationship to child; Number (%)
Mother 72 (87.8)
Father 9 (11.0)
Other 1(1.22)
Highest Level of Education; Number (%):
Did not complete secondary school 1(1.22)
GCSE or GNVQ Level or equivalent 7 (8.54)
A-Levels or Advanced GNVQ or equivalent 9 (10.98)
University degree 34 (41.46)
Postgraduate degree or higher 31 (37.80)
Employment Status; Number (%):
Student 6 (7.32)
Housewife/ Househusband 12 (14.63)
Full-time 21 (25.61)
Part-time 41 (50.00)
Unemployed 2 (2.44)
Number of children; Mean (SD) 1.68 (0.73)
Number of children; Number (%):
1 36 (43.90)
2 39 (47.56)
3 4 (4.88)
4 3 (3.66)
Nursery Staff Characteristics N =69
Age (Years); Number (%):
Under 25 17 (24.64)
25-30 22 (31.88)
31-35 11 (15.94)
36 -40 5 (7.25)
41 and Over 14 (20.29)
Highest Level of Education; Number (%):
GCSE or GNVQ Level or equivalent 16 (23.19)
A-Levels or Advanced GNVQ or equivalent 21 (30.43)
University degree 26 (37.68)
Postgraduate degree or higher 6 (8.70)

Note: GCSE: General Certificate of Secondary Education; GNVQ: General National Vocational

Qualification; A-levels: Advanced Level




5.4.2. Acceptability and missing data

The number of times that individuals clicked the consent button on the
questionnaire link was 130 and 103 for parents and nursery staff respectively; it
was not possible to distinguish whether the same individuals clicked consent
multiple times as they would not have provided any identifying information at
this stage (email addresses). One hundred and two parents completed the first
administration of the questionnaire and 88 (86.3%) completed it for the second
administration. For the nursery staff questionnaire, 86 and 74 (86.0%)

participants completed the first and second administrations, respectively.

Seventy-three (89.0%) and 69 (84.1%) of the parents completed all items in the
first and second questionnaire administrations, respectively. The number of
nursery staff completing all the items showed an increase from the first 57 (82.6%)
to second 59 (85.5%) administration. Thirty-eight (71.7%) and 34 (64.2%) of the 53
parental items had no missing data at test and retest administrations respectively.
Fifty-two (80.0%) of 65 nursery staff questionnaire items had no missing data at

both test and retest administrations.

5.4.3. Cronbach’s a coefficients
Table 13 and Table 14 show the Cronbach a coefficients of each item for the test
scale if the item is removed as well as the a of the scale. The Nutrition Self-Efficacy

scale showed an acceptable level of internal consistency (alpha = 0.80). The
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Physical Activity Self-Efficacy scale had the weakest internal consistency in the
parent questionnaire but still at an acceptable level (alpha = 0.73). The removal
of the item 17 relating to the provision of opportunities to walk to/from nursery
would noticeably improve the internal consistency of the scale (alpha = 0.81). The
Nutrition Motivation scale showed a high level of internal consistency (alpha =
0.86) and the Physical Activity Motivation scale demonstrated the highest overall
Cronbach’s a (0.89). Unlike the equivalent item in the Physical Activity Self-Efficacy
scale, the removal of item 37 had less of an increase on the internal consistency
(alpha = 0.92). The Nutrition Self-Efficacy and the Nutrition Motivation scales in the
nursery staff questionnaire had a coefficients of 0.89 which both showed high
levels of internal consistency. Both the Physical Activity Self-Efficacy and Physical
Activity Motivation scales also demonstrated high levels of internal consistency

(alpha = 0.91).
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Table 13: Cronbach’s alpha coefficients for the four scales in the parent questionnaire

Nutrition Self-Efficacy Scale

Cronbach’s a if item removed

1. I feel able to provide my children with fruit at all main meals 0.77
2. 1 feel able to provide my children with vegetables at all main meals 0.78
3. I feel able to reduce the amount of processed meat, fish or potato products served to my children at all main meals 0.78
4.1 feel able to provide my children with home-cooked meals each week 0.78
5. I feel able to reduce the number of high-sugar or high-fat snacks served to my children each week 0.76
6. I feel able to reduce the amount of sugary breakfast cereals served to my children each week 0.78
7.1 feel able to reduce the number of fizzy drinks and cordials served to my children each week 0.78
8. I feel able to increase the amount of water served to my children each week 0.80
9. 1 feel able to make changes to the portion sizes served to my children each week 0.79
10. I feel able to increase how often my children brush their teeth with fluoride toothpaste 0.78

Alpha for overall scale: 0.80

Physical Activity Self-Efficacy Scale

11. I feel able to provide my children with time for indoor activities and games each week 0.70
12. I feel able to provide my children with space for indoor activities and games each week 0.68
13. I feel able to provide my children with toys/equipment for indoor activities and games each week 0.71
14. I feel able to provide my children with time for outdoor play and games each week 0.67
15. I feel able to provide my children with space for outdoor play and games each week 0.66
16. I feel able to provide my children with toys/equipment for outdoor play and games each week 0.69
17. I feel able to provide my children with opportunities for walking to/from nursery each week 0.81
18. I feel able to provide my children with opportunities for outdoor play regardless of the weather 0.71
19. I feel able to reduce the amount of time the adults in my household spend using screens across the week 0.73
20. I feel able to reduce the amount of time the children in my household spend using screens across the week 0.72

Alpha for overall scale: 0.73
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Nutrition Motivation Scale

21. I am motivated to provide my child with fruit at all main meals 0.85
22. I am motivated to provide my child with vegetables at all main meals 0.85
23. I am motivated to reduce the amount of processed meat, fish or potato products served to my child at all main meals 0.84
24.1 am motivated to provide my child with home-cooked meals 0.86
25. I am motivated to reduce the number of high-sugar or high-fat snacks served to my child 0.84
26. 1 am motivated to reduce the amount of sugary breakfast cereals served to my child 0.84
27.1 am motivated to reduce the number of fizzy drinks and cordials served to my child 0.85
28. I am motivated to increase the amount of water served to my child 0.85
29. I am motivated to make changes to the portion sizes served to my child 0.87
30. I am motivated to increase how often my child brushes their teeth with fluoride toothpaste 0.85

Alpha for overall scale: 0.86

Physical Activity Motivation Scale

31. I am motivated to provide my child with time for indoor activities and games 0.88
32. I am motivated to provide my child with space for indoor activities and games 0.87
33. I am motivated to provide my child with toys/equipment for indoor activities and games 0.88
34. I am motivated to provide my child with time for outdoor play and games 0.87
35. I am motivated to provide my child with space for outdoor play and games 0.86
36. I am motivated to provide my child with toys/equipment for outdoor play and games 0.87
37.1 am motivated to provide my child with opportunities for walking to/from nursery 0.92
38. I am motivated to provide my child with opportunities for outdoor play regardless of the weather 0.87
39. I am motivated to reduce the amount of time the adults in my household spend using screens 0.89
40. I am motivated to reduce the amount of time the children in my household spend using screens 0.88

Alpha for overall scale: 0.89
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Table 14: The Cronbach’s alpha coefficients for the four scales in the nursery staff questionnaire

Nutrition Self-Efficacy Scale Cronbach’s a if item removed

1. I feel able to serve fruit and vegetables to children at all main meals 0.89
2. 1 feel able to limit the amount of processed meat, fish or potato products served to children 0.87
3. I feel able to limit the amount of salt used in food for children 0.87
4.1 feel able to limit the number of high-sugar or high-fat snacks served to children 0.88
5. I feel able to limit the use of cakes and/or other sweet or high fat foods to celebrate event 0.88
6. I feel able to make changes to the types of beverage provided to children 0.87
7.1 feel able to make changes to how we promote oral health at nursery 0.88
8. I feel able to make changes to how staff role-model healthy eating foods served at meal and snack times 0.87
9. 1 feel able to make changes to how staff incorporate healthy eating learning into children's daily activities 0.87
10. I feel able to increase staff access to professional development in child nutrition 0.88
11. I feel able to increase communication with parents about child nutrition 0.88
12. I feel able to make changes to our written policy on child nutrition 0.87

Alpha for overall scale: 0.89

Physical Activity Self-Efficacy Scale

13. I feel able to provide an appropriately-sized indoor space for children's physical activity and play 0.90
14. I feel able to provide appropriate indoor toys and equipment for children's physical activity and play 0.90
15. I feel able to increase the amount of time provided for indoor physical activity and play for children 0.90
16. I feel able to increase the amount of adult-led indoor physical activity and play for children 0.90
17. I feel able to provide an appropriately-sized outdoor space for children's physical activity and play 0.90
18. I feel able to provide appropriate outdoor toys and equipment for children's physical activity and play 0.90
19. I feel able to increase the amount of time provided for outdoor physical activity and play for children 0.90
20. I feel able to increase the amount of adult-led outdoor physical activity and play for children 091
21. I feel able to make changes to the amount of screen-time allowed in our nursery per child 091
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22.

I feel able to make changes to how staff role-model good physical activity habits

0.90

23. I feel able to make changes to how staff incorporate physical activity learning into children's daily activities 0.90
24. I feel able to increase staff access to professional development in children's physical activity 0.90
25. I feel able to increase communication with parents about children's physical activity 0.90
26. I feel able to make changes to our written policy on children's physical activity 0.90

Alpha for overall scale: 0.91

Nutrition Motivation Scale

27.1 am motivated to serve fruit and vegetables to children at all main meals 0.90
28. I am motivated to limit the amount of processed meat, fish or potato products served to children 0.89
29. I am motivated to limit the amount of salt used in food for children 0.89
30. I am motivated to limit the number of high-sugar or high-fat snacks served to children 0.88
31. I am motivated to limit the use of cakes and/or other sweet or high fat foods to celebrate events 0.88
32. I am motivated to make changes to the types of beverage provided to children 0.88
33. I am motivated to make changes to how we promote oral health at nursery 0.88
34. ] am motivated to make changes to how staff role-model healthy eating foods served at meal and snack times 0.89
35. I am motivated to make changes to how staff incorporate healthy eating learning into children's daily activities 0.88
36. I am motivated to increase staff access to professional development in child nutrition 0.88
37.1am motivated to increase communication with parents about child nutrition 0.89
38. I am motivated to make changes to our written policy on child nutrition 0.89

Alpha for overall scale: 0.89

Physical Activity Motivation Scale

39. I am motivated to provide an appropriately-sized indoor space for children's physical activity and play 0.90
40. I am motivated to provide appropriate indoor toys and equipment for children's physical activity and play 0.90
41.1 am motivated to increase the amount of time provided for indoor physical activity and play for children 0.90
42.1 am motivated to increase the amount of adult-led indoor physical activity and play for children 0.90
43. 1 am motivated to provide an appropriately-sized outdoor space for children's physical activity and play 0.90
44.1 am motivated to provide appropriate outdoor toys and equipment for children's physical activity and play 0.90
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45. 1 am motivated to increase the amount of time provided for outdoor physical activity and play for children 0.89
46. 1 am motivated to increase the amount of adult-led outdoor physical activity and play for children 0.90
47.1 am motivated to make changes to the amount of screen-time allowed in our nursery per child 0.90
48. 1 am motivated to make changes to how staff role-model good physical activity habits 0.90
49. 1 am motivated to make changes to how staff incorporate physical activity learning into children's daily activities 0.89
50. I am motivated to increase staff access to professional development in children's physical activity 0.90
51. I am motivated to increase communication with parents about children's physical activity 0.90
52. 1 am motivated to make changes to our written policy on children's physical activity 0.91

Alpha for overall scale: 091
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5.4.4. Test-retest analyses

Test-retest analyses found that most of the weighted kappa coefficients for
individual items fell under the ‘Moderate’ category for the parent (75.0%)
questionnaire and for the nursery staff (55.8%) questionnaire (Table 15). The
parent questionnaire scales demonstrated substantial levels of agreement (ICC =
0.62 to 0.80). Overall, the nursery staff questionnaire scales demonstrated good
levels of test-retest reliability, apart from the Physical Activity Motivation (ICC =
0.48) scale which can be in part explained by 50% of the individual items
displaying ‘Fair’ test-retest reliability. Paired t-tests found that self-efficacy,
motivation and knowledge scale scores for parents were higher in the
questionnaire’s second administration. Paired t-tests showed strong evidence
that the Nutrition Motivation (t = -2.91, df = 81, p = 0.00) and Knowledge (t = -3.22,
df = 81, p = 0.00) scales were substantially higher at the retest administration.
Similarly, the nursery staff scale scores were all higher in the questionnaire’s
retest administration however there was no evidence that this increase was

substantial.
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Table 15: Weighted kappa coefficients of the items, intraclass correlation coefficients and paired t-tests of the test scales in the parent and nursery staff

questionnaires
Parent Questionnaire Scales
Weighted Kappa Coefficients; Frequency (%) Paired t-test
Mean
N° Slight Fair Moderate | Substantial | Almost Perfect 0 .
Items | (0<02) | (0.2<04) | (04<06) | (0.6<0.8) (0.8 < 1.0) Icc 5% Ch D(;fsf;:‘g;e t df P
Nutrition 2059 (-1.33
Self- 10 0 1 (10.0) 7 (70.0) 2 (20.0) 0 0.80 (0.71, 0.87) ’ 0 16)‘ ! -1.56 81 0.12
Efficacy '
Physical
Activit -0.10 (-0.97,
Self. y 10 0 0 8 (80.0) 1 (10.0) 1 (10.0) 0.76 (0.65, 0.84) 0;7) -0.22 81 0.82
Efficacy
Nutrition -1.74 (-2.94, -
Motivation 10 0 2 (20.0) 7 (70.0) 1 (10.0) 0 0.62 (0.47, 0.74) 0.55) -291 81 0.00
Physical 2059 (-1.63
Activity 10 0 0 8 (80.0) 2 (20.0) 0 0.77 (0.66, 0.84) ’ 0 46)' ! -1.11 81 0.27
Motivation )
-2.55 (-4.12, -
Knowledge 13 N/A N/A N/A N/A N/A 0.74 (0.63, 0.82) 0.97) -3.22 81 0.00

Nursery Staff Questionnaire Scales

Weighted Kappa Coefficients; Frequency (%) |

Paired t-test
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Mean

N° Slight Fair Moderate | Substantial | Almost Perfect .
Items | (0 <g0.2) 02<04) | (04<0.6) | (0.6<0.8) 08<10) | ICCO%CI | Difference t df P
(95% CI)
Nutrition 1130 (-2.63
Self- 12 0 3 (25.0) 7 (58.3) 2 (16.7) 0 0.82 (0.72, 0.88) ’ 0 02)‘ ! -1.97 68 0.05
Efficacy '
Physical
Activity -0.59 (-2.13,
Self. 14 0 2 (14.3) 10 (71.4) 2 (14.3) 0 0.78 (0.67, 0.86) 0.94) -0.77 68 0.44
Efficacy
Nutrition -1.25 (-2.76,
Motivation 12 1(8.33) 5 (41.7) 6 (50.0) 0 0 0.61 (0.43, 0.74) 0.27) -1.64 68 0.10
Physical .03 (273
Activity 14 0 7 (50.0) 6 (42.8) 1(7.14) 0 0.48 (0.28, 0.65) ’ 0 68). ! -1.20 68 0.23
Motivation :
-0.61 (-2.44,
Knowledge 13 N/A N/A N/A N/A N/A 0.76 (0.64, 0.84) 1.21) -0.67 68 0.50

Note: ICC: Intraclass Correlation Coefficient, CI: Confidence Interval.
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5.5. Discussion

In this study, I found that the parental and nursery staff questionnaires on their
self-efficacy, motivation and knowledge towards preschool-aged children’s
physical activity, nutrition and oral health behaviours demonstrated high levels
of acceptability, with most participants completing the second administration of
the questionnaire. Eighty-four percent of the parents and 86% of the nursery staff
participants completed all the items. When analysing the missing data further,
no items were consistently unanswered by multiple participants or between the
test and retest administrations of the questionnaires. This indicates that the items

were acceptable.

The self-efficacy and motivation scales demonstrated acceptable and high levels
of internal consistency. Removing the item on providing weekly opportunities to
walk to/from nursery from the parent questionnaire would improve the internal
consistency of the two physical activity scales. The findings suggest that this item
does not fit as well within the Physical Activity Self-Efficacy and Physical Activity
Motivation scales and could therefore affect the scores produced for these two
scales. Based on these findings, I would advise removing this item from these
scales or to include it as a separate item in the questionnaire; however, the
internal consistency of the scales would still be acceptable if the item was to be

left in the questionnaire.
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The individual self-efficacy and motivation items demonstrated good levels of
test-retest reliability; where over 50% of the kappa coefficients were categorised
as ‘Moderate’ for the parent and nursery staff questionnaires. A handful of items
were found to have ‘Fair’ and ‘Slight’ agreement, which might suggest that
participants do not understand the questions or are guessing the answers?84.
Total scores for the self-efficacy, motivation and knowledge scales were derived
for each participant and test-retest analyses were carried out using paired t-tests.
Amongst the parent population, there was a substantial difference between the
test and retest responses for two of the scales. In terms of the Knowledge scale, no
substantial test-retest difference was observed when the exact same items were
answered by the nursery staff. Differences in the results between the parents and
nursery staff may be the result of differences in participant age and education

levels but it is unclear due to the limited sample size.

The test-retest correlations of the self-efficacy, motivation and knowledge scales
ranged from 0.48 to 0.82 across both the parental and nursery staff
questionnaires. The findings are comparable with findings from literature
looking at similar topic areas and/or populations. In a study by Wright et al?73,
the one-week test-retest reliability of parental self-efficacy scales relating to
children’s physical activity and dietary behaviours ranged from 0.80 to 0.88.
Cronbach’s a coefficients for the four scales ranged from 0.80 to 0.88 in two

different participant samples. In a study by Whittaker and Cowley?%, the ICCs
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of three parenting self-efficacy scales relating to children aged one to four,
including a play scale, ranged from 0.77 to 0.95 and the internal consistency
ranged from 0.66 to 0.84. The Cronbach’s a coefficients and test-retest reliability
of a seven-item effort motivation scale was 0.92 and 0.61 for teachers and 0.89
and 0.69 for parents of preschool-aged children?¢. Nutrition knowledge scales
demonstrated test-retest reliability coefficients between 0.33 and 0.75 in a study
by Vereecken et al?®4. The Cronbach’s a coefficients for four oral health-related
knowledge, fatalism and self-efficacy measures ranged from 0.76 to 0.91 when

measured in mothers of children aged 1-5-years?’.

5.5.1. Strength and limitations

To my knowledge, there are not currently any existing questionnaires which
measure parents’ and nursery staff’s self-efficacy, motivation and knowledge
towards preschooler’s nutrition, oral health and physical activity. The analyses
have demonstrated that the items and scales in the questionnaires are acceptable,
internally consistent and reliable. A limitation in this study and other similar
studies is that the analyses were carried out in a single sample, therefore, we
cannot assume that the results would be reproduced when repeated using
different populations. It is important to acknowledge that the sample size and
characteristics were limited, which are not representative of the general
population, and therefore it is uncertain whether these items would be deemed

as acceptable to more diverse populations. In the UK, Level 6 qualifications for

207



early years staff are degree level and include Qualified Teacher Status (QTS),
Early Years Professional Status (EYPS), Early Years Teacher Status (EYTS) and
other early years related degree level qualifications?®. In England in 2016, 29% of
nursery staff had a minimum of a Level 6 qualification?® compared to this
nursery staff sample where 46.4% of individuals had a university degree or
higher (minimum Level 6 qualification). Although the percentage of the nursery
staff sample with a university degree was higher than the English average, this
would only be a problem if internal consistency and test-retest reliability would
be different in a group who had a lower level of educational achievement.
However, I acknowledge that the nursery staff questionnaire results may not be
generalisable to early years staff in other countries which have different
requirements for early years staff qualifications. I recognise that our results may
not be replicated if using paper-based or face-to-face versions of the
questionnaires as opposed to the online versions used in this study. This is
important to consider in low-to-middle income countries where device and
internet access may not be available to administer tablet/ web-based forms of the
questionnaire. However, there is evidence to suggest that acceptability, internal
consistency and test-reliability outcomes are comparable between paper-based
and device/web-based forms of questionnaire administration?8>-2°1. Due to the
limitations stated above, caution needs to be taken when interpreting the
magnitude of the results and deciding whether to remove certain items for use in

studies.
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5.6. Conclusions

The scales provided here are an acceptable and reliable method of assessing
parents’ and nursery staff’s self-efficacy, motivation and knowledge about
preschoolers” diet, oral health and physical activity. The items in the
questionnaire show low levels of missing data, and good levels of acceptability,
internal consistency and test-retest reliability. Overall, the findings suggest that
the questionnaires would be suitable measures in assessing parent and nursery

staff levels of self-efficacy, motivation and knowledge.

5.7. Implications for thesis

In the assessment of a public health interventions and policies, which aim to
promote favourable activity behaviours, it is important to have outcome
measurement tools which are specific to the target population. This study
provides evidence that the two questionnaires discussed show sufficient
acceptability, internal consistency and test-retest reliability in measuring parents’
and nursery staff’s mediating factors towards 2-4-year-olds activity behaviours.
The discussion in the next chapter (Chapter 6) triangulates the findings from
Chapter 3, Chapter 4 and Chapter 5, together with the comprehensive literature
review in Chapter 2, to inform the design of physical activity interventions and

policies for UK-based children aged 2-4-years-old.
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CHAPTER 6. DISCUSSION

6.1. Overview

In this final chapter, I will discuss the findings from my thesis, which aims to
inform future research and the design of UK-based interventions and policies to
decrease sedentary time and increase physical activity levels in 2-4-year-olds, by

addressing the following four research questions:

1) What are the levels and potential correlates of sedentary time and physical
activity in preschool-aged children? (Chapter 3);

2) What does the most methodologically robust evidence show in terms of
factors associated with changes in physical activity and sedentary time in
preschool-aged children? (Chapter 2);

3) What are the barriers and facilitators of increasing physical activity and
decreasing sedentary time in preschool-aged children? (Chapter 4); and,

4) What self-report measures could be used to assess mediating factors
relating to parents’ and nursery staff’s self-efficacy, motivation and
knowledge towards preschool-aged children’s activity behaviours?

(Chapter 5).

In this chapter, I provide a summary of the main findings from each thesis

chapter in section 6.2 and triangulate the findings together with the wider
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literature in section 6.3. I will discuss the implications of the thesis findings for
future research in section 6.4 and for policy and practice in section 6.5. Finally, I
will discuss the strengths and limitations of the thesis (section 6.6), my self-
reflections of the doctorate experience (section 6.7), and thesis conclusions

(section 6.8).

6.2. Summary of main findings

Table 16 provides a summary of the key contributions of this thesis by each

chapter.
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Table 16: Summary of the objectives, methods, main findings and chapters in order of the thesis research questions

Research objective Research methods Main findings Chapter
1) To determine the Individual-participant Across the UK, Switzerland, Belgium and the USA, children in the analysis 3
levels and potential meta-analysis of sample spent 490 minutes in sedentary time per day and 30.0% and 21.2% of
correlates of physical accelerometry data from | children did not engage in World Health Organisation recommended daily total
activity and sedentary the MRC Epidemiology | physical activity (2180 minutes) and moderate-to-vigorous physical activity (=60
time in 3-4-year-old Unit’s International minutes) guidelines.
children in high-income | Children’s
countries Accelerometry Database | The minutes spent in sedentary time decreased throughout the day. The dips in
(ICAD)! total physical activity and moderate-to-vigorous physical activity levels
observed between 11:00 and 15:00 were greater in the USA compared to
Switzerland, Belgium, and the UK and on weekdays compared to weekends.
There was evidence for an association between all 10 potential correlates
analysed (age, gender, country, season, ethnicity, parental education, day of the
week, time of sunrise, time of sunset, and hours of daylight) and at least one of
the outcome variables: average daily minutes spent in sedentary time, total
physical activity and/or moderate-to-vigorous physical activity.
2) To explore the known | Critical appraisal using | Two systematic reviews¢? ¢ were perceived to have a relatively low risk of bias. | 2

factors associated with
changes in physical
activity and sedentary
time in preschool-aged
children

the ROBIS tool and
summary of existing
systematic reviews
assessing factors
associated with changes

Bingham et al®2 found that being male (2/3 studies) and time spent playing with
parents (3/4 studies) were positively associated with total physical activity.
Maternal depressive symptoms were also found to be negatively associated with
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in physical activity and
sedentary time in
preschool-aged children

subjectively measured total physical activity in one study. No determinants of
light or moderate-to-vigorous physical activity were identified.

Hesketh et al®® found that parental monitoring and childcare provider training
were positively associated with preschool-aged children’s physical activity and
moderate-to-vigorous physical activity respectively (>4 studies). There was some
evidence (<4 studies) to suggest that maternal role modelling, sibling co-
participation, opportunities for play, additional childcare providers, structured
physical activity and playground density were also positively associated with
physical activity.

3) To investigate
parents’ perspectives on
the barriers and
facilitators to increasing
physical activity and
decreasing sedentary
time in 2-4-year-olds in
England

In-depth qualitative
telephone interviews
conducted with 40
parents of 2-4-year-olds

Identified barriers and facilitators were categorised under eight general themes:
children’s characteristics and circumstances; interactions with other children;
parents’ priorities and circumstances; parents” social networks and information
sharing; home and childcare environments; organisation-run activities; local
authority, council and community-run opportunities; and accessibility and the
environment.

Identified facilitators included the increased availability and accessibility of
affordable, age-appropriate unstructured activities would allow children from
all socioeconomic backgrounds to explore different activities while having the
opportunity to play with other children.

Parental knowledge, motivation and self-efficacy were key factors in engaging
children with physical activity opportunities.
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Barriers included a lack of structural support for facilitators of activity in terms
of the design and maintenance of the home, built and natural environments,
which was found to affect participants from ethnic minority and deprived
backgrounds. Thus, this work highlighted potential structural drivers of physical
activity inequalities.

Mothers in this sample had more of an influence on engaging their children with
physical activities than fathers, largely due to an unequal division of work and
childcare.

4) To evaluate self-
report measures which
assess parents’ and
nursery staff’s self-
efficacy, motivation and
knowledge towards 2-4-
year-olds” activity
behaviours in England

Acceptability, internal
consistency and test-
retest reliability analyses
of questionnaires
developed for the
Nutrition and Physical
Activity Self-Assessment
for Childcare (NAP
SACC) UK feasibility
study?

Response rates were 86.3% and 86.0% and missing data 15.9% and 14.5% for the
second administration of the parent and nursery staff questionnaires,
respectively.

All self-efficacy and motivation scales had acceptable levels of internal
consistency (Cronbach’s a coefficients >0.7).

Weighted x coefficients for individual items mostly fell under the ‘moderate’
agreement category between test and retest (7-11 days post-baseline) scores for
the parental (75.0%) and nursery staff (55.8%) items. The intraclass correlation
coefficients for the self-efficacy, motivation and knowledge scales ranged
between 0.48 and 0.82. Paired t tests found an increase between test and retest
knowledge scores for the Nutrition Motivation (t = -2.91, df = 81, P = 0.00) and
Knowledge (t = -3.22, df = 81, P = 0.00) scales in the parent questionnaire.
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6.3.  Synthesis of findings

In this section, I triangulate the findings from the literature review and three
research studies, to address the overall aim of the thesis (as discussed in section
1.9 of Chapter 1). The triangulation protocol approach to analysing mixed methods
research involves taking the findings from different studies, where data have
been collected and analysed separately, and corroborating the study findings
with each other to gain an overall picture of the research question®. This
analytical technique involves listing the study findings from each study at the
interpretation stage of the thesis and describing where findings from each
method agree (convergence), provide complementary information
(complementarity) or contradict (discrepancy) each other®. Using this technique
also helps to detect ‘silences” where findings from one study are not found in the
other studies®. This synthesis will encompass my own interpretation of how the
findings relate to each other and contribute to the research objectives. I critically

evaluate the findings in relation to the empirical evidence and literature in the

field.

The findings from the ICAD analyses! in section 3.5.2 of Chapter 3 found that a
greater percentage of four-year-olds met internationally-recommended daily
physical activity guidelines of 2180 minutes total physical activity (72.4% vs.
65.0%, p=0.015) and 260 minutes moderate-to-vigorous physical activity (80.7%

vs. 74.9%, p=0.032) compared to three-year-olds?!. Similarly, age was shown to
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be positively associated with time spent in moderate-to-vigorous physical
activity ($=4.91, p=0.020) in the adjusted multi-level linear regression analyses
(section 3.5.4). This is unsurprising given the social and physical developmental
capabilities of older children compared to younger children??-2%. The findings
from the qualitative study presented in Chapter 4 uncovered other possible
contributing factors, such as the availability of age-appropriate opportunities and
equipment. Therefore, this thesis overall suggests there is a need to consider age
in physical activity intervention and policy design, as a way of increasing the
number of preschool-aged children meeting daily recommended amounts of

physical activity.

This thesis shows that the gender of a child is a meaningful factor in physical
activity and sedentary time engagement. Section 2.2.3 of Chapter 2 reports that
being male was identified as having a positive association with total physical
activity in the systematic review by Bingham et al®2. The findings from the ICAD
analyses in section 3.5.2 corroborate this, where a greater percentage of boys
achieved recommended total physical activity (76.9% vs. 63.0%, p<0.001) and
moderate-to-vigorous physical activity (85.4% vs. 72.1%, p<0.001) guidelines
compared to girls. Being female was also shown to be positively associated with
sedentary time (3=17.8, p<0.001) and negatively associated with moderate-to-
vigorous physical activity (=-14.94, p<0.001) in the adjusted analyses in section

3.5.4. The findings from my ICAD analyses in Chapter 3 indicate the need for
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gender informed intervention and policy design in younger children, as gender

differences become apparent as soon as individuals can be active.

Further, it is consistently shown in the literature that males are more active and
spend less time sedentary than females throughout the lifespan?%-2%, where
gender differences have been observed in previous research to begin in early
childhood# 149, These disparities in activity behaviours will be in part due to
gender differences in social and physical development, together with societal
norms and environmental interactions3%0-302, There have been interventions
which aim to reduce gender inequalities in physical activity for older children
which have demonstrated little to no effectiveness3%-3%5. One study found that
having fewer supervising childcare staff has been shown to increase physical
activity in preschool-aged girls, potentially due to girls being more likely to
engage in sedentary activities with the childcare providers3%. The Hesketh et al®3
review found that having additional childcare providers was positively
associated with changes in physical activity, which may be apparent in
preschool-aged children overall, but highlights that gender differences may be
missed. These findings demonstrate the need for further quantitative and
qualitative exploration of important factors to address this gender gap in physical

activity in 2-4-year-old children.

Parental influences were the most dominant theme identified in the qualitative

work in Chapter 4 regarding barriers and facilitators to children’s activity
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behaviours, which is consistent with findings from previous qualitative
literature”. Time spent playing with parents, parental monitoring and maternal
role modelling were three parental forms of influence that were found to be
positively associated with preschool-aged children’s physical activity in the two
systematic reviews discussed in Chapter 262 63, Parental self-efficacy, motivation
and knowledge were discussed in Chapter 4 as being key barriers and facilitators
to increasing physical activity and decreasing sedentary time in 2-4-year-olds
(e.g. being able to seek out activity opportunities, being motivated to encourage
daily outdoor play time and knowledge of age-appropriate activities). Several
studies have found quantitative associations between parental self-efficacy,
motivation and knowledge and positive physical activity behaviours in their
children307-310. The questionnaire assessed in Chapter 5 was shown to be reliable
for measuring these parental influences, thus providing an appropriate tool to
assess these key mediating factors in activity behaviour change for the 2-4-year-
old population, which are currently lacking and under-reported in physical

activity interventions!0l.

In Chapter 3, there was evidence of 3-4-year-olds spending more time being
sedentary on weekdays compared to weekends (3=33.6, p<0.001), but with 77.3%
vs. 67.6% achieving moderate-to-vigorous physical activity guidelines on
weekdays vs. weekend days (p<0.001). The qualitative findings presented in

Chapter 4 provided some examples of what activities 2-4-year-olds engaged with
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on different days of the week. For instance, parents spoke about spending time
as a family on the weekends, which could either consist of more sedentary
activities when the parents were tired or being active for longer periods due to
having both parents at home. The qualitative findings also broadly highlighted a
gendered division of labour, where fathers in the sample had more of a role in
their children’s activity behaviours on weekends, whereas mothers tended to
adopt a “main role” in terms of physical activity on a daily basis. These findings
also corroborate findings from the Hesketh et al systematic review® which found
that maternal role-modelling was positively associated with children’s physical

activity.

The adjusted multilevel regression analyses conducted on the ICAD data (section
3.5.4) found that children with highly educated parents spent more time being
sedentary compared to lower educated parents” children (=14.9, p=0.009) and
less time in total physical activity (p=-14.9, p=0.009). Non-white children spent
more time in moderate-to-vigorous physical activity than white children ($=9.53,
p=0.005) with 92.7% of non-white children achieving 260 minutes of moderate-
to-vigorous physical activity per day compared to 78.0% of white children
(p<0.001). Although the data does not show a racial or socioeconomic
inequalities, a number of studies summarised in the Marmot Review3!! on
addressing social determinants in health, suggested that starting in early

childhood is the best approach to improving public health in an equitable way.
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The findings from the ICAD analyses may be a result of ethnicity and parental
education being categorised as binary variables or because the sample sizes were
not powered to detect associations. It is also possible that the types of activities
children in the ICAD study sample engaged with led to this finding, or
potentially that such inequalities do not become apparent until later in

childhood.

If observed in isolation, these findings could be interpreted as presenting an
absence of socioeconomic and racial inequalities within children’s activity
behaviours. However, the qualitative data presented in Chapter 4 signalled that
socioeconomically deprived and ethnic minority parents faced different financial
and structural barriers which could negatively impact their children’s exposure
and access to different activities associated with being physically active (e.g.
garden access, car ownership, built environment maintenance). This finding is
well placed within the wider literature, which describes consistent inequalities in
physical activity levels3!2 and childhood obesity33. Given that the qualitative
study sample was predominately white middle-class parents, the observed
examples are illustrative and could be examined in more detail in future studies
to develop a more exhaustive list of barriers for marginalised groups.
Nevertheless, the qualitative evidence in this thesis provides a strong indication

for the need towards designing interventions and polices that consider the wider
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social determinants of health, to limit widening socioeconomic and racial

inequalities.

The ICAD analyses (Chapter 3) found that sedentary time levels were lower in
spring compared to winter (f=-14.01, p=0.025) and that moderate-to-vigorous
physical activity was higher in summer compared to winter (3=11.94, p=0.005).
Comparatively, the minutes spent in sedentary time were lower ($=-10.33,
p=0.005) and minutes in moderate-to-vigorous physical activity were higher
(p=7.04, p=0.004) when there were more than 12 hours of daylight, compared to
days where there were less than 12 hours of daylight. This was also reflected in
the percentage of children who achieved recommended total physical activity
(76.2% vs. 65.0%, p<0.001) and moderate-to-vigorous physical activity (85.1% vs.
73.9%, p<0.001) levels when there were more compared to less than 12 hours of
daylight in the day. Visual inspection of the by hour plots in section 3.5.3 showed
that moderate-to-vigorous physical activity levels were elevated in the mornings
and evenings when the days were longer than 12 hours compared to days when

there were less than 12 hours of daylight hours.

These Chapter 3 findings could be interpreted with the contextual data which
emerged from the qualitative data in Chapter 4, where parents consistently
described restricting outdoor play when the weather was more extreme (e.g.
heavy rain, too hot) and less conducive to physical activity. This finding stresses

the importance of incorporating sheltered and shaded areas to facilitate outdoor
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play as the weather becomes increasingly more extreme due to climate change314.
The quantitative results from Chapter 3 may also be reflective of parents
(particularly mothers) feeling safer in the daylight, which was discussed in
Chapter 4. Thus, there is further need towards considering seasonal variations
and countries which have reduced daylight hours with the promotion of physical
activity in young children. It is clear from this thesis that season and weather are
strong contributory factors to preschool-aged children’s physical activity in the
UK. Therefore, it is likely that interventions and policies cannot be transferred
from other countries with different climates and daylight hours. Opportunities
for physical activity in the summer should be maximised and, in the winter,
accessible indoor activity options should be explored, particularly in an effort to
reduce inequalities with many families not having access to space or structured

activities.

6.4. Implications for research

Throughout the thesis I have referred to the issues that arise from processing
accelerometry data. In section 3.3 of Chapter 3, I wrote a thorough comparison of
the literature to inform the age-appropriate accelerometry wear time practices to
apply to the ICAD analyses. This highlighted the vast range of data processing
protocols which could be applied to accelerometry data, thus resulting in
different magnitudes of results when different protocols are used and making it

impossible to compare findings across studies. There is a need for a move
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towards using standardised accelerometery processing techniques to allow for
comparison across different studies. This relates to suggestions from other
physical activity researchers to apply Rosetta Stone equations, to reduce
differences across studies which have used different accelerometry cut points

and improve the interpretation of findings315-318,

Researchers also need to measure contextual data such as activity types, sleep
time and childcare attendance alongside accelerometry data, to allow for more
accurate analysis and interpretation of the data. A breakdown of children’s
sedentary behaviours would be useful to assess how much sedentary time
children spend engaging with beneficial or non-beneficial activities, in line with
the WHO recommending that preschool-aged children should engage with
activities such as reading and storytelling when sedentary?!. Collecting sedentary
behaviour and sleep data would also relate to the move towards 24-hour
movement guidelines3!® which have been increasingly recommended in other
countries over recent years*?. Future data collection also needs to streamline
categorisations of socioeconomic status and ethnicity variables across studies to

facilitate comparisons and to allow for data pooling.

Several structural barriers and facilitators to 2-4-year-olds’ activity behaviours
were identified in Chapter 4 (e.g. garden access, maintenance of the built
environment), but without knowing the barriers at policy making and local

authority levels, it is not possible to know how changes can be made from these
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findings alone. Conducting qualitative research with relevant stakeholders
nationally and locally in public health roles across England would help to
ascertain the barriers to making structural changes and therefore inform future
directions of intervention and policy development. Similarly, the data from
Chapter 4 highlighted barriers to preschool-aged children’s engagement with
both organisation and community-run activity opportunities (e.g. waiting lists
for swimming lessons, lack of toddler groups in the area), which is worth
investigating further through conducting qualitative studies with relevant

individuals to determine how such barriers can be overcome.

As discussed in Chapter 2, greater focus is needed on assessing factors associated
with physical activity and sedentary time in preschool-aged children across
different cultures, ethnic minorities, lower socioeconomic groups and in
developing countries. Although it was not possible to address these gaps in the
research in this thesis, some of the findings in Chapter 3 and Chapter 4 gave an
insight into differences in factors across different groups, which require further
research to better inform targeted interventions and policies for differing

populations.

It was beyond the scope of the PhD to explore gender differences in activity
behaviours and parents’ behaviours towards them. There is an abundance of
qualitative data generated from the study conducted in Chapter 4 to explore what

parental behaviours may contribute to gender differences in activity levels, and
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therefore identify potential targets for behaviour change interventions and
policies. Ethnographic and participant observation studies were too time
consuming to conduct within the constraints of the PhD, but with future research
they could provide the link between quantitative and qualitative literature. As
suggested by the authors of the qualitative systematic review”>, such study
designs could explore how preschool-aged children and caregivers think and act

in relation to the physical activity behaviours of boys and girls.

6.5. Implications for policy and practice

Policies and practices which are relevant to physical activity in preschool-aged
children can take place at international, national and local levels. At national
levels, multiple stakeholders in different areas of government and society are
involved in the development and implementation of physical activity policies
and practices, such as: public health; health provision; parenting support;
housing and urban planning; parks and leisure; education; employment; and
early years. Given the nature of the UK policy structure, policies may span across
different levels, for example, health visitors have both national and local policies
and services that they follow. The areas I am going to cover include international
and national surveillance, interventions, whole systems, structural drivers and

societal shifts.
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Although combinations of individual studies like the ICAD analyses have
assessed activity levels of preschool-aged children, there is a need for larger
representative samples of objectively measured activity levels for continual
surveillance at a population level, and to determine high risk groups for
inactivity. One commentary discussed the progress being made with the number
of countries monitoring physical activity levels but that: data gaps still exist in
low-to-middle-income countries; there are ongoing issues with differences in the
processing of activity data; and there are issues with differing reporting
procedures3?. Although objectively measured activity measures are more
reliable, in terms of facilitating more international level surveillance consistency,
it may be more appropriate for countries to adopt more affordable validated and
standardised questionnaires to monitor activity levels (such as the International
Physical Activity Questionnaire or Global Physical Activity Questionnaire)?26-320,
Without some degree of country-level surveillance of physical activity and
sedentary time levels in under-fives, it is not possible to assess adherence to
internationally recommended guidelines?!, or to monitor rates of inactivity in line

with the WHO'’s global action plan to reduce rates by 15% by 203043.

In Chapter 3, conducting a cross-country comparison of the percentage of
preschool-aged children achieving recommended total physical activity and
moderate-to-vigorous physical activity levels in line with the relatively recent

WHO guidelines?!, has given an indication of physical activity levels in high-
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income countries. The findings suggested that a proportion of 3-4-year-olds are
not meeting recommended physical activity guidelines!, providing some
evidence for the need for public health interventions and policies to increase
physical activity and decrease sedentary time in high-income countries in this
population. As discussed in section 2.4.1., the components of physical activity
interventions targeting 2-4-year-olds have been critiqued in previous reviews!%
101 These reviews suggest future interventions should: contain multiple
components; be theory-driven; provide ongoing training and support to those
delivering intervention; be culturally tailored; include environmental and policy
changes; and include a structured activity component. The behaviour change
theories and models outlined in Table 4 could be used to inform such future
interventions. The data from my thesis would suggest that wider level theories
that require interactions between different agents (e.g. socioecological model,
general system theory etc), may be more effective in influencing behaviour

changes which will benefit preschool-aged children’s activity levels.

The evidence from this thesis has steered towards the need for a whole systems-
based approach to be applied to physical activity interventions and policies in
the bid to prevent childhood obesity and non-communicable diseases3?!-322. An
example of a whole systems approach is the Join Us Play More (JUMP) city wide
physical activity strategy currently being evaluated in 5-16-year-old children in

Bradford, UK323. Multisectoral interventions are needed to address the barriers
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and facilitators to increasing activity and decreasing sedentary time which were
identified across the parents” social and structural environments in Chapter 4.
The data signalled a need for more affordable, age-appropriate unstructured
activities to be available for 2-4-year-old children engage with. Cost-related
barriers to both unstructured and structured activities could be addressed
through subsidising access to activities for low-income families. The findings
identified a potentially important role for health visitors, charities and children’s
centres to provide information to parents from more deprived and ethnic
minority communities in particular, regarding availability and access to
activities. I exercise caution in suggesting these recommendations, given the over
representation of white middle-class participants in my studies. However, the
participants from low SES and ethnic minority backgrounds who I interviewed
for my qualitative study provided examples that begin to illustrate the barriers
to physical activity, and thus potential avenues for interventions and policies for
these groups. Further research, specifically focused on marginalised groups

would clarify these implications.

Structural drivers of inequality such as the design and maintenance of the home,
built and natural environments may be addressed through changes in public
health policies, urban planning policies (including housing) and funding to
appropriate stakeholders to provide suitable and safe settings for parents to

promote their children’s physical activity (as discussed in Chapter 4). For such
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policy changes to be executed, governments need to acknowledge the health and
economic importance of addressing physical inactivity through using a whole
systems-based approach. There also needs to be a move towards more co-
ordinated, cross-departmental, evidence-based policy and intervention
implementation at local authority and government levels, which is currently
lacking. These current barriers to policy changes illuminate the importance of
academic researchers translating their research into an understandable context,
for governments to understand the public health priority and economic
implications, and for policy makers at a local authority level to implement

evidence-based policies and interventions.

A societal shift in the division of work and childcare is required to allow for
fathers and male caregivers to be more involved with facilitating their children’s
physical activities. This could involve the equal provision of maternity and
paternity leave, to encourage an equal sharing of childcare responsibilities, which
is in place in other countries such as Sweden3?. The questionnaires assessed in
Chapter 5 were deemed appropriate for use to measure nursery staff and
parental self-efficacy, motivation and knowledge towards 2-4-year-old’s activity
behaviours. This indicates that the questionnaires can be used to measure the
effectiveness of future interventions and policies which aim to improve theses
mediating factors to improve preschool-aged children’s activity behaviours.

Without these measurement tools, it would not be possible to find out whether
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parental or childcare provider attitudes and abilities have changed, in response

to policies such as societal changes in employment and childcare.

6.6.  Strengths and limitations

The strengths and limitations of the individual studies conducted as part of the
thesis are discussed in their respective chapters. In this section, I outline the
overarching strengths and limitations of synthesising the study findings to
address the overall aim of the thesis. The study presented in Chapter 3 is the first
to assess adherence to the WHO guidelines on physical activity for under-fives?!
and the first to assess cross-country comparisons in high-income countries!. It is
also the first study to explore associations between hours of daylight and activity
measures for this age group!. In Chapter 4, I described the views and experiences
of fathers regarding their preschool-aged children’s activity behaviours, while
also allowing for a comparison between mothers and fathers perspectives. The
newly developed questionnaires assessed in Chapter 5 were deemed reliable for
use and therefore provide an appropriate measurement tool for measuring
mediating outcomes associated with 2-4-year-olds’ activity behaviours. A
common strength across the studies is the adequate participant sample sizes to
conduct the relevant quantitative and qualitative analysis methods and therefore
address the associated research questions: Chapter 3 (n=1052 3-4-year-old
children); Chapter 4 (n=40 parents); and Chapter 5 (n=82 parents and n=69

nursery staff).
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One of the key strengths of the thesis is the mixed methods approach of
addressing the research questions through using the most appropriate study
design. Using mixed methods allowed me to explore the topic area quantitatively
and qualitatively, which when triangulated, addressed the overall aim of the
thesis to provide evidence to inform future research and policy. One limitation
of triangulating the thesis findings in the current chapter is that different
participant samples were included across the studies. They had differing
demographics and were conducted in different years and locations, so there is
some degree of speculation regarding the synthesis of the findings across the
studies. For example, the qualitative study in Chapter 4 was conducted with
parents from the UK. Therefore, the interpretation of the qualitative data
surrounding working patterns in relation to the weekday vs weekend activity
differences may not be applicable to the quantitative differences observed in
Belgium, Switzerland and the USA in the ICAD analyses (Chapter 3).
Furthermore, in having two quantitative studies and one qualitative study in the
thesis, I have created an unequal composition of evidence which may have

subconsciously moved the qualitative research into a supporting role32.

As I conducted secondary analyses on the ICAD in Chapter 3, I was limited with
what data I had to work with and how it had already been processed. For
instance, I was not able to analyse how often the participants spent more than

one hour in sedentary time per day, to be able to measure adherence to the WHO
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sedentary time guidelines?!. I was also limited in not having an adequate number
of participants in the ICAD sample who were aged 2-years-old, so that age group
was not represented in the findings, which would have been useful to synthesise
with the findings from Chapter 4 and Chapter 5 to best reflect the 2-4-year-old

population explored in the thesis.

6.7. Self-reflections

Throughout this PhD training degree, I have learnt several new skills which [ will
outline below, with reflections on what I would have done differently if [ had the
opportunity. In Table 17, I indicate which stages of the research process I had the
main involvement with in the three thesis studies presented in Chapter 3,

Chapter 4 and Chapter 5.

Table 17: Stages of the research process conducted by the PhD student according to study

chapter
Chapter 3 Chapter 4 Chapter 5
Conceptualisation v v v
Data use approval v
Ethics application

Methodology v
Data collection
Data analyses
Writing up research findings
Publication

ANENEANENEN

NANAN
SNANANENANEN
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One of the overarching skills I developed during this doctorate was adaptability
to adjust my research in line with arising issues and developments. One of the
initial research aims of the PhD proposal was to conduct a systematic review of
quantitative data which had assessed factors associated sedentary time and
physical activity in preschool-aged children. Upon performing the literature
searches for Chapter 2, it became apparent that existing systematic reviews were
conducted too recently to be updated, therefore I adjusted Research Question 2
to best use the findings from the reviews to inform the overall aim of the thesis. I
had to adapt my initial ICAD project proposal (Chapter 3) to ensure that the
analyses did not crossover with another proposed project, which a research team
from another institution were applying to conduct on the same sample of
participants. To conduct the qualitative study conducted in Chapter 4, I made
sure to make myself available at all hours on any day for telephone interviews,
to ensure that I could accommodate to parents’ limited availability around work
and childcare commitments. The study and associated publication? presented in
Chapter 5 was the first study of the thesis to be completed in order to contribute
to the NAP SACC UK monograph publication3?. If | were to repeat this study, I
would have made more of an effort to recruit fathers and male nursery staff;
lower socioeconomic parents and nursery staff; and collect ethnicity data, in line
with the gaps in the research which emerged from writing the literature review

chapter throughout the PhD.
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There were several participant recruitment skills and tips which I developed
through undertaking the two studies presented in Chapter 4 and Chapter 5.
Through trialling different recruitment methods for my qualitative study in
Chapter 4, I found social media to be the most successful method for recruiting
parents, particularly parents from different regions in England and
socioeconomic backgrounds. Had I known this previously, I would have used
social media to recruit participants for my quantitative study presented in
Chapter 5, as recruiting parents through nurseries was more time consuming. If
I could conduct the study in Chapter 5 differently, I would have outlined a more
simplistic recruitment process in the ethics application, as the two-stage consent
process of recruiting nursery managers to forward the invitation email to their
nursery staff and parents was an unnecessary extra step which led to greater
participant attrition. One advantage of undertaking the recruitment for the study
in Chapter 5 first, is I learnt that it is harder to recruit nurseries and parents
around Christmas time when they are busier, which I factored into my PhD

timelines when recruiting parents for my qualitative study (Chapter 4).

My personal and academic backgrounds have informed my perspectives on my
research. Being more experienced with conducting quantitative research during
my Masters in Public Health degree and previous Research Associate position, it
was difficult transitioning to analysing and interpreting the findings from my

qualitative study in Chapter 4, without wanting to apply more quantitative
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approaches. I felt that not being a parent was advantageous in not applying pre-
conceptions to my research, but I am aware that my own childhood upbringing
and experiences with young children will have impacted on my interpretation of
the study findings. For instance, I believe that being a second-generation
immigrant helped guide my understanding of ethnic minority and cultural
influences on children’s activity behaviours through drawing from my own
childhood. An example of which was my mum’s motivations towards engaging
me in physical activities from a young age, for not just her physiotherapist-based
knowledge of the physical benefits, but the idea that it would promote my

cognitive development and therefore my learning abilities.

My dad worked away from home, meaning that my mum essentially operated a
single-parent household while working full-time. This meant that the majority of
my time during the weekdays was spent at nursery when I was 2-4 years old,
where there was an abundance of indoor and outdoor play opportunities and
other children to play with. After work and on the weekends, mum would spend
time facilitating arts and crafts when the weather was poor, and I would “help
out” with the gardening when the weather was nicer. Having an active teenage
brother (15-17 years old) meant that I was often involved in rough and tumble
play, but it also meant that my mum had to split her limited time between the
different life stage needs for the two of us. Based on my own childhood

experiences, I had some idea of the many factors which could impact children’s
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activity behaviours and felt a great deal of empathy for families experiencing
hardships and conflicting priorities. Financial and time restraints meant that it
was difficult for my mum to commit to regular structured opportunities, which
improved when I started school, allowing her to enrol me in dance classes at the
age of four. I am grateful to have found activities that I enjoy in my early
childhood such as spending time outdoors and dancing, which I subsequently
established into my lifestyle, and naturally continued into adulthood. I therefore
value the importance of exposure to and financial support towards engaging
with a range of different activities, which I believe that all young children should

experience, to have the same start in life.

Publishing and presenting my research has contributed to and addressed the
gaps in the literature surrounding physical activity and sedentary time in 2-4-
year-old children. At the time of submitting this thesis, the two published PhD
studies have been cited by other researchers 16 (Chapter 3) and 6 (Chapter 5)
times respectively. Articles which have cited the ICAD analyses! presented in
Chapter 3 of the thesis referred to the study in either their rationales, data
analysis methods used or in comparison to their own findings regarding levels
or correlates of physical activity and sedentary time327-3%. Similarly, researchers
who cited the study? presented in Chapter 5, either replicated the methodology
used to assess the reliability of their own newly developed self-report

questionnaires, or compared the study findings to their own340-34, Following the
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PhD, I hope to write up my qualitative study presented in Chapter 4 for
publication and disseminate the study findings at relevant conferences. I hope

that the dissemination of my research findings continues to have an impact in the

field.

6.8. Conclusions

Overall, this thesis has established that there is a need within public health
research, practice and policy to develop strategies to increase physical activity
and decrease sedentary time in 2-4-year-old children. The quantitative findings
here highlight that a proportion of preschool-aged children in high-income
countries are not achieving adequate levels of physical activity to optimise the
associated health benefits. Levels and daily patterns of activity were also
observed to vary according to 10 potential correlates, which should be considered
in the development of physical activity interventions and policies. The qualitative
findings present a wealth of considerations in terms of intervention design,
barriers and facilitators across parents’ social and structural environments, for
families from different backgrounds with differing needs and resources. Future
research should measure key parental and childcare provider mediating factors,
with the two outcome measurement tools which were deemed reliable in this
thesis, to evaluate the effectiveness of children’s physical activity interventions
and policies. This thesis also concludes that an approach which involves cross-

departmental co-ordination between local authority and government
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stakeholders, stands the best chance of improving preschool-aged children’s

activity behaviours without further exacerbating inequalities.

238



References

1. Dias KI, White ], Jago R, Cardon G, Davey R, Janz KF, et al. International
Comparison of the Levels and Potential Correlates of Objectively Measured
Sedentary Time and Physical Activity among Three-to-Four-Year-Old Children.
International Journal of Environmental Research and Public Health.
2019;16(11):1929.

2. Dias K, White ], Metcalfe C, Kipping R, Papadaki A, Jago R. Acceptability,
internal consistency and test-retest reliability of scales to assess parental and
nursery staff’s self-efficacy, motivation and knowledge in relation to pre-school
children’s nutrition, oral health and physical activity. Public Health Nutrition.
2019;22(6):967-75.

3. World Health Organization. Obesity and overweight 2021 [cited 2021.
Available from: https://www.who.int/news-room/fact-sheets/detail / obesity-
and-overweight.

4. NHS Digital. Statistics on Obesity, Physical Activity and Diet, England,
2020. 2020.

5. Frontier Economics. Estimating the full costs of obesity. 2022.

6. NHS Digital. National Child Measurement Programme, England
2020/2021 School Year. 2021.

7. Singh AS, Mulder C, Twisk JW, van Mechelen W, Chinapaw M]. Tracking
of childhood overweight into adulthood: a systematic review of the literature.
Obesity Reviews. 2008;9(5):474-88.

8. Timmons BW, Leblanc AG, Carson V, Connor Gorber S, Dillman C,
Janssen I, et al. Systematic review of physical activity and health in the early years
(aged 0-4 years). Applied Physiology, Nutrition, & Metabolism = Physiologie
Appliquee, Nutrition et Metabolisme. 2012;37(4):773-92.

9. Carson V, Lee E-Y, Hewitt L, Jennings C, Hunter S, Kuzik N, et al.
Systematic review of the relationships between physical activity and health
indicators in the early years (0-4 years). BMC Public Health. 2017;17(5):854.

10. LeBlanc AG, Spence ]JC, Carson V, Connor Gorber S, Dillman C, Janssen [,
et al. Systematic review of sedentary behaviour and health indicators in the early
years (aged 0-4 years). Applied Physiology, Nutrition, & Metabolism =
Physiologie Appliquee, Nutrition et Metabolisme. 2012;37(4):753-72.

11. Poitras V], Gray CE, Janssen X, Aubert S, Carson V, Faulkner G, et al.
Systematic review of the relationships between sedentary behaviour and health
indicators in the early years (0-4 years). BMC Public Health. 2017;17(5):868.

12.  Rollo S, Antsygina O, Tremblay MS. The whole day matters:
Understanding 24-hour movement guideline adherence and relationships with
health indicators across the lifespan. Journal of Sport and Health Science.
2020;9(6):493-510.

13. Hinkley T, Teychenne M, Downing KL, Ball K, Salmon ], Hesketh KD.
Early childhood physical activity, sedentary behaviors and psychosocial well-
being: a systematic review. Preventative Medicine. 2014;62:182-92.

239



https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

14. Carson V, Hunter S, Kuzik N, Wiebe SA, Spence JC, Friedman A, et al.
Systematic review of physical activity and cognitive development in early
childhood. Journal of Science and Medicine in Sport. 2016;19(7):573-8.

15. Engel AC, Broderick CR, van Doorn N, Hardy LL, Parmenter B]J.
Exploring the Relationship Between Fundamental Motor Skill Interventions and
Physical Activity Levels in Children: A Systematic Review and Meta-analysis.
Sports Medicine. 2018;48(8):1845-57.

16.  Figueroa R, An R. Motor Skill Competence and Physical Activity in
Preschoolers: A Review. Maternal and Child Health Journal. 2017;21(1):136-46.
17. Brown CL, Halvorson EE, Cohen GM, Lazorick S, Skelton JA. Addressing
Childhood Obesity: Opportunities for Prevention. Pediatric Clinics of North
America. 2015;62(5):1241-61.

18.  Chin S-H, Kahathuduwa CN, Binks M. Physical activity and obesity: what
we know and what we need to know*. Obesity Reviews. 2016;17(12):1226-44.

19.  Janz KF, Burns TL, Levy SM. Tracking of activity and sedentary behaviors
in childhood: the lowa Bone Development Study. American Journal of
Preventative Medicine. 2005;29(3):171-8.

20. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public
Health Reports. 1985;100(2):126-31.

21.  World Health Organization. Guidelines on physical activity, sedentary
behaviour and sleep for children under 5 years of age. Geneva; 2019. Contract
No.: Licence: CC BY-NC-5SA 3.0 IGO.

22.  Ginsburg KR. The importance of play in promoting healthy child
development and maintaining strong parent-child bonds. Pediatrics.
2007;119(1):182-91.

23. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-
Cheung AE, et al. Sedentary Behavior Research Network (SBRN) - Terminology
Consensus Project process and outcome. International Journal of Behavioral
Nutrition and Physical Activity. 2017;14(1):75.

24.  Kohl HW, Fulton JE, Caspersen CJ. Assessment of Physical Activity
among Children and Adolescents: A Review and Synthesis. Preventive Medicine.
2000;31(2):554-S76.

25. Bauman A, Phongsavan P, Schoeppe S, Owen N. Physical activity
measurement--a primer for health promotion. Global Health Promotion.
2006;13(2):92-103.

26. Phillips SM, Summerbell C, Hobbs M, Hesketh KR, Saxena S, Muir C, et
al. A systematic review of the validity, reliability, and feasibility of measurement
tools used to assess the physical activity and sedentary behaviour of pre-school
aged children. International Journal of Behavioral Nutrition and Physical
Activity. 2021;18(1):141.

240



27.  Oliver M, Schofield GM, Kolt GS. Physical activity in preschoolers:
understanding prevalence and measurement issues. Sports Medicine.
2007;37(12):1045-70.

28. Ruiz RM, Sommer EC, Tracy D, Banda JA, Economos CD, JaKa MM, et al.
Novel patterns of physical activity in a large sample of preschool-aged children.
BMC Public Health. 2018;18(1):242.

29. Clitf DP, Reilly JJ, Okely AD. Methodological considerations in using
accelerometers to assess habitual physical activity in children aged 0-5 years.
Journal of Science and Medicine in Sport. 2009;12(5):557-67.

30.  Department of Health and Social Care. UK Chief Medical Officers'
Physical Activity Guidelines. 2019.

31. NHS Digital. Health Survey for England 2015 Physical Activity in
Children. 2016.

32. Hesketh KR, McMinn AM, Ekelund U, Sharp SJ, Collings PJ, Harvey NC,
et al. Objectively measured physical activity in four-year-old British children: a
cross-sectional analysis of activity patterns segmented across the day.
International Journal of Behavioral Nutrition and Physical Activity. 2014;11:1.
33.  Hesketh KR, Griffin SJ, van Sluijs EM. UK Preschool-aged children's
physical activity levels in childcare and at home: a cross-sectional exploration.
International Journal of Behavioral Nutrition and Physical Activity. 2015;12:123.
34. Hinkley T, Salmon J, Okely AD, Crawford D, Hesketh K. Preschoolers'
physical activity, screen time, and compliance with recommendations. Medicine
and Science in Sports and Exercise. 2012;44(3):458-65.

35. Colley RC, Garriguet D, Adamo KB, Carson V, Janssen I, Timmons BW, et
al. Physical activity and sedentary behavior during the early years in Canada: a
cross-sectional study. International Journal of Behavioral Nutrition & Physical
Activity. 2013;10:54.

36. Chaput JP, Colley RC, Aubert S, Carson V, Janssen I, Roberts KC, et al.
Proportion of preschool-aged children meeting the Canadian 24-Hour
Movement Guidelines and associations with adiposity: results from the
Canadian Health Measures Survey. BMC Public Health. 2017;17(Suppl 5):829.
37. Cliff DP, McNeill J, Vella SA, Howard SJ, Santos R, Batterham M, et al.
Adherence to 24-Hour Movement Guidelines for the Early Years and associations
with social-cognitive development among Australian preschool children. BMC
Public Health. 2017;17(Suppl 5):857.

38.  Chief Medical Office. UK physical activity guidelines. Department of
Health and Social Care; 2011.

39.  Australian Government. Get Up and Grow: Healthy Eating and Physical
Activity for Early Childhood. Department of Health and Aging; 2010.

40. Tremblay MS, Chaput JP, Adamo KB, Aubert S, Barnes JD, Choquette L,
et al. Canadian 24-Hour Movement Guidelines for the Early Years (0-4 years): An
Integration of Physical Activity, Sedentary Behaviour, and Sleep. BMC Public
Health. 2017;17(Suppl 5):874.

241



41. Pereira JR, Cliff DP, Sousa-S4 E, Zhang Z, Santos R. Prevalence of
objectively measured sedentary behavior in early years: Systematic review and
meta-analysis. Scandinavian Journal of Medicine and Science in Sports.
2019;29(3):308-28.

42, Tapia-Serrano MA, Sevil-Serrano ], Sanchez-Miguel PA, Lépez-Gil JF,
Tremblay MS, Garcia-Hermoso A. Prevalence of meeting 24-Hour Movement
Guidelines from pre-school to adolescence: A systematic review and meta-
analysis including 387,437 participants and 23 countries. Journal of Sport and
Health Science. 2022.

43.  World Health Organization. Global action plan on physical activity 2018-
2030: more active people for a healthier world. Geneva; 2018. Contract No.:
Licence: CC BY-NC-SA 3.0 IGO.

44.  HM Government. Childhood Obesity: A Plan for Action. 2016.

45.  Boseley S. Childhood obesity strategy: not even an E for effort. The
Guardian. 2016.

46.  Wollaston S. Public health is in crisis - and Theresa May is failing to act.
2016.

47.  HM Government. Childhood obesity: a plan for action, Chapter 2. 2018.
48.  Public Health England. PHE Strategy 2020-2025. 20109.

49, Shribman S, Billingham K. Healthy Child Programme - Pregnancy and the
tirst five years. 2009.

50.  Public Health England. Best start in life and beyond: Improving public
health outcomes for children, young people and families. 2021.

51.  Johnson RB, Onwuegbuzie AJ. Mixed Methods Research: A Research
Paradigm Whose Time Has Come. Educational Researcher. 2004;33(7):14-26.

52.  O'Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies
in health services research. Journal of Health Services Research and Policy.
2008;13(2):92-8.

53. Creswell JW. Research Design: Qualitative, Quantitative, and Mixed
Methods Approaches: SAGE Publications; 2014.

54. Gelo O, Braakmann D, Benetka G. Quantitative and Qualitative Research:
Beyond the Debate. Integrative Psychological and Behavioral Science.
2008;42(3):266-90.

55.  Pope C, Mays N. Qualitative Research: Reaching the parts other methods
cannot reach: an introduction to qualitative methods in health and health services
research. British Medical Journal. 1995;311(6996):42-5.

56.  O’Cathain A, Murphy E, Nicholl J. Three techniques for integrating data
in mixed methods studies. British Medical Journal. 2010;341:c4587.

57.  Greene ]JC. Preserving Distinctions Within the Multimethod and Mixed
Methods Research Merger. In: Hesse-Biber SN, Johnson RB, editors. The Oxford
Handbook of Multimethod and Mixed Methods Research Inquiry: Oxford
University Press; 2015. p. 0.

242



58. Anguera MT, Blanco-Villasefior A, Losada JL, Sanchez-Algarra P,
Onwuegbuzie A]. Revisiting the difference between mixed methods and
multimethods: Is it all in the name? Quality & Quantity. 2018;52(6):2757-70.

59. Mallett R, Hagen-Zanker ], Slater R, Duvendack M. The benefits and
challenges of using systematic reviews in international development research.
Journal of Development Effectiveness. 2012;4(3):445-55.

60. Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better
understanding of the influences on physical activity: the role of determinants,
correlates, causal variables, mediators, moderators, and confounders. American
Journal of Preventive Medicine. 2002;23(2 Suppl):5-14.

61. Moher D, Liberati A, Tetzlaff ], Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA Statement. Open
Medicine. 2009;3(3):e123-30.

62. Bingham DD, Costa S, Hinkley T, Shire KA, Clemes SA, Barber SE.
Physical Activity During the Early Years: A Systematic Review of Correlates and
Determinants. American Journal of Preventative Medicine. 2016;51(3):384-402.
63. Hesketh KR, O'Malley C, Paes VM, Moore H, Summerbell C, Ong KK, et
al. Determinants of Change in Physical Activity in Children 0-6 years of Age: A
Systematic Review of Quantitative Literature. Sports Medicine. 2017;47(7):1349-
74.

64. De Craemer M, De Decker E, De Bourdeaudhuij I, Vereecken C, Deforche
B, Manios Y, et al. Correlates of energy balance-related behaviours in preschool
children: a systematic review. Obesity Reviews. 2012;13 Suppl 1:13-28.

65. Li YC, Kwan MYW, King-Dowling S, Cairney J. Determinants of Physical
Activity during Early Childhood: A Systematic Review. Advances in Physical
Education. 2015;5:116-27.

66. Hinkley T, Crawford D, Salmon ], Okely AD, Hesketh K. Preschool
children and physical activity: a review of correlates. American Journal of
Preventive Medicine. 2008;34(5):435-41.

67. Hinkley T, Salmon J, Okely AD, Trost SG. Correlates of sedentary
behaviours in preschool children: a review. International Journal of Behavioral
Nutrition and Physical Activity. 2010;7:66.

68. Whiting P, Savovic J, Higgins JP, Caldwell DM, Reeves BC, Shea B, et al.
ROBIS: A new tool to assess risk of bias in systematic reviews was developed.
Journal of Clinical Epidemiology. 2016;69:225-34.

69. Tong A, Sainsbury P, Craig ]. Consolidated criteria for reporting
qualitative research (COREQ): a 32-item checklist for interviews and focus
groups. International Journal for Quality in Health Care. 2007;19(6):349-57.

70. De Craemer M, McGregor D, Androutsos O, Manios Y, Cardon G.
Compliance with 24-h Movement Behaviour Guidelines among Belgian Pre-
School Children: The ToyBox-Study. International Journal of Environmental
Research and Public Health. 2018;15(10).

243



71.  Brug], Oenema A, Ferreira I. Theory, evidence and Intervention Mapping
to improve behavior nutrition and physical activity interventions. International
Journal of Behavioral Nutrition and Physical Activity. 2005;2(1):2.

72. Sherar LB, Griew P, Esliger DW, Cooper AR, Ekelund U, Judge K, et al.
International children's accelerometry database (ICAD): design and methods.
BMC Public Health. 2011;11:485.

73.  Baranowski T, Jago R. Understanding the mechanisms of change in
children's physical activity programs. Exercise and Sport Science Reviews.
2005;33(4):163-8.

74. Hinkley T, Salmon ], Okely AD, Hesketh K, Crawford D. Correlates of
preschool children's physical activity. American Journal of Preventive Medicine.
2012;43(2):159-67.

75. Hesketh KR, Lakshman R, van Sluijs EMF. Barriers and facilitators to
young children's physical activity and sedentary behaviour: a systematic review
and synthesis of qualitative literature. Obesity Reviews. 2017;18(9):987-1017.

76.  Sallis JE, Owen N, Fotheringham M]. Behavioral epidemiology: a
systematic framework to classify phases of research on health promotion and
disease prevention. Annals of Behavioral Medicine. 2000;22(4):294-8.

77. Zecevic CA, Tremblay L, Lovsin T, Michel L. Parental Influence on Young
Children's  Physical  Activity. International Journal of Pediatrics.
2010;2010:468526-.

78. Abbott G, Hnatiuk ], Timperio A, Salmon ], Best K, Hesketh KD. Cross-
sectional and Longitudinal Associations Between Parents' and Preschoolers'
Physical Activity and Television Viewing: The HAPPY Study. Journal of Physical
Activity and Health. 2016;13(3):269-74.

79. Bassul C, Corish CA, Kearney JM. Associations between Home
Environment, Children's and Parents' Characteristics and Children's TV Screen
Time Behavior. International Journal of Environmental Research and Public
Health. 2021;18(4).

80.  Chief Medical Officers. Start Active, Stay Active: A report on physical
activity for health from the four home countries” Chief Medical Officers. London:
Department of Health and Social Care; 2011.

81.  Bentley GF, Jago R, Turner KM. Mothers” perceptions of the UK physical
activity and sedentary behaviour guidelines for the early years (Start Active, Stay
Active): a qualitative study. BMJ Open. 2015;5(9):e008383.

82.  Bentley GF, Turner KM, Jago R. Mothers' views of their preschool child's
screen-viewing behaviour: a qualitative study. BMC Public Health. 2016;16:718.
83.  Zahra ], Sebire SJ, Jago R. “He’s probably more Mr. sport than me” - a
qualitative exploration of mothers” perceptions of fathers’ role in their children’s
physical activity. BMC Pediatrics. 2015;15(1):101.

84.  Hinkley T, McCann JR. Mothers' and father's perceptions of the risks and
benefits of screen time and physical activity during early childhood: a qualitative
study. BMC Public Health. 2018;18(1):1271.

244



85. Martin-Biggers ], Spaccarotella K, Hongu N, Alleman G, Worobey ], Byrd-
Bredbenner C. Translating it into real life: a qualitative study of the cognitions,
barriers and supports for key obesogenic behaviors of parents of preschoolers.
BMC Public Health. 2015;15(1):189.

86.  Bender MS, Clark M]J. Cultural Adaptation for Ethnic Diversity: A Review
of Obesity Interventions for Preschool Children. Californian Journal of Health
Promotion. 2011;9(2):40.

87. O'Connor TV, Cerin E, Hughes SO, Robles J, Thompson D, Baranowski T,
et al. What Hispanic parents do to encourage and discourage 3-5 year old
children to be active: a qualitative study using nominal group technique.
International Journal of Behavioral Nutrition and Physical Activity. 2013;10:93.
88.  Grzywacz ]G, Arcury TA, Trejo G, Quandt SA. Latino Mothers in
Farmworker Families' Beliefs About Preschool Children's Physical Activity and
Play. Journal of Immigrant and Minority Health. 2016;18(1):234-42.

89. McKenzie TL, Sallis JF, Nader PR, Broyles SL, Nelson JA. Anglo- and
Mexican-American preschoolers at home and at recess: activity patterns and
environmental influences. ] Dev Behav Pediatr. 1992;13(3):173-80.

90. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and
trends in body mass index among US children and adolescents, 1999-2010.
JAMA. 2012;307(5):483-90.

91. Lindsay AC, Arruda CAM, De Andrade GP, Machado MMT, Greaney ML.
Parenting practices that may encourage and discourage physical activity in
preschool-age children of Brazilian immigrant families: A qualitative study. PLoS
ONE. 2019;14(3):e0214143.

92. Lindsay AC, Moura Arruda CA, Machado MM, Greaney ML. "If You Let
Them, They Will Be on It 24 Hours a Day": Qualitative Study Conducted in the
United States Exploring Brazilian Immigrant Mothers' Beliefs, Attitudes, and
Practices Related to Screen Time Behaviors of Their Preschool-Age Children.
JMIR Pediatrics and Parenting. 2019;2(1):e11791.

93.  Suen YN, Cerin E, Wua SL. Parental practices encouraging and
discouraging physical activity in Hong Kong Chinese preschoolers. Journal of
Physical Activity and Health. 2015;12(3):361-9.

94, Pulakka A, Ashorn P, Gondwe A, Phiri N, Ashorn U. Malawian parents'
perceptions of physical activity and child development: a qualitative study. Child
Care Health and Development. 2015;41(6):911-9.

95.  Finch M, Jones ], Yoong S, Wiggers ], Wolfenden L. Effectiveness of centre-
based childcare interventions in increasing child physical activity: a systematic
review and meta-analysis for policymakers and practitioners. Obesity Reviews.
2016;17(5):412-28.

96. Ward DS, Vaughn A, McWilliams C, Hales D. Interventions for increasing
physical activity at child care. Medicine and Science in Sports and Exercise.
2010;42(3):526-34.

245



97. Mehtdla MAK, Sddkslahti AK, Inkinen ME, Poskiparta MEH. A socio-
ecological approach to physical activity interventions in childcare: a systematic
review. International Journal of Behavioral Nutrition and Physical Activity.
2014;11(1):22.

98.  Temple M, Robinson JC. A systematic review of interventions to promote
physical activity in the preschool setting. Journal for Specialists in Pediatric
Nursing. 2014;19(4):274-84.

99. Gordon ES, Tucker P, Burke SM, Carron AV. Effectiveness of physical
activity interventions for preschoolers: a meta-analysis. Research Quarterly for
Exercise and Sport. 2013;84(3):287-94.

100. Ling J, Robbins LB, Wen F, Peng W. Interventions to Increase Physical
Activity in Children Aged 2-5 Years: A Systematic Review. Pediatric Exercise
Science. 2015;27(3):314-33.

101. Hnatiuk JA, Brown HE, Downing KL, Hinkley T, Salmon ], Hesketh KD.
Interventions to increase physical activity in children 0-5 years old: a systematic
review, meta-analysis and realist synthesis. Obesity Reviews. 2019;20(1):75-87.
102. Alhassan S, Nwaokelemeh O, Ghazarian M, Roberts J, Mendoza A, Shitole
S. Effects of locomotor skill program on minority preschoolers' physical activity
levels. Pediatric Exercise Science. 2012;24(3):435-49.

103. Alhassan S, Nwaokelemeh O, Lyden K, Goldsby T, Mendoza A. A Pilot
Study to Examine the Effect of Additional Structured Outdoor Playtime on
Preschoolers' Physical Activity Levels. Child Care in Practice. 2013;19(1):23-35.
104.  Annesi JJ, Smith AE, Tennant G. Cognitive-behavioural physical activity
treatment in African-American pre-schoolers: effects of age, sex, and BMI.
Journal of Paediatric Child Health. 2013;49(2):E128-32.

105. Annesi JJ, Smith AE, Tennant GA. Effects of a cognitive-behaviorally
based physical activity treatment for 4- and 5-year-old children attending US
preschools. International Journal of Behavioral Medicine. 2013;20(4):562-6.

106. Annesi JJ, Smith AE, Tennant GA. Effects of the Start For Life treatment
on physical activity in primarily African American preschool children of ages 3-
5 years. Psychology Health and Medicine. 2013;18(3):300-9.

107.  Annesi ]]J, Smith AE, Tennant GA. Reducing high BMI in African
American preschoolers: effects of a behavior-based physical activity intervention
on caloric expenditure. Southern Medical Journal. 2013;106(8):456-9.

108. Bonis M, Loftin M, Ward D, Tseng TS, Clesi A, Sothern M. Improving
physical activity in daycare interventions. Childhood Obesity. 2014;10(4):334-41.
109. Chow AF, Leis A, Humbert L, Muhajarine N, Engler-Stringer R. Healthy
Start—Départ Santé: A pilot study of a multilevel intervention to increase
physical activity, fundamental movement skills and healthy eating in rural
childcare centres. Canadian Journal of Public Health. 2016;107(3):e312-€8.

110. Cottrell L, Spangler-Murphy E, Minor V, Downes A, Nicholson P, Neal
WA. A kindergarten cardiovascular risk surveillance study: CARDIAC-Kinder.
American Journal of Health Behavior. 2005;29(6):595-606.

246



111. De Bock F, Genser B, Raat H, Fischer JE, Renz-Polster H. A participatory
physical activity intervention in preschools: a cluster randomized controlled trial.
American Journal of Preventative Medicine. 2013;45(1):64-74.

112.  De Craemer M, De Decker E, Verloigne M, De Bourdeaudhuij I, Manios Y,
Cardon G. The effect of a kindergarten-based, family-involved intervention on
objectively measured physical activity in Belgian preschool boys and girls of high
and low SES: the ToyBox-study. International Journal of Behavioral Nutrition
and Physical Activity. 2014;11(1):38.

113. A. Eliakim, D. Nemet, Y. Balakirski, Y. Epstein. The Effects of Nutritional-
Physical Activity School-based Intervention on Fatness and Fitness in Preschool
Children. Journal of Pediatric Endocrinology and Metabolism. 2007;20(6):711-8.
114. Fitzgibbon ML, Stolley MR, Schiffer LA, Braunschweig CL, Gomez SL,
Van Horn L, et al. Hip-Hop to Health Jr. Obesity Prevention Effectiveness Trial:
postintervention results. Obesity (Silver Spring). 2011;19(5):994-1003.

115. Goldfield GS, Harvey ALJ, Grattan KP, Temple V, Naylor P], Alberga AS,
et al. Effects of Child Care Intervention on Physical Activity and Body
Composition. American Journal of Preventative Medicine. 2016;51(2):225-31.
116. Palmer KK, Matsuyama AL, Robinson LE. Impact of Structured
Movement Time on Preschoolers” Physical Activity Engagement. Early
Childhood Education Journal. 2017;45(2):201-6.

117. Pate RR, Brown WH, Pfeiffer KA, Howie EK, Saunders RP, Addy CL, et
al. An Intervention to Increase Physical Activity in Children: A Randomized
Controlled Trial With 4-Year-Olds in Preschools. American Journal of
Preventative Medicine. 2016;51(1):12-22.

118. Roth K, Kriemler S, Lehmacher W, Ruf KC, Graf C, Hebestreit H. Effects
of a Physical Activity Intervention in Preschool Children. Medicine and Science
in Sports and Exercise. 2015;47(12):2542-51.

119. Salazar G, Vasquez F, Concha F, Rodriguez Mdel P, Berlanga Mdel R,
Rojas ], et al. Pilot nutrition and physical activity intervention for preschool
children attending daycare centres (JUN]JI): primary and secondary outcomes.
Nutricion Hospitalaria. 2014;29(5):1004-12.

120. Specker B, Binkley T. Randomized trial of physical activity and calcium
supplementation on bone mineral content in 3- to 5-year-old children. Journal of
Bone and Mineral Research. 2003;18(5):885-92.

121. Specker B, Binkley T. Increased periosteal circumference remains present
12 months after an exercise intervention in preschool children. Bone.
2004;35(6):1383-8.

122.  Trost SG, Fees B, Dzewaltowski D. Feasibility and efficacy of a "move and
learn" physical activity curriculum in preschool children. Journal of Physical
Activity and Health. 2008;5(1):88-103.

123. Yin Z, Parra-Medina D, Cordova A, He M, Trummer V, Sosa E, et al.
Miranos! Look at us, we are healthy! An environmental approach to early
childhood obesity prevention. Childhood Obesity. 2012;8(5):429-39.

247



124.  Pawson R, Greenhalgh T, Harvey G, Walshe K. Realist review - a new
method of systematic review designed for complex policy interventions. Journal
of Health Services Research & Policy. 2005;10(1_suppl):21-34.

125.  Office for National Statistics. Education provision: children under 5 years
of age. 2021.

126. Jones RA, Sousa-Sa E, Peden M, Okely AD. Childcare Physical Activity
Interventions: A Discussion of Similarities and Differences and Trends, Issues,
and Recommendations. International Journal of Environmental Research and
Public Health. 2019;16(23):4836.

127.  Ames C. Achievement goals, motivational climate, and motivational
processes. Motivation in sport and exercise. Champaign, IL, US: Human Kinetics
Books; 1995. p. 161-76.

128. De Bock F, Fischer JE, Hoffmann K, Renz-Polster H. A participatory
parent-focused intervention promoting physical activity in preschools: design of
a cluster-randomized trial. BMC Public Health. 2010;10(1):49.

129. von Bertalanffy L. General System Theory: Foundations, Development,
Applications: G. Braziller; 2003.

130. Green L, Kreuter M. Health Program Planning: An Educational and
Ecological Approach: McGraw-Hill Education; 2005.

131. Roth K, Mauer S, Obinger M, Lenz D, Hebestreit H. Activity and health
prevention in preschools — contents of an activity-based intervention programme
(PAKT —Prevention through Activity in Kindergarten Trial). Journal of Public
Health. 2011;19(4):293-303.

132. Deci EL. The relation of interest to the motivation of behavior: A self-
determination theory perspective. The role of interest in learning and
development. Hillsdale, NJ, US: Lawrence Erlbaum Associates, Inc; 1992. p. 43-
70.

133. Bandura A. Self-Efficacy: The Exercise of Control. New York: W. H.
Freeman; 1997.

134. Lee LL, Arthur A, Avis M. Using self-efficacy theory to develop
interventions that help older people overcome psychological barriers to physical
activity: a discussion paper. International Journal of Nursing Studies.
2008;45(11):1690-9.

135. Stokols D. Translating Social Ecological Theory into Guidelines for
Community Health Promotion. American Journal of Health Promotion.
1996;10(4):282-98.

136. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on
health promotion programs. Health Education and Behavior. 1988;15(4):351-77.
137.  Adams ], Mytton O, White M, Monsivais P. Why Are Some Population
Interventions for Diet and Obesity More Equitable and Effective Than Others?
The Role of Individual Agency. PLoS Medicine. 2016;13(4):e1001990.

248



138. Ward DS, Benjamin SE, Ammerman AS, Ball SC, Neelon BH, Bangdiwala
SI. Nutrition and physical activity in child care: results from an environmental
intervention. American Journal of Preventive Medicine. 2008;35(4):352-6.

139. Ward DS, Vaughn AE, Mazzucca S, Burney R. Translating a child care
based intervention for online delivery: development and randomized pilot study
of Go NAPSACC. BMC Public Health. 2017;17(1):891.

140. Alkon A, Crowley AA, Neelon SEB, Hill S, Pan Y, Nguyen V, et al.
Nutrition and physical activity randomized control trial in child care centers
improves knowledge, policies, and children’s body mass index. BMC Public
Health. 2014;14(1):215.

141. Kipping R, Jago R, Metcalfe C, White ], Papadaki A, Campbell R, et al.
NAP SACC UK: protocol for a feasibility cluster randomised controlled trial in
nurseries and at home to increase physical activity and healthy eating in children
aged 2-4 years. BMJ Open. 2016;6(4):e010622.

142.  Benjamin SE, Ammerman A, Sommers ], Dodds J, Neelon B, Ward DS.
Nutrition and physical activity self-assessment for child care (NAP SACC):
results from a pilot intervention. Journal of Nutrition Education and Behavior.
2007;39(3):142-9.

143. Malina RM. Physical activity and fitness: pathways from childhood to
adulthood. American Journal of Human Biology. 2001;13(2):162-72.

144. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et
al. The Physical Activity Guidelines for Americans. JAMA. 2018;320(19):2020-8.
145. Dolinsky DH, Brouwer R]J, Evenson KR, Siega-Riz AM, Ostbye T.
Correlates of sedentary time and physical activity among preschool-aged
children. Preventing Chronic Disease. 2011;8(6):A131.

146. Byun W, Dowda M, Pate RR. Correlates of objectively measured sedentary
behavior in US preschool children. Pediatrics. 2011;128(5):937-45.

147. Hnatiuk JA, Hesketh KR, van Sluijs EM. Correlates of home and
neighbourhood-based physical activity in UK 3-4-year-old children. European
Journal of Public Health. 2016,26(6):947-53.

148. Schmutz EA, Leeger-Aschmann CS, Radtke T, Muff S, Kakebeeke TH,
Zysset AE, et al. Correlates of preschool children's objectively measured physical
activity and sedentary behavior: a cross-sectional analysis of the SPLASHY
study. International Journal of Behavioral Nutrition and Physical Activity.
2017;14(1):1.

149. Wijtzes Al, Kooijman MN, Kiefte-de Jong JC, de Vries SI, Henrichs ],
Jansen W, et al. Correlates of physical activity in 2-year-old toddlers: the
generation R study. Journal of Pediatrics. 2013;163(3):791-9.e1-2.

150. Johansson E, Hagstromer M, Svensson V, Ek A, Forssen M, Nero H, et al.
Objectively measured physical activity in two-year-old children - levels, patterns
and correlates. International Journal of Behavioral Nutrition and Physical
Activity. 2015;12:3.

249



151. Downing KL, Hinkley T, Salmon J, Hnatiuk JA, Hesketh KD. Do the
correlates of screen time and sedentary time differ in preschool
children?.[Erratum appears in BMC Public Health. 2017 Apr 28;17 (1):367; PMID:
28454570]. 2017;1(1):285.

152. Hager ER, Gormley CE, Latta LW, Treuth MS, Caulfield LE, Black MM.
Toddler physical activity study: laboratory and community studies to evaluate
accelerometer validity and correlates. BMC Public Health. 2016;16:936.

153. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of
accelerometer cut points for predicting activity intensity in youth. Medicine and
Science in Sports and Exercise. 2011;43(7):1360-8.

154. Oliver M, Schluter PJ, Schofield G. A new approach for the analysis of
accelerometer data measured on preschool children. Journal of Physical Activity
and Health. 2011;8(2):296-304.

155.  Pedisi¢ Z. Measurement issues and poor adjustments for physical activity
and sleep undermine sedentary behaviour research — the focus should shift to the
balance between sleep, sedentary behaviour, standing and activity. Kinesiology.
2014;46:135-46.

156. Migueles JH, Cadenas-Sanchez C, Ekelund U, Delisle Nystrom C, Mora-
Gonzalez ], Lof M, et al. Accelerometer Data Collection and Processing Criteria
to Assess Physical Activity and Other Outcomes: A Systematic Review and
Practical Considerations. Sports Med. 2017;47(9):1821-45.

157. Costa S, Barber SE, Cameron N, Clemes SA. Calibration and validation of
the ActiGraph GT3X+ in 2-3 year olds. Journal of Science and Medicine in Sport.
2014;17(6):617-22.

158. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical activity
among children attending preschools. Pediatrics. 2004;114(5):1258-63.

159. Fairclough SJ, Rowlands AV, Taylor S, Boddy LM. Cut-point-free
accelerometer metrics to assess children’s physical activity: An example using the
school day. Scandinavian Journal of Medicine & Science in Sports. 2020;30(1):117-
25.

160. Pate RR, Almeida MJ, Mclver KL, Pfeiffer KA, Dowda M. Validation and
calibration of an accelerometer in preschool children. Obesity (Silver Spring).
2006;14(11):2000-6.

161. van Cauwenberghe E, Labarque V, Trost SG, de Bourdeaudhuij I, Cardon
G. Calibration and comparison of accelerometer cut points in preschool children.
International Journal of Pediatric Obesity. 2010;6(2-2):e582-9.

162. Sirard JR, Trost SG, Pfeiffer KA, Dowda M, Pate RR. Calibration and
Evaluation of an Objective Measure of Physical Activity in Preschool Children.
Journal of Physical Activity and Health. 2005;3:345-57.

163. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration
of two objective measures of physical activity for children. Journal of Sports
Sciences. 2008;26(14):1557-65.

250



164. Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of
physical activity monitors in children. Obesity Research. 2002;10(3):150-7.

165. Nilsson A, Ekelund U, Yngve A, Sostrom M. Assessing Physical Activity
among Children with Accelerometers Using Different Time Sampling Intervals
and Placements. Pediatric Exercise Science. 2002;14(1):87-96.

166. Welk GJ, Corbin CB, Dale D. Measurement issues in the assessment of
physical activity in children. Research Quarterly for Exercise and Sport. 2000;71
Suppl 2:59-73.

167. Bailey RC, Olson ], Pepper SL, Porszasz ], Barstow T], Cooper DM. The
level and tempo of children's physical activities: an observational study.
Medicine and Science in Sports and Exercise. 1995;27(7):1033-41.

168. Pfeiffer KA, Dowda M, Mclver KL, Pate RR. Factors related to objectively
measured physical activity in preschool children. Pediatric Exercise Science.
2009;21(2):196-208.

169. Trost SG. State of the Art Reviews: Measurement of Physical Activity in
Children and Adolescents. American Journal of Lifestyle Medicine. 2007;1(4):299-
314.

170. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer
wear and nonwear time classification algorithm. Medicine and Science in Sports
and Exercise. 2011;43(2):357-64.

171. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M.
Physical activity in the United States measured by accelerometer. Medicine and
Science in Sports and Exercise. 2008;40(1):181-8.

172.  Goodman A, Page AS, Cooper AR, International Children's Accelerometry
Database C. Daylight saving time as a potential public health intervention: an
observational study of evening daylight and objectively-measured physical
activity among 23,000 children from 9 countries. International Journal of
Behavioral Nutrition and Physical Activity. 2014;11:84.

173.  van Sluijs EM, McMinn AM, Inskip HM, Ekelund U, Godfrey KM, Harvey
NC, et al. Correlates of light and moderate-to-vigorous objectively measured
physical activity in four-year-old children. PLoS ONE. 2013;8(9):e74934.

174. O'Dwyer M, Fairclough SJ, Ridgers ND, Knowles ZR, Foweather L,
Stratton G. Patterns of objectively measured moderate-to-vigorous physical
activity in preschool children. Journal of Physical Activity and Health.
2014;11(6):1233-8.

175. Berglind D, Tynelius P. Objectively measured physical activity patterns,
sedentary time and parent-reported screen-time across the day in four-year-old
Swedish children.[Erratum appears in BMC Public Health. 2017 Sep 22,17 (1):736;
PMID: 28938882]. BMC Public Health. 2017;18(1):69.

176. Dawson-Hahn EE, Fesinmeyer MD, Mendoza JA. Correlates of Physical
Activity in Latino Preschool Children Attending Head Start. Pediatric Exercise
Science. 2015;27(3):372-9.

251



177. Leeger-Aschmann CS, Schmutz EA, Radtke T, Kakebeeke TH, Zysset AE,
Messerli-Burgy N, et al. Regional sociocultural differences as important correlate
of physical activity and sedentary behaviour in Swiss preschool children. Swiss
Medical Weekly. 2016,146:w14377.

178. Olesen LG, Kristensen PL, Korsholm L, Froberg K. Physical activity in
children attending preschools. Pediatrics. 2013;132(5):e1310-8.

179.  Sijtsma A, Sauer PJ, Corpeleijn E. Parental correlations of physical activity
and body mass index in young children--he GECKO Drenthe cohort.
International Journal of Behavioral Nutrition and Physical Activity. 2015;12:132.
180. Bringolf-Isler B, Mader U, Dossegger A, Hofmann H, Puder JJ, Braun-
Fahrlander C, et al. Regional differences of physical activity and sedentary
behaviour in Swiss children are not explained by socio-demographics or the built
environment. International Journal of Public Health. 2015;60(3):291-300.

181. Eichinger M, Schneider S, De Bock F. Subjectively and objectively assessed
social and physical environmental correlates of preschoolers' accelerometer-
based physical activity. International Journal of Behavioral Nutrition and
Physical Activity. 2017;14(1):153.

182. Byun W, Beets MW, Pate RR. Sedentary Behavior in Preschoolers: How
Many Days of Accelerometer Monitoring Is Needed? International Journal of
Environmental Research and Public Health. 2015;12(10):13148-61.

183. Addy CL, Trilk JL, Dowda M, Byun W, Pate RR. Assessing preschool
children's physical activity: how many days of accelerometry measurement.
Pediatric Exercise Science. 2014;26(1):103-9.

184. Nunnally JC. Psychometric theory: McGraw-Hill; 1978.

185. Hinkley T, O'Connell E, Okely AD, Crawford D, Hesketh K, Salmon ]J.
Assessing volume of accelerometry data for reliability in preschool children.
Medicine and Science in Sports and Exercise. 2012;44(12):2436-41.

186. Niederer I, Kriemler S, Zahner L, Burgi F, Ebenegger V, Hartmann T, et al.
Influence of a lifestyle intervention in preschool children on physiological and
psychological parameters (Ballabeina): study design of a cluster randomized
controlled trial. BMC Public Health. 2009;9:94.

187. Cardon G, Labarque V, Smits D, De Bourdeaudhuij I. Promoting physical
activity at the pre-school playground: the effects of providing markings and play
equipment. Preventive Medicine. 2009;48(4):335-40.

188. Cardon G, De Bourdeaudhuij I. Comparison of pedometer and
accelerometer measures of physical activity in preschool children. Pediatric
Exercise Science. 2007;19(2):205-14.

189. Gidlow CJ, Cochrane T, Davey R, Smith H. In-school and out-of-school
physical activity in primary and secondary school children. Journal of Sports
Sciences. 2008;26(13):1411-9.

190. Smith H, Grogan S, Davey R, Cochrane T. Developing a successful
physical activity intervention in primary schools. Education and Health.
2009;27:63-6.

252



191. Janz KF, Burns TL, Torner JC, Levy SM, Paulos R, Willing MC, et al.
Physical activity and bone measures in young children: the Iowa bone
development study. Pediatrics. 2001;107(6):1387-93.

192. Janz KF, Gilmore JM, Burns TL, Levy SM, Torner JC, Willing MC, et al.
Physical activity augments bone mineral accrual in young children: The Iowa
Bone Development study. Journal of Pediatrics. 2006;148(6):793-9.

193. Reilly JJ, Kelly L, Montgomery C, Williamson A, Fisher A, McColl JH, et
al. Physical activity to prevent obesity in young children: cluster randomised
controlled trial. British Medical Journal. 2006;333(7577):1041.

194. Snijders T, Bosker R. Multilevel Analysis: An Introduction to Basic and
Advanced Multilevel Modeling.1999.

195. Wong SL, Colley R, Connor Gorber S, Tremblay M. Actical accelerometer
sedentary activity thresholds for adults. Journal of Physical Activity and Health.
2011,8(4):587-91.

196. Reilly J]J, Coyle], Kelly L, Burke G, Grant S, Paton JY. An objective method
for measurement of sedentary behavior in 3- to 4-year olds. Obesity Research.
2003;11(10):1155-8.

197.  Van Cauwenberghe E, Jones RA, Hinkley T, Crawford D, Okely AD.
Patterns of physical activity and sedentary behaviour in preschool children.
International Journal of Behavioral Nutrition and Physical Activity. 2012;9:138.
198. Fukuda K, Sakashita Y. Sleeping Pattern of Kindergartners and Nursery
School Children: Function of Daytime Nap. Perceptual and Motor Skills.
2002;94(1):219-28.

199. Pattinson CL, Staton SL, Smith SS, Sinclair DM, Thorpe KJ. Emotional
Climate and Behavioral Management during Sleep Time in Early Childhood
Education Settings. Early Childhood Research Quarterly. 2014;29(4):660-8.

200. Ward TM, Gay C, Anders TF, Alkon A, Lee KA. Sleep and napping
patterns in 3-to-5-year old children attending full-day childcare centers. Journal
of Pediatric Psychology. 2008;33(6):666-72.

201. Byun W, Blair SN, Pate RR. Objectively measured sedentary behavior in
preschool children: comparison between Montessori and traditional preschools.
International Journal of Behavioral Nutrition and Physical Activity. 2013;10:2.
202. Dowda M, Pfeiffer KA, Brown WH, Mitchell JA, Byun W, Pate RR.
Parental and environmental correlates of physical activity of children attending
preschool. Archives of Pediatrics and Adolescent Medicine. 2011;165(10):939-44.
203. Cardon GM, De Bourdeaudhuij IM. Are preschool children active
enough? Objectively measured physical activity levels. Research Quarterly for
Exercise and Sport. 2008;79(3):326-32.

204.  Mullan K. Technology and Children’s Screen-Based Activities in the UK:
The Story of the Millennium So Far. Child Indicators Research. 2018;11(6):1781-
800.

205. Gupta N, Mathiassen SE, Mateu-Figueras G, Heiden M, Hallman DM,
Jorgensen MB, et al. A comparison of standard and compositional data analysis

253



in studies addressing group differences in sedentary behavior and physical
activity. International Journal of Behavioral Nutrition and Physical Activity.
2018;15(1):53.

206. O'Cathain A, Croot L, Duncan E, Rousseau N, Sworn K, Turner KM, et al.
Guidance on how to develop complex interventions to improve health and
healthcare. BM] Open. 2019;9(8):e029954.

207. Loprinzi PD, Trost SG. Parental influences on physical activity behavior
in preschool children. Preventive Medicine. 2010;50(3):129-33.

208. Trost SG, Sallis JF, Pate RR, Freedson PS, Taylor WC, Dowda M.
Evaluating a model of parental influence on youth physical activity. American
Journal of Preventive Medicine. 2003;25(4):277-82.

209. Fereday ], Muir-Cochrane E. Demonstrating Rigor Using Thematic
Analysis: A Hybrid Approach of Inductive and Deductive Coding and Theme
Development. International Journal of Qualitative Methods. 2006;5(1):80-92.

210. Roberts K, Dowell A, Nie J-B. Attempting rigour and replicability in
thematic analysis of qualitative research data; a case study of codebook
development. BMC Medical Research Methodology. 2019;19(1):66.

211. Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qualitative
Research in Sport, Exercise and Health. 2019;11(4):589-97.

212. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the
framework method for the analysis of qualitative data in multi-disciplinary
health research. BMC Medical Research Methodology. 2013;13(1):117.

213. Wiseman N, Rossmann C, Lee ], Harris N. "It's like you are in the jungle":
Using the draw-and-tell method to explore preschool children's play preferences
and factors that shape their active play. Health Promotion Journal of Australia.
2019;30 Suppl 1:85-94.

214. Lueder R, Rice V. Ergonomics for Children: Designing Products and
Places for Toddler to Teens.2008.

215. Lindsay AC, Greaney ML, Wallington SF, Mesa T, Salas CF. A review of
early influences on physical activity and sedentary behaviors of preschool-age
children in high-income countries. Journal for Specialists in Pediatric Nursing.
2017;22(3).

216. Kracht CL, Sisson SB. Sibling influence on children’s objectively measured
physical activity: a meta-analysis and systematic review. BMJ] Open.
2018;4(1):e000405.

217.  Ward S, Bélanger M, Donovan D, Boudreau J, Vatanparast H, Muhajarine
N, et al. “Monkey see, monkey do”: Peers' behaviors predict preschoolers'
physical activity and dietary intake in childcare centers. Preventive Medicine.
2017;97:33-9.

218. Rodrigues LP, Luz C, Cordovil R, Mendes R, Alexandre R, Lopes VP.
Siblings' Influence on the Motor Competence of Preschoolers. Children.
2021;8(3):204.

254



219. Kracht CL, Sisson SB, Guseman EH, Hubbs-Tait L, Arnold SH, Graef J, et
al. Difference in Objectively Measured Physical Activity and Obesity in Children
With and Without Siblings. Pediatric Exercise Science. 2019;31(3):348-55.

220. Ladd GW, Hart CH. Creating informal play opportunities: Are parents'
and preschoolers' initiations related to children's competence with peers?
Developmental Psychology. 1992;28(6):1179-87.

221. Miguel-Berges ML, Santaliestra-Pasias AM, Mouratidou T, Flores-
Barrantes P, Androutsos O, De Craemer M, et al. Parental perceptions, attitudes
and knowledge on European preschool children’s total screen time: the ToyBox-
study. European Journal of Public Health. 2019;30(1):105-11.

222. Madittda S, Kaukonen R, Vepsildinen H, Lehto E, Ylonen A, Ray C, et al.
The mediating role of the home environment in relation to parental educational
level and preschool children’s screen time: a cross-sectional study. BMC Public
Health. 2017;17(1):688.

223.  Wiseman N, Harris N, Downes M. Preschool children’s preferences for
sedentary activity relates to parent’s restrictive rules around active outdoor play.
BMC Public Health. 2019;19(1):946.

224, Marshall S], Jones DA, Ainsworth BE, Reis JP, Levy SS, Macera CA.
Race/ ethnicity, social class, and leisure-time physical inactivity. Medicine and
Science in Sports and Exercise. 2007;39(1):44-51.

225.  Cerin E, Leslie E. How socio-economic status contributes to participation
in leisure-time physical activity. Social Science & Medicine. 2008;66(12):2596-609.
226. Chuang R-], Sharma S, Skala K, Evans A. Ethnic Differences in the Home
Environment and Physical Activity Behaviors among Low-Income, Minority
Preschoolers in Texas. American Journal of Health Promotion. 2013,27(4):270-8.
227. Lindsay AC, Moura Arruda CA, Tavares Machado MM, De Andrade GP,
Greaney ML. Exploring how Brazilian immigrant mothers living in the USA
obtain information about physical activity and screen time for their preschool-
aged children: a qualitative study. BMJ Open. 2018;8(8):e021844.

228. Genadek KR, Hill R. Parents' Work Schedules and Time Spent with
Children. Community Work and Family. 2017;20(5):523-42.

229. Kim ]. Workplace Flexibility and Parent-Child Interactions Among
Working Parents in the U.S. Social Indicators Research. 2020;151(2):427-69.

230. Cook R, O’Brien M, Connolly S, Aldrich M, Speight S. Fathers’ Perceptions
of the Availability of Flexible Working Arrangements: Evidence from the UK.
Work, Employment and Society. 2020;0(0):0950017020946687.

231. Beets MW, Cardinal BJ, Alderman BL. Parental Social Support and the
Physical Activity-Related Behaviors of Youth: A Review. Health Education &
Behavior. 2010;37(5):621-44.

232.  Brockman R, Jago R, Fox KR, Thompson JL, Cartwright K, Page AS. "Get
off the sofa and go and play": Family and socioeconomic influences on the
physical activity of 10-11 year old children. BMC Public Health. 2009;9(1):253.

255



233. Lindsay AC, Wallington SF, Lees FD, Greaney ML. Exploring How the
Home Environment Influences Eating and Physical Activity Habits of Low-
Income, Latino Children of Predominantly Immigrant Families: A Qualitative
Study. International Journal of Environmental Research and Public Health.
2018;15(5):978.

234. Owen A, Anderson B. Informal community support for parents of pre-
school children: A comparative study investigating the subjective experience of
parents attending community-based toddler groups in different socio-economic
situations. Journal of Early Childhood Research. 2017;15(2):212-24.

235. Townley C. Playgroups: Moving in from the Margins of History, Policy
and Feminism. Australasian Journal of Early Childhood. 2018;43(2):64-71.

236. Lucas K, Stokes G, Bastiaanssen ], Burkinshaw J. Inequalities in Mobility
and Access in the UK Transport System: Foresight, Government Office for
Science; 2019 [Available from:
https:/ /assets.publishing.service.gov.uk/government/uploads/system/uploa
ds/attachment data/file/784685/future of mobility access.pdf.

237. Department for Transport. National Travel Survey 2019: Car or van
ownership:  Department for  Transport; 2020 [Available from:
https:/ /www.ethnicity-facts-figures.service.gov.uk/ culture-and-
community/transport/ car-or-van-ownership/latest.

238. Piccone C, D’Agostino EM. Targeting Youth Transportation Equity and
Self-Efficacy to Reduce Youth Physical Activity Disparities: A Novel Approach
for a Public Health 3.0 Agenda. American Journal of Public Health.
2021;111(5):795-8.

239. World Health Organization. Towards More Physical Activity in Cities:
Transforming public spaces to promote physical activity - a key contributor to
achieving the Sustainable Development Goals in Europe 2017. 2017 [Available
from: https:/ /www.euro.who.int/en/health-topics/ disease-
prevention/physical-activity /publications /2017 / towards-more-physical-
activity-transforming-public-spaces-to-promote-physical-activity-a-key-
contributor-to-achieving-the-sustainable-development-goals-in-europe-2017.
240. Office for National Statistics. One in eight British households has no
garden. 2020 [Available from:
https:/ /www.ons.gov.uk/economy /environmentalaccounts/articles/ oneineig
htbritishhouseholdshasnogarden/2020-05-14.

241. de Bell S, White M, Griffiths A, Darlow A, Taylor T, Wheeler B, et al.
Spending time in the garden is positively associated with health and wellbeing;:
Results from a national survey in England. Landscape and Urban Planning.
2020;200:103836.

242. Paris R, Dubus N. Staying Connected While Nurturing an Infant: A
Challenge of New Motherhood*. Family Relations. 2005;54(1):72-83.

243. Price SL, Aston M, Monaghan J, Sim M, Tomblin Murphy G, Etowa J, et
al. Maternal Knowing and Social Networks: Understanding First-Time Mothers’

256


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/784685/future_of_mobility_access.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/784685/future_of_mobility_access.pdf
https://www.ethnicity-facts-figures.service.gov.uk/culture-and-community/transport/car-or-van-ownership/latest
https://www.ethnicity-facts-figures.service.gov.uk/culture-and-community/transport/car-or-van-ownership/latest
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2017/towards-more-physical-activity-transforming-public-spaces-to-promote-physical-activity-a-key-contributor-to-achieving-the-sustainable-development-goals-in-europe-2017
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2017/towards-more-physical-activity-transforming-public-spaces-to-promote-physical-activity-a-key-contributor-to-achieving-the-sustainable-development-goals-in-europe-2017
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2017/towards-more-physical-activity-transforming-public-spaces-to-promote-physical-activity-a-key-contributor-to-achieving-the-sustainable-development-goals-in-europe-2017
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2017/towards-more-physical-activity-transforming-public-spaces-to-promote-physical-activity-a-key-contributor-to-achieving-the-sustainable-development-goals-in-europe-2017
https://www.ons.gov.uk/economy/environmentalaccounts/articles/oneineightbritishhouseholdshasnogarden/2020-05-14
https://www.ons.gov.uk/economy/environmentalaccounts/articles/oneineightbritishhouseholdshasnogarden/2020-05-14

Search for Information and Support Through Online and Offline Social
Networks. Qualitative Health Research. 2018;28(10):1552-63.

244.  Archer C, Kao K-T. Mother, baby and Facebook makes three: does social
media provide social support for new mothers? Media International Australia.
2018;168(1):122-39.

245.  Solomon-Moore E, Toumpakari Z, Sebire SJ, Thompson JL, Lawlor DA,
Jago R. Roles of mothers and fathers in supporting child physical activity: a cross-
sectional mixed-methods study. BMJ Open. 2018;8(1):e019732.

246. Goldscheider F, Bernhardt E, Lappegard T. The Gender Revolution: A
Framework for Understanding Changing Family and Demographic Behavior.
Population and Development Review. 2015;41(2):207-39.

247. Office for National Statistics. Families and the labour market, UK: 2019.
2019 [Available from:
https:/ /www.ons.gov.uk/employmentandlabourmarket/ peopleinwork/empl
oymentandemplovyeetypes/articles/familiesandthelabourmarketengland /2019.
248. Craig L, Mullan K. How Mothers and Fathers Share Childcare:A Cross-
National Time-Use Comparison. American Sociological Review. 2011;76(6):834-
61.

249. Craig L, Powell A. Dual-earner parents’ work-family time: the effects of
atypical work patterns and non-parental childcare. Journal of Population
Research. 2012;29(3):229-47.

250. Schwanen T, Kwan M-P, Ren F. The Internet and the gender division of
household labour. The Geographical Journal. 2014;180(1):52-64.

251. Geddes, Allen ], Allen M, Morrisey L. The Marmot Review: Implications
for Spatial Planning. 2011.

252.  Umstattd Meyer MR, Bridges CN, Schmid TL, Hecht AA, Pollack Porter
KM. Systematic review of how Play Streets impact opportunities for active play,
physical activity, neighborhoods, and communities. BMC Public Health.
2019;19(1):335.

253. Committee on Environmental Health. The Built Environment: Designing
Communities to Promote Physical Activity in Children. Pediatrics.
2009;123(6):1591-8.

254. Xu H, Wen LM, Hardy LL, Rissel C. Mothers” Perceived Neighbourhood
Environment and Outdoor Play of 2- to 3.5-Year-Old Children: Findings from the
Healthy Beginnings Trial. International Journal of Environmental Research and
Public Health. 2017;14(9):1082.

255.  Weir LA, Etelson D, Brand DA. Parents' perceptions of neighborhood
safety and children's physical activity. Preventive Medicine. 2006;43(3):212-7.
256. Hastings A, Flint ], McKenzie C, Mills C. Cleaning up neighbourhoods:
Environmental problems and service provision in deprived and more affluent
neighbourhoods. 2005.

257.  Cuthbertson P. Poverty and Crime: Why a new war on criminals would
help the poor most.; 2018.

257


https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/familiesandthelabourmarketengland/2019
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/familiesandthelabourmarketengland/2019

258. O’Toole SE, Christie N. Deprivation and road traffic injury comparisons
for 4-10 and 11-15 year-olds. Journal of Transport & Health. 2018;11:221-9.

259.  YMCA. Out of Service: A report examining local authority expenditure on
youth services in England and Wales, January 2020. 2020 [Available from:
https:/ /www.ymca.org.uk/youth-services-campaign.

260. Rutter H, Savona N, Glonti K, Bibby J, Cummins S, Finegood DT, et al. The
need for a complex systems model of evidence for public health. The Lancet.
2017;390(10112):2602-4.

261. Moore GF, Evans RE, Hawkins J, Littlecott H, Melendez-Torres GJ, Bonell
C, et al. From complex social interventions to interventions in complex social
systems: Future directions and unresolved questions for intervention
development and evaluation. Evaluation (Lond). 2019;25(1):23-45.

262. United Nations Children's Fund (UNICEF), World Health Organization
(WHO), International Bank for Reconstruction and Development/The World
Bank. Levels and trends in child malnutrition: UNICEF-WHO-World Bank
Group Joint Child Malnutrition Estimates. UNICEF: New York, WHO: Geneva,
World Bank: Washington DC; 2018.

263. World Health Organization. Report of the commission on ending
childhood obesity. WHO: Geneva; 2016.

264. Haire-Joshu D, Nanney MS. Prevention of overweight and obesity in
children: influences on the food environment. The Diabetes Educator.
2002;28(3):415-23.

265. Baranowski T, Domel S, Gould R, Baranowski J, Leonard S, Treiber F, et
al. Increasing fruit and vegetable consumption among 4th and 5th grade
students: results from focus groups using reciprocal determinism. Journal of
Nutrition Education. 1993;25(3):114-20.

266. Baranowski T, Cullen KW, Baranowski J. Psychosocial correlates of
dietary intake: advancing dietary intervention. Annual Review of Nutrition.
1999;19:17-40.

267. Dempsey JM, Kimiecik JC, Horn TS. Parental Influence on Children’s
Moderate to Vigorous Physical Activity Participation: An Expectancy-Value
Approach. Pediatric Exercise Science. 1993;5(2):151-67.

268. Mazarello Paes V, Ong KK, Lakshman R. Factors influencing obesogenic
dietary intake in young children (0-6 years): systematic review of qualitative
evidence. BMJ Open. 2015;5(9):e007396.

269. Henderson KE, Grode GM, O'Connell ML, Schwartz MB. Environmental
factors associated with physical activity in childcare centers. International
Journal of Behavioral Nutrition and Physical Activity. 2015;12:43.

270.  World Health Organization. WHO Expert Consultation on Public Health
Intervention against Early Childhood Caries: report of a meeting, Bangkok,
Thailand, 26-28 January 2016. WHO: Geneva; 2017.

258


https://www.ymca.org.uk/youth-services-campaign

271. Castilho AR, Mialhe FL, Barbosa Tde S, Puppin-Rontani RM. Influence of
family environment on children's oral health: a systematic review. Jornal de
Pediatria. 2013;89(2):116-23.

272.  National Statistics. Education provision: children under 5 years of age,
January 2017. London: Department for Education; 2017.

273.  Wright JA, Adams WG, Laforge RG, Berry D, Friedman RH. Assessing
parental self-efficacy for obesity prevention related behaviors. International
Journal of Behavioral Nutrition and Physical Activity. 2014;11:53.

274. Strecher V], DeVellis BM, Becker MH, Rosenstock IM. The role of self-
efficacy in achieving health behavior change. Health Education Quarterly.
1986;13(1):73-92.

275.  Gunnarsdottir T, Njardvik U, Olafsdottir AS, Craighead LW, Bjarnason R.
The role of parental motivation in family-based treatment for childhood obesity.
Obesity (Silver Spring). 2011;19(8):1654-62.

276. Miller WR, Rollnick S. Motivational Interviewing: Preparing People to
Change Addictive Behavior. New York: Guilford Publications; 1991.

277. Mabiala Babela JR, Nika ER, Nkounkou Milandou KG, Missambou
Mandilou SV, Bouangui Bazolana SB, Monabeka HG, et al. Knowledge,
Attitudes, and Practices of Parents Facing Child and Adolescent Obesity in
Brazzaville, Congo. Global Pediatric Health. 2016,3:2333794X16675546.

278. Lawlor DA, Howe LD, Anderson EL, Kipping RR, Campbell R, Wells S, et
al. The Active for Life Year 5 (AFLY5) school-based cluster randomised
controlled trial: effect on potential mediators. BMC Public Health. 2016;16:68.
279. Children's Food Trust. Voluntary food and drink guidelines for early
years settings in England - a practical guide. Sheffield: Children's Food Trust;
2012.

280. Bland JM, Altman DG. Statistics Notes: Cronbach's alpha. British Medical
Journal. 1997;314(7080):572.

281. Cohen J. Weighted kappa: nominal scale agreement with provision for
scaled disagreement or partial credit. Psychological bulletin. 1968;70(4):213-20.
282. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-74.

283. de Vet HCW, Terwee CB, Mokkink LB, Knol DL. Measurement in
Medicine: A Practical Guide: Cambridge University Press; 2011.

284. Vereecken C, De Pauw A, Van Cauwenbergh S, Maes L. Development and
test-retest reliability of a nutrition knowledge questionnaire for primary-school
children. Public Health Nutrition. 2012;15(9):1630-8.

285.  Whittaker KA, Cowley S. Evaluating health visitor parenting support:
validating outcome measures for parental self-efficacy. Journal of Child Health
Care. 2006;10(4):296-308.

286. Leung C, Lo SK. Validation of a questionnaire to measure mastery
motivation among Chinese preschool children. Research in Developmental
Disabilities. 2013;34(1):234-45.

259



287.  Finlayson TL, Siefert K, Ismail Al, Delva ], Sohn W. Reliability and validity
of brief measures of oral health-related knowledge, fatalism, and self-efficacy in
mothers of African American children. Pediatric Dentistry. 2005;27(5):422-8.

288. Department for Education. Survey of Childcare and Early Years
Providers, England, 2016. London: Department for Education; 2017.

289. Hohwu L, Lyshol H, Gissler M, Jonsson SH, Petzold M, Obel C. Web-
based versus traditional paper questionnaires: a mixed-mode survey with a
Nordic perspective. Journal of Medical Internet Research. 2013;15(8):e173.

290. Braekman E, Berete F, Charafeddine R, Demarest S, Drieskens S, Gisle L,
et al. Measurement agreement of the self-administered questionnaire of the
Belgian Health Interview Survey: Paper-and-pencil versus web-based mode.
PLoS ONE. 2018;13(5):e0197434.

291. Kleinman L, Leidy NK, Crawley ], Bonomi A, Schoenfeld P. A
comparative trial of paper-and-pencil versus computer administration of the
Quality of Life in Reflux and Dyspepsia (QOLRAD) questionnaire. Medical Care.
2001;39(2):181-9.

292.  Flinchum BM. Motor Development in Early Childhood: A Guide for
Movement Education with Ages 2 to 6: Mosby; 1975.

293. Newell KM, editor Physical constraints to development of motor
skills1984; Minneapolis, MN: Burgess.

294. Kalat JW. Biological Psychology (12th Edition): Cengage Learning; 2015.
295. Kolb B, Whishaw IQ. An Introduction to Brain and Behavior: Worth
Publishers; 2010.

296. TrostSG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al. Age
and gender differences in objectively measured physical activity in youth.
Medicine and Science in Sports and Exercise. 2002;34(2):350-5.

297. Pearce MS, Basterfield L, Mann KD, Parkinson KN, Adamson A]J, Reilly J].
Early predictors of objectively measured physical activity and sedentary
behaviour in 8-10 year old children: the Gateshead Millennium Study. PLoS
ONE. 2012;7(6):€37975.

298. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U.
Global physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet. 2012;380(9838):247-57.

299. Kaplan MS, Newsom JT, McFarland BH, Lu L. Demographic and
psychosocial correlates of physical activity in late life. American Journal of
Preventative Medicine. 2001,21(4):306-12.

300. Thomas JR, Thomas KT. Development of Gender Differences in Physical
Activity. Quest. 1988;40(3):219-29.

301. Garcia C. Gender Differences in Young Children's Interactions When
Learning Fundamental Motor Skills. Research Quarterly for Exercise and Sport.
1994;65(3):213-25.

302. McIntyre MH, Edwards CP. The Early Development of Gender
Differences. Annual Review of Anthropology. 2009;38(1):83-97.

260



303. Sebire S, Jago R, Banfield K, Edwards MJ, Campbell R, Kipping R, et al.
Results of a feasibility cluster randomised controlled trial of a peer-led school-
based intervention to increase the physical activity of adolescent girls (PLAN-A).
International Journal of Behavioral Nutrition and Physical Activity.
2018;15(1):50.

304. Demetriou Y, Vondung C, Bucksch ], Schlund A, Schulze C, Knapp G, et
al. Interventions on children’s and adolescents’ physical activity and sedentary
behaviour: protocol for a systematic review from a sex/gender perspective.
Systematic Reviews. 2019;8(1):65.

305. Murtagh EM, Barnes AT, McMullen ], Morgan P]. Mothers and teenage
daughters walking to health: using the behaviour change wheel to develop an
intervention to improve adolescent girls' physical activity. Public Health.
2018;158:37-46.

306. Cardon G, Van Cauwenberghe E, Labarque V, Haerens L, De
Bourdeaudhuij I. The contribution of preschool playground factors in explaining
children's physical activity during recess. International Journal of Behavioral
Nutrition and Physical Activity. 2008;5(1):11.

307. Kieslinger K, Wartha O, Pollatos O, Steinacker JM, Kobel S. Parental Self-
Efficacy-A Predictor of Children's Health Behaviors? Its Impact on Children's
Physical Activity and Screen Media Use and Potential Interaction Effect Within a
Health Promotion Program. Frontiers in Psychology. 2021;12:712796.

308. Sur MH, Kim S-Y, Zittel L, Gilson TA. Parental Self-Efficacy and Practices
in Physical Activity of Young Children with and without Disabilities. Journal of
Child and Family Studies. 2021;30(6):1567-76.

309. Naisseh M, Martinent G, Ferrand C, Hautier C. Relationship between
Parents' Motivation for Physical Activity and Their Beliefs, and Support of Their
Children's Physical Activity: A Cluster Analysis. Psychological Reports.
2015;117(1):230-43.

310. Fox K, Dalton N, Boldy A, Khalil M, Scully P, O’Gorman C. P511 Parental
knowledge of physical activity guidelines and levels of physical activity in
children. Archives of Disease in Childhood. 2019;104:A358-A.

311. Marmot M. Fair society, healthy lives : the Marmot Review : strategic
review of health inequalities in England post-2010. 2010(ISBN 9780956487001).
312. Love R, Adams ], Atkin A, van Sluijs E. Socioeconomic and ethnic
differences in children’s vigorous intensity physical activity: a cross-sectional
analysis of the UK Millennium Cohort Study. BMJ Open. 2019;9(5):e027627.

313. Isong IA, Rao SR, Bind M-A, Avendafio M, Kawachi I, Richmond TK.
Racial and Ethnic Disparities in Early Childhood Obesity. Pediatrics. 2018;141(1).
314. Stott P. How climate change affects extreme weather events. Science.
2016;352(6293):1517-8.

315. Bornstein DB, Beets MW, Byun W, Welk G, Bottai M, Dowda M, et al.
Equating accelerometer estimates of moderate-to-vigorous physical activity: in

261



search of the Rosetta Stone. Journal of Science and Medicine in Sport.
2011;14(5):404-10.

316. Ravagnani FCP, Coelho-Ravagnani CF, Brazendale K, Weaver RG,
Bornstein DB, Beets MW. Application of the Rosetta Stone to understand how
much MVPA preschoolers accumulate: A systematic review. Journal of Science
and Medicine in Sport. 2017;20(9):849-55.

317. Brazendale K, Beets MW, Bornstein DB, Moore JB, Pate RR, Weaver RG,
et al. Equating accelerometer estimates among youth: The Rosetta Stone 2.
Journal of Science and Medicine in Sport. 2016;19(3):242-9.

318. Brazendale K, Beets MW, Rowlands AV, Chandler JL, Fairclough SJ,
Boddy LM, et al. Converting between estimates of moderate-to-vigorous physical
activity derived from raw accelerations measured at the wrist and from
ActiGraph counts measured at the hip: the Rosetta Stone. Journal of Sports
Sciences. 2018;36(22):2603-7.

319. Tremblay MS. Introducing 24-Hour Movement Guidelines for the Early
Years: A New Paradigm Gaining Momentum. Journal of Physical Activity and
Health. 2020;17(1):92-5.

320. Ding D. Surveillance of global physical activity: progress, evidence, and
future directions. The Lancet Global Health. 2018;6(10):e1046-e7.

321. Lee BY, Bartsch SM, Mui Y, Haidari LA, Spiker ML, Gittelsohn J. A
systems approach to obesity. Nutrition Reviews. 2017;75:94-106.

322. Bagnall A-M, Radley D, Jones R, Gately P, Nobles J, Van Dijk M, et al.
Whole systems approaches to obesity and other complex public health
challenges: a systematic review. BMC Public Health. 2019;19(1):8.

323. Hall ], Bingham DD, Seims A, Dogra SA, Burkhardt J, Nobles ], et al. A
whole system approach to increasing children’s physical activity in a multi-
ethnic UK city: a process evaluation protocol. BMC Public Health.
2021;21(1):2296.

324. Ferrant G, Maria Pesando L, Nowacka K. Unpaid Care Work: The missing
link in the analysis of gender gaps in labour outcomes. 2014.

325. Howe KR. A Critique of Experimentalism. Qualitative Inquiry.
2004;10(1):42-61.

326. Kipping R, Langford R, Brockman R, Wells S, Metcalfe C, Papadaki A, et
al. Child-care self-assessment to improve physical activity, oral health and
nutrition for 2- to 4-year-olds: a feasibility cluster RCT. Public Health Research.
2019;7:13.

327. Blasquez Shigaki G, L. Barbosa CC, Batista MB, Romanzini CLP,
Gongalves EM, Serassuelo Junior H, et al. Tracking of health-related physical
titness between childhood and adulthood. American Journal of Human Biology.
2020;32(4):e23381.

328. Kwon S, Tandon PS, O'Neill ME, Becker AB. Cross-sectional association
of light sensor-measured time outdoors with physical activity and gross motor

262



competency among U.S. preschool-aged children: the 2012 NHANES National
Youth Fitness Survey. BMC Public Health. 2022;22(1):833.

329. Biadgilign S, Gebremichael B, Abera A, Moges T. Gender Difference and
Correlates of Physical Activity Among Urban Children and Adolescents in
Ethiopia: A Cross-Sectional Study. Frontiers in Public Health. 2022;10.

330. Nobre JNP, Morais RLDS, Prat BV, Fernandes AC, Viegas AA, Figueiredo
PHS, et al. Physical environmental opportunities for active play and physical
activity level in preschoolers: a multicriteria analysis. BMC Public Health.
2022;22(1):340.

331. Kariippanon KE, Chong KH, Janssen X, Tomaz SA, Ribeiro EHC,
Munambah N, et al. Levels and Correlates of Objectively Measured Sedentary
Behavior in Young Children: SUNRISE Study Results from 19 Countries.
Medicine and Science in Sports and Exercise. 2022;54(7):1123-30.

332. Segura-Martinez P, Molina-Garcia J, Queralt A, del Mar Bernabé-Villodre
M, Martinez-Bello DA, Martinez-Bello VE. An Indoor Physical Activity Area for
Increasing Physical Activity in the Early Childhood Education Classroom: An
Experience for Enhancing Young Children's Movement. Early Childhood
Education Journal. 2021;49(6):1125-39.

333. Woodfield L, Tatton A, Myers T, Powell E. Predictors of children’s
physical activity in the early years foundation stage. Journal of Early Childhood
Research. 2022;20(2):199-213.

334. Collings PJ, Blackwell JE, Pal E, Ball HL, Wright J. Associations of diarised
sleep onset time, period and duration with total and central adiposity in a
biethnic sample of young children: the Born in Bradford observational cohort
study. BMJ Open. 2021;11(5):e044769.

335. Turrisi TB, Bittel KM, West AB, Hojjatinia S, Hojjatinia S, Mama SK, et al.
Seasons, weather, and device-measured movement behaviors: a scoping review
from 2006 to 2020. International Journal of Behavioral Nutrition and Physical
Activity. 2021;18(1):24.

336. Slaton A, Kowalski AJ, Zemanick A, Pulling Kuhn A, Hager ER, Black
MM. Motor Competence and Attainment of Global Physical Activity Guidelines
among a Statewide Sample of Preschoolers. International Journal of
Environmental Research and Public Health. 2020;17(22):8546.

337. Ellis M, Pant PR. Global Community Child Health. International Journal
of Environmental Research and Public Health. 2020;17(9):3331.

338. Fukushima N, Abe T, Kitayuguchi J, Tanaka C, Amagasa S, Kikuchi H, et
al. Adherence to the Japanese Physical Activity Guideline During Early
Childhood Among Rural Preschoolers: A Cross-sectional Study. Journal of
Epidemiology. 2021;31(3):194-202.

339. Wallace DD, Han B, Cohen DA, Derose KP. The Effects of Park-Based
Interventions on Health-Related Outcomes Among Youth: A Systematic Review.
American Journal of Health Promotion. 2022;36(6):1029-44.

263



340. Roukas C, Syred ], Gordeev VS, Norton C, Hart A, Mihaylova B.
Development and test-retest reliability of a new, self-report questionnaire
assessing healthcare use and personal costs in people with inflammatory bowel
disease: the Inflammatory Bowel Disease Resource Use Questionnaire (IBD-
RUQ). Frontline Gastroenterology. 2022:flgastro-2022-102182.

341. Rapson ], Conlon C, Beck K, von Hurst P, Ali A. The Development of a
Psychometrically Valid and Reliable Questionnaire to Assess Nutrition
Knowledge Related to Pre-Schoolers. Nutrients. 2020;12(7):1964.

342. Rapson J, Conlon C, Ali A. Nutrition Knowledge and Perspectives of
Physical Activity for Pre-Schoolers amongst Early Childhood Education and
Care Teachers. Nutrients. 2020;12(7):1984.

343. Nathan A, Adams E, Trost S, Cross D, Schipperijn J, McLaughlin M, et al.
Evaluating the effectiveness of the Play Active policy intervention and
implementation support in early childhood education and care: a pragmatic
cluster randomised trial protocol. BMC Public Health. 2022;22(1):306.

344. Pastor-Cisneros R, Carlos-Vivas J, Adsuar JC, Barrios-Fernandez S, Rojo-
Ramos ], Vega-Mufioz A, et al. Spanish Translation and Cultural Adaptation of
the Canadian Assessment of Physical Literacy-2 (CAPL-2) Questionnaires.
International Journal of Environmental Research and Public Health.
2022;19(14):8850.

264



Appendices

Appendix 1: Literature review search strategy

Topic

Search

Preschool aged
children

Child, Preschool/ or Child/ or Infant/

(child* or preschool* or infant* or toddler* or kid* or nurser* or
playschool® or kindergarten* or prekindergarten®).ti,ab,kw.

lor2

Physical activity
and sedentary time

Accelerometry/ or Exercise/ or Locomotion/ or Physical
Exertion/ or Physical Endurance/ or Physical Exertion/ or
Sedentary Lifestyle/

(acceleromet* or physical* activ* or inactiv* or exercis* or fitness
or physical* fit* or physical exert* or indoor activit* or outdoor
activit* or active lifestyle or Ipa or mvpa or sedentary*).ti,ab,kw.

4or5

Correlates and
determinants

Epidemiology/ or Geographic Locations/ or Population Groups/
or Socioeconomic Factors/ or Maternal Deprivation/ or Paternal
Deprivation/ or Family Characteristics/ or Sex Characteristics/
or Age Factors/ or Time Factors/ or Maternal Behavior/ or
Paternal Behavior/ or Social Environment/ or Environment
Design/ or Attitude to Health/ or "Social Determinants of
Health"/ or Culture/ or Motivation/ or Self Efficacy/

(countr* or socioeconomic* or sociodemographic* or deprivation
or gender or sex or age or time of day or parent* physical activit*
or environment or environment* factor* or determinant* or
correlat* or factor* or predict* or associat* or interaction* or
influence* or temperament or belief* or attitude* or knowledge or
perception* or view* or intention* or motivation or self-efficacy or
facilitator* or barrier* or experience* or prevent* or reduc* or
increas® or promot*).ti,ab,kw.

7or8

Systematic reviews
and meta-analyses

10

"Review Literature as Topic"/ or Evidence-Based Practice/

11

((overview$ or review or synthesis or summary or cochrane

or analysis) and (reviews or meta-analyses or

articles)).ti. or (meta-review or metareview).ti,ab. or ((overview$
or reviews) and (systematic or cochrane)).ti. or (reviews ad;j2
(meta or published or quality or included or summar$)).ab. or
cochrane reviews.ab. or (evidence and (reviews or meta-
analyses)).ti.

12

10 or 11

Correlates and
determinants of
physical activity
and sedentary time
preschool-aged
children

13

3 and 6 and 9 and 12
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Appendix 2: Summary of systematic and narrative reviews looking at the correlates and determinants of physical activity and/or sedentary time in

preschool-aged children, using the PRISMA guidelines

Title: Physical
Activity During
the Early Years: A
Systematic Review
of Correlates and
Determinants

Objectives: To
synthesize studies
investigating
potential
correlates and
determinants of

English; 3. Published in a
peer-reviewed journal; 4.
Explore potential
associations between PA
as a quantitatively
measured outcome
variable and independent
variable/s; and

5. Have a sample (or
subgroup) aged 0-6 years
not in statutory/ school
education.

Information Sources: Web

study,

only data from the most valid instrument
were included. If validity data were not
reported, the result from the most
objective method was chosen. If two
measures were used for separate
outcomes, separate associations were
included. Studies that used different PA
contexts are highlighted in Appendices
of reference. Results taken from bivariate
and multivariate analyses were included
together and marked accordingly. If
potential correlates and determinants of
MPA and VPA were reported separately

Title, Protocol and Eligibility Criteria,
L Information Sources and Data Items and Synthesis Methods Results, Conclusions and Limitations
Objectives .
Study Selection
Bingham et al Inclusion: 1. Observational | Data Items: If more than one instrument | Study Selection: 130 papers were included. Flowchart available in
(2016) design; 2. Written in measured the same PA outcome in a Figure 1 in the reference.

Study Characteristics: A large number of studies were conducted
in the U.S. (n=52, 40%). The age of participants within studies
ranged from 0.590 to 5.95 years (mean, 4.3 years). Four studies
(3%) investigated potential correlates of PA with infants, 35 (27%)
with toddlers, and 92 (70%) with preschoolers. Sample sizes
ranged from 2061 to 10,69453 (median, 208). Studies investigated
between one and 5179 potential correlates (median, 3). Most
studies (n=104, 80%) used objective measurements of PA,
including: accelerometers (n=80, six determinant studies), direct
observation (n=13, two determinant studies), pedometers (n=7),
doubly labelled water (n=2), and heart rate monitoring (n=1).
Twenty-four studies (one determinant study) used parental proxy-
report. Of the nine high-quality studies, six (67%) used

TPA, MVPA, and of Science, SCOPUS, but in the same direction, the results accelerometers, one (11%) used doubly labelled water, one used
LPA in children SPORTDiscus, PubMed, were combined for one overall proxy-report, and one used accelerometer plus proxy-report.
during the early Cochrane, ProQuest, association with MVPA. This same
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years and
investigate
potential
differences in
associations by
measurement
method

PsycINFO, Embase, and
CINAHL

Search: Key words relating
to behavior(s) (i.e.,
physical activity, exercise,
play, physical fitness,
physical inactivity,
sedentary, sport, health
behavior, motor
movement) in conjunction
with population (i.e., child,
children, kindergarten,
preschool, early years,
infant, toddler) were used
for the search. Authors’
bibliographies and papers
that had cited the De
Craemer et al and Hinkley
et al reviews were also
searched.

Study Selection: One
author undertook the
initial search of article
titles. Two researchers
then independently
screened the article

process was used to report associations
of potential correlates/determinants with
TPA: If associations of a variable with
LPA, moderate PA, and vigorous PA
were reported separately, but in the same
direction, the results were combined. If
an association was found for one
intensity of PA (e.g., vigorous PA) but
not the other (e.g., moderate PA),
associations were reported separately.

Risk of Bias: Two authors independently
assessed study quality using criteria
adapted from the CONSORT and
STROBE statements. A score for each
study was completed on a 6-point scale
by assigning a value of 0 (absent or
insufficiently described) or 1 (present or
clearly described) to six questions (see
reference). Studies scoring 0-2 were
regarded as low quality/high risk of
bias; studies scoring 3-4 were considered
moderate quality/risk of bias; and
studies scoring 5-6 were considered high
quality/low risk of bias.

Synthesis Methods and Summary
Measures: For correlates, if the

Risk of Bias: The intra-class correlation coefficient between the
reviewers’ quality scores was 0.97. Appendix 2 of the reference
outlines the quality score (low, moderate, high) for each study. A
total of 122 (93%) adequately described eligibility criteria, 103
(79%) adequately described their process of randomly selecting
participants, 25 (19%) adequately described their assessment of
PA, and 38 (29%) adequately described their assessment of
correlates/determinants. No studies reported the use of a power
calculation, whereas 90 (69%) reported the number of participants
with complete measures. Nine (6%) studies were identified as high
quality, two of which were determinant studies; 78 (60%) were
classified as moderate quality of which six were determinant
studies; and 43 (33%) were classified as low quality with only one
determinant study (Appendix 2 of reference).

Results of Individual Studies: Available in Tables 1-3 and
Appendices in reference.

Synthesis of Results and Summary: Correlates of total PA were sex
(male, ++); parental PA (+); parental support (+); and time
outdoors (+). Determinants of total PA were sex (+) and time spent
playing with parents (+). The only correlate of moderate to
vigorous PA was sex (male, ++). No determinants of moderate to
vigorous or light PA were found. PA correlates/ determinants
were relatively consistent between objective and subjective PA
measures.
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abstracts. Any
discrepancies between the
reviewers were discussed
until consensus was
achieved. If consensus
could not be achieved,
further discussion was
undertaken with a third
reviewer (SEB) to achieve
consensus.

Data Collection: The above
process was repeated
when reviewing the full
articles. Data extraction
was undertaken using
standardized forms (see
Appendices of reference).

association with PA was tested four or
fewer times, no classification was graded.
If four or more studies had tested an
association, and 0%-33% reported
significant associations in a
positive/negative direction, the result
was categorized as no association (0). If
34%-59% reported significant
associations in a consistent direction, the
result was categorized as inconsistent (?).
If 60%-100% reported a significant
association in a consistent direction, the
result was coded as (+) for positive or (-)
for negative associations. For
determinants, a classification was graded
even if the potential association was
assessed four or fewer times. The
following coding procedure was used to
incorporate the quality assessment
outlined by Costigan et al. and Lubans et
al: If 60%-100% of high-quality studies
reported consistent findings (positive,
negative, or null association), the result
was coded as strong evidence in that
direction (++,--,00). A potential
correlate/ determinant was considered a
correlate/determinant when a positive or

Limitations: Small number of identified longitudinal studies, with
findings largely based on cross-sectional research. Exclusion of
non-English publications may in part account for the lack of
studies found in low- and middle-income countries.

Conclusions: Few studies of potential correlates/determinants of
PA in the early years are of high quality. Studies included in the
review focused predominantly on demographic/biological and
social/cultural correlates and determinants. Future research
should focus on: 1. Improved reporting of measurement methods
so study quality can be accurately assessed; 2.

Longitudinal / prospective studies to assess temporal associations
(determinants); 3. Additional ecologic domains relevant for PA
early in life (e.g., policies, macroeconomics); and 4. The inter-
relationship of constructs within and between domains.
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negative association (+,++,-,--) was
found.

De Craemer et al
(2012)

Title: Correlates of
energy balance-
related behaviours
in preschool
children: a
systematic review

Objectives: To
systematically
review the
correlates of
physical activity,
sedentary
behaviour and
eating behaviour
in children
between 4 and 6
years-old.

Inclusion: (a) studies that
examined correlates or
determinants of one of
three behaviours: PA, ST
or eating behaviour; (b)
age range or mean age of
children between 4 and 6
years-old, or results for
preschoolers extracted
separately; and (c) only
full text articles, written in
English. Exclusion: (a)
reviews; (b) non-human
studies; (c) studies
addressing other
behaviours and (d) studies
addressing clinical
populations.

Information Sources:
PubMed. The reference
sections of the included
articles were manually
searched, and relevant
articles were included. The
search was conducted in

Data Items, Synthesis Methods and
Summary Measures: The following
scoring system was used to evaluate the
associations between the correlates and
PA: 0 (0-33% of studies supporting
association, result was defined as no
association); ? (34%-59% of studies
supporting an association, indeterminate
finding); + or - (60%-100% of studies
supporting an association, positive/
negative association); ++, - - or 00 (where
four or more studies supported an
overall association, the result was coded
as positive, negative or no association).
The correlates of PA and ST were
classified across four domains using the
social-ecological framework (i)
demographic and biological variables; (ii)
behavioural variables; (iii) social and
cultural variables and (iv) physical
environmental variables. New categories
for each behaviour were made: for PA,
there was (i) total physical activity; (ii)
MVPA; (iii) active transportation
combining active transport and walking
or cycling more than three times a week

Study Selection: 43 papers were included. Flowchart available in
Figure 1 in the reference.

Study Characteristics: Study designs included cross-sectional,
longitudinal, and intervention. Most of the studies were conducted
in the USA and the rest were conducted in Australia, Greece,
Belgium, Canada, Scotland, New Zealand, Denmark and Turkey.
Studies were published from 1990 onwards. Methods of data
collection included parent questionnaires/ survey / diary,
accelerometer, pedometer, direct observation and interviews. The
sample size varied from 46 to 5652 participants.

Risk of Bias: None.

Results of Individual Studies: Available in Tables 3-7 in the
reference.

Synthesis of Results and Summary: Correlates of PA: Fifteen
demographic and biological variables were investigated across 20
studies. Four behavioural variables were investigated across seven
studies. Twenty-six social and cultural variables were investigated
across 12 studies. Forty-seven physical environmental variables
were investigated across 15 studies. >Four studies: No association
between gender, age or equipment with TPA. No association
between age or SES with MVPA and boys spent more time in
MVPA than girls. <Four studies: Please see Tables 3- 5 in the
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August and September
2010.

Search: Search strategy
available in Table 1 in the
reference. Behaviour
keywords were combined
with age-related keywords
and exclusion terms.

Study Selection: Titles and
abstracts were screened for
potential correlates of PA,
ST or eating behaviour by
the two researchers
independently. During a
second screening, the
remaining papers were
read by the same
researchers to come to the
final selection and these
papers were included in
the review after
deliberation.

and (iv) PA during recess. For ST, the
category was named screen viewing
activities and was a combination of
television viewing, DVD/ video viewing,
playing electronic games, computer use
and total media time.

reference for the associations between correlates and TPA, MVPA
and active transport/ PA during recess respectively. Correlates of
ST: Twelve demographic and biological variables of screen
viewing in preschool children were investigated across 13 studies.
Ten behavioural variables were investigated across six studies.
Twelve social and cultural variables were investigated across six
studies. Seven physical environmental variables were investigated
across eight studies. 2Four studies: No association between gender
or family conflict and ST. <Four studies: Please see Table 6 in the
reference for the associations between correlates and ST.

Limitations: Small number of studies and stratification of gender
and behaviours producing different results.

Conclusions: Strategies aiming to influence EBRBs in 4-6 year-olds
should target both boys and girls, all ethnic groups and parents of
both low and high SES. On weekdays, there should be a focus on
maintaining PA levels and decreasing ST levels. On weekends, the
focus should be on increasing PA levels. Future studies should
investigate similar correlates of PA, ST and eating behaviour.
Future research should also be on interventions to predict whether
interventions targeting these correlates will have an impact.

Hesketh et al
(2017)

Inclusion: (a) Longitudinal
observational study, RCT
or controlled trial (CT); (b)
quantified a within child

Data Items: First author; publication
year; country; study design, setting and
population; baseline descriptive
characteristics; PA measurement and

Study Selection: 44 papers were included. Flowchart available in
Figure 1 in the reference.
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Title:
Determinants of
Change in
Physical Activity
in Children 0-6
years of Age: A
Systematic Review
of Quantitative
Literature

Protocol: Protocol
for systematic
reviews of
determinants/
correlates of
obesity related
dietary and
physical activity
behaviors in
young children
(preschool 0 to 6
years): evidence
mapping and
syntheses.
Prospective
Register for
Systematic
Reviews

change in PA behaviour
(as primary/ secondary
outcome in interventions);
(c) assessed at least one
potential determinant of
change; (d) children aged
between 0-6 years at
baseline; (e) studies
assessing PA using
objective or subjective
measures; (f) any
language; (g) published
full texts. Exclusion: (a)
Clinical populations; (b)
non-human studies; (c)
quantitative cross-
sectional studies; (d)
qualitative studies; and (e)
laboratory-based studies.

Information Sources:
MEDLINE, Embase (via
OVID), CINAHL,
PsycINFO (via EBSCO),
Web of Knowledge (via
Thomson Reuters), British
Nursing Index (BNI),
Applied Social Sciences

outcome; potential determinants; method
of analysis; duration of follow up; loss to
follow up; and results. When more than
one PA intensity reported they reported
TPA/ counts per epoch followed by
MVPA, LPA and MPA/ VPA. In some
studies PA was only assessed during
specific periods. Elements targeted in the
interventional studies were extracted as
potential determinants of change in PA;
including sub samples and stratifications
(largest time period when stratified by
time of day). Differences for longitudinal
studies, the latest data available before
the children were 6 years-old were
included. Where possible, results of
multivariable rather than univariable
models were included.

Risk of Bias: Adapted critical appraisal
assessment criteria found in Electronic
Supplementary Material Table S2 in the
reference. Criteria included: sample
representativeness; size and retention;
use of objective exposure and outcome
measures; appropriateness of analysis
strategy; and RCT randomisation
method. Scores out of 6 (7 for RCTs) were

Study Characteristics: Study characteristics available in Tables 1-3
in the reference. 44 papers included for review (42 study samples:
four prospective cohort and 38 intervention studies). Apart from
one, all papers were published after 2003. Study samples
originated in the USA, Australasia and Europe. Measures of PA
included accelerometers, pedometers, heart-rate/ Actiheart and
proxy-report measures. Measurement period (from baseline to last
contact) was a median of 2.5 years for prospective papers and 34.5
weeks for interventional papers.

Risk of Bias: One prospective paper and 26 interventional papers
(61%) were deemed to be of high quality, nine were of medium
quality and six were low quality. Of the interventional studies, 28
(64%) randomised participants. Most study samples consisted of
predominately White populations. A retention rate of 70% was
reported in 20 papers (46%), and 27 interventional studies reported
final analysis samples by study group, indicating similar levels of
attrition.

Results of Individual Studies and Synthesis of Results: Provided in
Table 4 in the reference.

Synthesis of Results and Summary: 44 potential determinants of
change were reported. The 38 interventional studies targeted 28
potential (modifiable) determinants at intrapersonal (n = 6),
interpersonal (n = 10), organisational (n = 10) and community
levels (n =1). No determinants at the policy level were identified
across included studies. >Four studies: Parental monitoring was
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(PROSPERO)
registration
number:

CRD42012002881.

Objectives:
Synthesise
quantitative
literature from
prospective and
interventional
studies to
ascertain the
determinants of
change in PA in
young children.
Establish which
modifiable
determinants are
associated with
change and at

which levels of the

social-ecological
model these
factors operate.
Identify where
gaps in the

Index and Abstracts
(ASSIA) and Sociological
Abstracts (via ProQuest).
Contacted experts to
identify key publications
to be included for each
behaviour. Searches
conducted in August 2012
and October 2015.

Search: Search strategy
available in Electronic
Supplementary Material
Table S1 in the reference.

Study Selection: Titles and
abstracts were screened by
the three review leads and
a forth reviewer checked
for fidelity. Two random
5% samples were double
screened by two additional
reviewers. Additional texts
retrieved in 2015 were
screened by the review
lead and a 15% subsample
was reviewed by a second
reviewer.

categorised as (high quality: 25; medium:
3-4; low: 1-2).

Synthesis Methods and Summary
Measures: Narrative data synthesis was
undertaken. Determinants were scored
as follows: *-" significant decrease in PA,
‘0’ no significant association/ effect or “+’
significant increase in PA. Evidence from
cohort and interventional studies was
weighted equally. Consistency across
studies was coded as follows: ‘0" (no
association) supported by 0-33% of
individual studies; ‘?” (indeterminate/
possible) supported by 34-59%; and ‘?" or
*" supported by 60-100%. Where >four
studies reported on a potential
determinant, double indicators were
used (e.g. ‘00", “??, 27" and *-).
Determinants, study score and
consistency across studies were
presented according to the social-
ecological model.

positively associated with change in young children’s PA.
Provider training was positively associated with MVPA but no
association with overall PA. Sex, motor skill training, parental goal
setting, parental social support and increased time for PA showed
no consistent associations. Child knowledge, parental knowledge,
parenting skills, parental motivation, parental self-efficacy,
curriculum materials and portable equipment showed no
association. <Four studies: Child monitoring, parental role-
modelling, maternal role modelling, increasing the number of care
providers within the childcare setting, additional opportunities for
play within the home, sibling co-participation, structured physical
activity, lowering playground density were positively associated.
Community awareness showed no association.

Limitations: Publication bias due to restriction to published
studies. Variability in studies (e.g. measures of PA, accelerometer
cut-points and covariates in regression models). All the studies
were conducted in high-income countries and about half had
sample sizes n<50. Meta-analyses were not possible due to the
variation in outcome measures.

Conclusions: The review identified a range of predominantly
interpersonal and organisational determinants of change in young
children’s PA. Only parental monitoring of their child’s PA
emerged as a consistently positive determinant of change and
provider training was positively associated with change in MVPA.
Maternal role modelling was also positively associated with
change in all three studies in which it was examined. Future work
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literature exist for
future research.

Data Collection: Data was
extracted by the two
reviewers using a
standardised form.

should investigate lesser-explored or overlooked modifiable
family- and childcare-related determinants; explore how
determinants influence physical activity throughout the day and
week; and deconstruct how the multiple elements within an
intervention result in positive behaviour change. Assessment of
determinants in the community and policy domains, in addition to
studies conducted in developing countries, is also required.

Hinkley et al
(2008)

Title: Preschool
children and
physical activity: a
review of
correlates

Objectives: To
investigate the
correlates of
preschool
children’s physical
activity, to be
grouped
according to the
five domains of

Inclusion: (a) contained
quantitative research and
had been published in an
English-language, peer
reviewed journal; (b)
children aged 2-5 who had
not commenced formal
schooling; (c) included a
measure of PA as the
dependent outcome; (d)
examined associations
between PA and other
variables. Exclusion:
Intervention studies and
studies that measured PA
as the independent
variable were not included
unless they reported

Data Items: If a study reported more than
one measure of PA, the most objective or
inclusive measure was used. It was noted
when studies reported on associations
with PA of different intensities, or in
different environments. The results from
baseline measures only (when children
aged 2-5) are included. For studies that
used two objective measures of PA -
usually observation and accelerometry,
heart-rate monitoring, or pedometry - a
combined result was reported when
results from both methods were the
same. The results from different
measures were reported separately with
appropriate notation. Results from
multivariate models are included in the
analyses.

Study Selection: 24 studies were included.

Study Characteristics: Study characteristics available in Appendix
A in the reference. Articles published between 1980 and March
2007. Mean sample size of 391 (30 - 3141). Most of the studies were
conducted in the USA while the rest were conducted in Scotland,
Sweden, Finland and Germany. One study used the theoretical
model to guide the research.

Risk of Bias: None.

Results of Individual Studies: Table 2 in the reference indicates
whether the study found that the determinant was related or
unrelated to physical activity.

Synthesis of Results and Summary: 39 correlates were identified.
Boys were more active than girls, children with active parents
were more active and that children who spent more time outdoors

the social- associations between PA were more active than children who spent less time outdoors.
ecological model. | and other variables. Synthesis Methods and Summary Time spent in play spaces/outdoors and specific preschool
Identify where Measures: The following scoring system | attended were positively associated with PA. An indeterminate
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gaps in the
literature exist for
future research.

Information Sources:
MEDLINE, PubMed,
CINAHL, SPORTDISCUS,
PsycINFO, Health Source
(nursing/ academic
edition), and Sociological
Abstracts. Bibliographies
of retrieved articles and
authors’ personal
collections were also
searched. Data were
collected and analysed in
2007.

Search: Each key term
(physical activity, exercise,
health behaviour, play,
physical inactivity and
physical fitness) was
searched in conjunction
with each term in this
group: child, kindergarten,
childcare, preschool.

was used to evaluate the associations
between the correlates and PA: 0 (0-33%
of studies supporting association, result
was defined as no association); ? (34 %-
59% of studies supporting an association,
indeterminate finding); + or - (60%-100%
of studies supporting an association,
positive/negative association); ++, - - or
00 (where four or more studies
supported an overall association, the
result was coded as positive, negative or
no association).

association was observed between TV viewing/ST and weather
conditions with PA. No association was observed between age,
BMI or parental encouragement with preschool children’s PA.
Other variables produced largely inconclusive results having not
been assessed in many of studies to be able to draw conclusions.

Limitations: Limited number of studies investigating some of the
variables to be able to draw conclusions. Included studies
generally consisted of small non-representative samples and were
cross-sectional in design. Measurement and analysis tools may not
have been sensitive enough to detect significant associations in the
small study samples. Seven studies did not report reliability or
validity of PA measurement tools.

Conclusions: Boys are more active than girls; the children of
parents who participate in physical activity with them are more
active than the children of parents who do not participate; and
children who spend more time in outdoor play spaces are more
active than children who spend less time outdoors. Studies need to
be conducted in different cultural, social and physical
environments outside of the USA. Future studies need to consider
the consistency in measurement of correlates and need to
investigate multiple variables across multiple domains. The
collection of PA data across a range of times, locations and
contexts, using instruments validated in the preschool population,
in larger sample sizes is needed.
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Hinkley et al
(2010)

Title: Correlates of
sedentary
behaviours in
preschool
children: a review

Objectives: To
review the
correlates of
preschool
children’s
sedentary
behaviour, to be
grouped
according to the
five domains of
the social-
ecological model.
Identify where
gaps in the
literature exist for
future research.

Inclusion: (a) children
aged three to five years; (b)
contained quantitative
research and published in
an English language, peer
reviewed journal; (c)
included a measure of ST
as a dependent outcome;
and (d) examined
associations between
explanatory variables and
ST.

Information Sources:
Medline, Pubmed, ERIC,
Australian Education
Index, PsycINFO, Current
Contents, Social Science
Index, SportsDiscus, Child
Development Abstracts,
and Health Reference
Center - Academic.
Manual searches of the
reference lists of recovered
articles and the authors’
extensive personal files
were also conducted. Data
were collected and

Data Items: Overall ST (generally
measured by accelerometry), television
viewing, DVD/ video viewing, electronic
games, computer use and reading
(measured by parental report). Results
have been reported separately for
individual behavioural outcomes to
determine if correlates vary between
behaviours.

Synthesis Methods and Summary
Measures: The following scoring system
was used to evaluate the associations
between the correlates and ST: 0 (0-33%
of studies supporting association, result
was defined as no association); ? (34%
59% of studies supporting an association,
indeterminate finding); + or - (60%-100%
of studies supporting an association,
positive/ negative association); ++, - - or
00 (where four or more studies
supported an overall association, the
result was coded as positive, negative or
no association).

Study Selection: 29 studies were included.

Study Characteristics: Study characteristics available in Electronic
supplementary material in the reference: Additional file 1. Studies
published between 2002 and 2009. The studies used a variety of
methods for data collection including accelerometry, parental
checklist, parental time use diary, parental survey, direct
observation, parent survey and accelerometry and combined heart
rate and observation. Most of the studies were conducted in the
USA and the remaining studies were conducted in Australia,
Scotland, Germany, New Zealand, Greece and Bel