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Abstract

Evidence suggests that sedentary behaviour (i.e., any waking behaviour
performed in a sitting, reclining or lying posture, and requiring little energy
expenditure) is associated with multiple adverse health and developmental
outcomes across the lifespan. Additionally, sedentary behaviour has been shown
to track, such that children who engage in high levels of sedentary behaviour in
early life will continue to do so into later childhood, adolescence and adulthood.
In early childhood (birth through 5 years), screen time is the most commonly
studied sedentary behaviour and has been consistently associated with increased
risk of overweight/obesity, poor psychosocial health and decreased cognitive
development. Accordingly, national and international public health guidelines
recommend that children under 2 years should not be exposed to any screen time
and that children aged 2 to 5 years should have no more than one hour of screen
time per day. Guidelines also recommend that all children from birth through 5
years should not be sedentary, restrained or kept inactive for more than one hour
at a time, with the exception of sleeping. Despite this, many young children spend
large amounts of time in objectively assessed sedentary time and many exceed

current screen time recommendations.

It is evident that there is the need for feasible and efficacious interventions
targeting reductions in sedentary behaviour. To inform the development of
appropriate intervention strategies it is important to identify the factors that are

associated with sedentary behaviour in young children. However, existing
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Abstract

research examining correlates of young children’s sedentary behaviour has been
limited by the inclusion of only a small number of correlates. There is also a lack
of understanding of whether the correlates of young children’s objectively
assessed sedentary time and screen time are the same. No known research has
comprehensively investigated correlates of young children’s sedentary time and

screen time in the same sample across multiple levels of the ecological model.

Previous interventions to reduce young children’s sedentary behaviour have
shown modest results. This may be due to a number of methodological
limitations. Few interventions have been conducted outside the
preschool/childcare setting and many have limited potential for scalability. This
thesis makes a novel contribution to the extant literature relating to young
children’s sedentary behaviour. It provides improved understanding of correlates
of sedentary behaviour across multiple domains of the ecological model and

strategies to reduce sedentary behaviour in young children.

Firstly, to determine the effectiveness of existing interventions to reduce
sedentary behaviour in early childhood, a systematic review and meta-analysis of
randomised controlled trials were undertaken. In total, 31 studies were included in
the systematic review and 24 in the meta-analysis. Objectively assessed sedentary
time and proxy-reported screen time were examined as separate outcomes.
Although a significant intervention effect was observed for both outcomes,
changes were modest (19 and 17 minutes per day for sedentary time and screen

time, respectively). Subgroup analyses suggest that for screen time, interventions
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Abstract

of six months or longer duration and those conducted in a community-based
setting were most effective. For sedentary time, interventions targeting physical
activity (and reporting changes in sedentary time) were more effective than those
directly targeting sedentary time. Parental involvement in interventions also

appeared to be important for behaviour change.

Secondly, a cross-sectional study examining ecological correlates of objectively
assessed sedentary time and screen time in a sample of preschool children (3 to 5
years) in Melbourne, Australia was conducted. Parents reported their child’s usual
screen time and a range of potential correlates across the individual, social and
physical environment level of the ecological model. Children in the study wore
accelerometers for eight days to objectively assess sedentary time. Minutes per
day spent in screen time and sedentary time were the primary outcome variables.
The final sample included 937 children (54% boys) with valid screen time data
and 724 children (55% boys) with valid accelerometry data. Children spent 108.5
(standard deviation [SD] 69.6) minutes per day in screen time and were sedentary
for 301.1 (SD 34.1) minutes per day. There were no differences in screen or

sedentary time between boys and girls.

In multivariable linear regression models, few common correlates were identified
for screen time and sedentary time. However, each additional hour of sleep was

associated with around seven minutes less sedentary time per day for girls and six
minutes less screen time per day for boys. The only other consistent correlates for

boys and girls were parental self-efficacy to limit screen time and use of screen
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Abstract

time rules; parents who reported that they had higher self-efficacy, and
implemented screen time rules, to limit screen time had children who spent
significantly less time in that behaviour. For boys, parents who reported that they
get bored watching their child play had sons who spent almost 15 minutes less per
day in screen time. Maternal television viewing was positively associated with
boys’ screen time, such that mothers who had high levels of television viewing
had sons with high screen time, while paternal age was positively associated with
boys’ sedentary time. Girls whose mothers were born in Australia engaged in
more than 15 minutes less per day of screen time than girls whose mothers were
born overseas. On the contrary, girls whose fathers had a mid-level of education
(completed secondary school, trade or diploma) had significantly higher screen
time than girls whose fathers had a low-level of education (not completed high
school). Finally, parents who reported that that they had concerns about their
child’s physical activity and sedentary behaviour, and that their child preferred
sedentary behaviours to being active, had daughters with higher levels of screen
time. Although few common correlates of sedentary time and screen time were
identified, these findings provide novel and valuable information that can be used
for intervention development. In particular, the modifiable correlates of total
sedentary and screen time identified in this study could be targeted in

interventions to reduce these behaviours.

Finally, informed by the findings from the systematic review and the cross-
sectional study, an innovative intervention to reduce young children’s (2 to 4
years) sedentary behaviour was developed and piloted. Mini Movers was a

parent-focused, text message delivered intervention aiming to support parents to
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Abstract

reduce the amount of time their children spent in prolonged sedentary behaviour.
Fifty-seven parents and children were recruited through playgroups, Facebook
and snowball sampling, and randomised to either the intervention or wait-list
control group. The six-week pilot intervention was predominantly delivered via
text messages. It was underpinned by the CALO-RE taxonomy of behaviour
change techniques and Social Cognitive Theory, with strategies focused on
increasing parental knowledge, building self-efficacy, setting goals and providing
reinforcement. Retention was high (93%) and process evaluation results showed
the intervention was highly acceptable to parents. The majority of intervention
components were reported to be useful and relevant. Qualitative interviews with
parents in the intervention group showed that parents were positive about the
program and particularly liked the goal-setting component and the practical ideas
provided. Compared with children in the control group, children in the
intervention group had significantly less screen time post-intervention, with an
adjusted difference (95% confidence interval [CI]) of -35.0 (-64.1, -5.9) minutes
per day (Cohen’s d=0.82). All other measures of sedentary behaviour were in the

expected direction, with small to moderate effect sizes.

This thesis expands on the existing knowledge regarding correlates of and
opportunities to reduce young children’s sedentary behaviour. Findings from
previous interventions to reduce sedentary behaviour in early childhood were
synthesised and correlates of sedentary behaviour across multiple levels of the
ecological model were investigated; results from these two studies were used to
inform the development of a novel intervention to reduce young children’s time in

a range of sedentary behaviours. Text message delivery of the intervention
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Abstract

appeared to be feasible for parents and has the potential to assist them in reducing
their children’s sedentary behaviour. Although there is a continued need for future
research to investigate opportunities to promote healthy sedentary behaviour
habits in young children, this thesis provides valuable information to inform

future, larger scale randomised controlled trials.
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Glossary of Terms

Early childhood: children aged birth through 5 years (unless otherwise specified)

Light-intensity physical activity (LPA): physical activity that results in a slight
increase in breathing, heartbeat and body temperature (1.5-3 METS)

Metabolic equivalent (MET): a measure of energy expenditure, where one MET

is the energy used by the body while resting quietly

Moderate- to vigorous-intensity physical activity (MVPA): physical activity that
results in a moderate to large increase in breathing, heartbeat and body

temperature (>3 METS)

Preschool children: children aged 2 through 5 years, regardless if they attend

preschool (unless otherwise specified)

Restraint or restrained: any situation where a child is kept sedentary or inactive

(e.g., in astroller, car seat or high chair)

Screen time: any screen-based sedentary behaviours (e.g., television viewing,

electronic games, computer use, smartphone use)

Sedentary behaviour: any waking behaviour characterised by an energy

expenditure <1.5 METSs while in a sitting or reclining posture

Sedentary time: objectively measured sedentary time
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CHAPTER ONE

Introduction

Sedentary behaviours are emerging as important to understand and intervene on
from a young age. They are a unique group of behaviours that are distinct from
physical inactivity. Sedentary behaviour refers to any waking behaviour typified
by very low energy expenditure and undertaken in a sitting, reclining or lying
posture (e.g., reading, watching television) (Tremblay et al. 2017). Research
suggests that the health impacts of excessive sedentary behaviour across the
lifespan may be profound, including type 2 diabetes, all-cause and cardiovascular
mortality, increased body mass index (BMI), poor psychosocial health and
decreased cognitive development (Carson et al. 2016; LeBlanc et al. 2012; Proper
et al. 2011). These health and developmental outcomes are independent of levels
of physical activity, making assessment of sedentary behaviour a separate and key

area of public health research.

Children aged 2 to 5 years are the focus of this thesis. This is a critical stage
during which sedentary behaviour habits are established (Jones et al. 2013), and
the adverse health and developmental outcomes associated with sedentary
behaviour are evident even in these very young children (LeBlanc et al. 2012).
Published interventions to reduce sedentary behaviour in early childhood
demonstrate modest results and many have limited potential for scalability

(Downing et al. 2016b).
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Chapter One: Introduction

The aim of this thesis is to understand parental and other correlates of young
children’s sedentary behaviour, and to develop and pilot a parent-focused
intervention to reduce sedentary behaviour in young children. Four papers,
including a systematic review and meta-analysis, a cross-sectional study, a
methodological (protocol) paper, and a pilot randomised controlled trial (RCT;
comprising quantitative and qualitative methods) are presented in this thesis. This
thesis is presented in the form of a thesis by publication. It comprises three
published, peer-reviewed papers and one paper under review; the papers are all

included in their entirety.

Chapter Two discusses published research highlighting the importance of
reducing sedentary behaviour in young children. The adverse health outcomes
associated with different types of sedentary behaviour in early childhood are
discussed, including the tracking of sedentary behaviour through childhood and
into adolescence, in addition to correlates of sedentary behaviour that have been

previously investigated.

Chapter Three (Paper One) presents a systematic review and meta-analysis of
RCTs to decrease sedentary behaviour in early childhood (birth through 5 years).
The aim of this review and meta-analysis was to evaluate the effectiveness of
behavioural interventions that report sedentary behaviour outcomes during early
childhood, with a view to inform the development of an intervention for this

thesis. In Chapter Four, the thesis aims, approach and methods are explained.
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Chapter One: Introduction

Chapter Five (Paper Two) describes secondary analyses of cross-sectional data
from 1002 3- to 5-year-old children. Analyses were undertaken to determine the
correlates of objectively assessed sedentary time and parent-reported screen time

in preschool children, in order to identify potential mediators of change.

Chapter Six (Paper Three) describes the methodological details of the Mini
Movers RCT, a text-message delivered intervention for parents, informed by
results from Chapters Three and Five. The intervention rationale and study
protocol are described in this chapter. The feasibility and efficacy results of Mini
Movers are presented in Chapter Seven (Paper Four), which comprises both

quantitative and qualitative research methods.

Finally, Chapter Eight provides an overview of the findings from this thesis. The
strengths and limitations of the research are discussed, as well as future research

directions and practical implications.
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CHAPTER TWO

Literature review

2.1 Introduction

The aim of this chapter is to provide an overview of the existing literature on
sedentary behaviour in early childhood. Although the focus of this thesis is on the
preschool years (aged 2 to 5 years), literature from early childhood broadly (i.e.,
birth through 5 years) and school-aged children (i.e., 5 years and older) will be
drawn on and discussed where specific literature on preschool children is not

sufficient.

This chapter begins with a definition of sedentary behaviour and its distinction
from physical inactivity. The health consequences of high levels of sedentary
behaviour, including physical health, fundamental movement skills development,
psychosocial health and cognitive development, in addition to the tracking of

sedentary behaviour over time, are then discussed.

This is followed by an outline of sedentary behaviour recommendations for young
children internationally. Measurement of sedentary behaviour in early childhood
is discussed, with a focus on the challenges of measuring different types of

sedentary behaviour in this age group. Next, the current prevalence of sedentary
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behaviour in young children is summarised. Appropriate theory to guide research
in sedentary behaviour in early childhood is then introduced, followed by a

detailed overview of correlates of preschool children’s sedentary behaviour.

2.2 Defining sedentary behaviour and physical inactivity

Energy expenditure is often measured in metabolic equivalents (METS), where
one MET is the energy used by the body while resting quietly (Pate, O'Neill &
Lobelo 2008). Sedentary behaviour is defined as “any waking behaviour
characterised by an energy expenditure <1.5 METs while in a sitting, reclining or
lying posture” (Tremblay et al. 2017). Examples include activities such as
reading, writing, watching television, and other forms of screen time (e.g.,

electronic game and computer use) while sitting, reclining or lying.

Physical inactivity refers to “an insufficient physical activity level to meet present
physical activity recommendations” (Tremblay et al. 2017). It is important to note
that sedentary behaviour and physical inactivity are distinct constructs that can
co-exist. As such, it is possible for individuals to engage in prolonged periods of
sedentary behaviour whilst still meeting physical activity guidelines and hence
not be classified as physically inactive (Owen et al. 2010). As mentioned in

Chapter One, the focus of this thesis is on young children’s sedentary behaviour.

For young children, aged 5 years and younger, examples of sedentary behaviour

include engaging in screen time (e.g., television, computer, tablet, phone) while
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sitting, reclining or lying; reading, drawing, painting or other quiet play while
sitting; and time spent restrained (e.g., in car seats, high chairs or strollers)
(Tremblay et al. 2017). Some of these behaviours, such as reading and quiet play,
are beneficial for cognitive development (Carson et al. 2015; De Temple & Snow
2003; Tunks 2009) and should be encouraged during the early years. In contrast,
other sedentary behaviours such as television viewing and use of other screens,
and extended time spent restrained, have few known health or developmental
benefits (LeBlanc et al. 2012; Okely et al. 2008). It is these detrimental sedentary
behaviours that will be the focus of this thesis. For the purposes of this thesis:
“sedentary time” refers to objectively measured time spent sedentary; “sitting
time” refers to objectively measured time spent sitting; “screen time” refers to any
screen-based sedentary behaviours (e.g., television viewing, electronic games and
computer use); “restraint” or “time spent restrained” refers to any situation where
a child is kept sedentary or inactive (e.g., in a stroller, car seat or high chair); and
“sedentary behaviour” is the overarching term used to describe any or all of these
behaviours. Health and developmental outcomes associated with young children’s

sedentary behaviour are discussed in the following section.

2.3 Impact of sedentary behaviour on young children’s

health and development

Blair et al. (1989) developed a framework hypothesising that childhood physical
activity has direct benefits for childhood health, and both direct and indirect
benefits for adult health. Okely et al. (2008) posit that, modifying this framework

for sedentary behaviour, there may also be short-term health consequences
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(Pathway A) and both direct (Pathway B) and indirect (Pathway E) long-term
health consequences of sedentary behaviour in childhood. A modified version of

this framework for sedentary behaviour is shown in Figure 2.1 below.

Childhood ﬁcmldhood
sedentary health
behaviour

| X
Adult
sedentary  <(——— !
behaviour ealt

Figure 2.1 A conceptual framework for promoting reduced sedentary behaviour

in children; modified from Blair et al. (1989)

Sedentary behaviour across the lifespan has been cross-sectionally and
longitudinally associated with a number of negative health outcomes, including
type 2 diabetes, all-cause and cardiovascular mortality, increased risk of
overweight and obesity, and decreased cognitive development (LeBlanc et al.
2012; Proper et al. 2011; Tremblay et al. 2011). Although the evidence in young
children is less conclusive, emerging evidence suggests that negative health
outcomes are evident even in these early years. Research to date has largely
focused on television viewing rather than total or other types of sedentary
behaviour in early childhood (LeBlanc et al. 2012); however, television viewing
is just one type of sedentary behaviour. Although there is a lack of evidence

investigating health outcomes of other types of sedentary behaviour (including
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objectively assessed sedentary time) in this population, there is still sufficient
evidence regarding the negative associations of screen time on young children’s
health and development, and guidelines have been established in

acknowledgement of this (discussed in Section 2.4).

The focus of this thesis is on the preschool years (broadly 2 to 5 years of age).
However, given the dearth of existing literature for this age group and the
propensity for sedentary behaviour to track (Pathway C in Figure 2.1; discussed
further in Section 2.3.5), health and developmental outcomes of sedentary
behaviour throughout childhood will be discussed, highlighting the evidence in
preschool children. The current evidence is summarised in the following sub-
sections, which cover physical health (e.g., overweight and obesity), fundamental
movement skill development, psychosocial health, and cognitive development
associated with sedentary behaviour. Where possible, associations for different
types of sedentary behaviour (e.g., screen time and sedentary time) are discussed
separately. Evidence of the tracking of sedentary behaviour over time will also be

presented.

2.3.1 Physical health and development

Overweight/Obesity

A review of sedentary behaviour and health indicators in children aged under 5
years found that increased television viewing, the most commonly studied

sedentary behaviour in this age group, is associated with unfavourable adiposity
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(measured by body mass index [BMI], body fat or skinfolds) in experimental and
longitudinal studies (LeBlanc et al. 2012). In a similar review of school-aged
children (5 to 17 years), which included all study designs (i.e., cross sectional,
retrospective, prospective, case control, randomised controlled trial [RCT],
longitudinal), Tremblay et al. (2011) identified 170 studies examining the
association between sedentary behaviour and body composition. An overall
positive association was found between watching more than two hours of
television per day and risk of overweight/obesity; results also showed that RCTs
have shown that reductions in television viewing lead to decreases in BMI. The
association between television viewing and overweight/obesity (and other health
outcomes) may be moderated by other factors such as unhealthy dietary
behaviours, which have been shown to be associated with television viewing in
young children (Ford, Ward & White 2012) and in older children, adolescents and
adults (Pearson & Biddle 2011). That is, the health outcomes associated with
television viewing may be partly explained by the increased energy intake from

unhealthy foods and beverages consumed during and after viewing.

No studies that objectively assessed sedentary time were identified in the review
by LeBlanc et al. (2012). Since the publication of that review, two cross-sectional
studies (Byun, Liu & Pate 2013; Collings et al. 2013) and one longitudinal study
(Espana-Romero et al. 2013) (all n>300) have investigated the association
between objectively assessed sedentary time and BMI in preschool children. All
of those studies reported no association. One study has examined the cross-
sectional and longitudinal (over a 12 month period) associations between

sedentary time and body composition in 3- to 5-year-old children (n=111) (Butte
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et al. 2016). That study reported, counter-intuitively, a positive association
between sedentary time and fat-free mass (kg) cross-sectionally, but no
associations between sedentary time and BMI, fat mass (kg) or percent fat mass,
and no significant associations longitudinally. In school-aged children, an update
of the review by Tremblay et al. (2011) reported that, overall, objectively assessed
sedentary time does not seem to be associated with overweight/obesity (Carson et

al. 2016).

The lack of evidence of an association between overweight/obesity and sedentary
time in both preschool and school-aged children may in part be due to issues
related to the measurement of sedentary time (discussed more in Section 2.5), in
particular the potential misclassification of sedentary time as light-intensity
physical activity (LPA) or vice versa. Although outside the scope of this thesis,
further research using posture-based objective measure of sedentary time is
required to determine associations with overweight/obesity. Alternatively, there
may be insufficient heterogeneity in overweight/obesity to detect associations, or

the association may not exist for children of this age.

To date, only one study has been identified that has investigated health outcomes
associated with time spent restrained in early childhood. Sijtsma et al. (2013)
examined the associations of parent-reported time spent in unrestricted movement
and time spent restrained in a baby car seat (at age 9 months) with researcher-
measured anthropometrics at ages 9 and 24 months in a sample of 1722 infants in

The Netherlands. Time spent moving unrestrictedly at age 9 months was inversely
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associated with Z-score waist circumference at 9 months, and change in Z-scores
weight-for-height and weight-for-age between 9 and 24 months. Infants whose
parents reported that they never used baby seats showed a decline in Z-score
weight-for-height compared to those who reported using baby seats, but in
contrast, Z-score waist circumference-for-age declined in infants who sat for one
hour or more in baby seats (Sijtsma et al. 2013). Despite the inconsistency in
findings, overall this study suggests that time spent restrained is adversely
associated with measures of overweight/obesity. No other health outcomes of
time spent restrained have been investigated, and hence restraint will not be
discussed in any of the subsequent health outcome sections. Despite the paucity of
studies investigating health outcomes of time spent restrained, many national
recommendations for sedentary behaviour (discussed in Section 2.4) suggest that
time spent restrained should be limited (Australian Government Department of
Health 2014; Hong Kong Government Department of Health 2012; Tremblay et
al. 2012b; UK Department of Health 2011). This recommendation likely exists
given that any time spent restrained may minimise opportunities for children to be
active. Moreover, given the evidence that overall sitting time is associated with
deleterious health outcomes in adults (Thorp et al. 2011), it is logical to posit that
any time spent restrained or sedentary during early childhood may have short- or

long-term negative health implications.

Cardiovascular risk factors

Given that chronic diseases such as cardiovascular disease take many years to

develop and are typically not seen in children, risk factors (such as hypertension,
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raised blood glucose levels, and raised cholesterol/lipid levels) are often examined
in children to ascertain the risk of developing these diseases in the future. There is
currently very little research into the association of sedentary behaviour and
cardiovascular risk factors in children aged 5 years and younger; two cross-
sectional studies have been identified that report the association between
sedentary behaviour and blood pressure. Crispim, Peixoto and Jardim (2014)
found that watching television for two or more hours (compared to less than two
hours) per day was not associated with high blood pressure in 3- to 5-year-old
children. Conversely, Martinez-Gomez et al. (2009) found that television viewing
and total screen time (comprising television, video, computer, and video game
use) were both positively associated with systolic and diastolic blood pressure,
but found no association between sedentary time and blood pressure in 3- to 8-
year-old children. Differences in the findings related to television viewing/screen
time may be explained by differences in data management and analyses in the two
studies. Crispim, Peixoto and Jardim (2014) dichotomised children’s blood
pressure to high blood pressure (systolic and diastolic blood pressure above the
95" percentile) or low blood pressure (systolic and diastolic blood pressure below
the 95" percentile), while Martinez-Gomez et al. (2009) examined blood pressure
as a continuous variable. Moreover, Martinez-Gomez et al. (2009) adjusted for
child sex, age, height, and percentage of body fat, whereas Crispim, Peixoto and

Jardim (2014) did not adjust for covariates.

Evidence in school-aged children suggests that television viewing is
longitudinally associated with increased serum cholesterol and blood pressure,

and screen time is cross-sectionally associated with increased blood pressure,
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glucose, fasting insulin and insulin resistance (Tremblay et al. 2011). There is also
evidence for a dose-response risk for markers of metabolic syndrome and
cardiovascular disease with increased television viewing and total screen time in
school-aged children (Tremblay et al. 2011). More recent evidence suggests that
high levels and frequency of television viewing are significantly associated with
increased clustered cardiometabolic risk scores (Carson et al. 2016). Finally, a
large birth-cohort study in New Zealand found that television viewing from ages
5 to 15 years was associated with raised serum cholesterol at age 26 years

(Hancox, Milne & Poulton 2004).

No studies have been identified that examine the association between sedentary
time and cardiovascular risk factors in young children. Although there is limited
evidence in school-aged children, research suggests that there may be an
association between sedentary time and high-density lipoprotein cholesterol, but
there are mainly null findings for other risk factors (including blood pressure and

clustered cardiometabolic risk scores) (Carson et al. 2016).

Musculoskeletal health

The deleterious association between sedentary behaviour and bone health has
been well-documented in adults (Tremblay et al. 2010). However, that association
has been investigated very infrequently in children; only two cross-sectional
studies have been identified in the early childhood period. In a sample of 368
preschool children (4 to 6 years), Janz et al. (2001) found that television viewing

was significantly inversely associated with bone mineral density and bone mineral
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content in girls, but not boys. Herrmann et al. (2015) reported no association
between bone stiffness index (measured using quantitative ultrasound) and screen
time or, after controlling for moderate- to vigorous-intensity physical activity
(MVPA), sedentary time in a much larger sample (n=1512) of 2- to 5-year-old

children.

A recent systematic review on sedentary behaviour and bone health in children,
adolescents and young adults found that objectively measured sedentary time is
negatively associated with bone outcomes of the lower extremities in school-aged
children, independent of MVPA (Koedijk et al. 2017). However, no associations
were observed for total body bone health and there was insufficient evidence to
support an association between lumbar spine bone health and sedentary time. It
may be that musculoskeletal and bone health outcomes associated with sedentary
behaviour emerge later in life. In a small (n=10) laboratory study of 3- to 5-year-
old children, Howie et al. (2017) examined head, trunk and arm postures, and
upper trapezius muscle activity whilst children were using a tablet, watching
television and playing with non-screen toys. When using a tablet, children had
greater mean head, trunk and upper arm angles compared to both watching
television and non-screen toy play; the authors suggest that this may result in
adverse musculoskeletal symptoms later in life. However, given the small sample

size and the controlled conditions of the study, inferences cannot be drawn.
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Fundamental movement skill development

Fundamental movement skill development is the attainment of basic locomotor
(e.g., jumping) and object control (e.g., ball catching/throwing) skills. These skills
ultimately assist with the development of specific sports skills and, subsequently,
sufficient participation in organised and non-organised physical activities (Clark
& Metcalfe 2002; Gallahue & Ozmun 2006). There is a strong, positive
association between physical activity and fundamental movement skills in
childhood and adolescence (Lubans et al. 2010), and evidence suggests that
sedentary behaviour may also be associated with fundamental movement skills.
Cross-sectional studies of preschool children have reported mixed results. In
Australian preschool children, neither total sedentary time (n=46) (CIiff et al.
2009) nor parent-reported sedentary electronic game use (n=53) (Barnett et al.
2012) have been shown to have an association with locomotor or object control
skills. Conversely, a study of preschool children in the United States of America
(USA) found that children with higher sedentary time had lower locomotor scores
(Williams et al. 2008). That study had a relatively large sample size (n=198)
compared to the two Australian studies, which may not have been adequately
powered to detect associations (Barnett et al. 2012; CIiff et al. 2009).
Additionally, differences in findings may be explained by different outcome
measures: Williams et al. (2008) used a motor skill protocol developed as part of
the study, while Cliff et al. (2009) and Barnett et al. (2012) used the Test of Gross
Motor Development (TGMD-2). However, in a longitudinal study with almost
2000 2-year-olds (followed up at age 5 years), Pagani, Fitzpatrick and Barnett

(2013) found that television viewing at age 2 years was unfavourably associated
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with locomotion skills but not associated with object control skills (assessed using

the TGMD-2) at age 5 years.

Overall, evidence suggests that there may be an association between sedentary
behaviour and locomotor skills, but not object control skills. It may be that time
spent in sedentary behaviours in early childhood displaces time for physical
activity, where locomotor skills are practiced and developed. Whereas object
control skills may take longer to develop regardless of time spent being physically
active. This is supported by evidence in older children and adolescents, which
suggests that there is an association between physical activity and fundamental
movement skills, but not between sedentary behaviours and fundamental

movement skills (Lubans et al. 2010).

2.3.2 Psychosocial health

A recent systematic review of sedentary behaviour and health indicators in the
early years found six studies examining the association between television
viewing and psychosocial health in toddlers (1 to 3 years) and preschoolers (3 to 5
years) (LeBlanc et al. 2012). That review included only intervention/experimental
and prospective studies, and concluded that there is evidence for a dose-response
association between high levels of television viewing and poor indicators of
psychosocial health (outcomes were victimization, bullying, antisocial behaviour,
pro-social scores, emotional reactivity, aggressive and externalizing problems) in
both toddlers and preschoolers (LeBlanc et al. 2012). However, it is important to

note that some of these associations were found in only one or two studies, so
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results should be interpreted with caution. Another review of sedentary behaviour
and psychosocial well-being in children aged 2 to 6 years identified 15 studies
(including observational and interventions) and, while overall findings for
associations were inconclusive, there was evidence of a dose-response association
between higher levels of television viewing and increased aggression, attention
problems, externalizing behaviours, and poorer classroom engagement (Hinkley

et al. 2014a).

Only one study investigating the association between objectively assessed
sedentary time and psychosocial well-being was identified in that review (Hinkley
et al. 2014a); Ebenegger et al. (2012) reported that less sedentary time was
associated with higher scores of hyperactivity/inattention. One additional study
has been identified that investigated associations between sedentary time and
psychosocial health in young children. Irwin et al. (2015) utilised the Child
Temperament Questionnaire (CTQ) to measure soothability, sociability, and
emotionality in a cross-sectional study of 216 preschool children. Results showed
no association between sedentary time and any of the three outcomes. In school-
aged children, total sedentary time has been shown to have no association with
self-esteem or self-worth (Faulkner, Carson & Stone 2014); however, it has been
associated with depressive (Johnson et al. 2008) and emotional symptoms
(Brodersen et al. 2005) in adolescent girls. As with other health and
developmental outcomes, it may be that the adverse psychosocial outcomes
associated with sedentary time are not evident until later in life. Alternatively, the
lack of associations may potentially be due to the difficulties associated with

measuring psychosocial health in very young children.
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2.3.3 Cognitive development

Evidence from a systematic review of interventions and prospective studies
suggests that there is a consistent dose-response association between increased
television viewing and poorer cognitive development in toddlers (1 to 3 years)
(LeBlanc et al. 2012). Specifically, that review found that television viewing
predicts attention, vocalisation count, language delays, reading recognition,
comprehension and memory scores in infants, and vocalisation, classroom
engagement, and mathematics scores in toddlers. No evidence was found in that
review for cognitive outcomes associated with sedentary behaviour in preschool

children.

A more recent review focusing only on sedentary behaviour and cognitive
development found that although many of the studies were of weak to moderate
quality, evidence suggests that screen time (and in particular television viewing)
was either not associated with or detrimentally associated with cognitive
development (Carson et al. 2015). Studies published since have reported mixed
findings. Cross-sectional studies have reported no associations between video
games and hyperactivity or attention span (Linebarger 2015) or between computer
use and speech disorders (Rajchanovska & Ivanovska 2015). However, a
significant association has been found between increased mobile phone use and

speech disorders (Rajchanovska & Ivanovska 2015).

Longitudinal studies report similarly mixed findings. Blankson et al. (2015) found

that after adjusting for covariates, television viewing at either 3 or 4 years of age
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was not associated with vocabulary, cognitive inhibitory control, working
memory capacity, or overall executive function. However, McKean et al. (2015)
report significant associations between higher television viewing at age 4 years
and lower language development at age 7 years. The lack of consistent measures
of cognitive development in this population makes it difficult to compare results.
Additionally, there are potentially different associations with cognitive outcomes
depending on the specific type of screen (e.g., “passive” television viewing
compared to tablet use). Evidence from a review in school-aged children suggests
that higher duration of television viewing is significantly associated with lower
academic achievement; however, in general, no association is observed between

computer or video game use and academic achievement (Carson et al. 2016).

No studies have been identified examining the association between objectively
assessed sedentary time and cognitive development in early childhood. In school-
aged children, few studies have been conducted and results are mixed. One study
has reported no association between sedentary time and academic achievement
(measured by grade point average) (Syvaoja et al. 2013), but one study has
reported strong associations between sedentary time and academic achievement in
five domains (language, reading, writing, spelling, and numeracy) (Maher et al.

2016).

2.3.4 Summary of health and developmental outcomes

In summary, there is emerging evidence that some sedentary behaviours during

early childhood, particularly television viewing, are associated with a number of
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unfavourable physical, psychosocial and cognitive health and developmental
outcomes (Figure 2.1; Pathway A). However, there is evidently a significant gap
in the literature (which is outside the scope of the current thesis) with respect to
the health and developmental outcomes of total sedentary time in this population,
with the majority of studies focussing solely on television viewing. Given that
evidence suggests that sedentary behaviour throughout childhood is associated
with unfavourable outcomes, it is also important to consider Pathway C, i.e.,
whether sedentary behaviour tracks over time, to determine the necessity for early
intervention. This is also important given that many health outcomes may not be

evident until later in life.

2.3.5 Tracking of sedentary behaviour

The term “tracking” refers to the stability of a particular behaviour over time
(Bloom 1964), or the maintenance of an individuals’ relative rank over time
within a cohort (Malina 1996). For the purposes of this thesis, tracking of
sedentary behaviour refers to whether sedentary behaviour habits established
early in life are maintained (i.e., are stable) over time; that is, whether a child who
is highly sedentary at a young age is still sedentary at an older age (Pathway C in
Figure 2.1). Longitudinal observations of the same cohort, with correlations
between time points, are used to estimate the tracking of particular behaviours

(Malina 1996).

Jones et al. (2013) conducted a systematic review to examine the tracking of

physical activity and sedentary behaviour in early childhood (0 to 5 years) and

Page | 20



Chapter Two: Literature review

from early childhood to middle childhood (6 to 11 years). Tracking coefficients
were classified as small (<0.30), moderate (0.30 to 0.49) or large (=0.50). There
was evidence of moderate tracking both during early childhood and from early
childhood to middle childhood, with 83% of studies reporting moderate or large
tracking of sedentary behaviour (time periods ranging from one to two years). The
majority of included studies reported time spent watching television or engaging
in other screen time behaviours. Only one included study reported total sedentary
time (Kelly et al. 2007) and one reported total sedentary behaviour from parent
proxy report (Taylor et al. 2009); both studies found moderate tracking
coefficients. Larger tracking coefficients were generally found for television
viewing (Jones et al. 2013), suggesting that television viewing may be more
stable over time than overall sedentary behaviour. Similarly, another systematic
review of the tracking of sedentary behaviours of young people (3 to 18 years)
identified two studies (utilising the same sample with different follow-up periods)
suggesting that television viewing tracks moderately from age 5 years into
adolescence and adulthood (Biddle et al. 2010). Given that sedentary behaviour
has been shown to track, it is important to establish low levels of these behaviours
during the developmental period so that these low levels continue throughout
childhood and into later life. Given the negative health consequences associated
with some sedentary behaviours, and given that sedentary behaviour tends to
track through childhood and potentially to adulthood, recommendations to limit
these behaviours in young children have been incorporated into national and

international public health guidelines.
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2.4 Sedentary behaviour recommendations

In 2001, the American Academy of Pediatrics (AAP) was the first association to
introduce recommendations for limiting screen time for young children, stating

that parents should:

e “Limit children’s total media time (with entertainment media) to no more

than one to two hours of quality programming per day; and

e Discourage television viewing for children younger than 2 years”

(Committee on Public Education 2001, p. 424).

In 2006, the AAP also recommended that for children aged 4 to 6 years “parents
should reduce sedentary transportation by car and stroller” (Council on Sports
Medicine and Fitness and Council on School Health 2006, p. 1838), and in 2013
issued a statement reinforcing the screen time recommendations described above
(Council On Communications and Media 2013). However, these
recommendations were based on expert consensus rather than on scientific
evidence. The AAP updated their recommendations in 2016 to suggest that digital
media use (except video-chatting) should be avoided in children younger than 18
to 24 months, and that for children aged 18 to 24 months only high-quality media
should be introduced and solo media use should be avoided (Council On

Communications and Media 2016).

In 2010, Australia was the first country to introduce evidence-based

recommendations for sedentary behaviour for children aged 0 to 5 years. A
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discussion paper (Okely et al. 2008) reviewing current evidence for the health
outcomes, measurement, prevalence and correlates of physical activity and
sedentary behaviour was compiled, from which physical activity and sedentary
behaviour recommendations were developed. As sedentary behaviour is the focus
of this thesis, only those recommendations will be discussed. The sedentary

behaviour recommendations are:

e “For children 2 to 5 years of age, sitting and watching television and the
use of other electronic media (DVDs, computer and other electronic
games) should be limited to less than one hour per day;

e Children younger than 2 years of age should not spend any time watching
television or using other electronic media (DVDs, computer and other
electronic games); and

e Infants, toddlers and pre-schoolers (birth to 5 years) should not be
sedentary, restrained, or kept inactive, for more than one hour at a time,
with the exception of sleeping” (Australian Government Department of

Health 2014).

Similar sedentary behaviour recommendations have since been developed in
Canada and the United Kingdom (UK); both recommend that time spent
sedentary (restrained) should be minimised for children under 5 years (Tremblay
et al. 2012b; UK Department of Health 2011). However, the UK
recommendations are vague in that they do not provide a specific time to
minimise restraint to, nor do they provide specific suggestions for screen time
(UK Department of Health 2011). The Canadian recommendations are consistent

with the Australian recommendations in suggesting minimising restraint to no
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more than one hour at a time, that children under 2 years should not be exposed to
any screen time, and that screen time for children aged 2 to 4 years should be
limited to less than one hour per day (Tremblay et al. 2012a). Hong Kong has also
released sedentary behaviour guidelines for young children; however, they differ
slightly from the Australian, Canadian and UK recommendations. The Hong
Kong guidelines suggest that children under 2 years should avoid screen time and
children aged 2 to 6 years should limit screen time to no more than two hours per

day (Hong Kong Government Department of Health 2012).

Finally, in 2017, New Zealand released physical activity, sedentary behaviour and
sleep recommendations for children aged under 5 years (New Zealand Ministry of
Health 2017). These guidelines were the first to include recommendations for
breaking up sitting time in early childhood. The guidelines recommend that
regular activity breaks should be provided to young children to limit the amount
of time a child spends sitting. Consistent with Australian and Canadian
recommendations, they also suggest that screen time should be discouraged for
children under 2 years of age, and limited to less than one hour every day for
children aged 2 years or older. Time spent using equipment that restricts free
movement (e.g., high chairs or strollers) should be also be limited. Similar to the
UK guidelines, no specific times to minimise restraint to are provided. In order to
measure sedentary behaviour (to determine prevalence of meeting
recommendations, investigate health outcomes, etc.), valid and reliable
instruments are required. These instruments are described in the following

section.
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2.5 Assessment of sedentary behaviour

Appropriate tools are required to assess sedentary behaviour to determine
compliance with sedentary behaviour recommendations, to determine correlates
of sedentary behaviour and to evaluate intervention effectiveness (Colley et al.
2013). Young children’s sedentary behaviour can be measured using subjective
(e.g., proxy report) or objective (e.g., accelerometers, direct observation)
methods. There are advantages and limitations to all methods of measurement;
however, it has been suggested that in children and adolescents, subjective and
objective measurements should be used concurrently to determine both overall
sedentary behaviour and the type and context of behaviour (Lubans et al. 2011).
Further, different methods of assessment may be necessary for different types of
sedentary behaviour. For example, total sedentary behaviour is likely to be
challenging to recall accurately and may be best assessed using an objective
measure, whereas habitual screen time cannot currently be measured objectively
and is best assessed using subjective instruments. Measurement tools commonly
used to determine levels of sedentary behaviour are described in the following

sub-sections.

2.5.1 Proxy report

Self-report measures are often used to reliably assess physical activity and
sedentary behaviour in older children and adolescents. However, these measures
are not considered appropriate for children under the age of 10 years as they are
unlikely to have the cognitive ability to accurately recall activities (Dollman et al.
2009; Trost 2007). Instead, proxy report by parent, caregiver or teacher is the key
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means of subjective assessment for children under 10 years. To date, children’s
sedentary behaviour has most commonly been measured by parental proxy report
of screen time (Loprinzi & Cardinal 2011). Proxy report measures include diaries,
log books, checklists, and questionnaires (Dollman et al. 2009; Lubans et al.
2011). The key advantage of proxy report measures is the provision of contextual
information on specific types of sedentary behaviours, for example, the
assessment of different types of screen behaviours (Colley et al. 2012). Proxy
reports are also relatively inexpensive and easy to administer, and hence are often
used in large epidemiological studies where other measurement tools may not be
practical or cost-effective (Trost 2007). However, these measures can be subject
to social desirability and recall bias, whereby parents may under- or over-report
the amount of time their child spends in particular behaviours (Lubans et al. 2011,
Reilly et al. 2008). Reliance on proxy report of screen time may also not provide
an accurate estimate of overall sedentary behaviour. It would be very difficult to
measure all types of individual sedentary behaviours with proxy report (e.g.,
listing time spent reading, doing puzzles, playing with blocks, sitting not playing),
and challenging for parents to accurately estimate the sum of all these pursuits in
a single global assessment. Additionally, parents are not able to report their

child’s sedentary behaviour while in preschool/childcare.

Proxy report validity and reliability

Few studies have reported the reliability and validity of proxy report measures of
sedentary behaviour in children 5 years and younger. A systematic review

evaluating the validity and reliability of sedentary behaviour measures in children
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and adolescents identified just two studies that included children in this age group
(Lubans et al. 2011). One study compared 10-day parent diaries of 5-year-old
children’s television viewing with time-lapse video observations (Anderson et al.
1985). The authors reported test-retest reliability (over a one month period) to be
of borderline acceptability (r=0.72) for the television diaries, and reported good
criterion validity assessed by correlation (r=0.84) between the television diary and
video observations (Anderson et al. 1985). The other study found acceptable test-
retest reliability (r=0.80) for television viewing items included in a parent
questionnaire, but did not report on the validity of the items (Taras et al. 1989).
Another systematic review, investigating the measurement of television viewing
in children and adolescents, found that proxy report was used consistently for O-
to 5-year-old children but that the validity and reliability of the measures was not
often reported (Bryant et al. 2007). Studies published subsequent to those
systematic reviews have generally found moderate to good test-retest reliability
for screen time questionnaires (Campbell et al. 2013; Hinkley et al. 20123;

Hinkley et al. 2014b) and for television diaries (Mendoza et al. 2013).

Proxy report may also be used to measure the amount of time young children
spend restrained; however, to date only one study has been identified that reports
the reliability of a proxy report tool to measure time spent restrained (Hesketh et
al. 2014a). That study assessed time in a range of different situations that restrain
movement, including in a bouncer or swing, stroller or pram, car seat or capsule,
high chair or other chair, playpen, and baby carrier or sling, at child ages 4, 9 and
20 months. The majority of individual items had acceptable test-retest reliability

(intra-class correlation >0.50), with the exception of time spent restrained in a
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bouncer/swing and in a highchair at child age 4 months which did not show

acceptable reliability (Hesketh et al. 2014a).

2.5.2 Direct observation

There are no observation tools developed specifically for measuring young
children’s sedentary behaviour. However, tools designed to measure physical
activity have been used to capture sedentary behaviour. Direct observation
involves trained researchers observing and recording the types of activities
undertaken over a predetermined period of time (Pate, O'Neill & Mitchell 2010).
Sedentary behaviour is usually recorded as an “intensity” of activity, i.e.,
activities are recorded as either sedentary, light, moderate, or vigorous in
intensity. Hence, direct observation may not necessarily measure true sedentary
behaviour as defined by the Sedentary Behaviour Research Network (Tremblay et
al. 2017). For example, the Observational System for Recording Physical Activity
in Children- Preschool (OSRAC-P) consists of six “physical activity level
categories” ranging from “stationary” (which includes standing still, i.e., not
sitting) to “fast”. It is therefore possible that a child’s activity may be classified as

stationary, and hence sedentary, but they may not necessarily be sitting.

Two of the most commonly used direct observation tools are the Children’s
Activity Rating Scale (CARS) and the OSRAC-P (a modified version of CARS)
(Oliver, Schofield & Kolt 2007). The CARS has been validated to measure
physical activity in preschool children using VO2 (a measure of energy

expenditure) and assessed for inter-observer agreement, with high percent
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agreement reported (84.1+10.1%) (Puhl et al. 1990). However, when the CARS
was assessed for between-day and between-year stability in preschool children
(DuRant et al. 1993), higher levels of reliability were found for the higher
intensity activity levels, rather than time spent sedentary. The OSRAC-P also
shows acceptable inter-observer agreement; however, there was significant
variability in observer classification of physical activity level and type (Brown et
al. 2006), again highlighting the limitations of direct observation for classifying

sedentary behaviour.

Direct observation allows the collection of a range of data, including the type of
sedentary behaviour (e.g., sitting, reading, watching television), the social and
environmental context, and the location (Pate, O'Neill & Mitchell 2010), with less
risk of bias than proxy report measures (Lubans et al. 2011). Participant reactivity
to observation (in which children may alter their behaviour in the presence of an
observer) can be of concern; however, this has been shown to occur rarely with
young children (Puhl et al. 1990). The key limitation of direct observation is
researcher burden, primarily the cost and time involved in using trained
researchers (Dollman et al. 2009; Pate, O'Neill & Mitchell 2010). Direct
observation is therefore not suitable for measuring “habitual” behaviour; it is
more suitable for small, short-term studies, and is typically undertaken in
preschool or childcare settings rather than in family homes, due to the intrusive

nature.
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2.5.3 Accelerometers

Accelerometers are commonly used as an objective measure of sedentary time in
preschool children (Hnatiuk et al. 2014; Pate, O'Neill & Mitchell 2010). They are
small, lightweight monitors that are usually worn on a belt around the hips (Pate,
O'Neill & Mitchell 2010) or, more recently, on the wrist (Chandler et al. 2016;
Johansson et al. 2014). Accelerometers detect accelerations of the body in either
the vertical plane (uniaxial) or in multiple planes (omnidirectional), traditionally
using piezoelectric sensors (Chen & Bassett 2005) but more recently using
capacitive sensors (John, Tyo & Bassett 2010). The raw acceleration data are
referred to as “counts” of activity. The counts are summed and stored in the
internal memory of the monitor at the end of each pre-determined period of time,
referred to as an “epoch”. At the end of the period of wear, the raw output from
the accelerometer can be downloaded to a computer for analysis. The number of
counts per epoch is compared with predetermined thresholds or cut points to

identify time being sedentary.

Accelerometers have the advantage of providing an objective measurement of
sedentary time that is not subject to reporting biases (Lubans et al. 2011). They
also measure sedentary time in free-living conditions and in real-time, allowing
estimates of usual sedentary behaviour at particular times of the day, with little
participant burden (Lubans et al. 2011; Pate, O'Neill & Mitchell 2010). However,
disadvantages of the use of accelerometers include the relatively high cost and the
high-level technical knowledge and software required to analyse the data.

Furthermore, accelerometers do not provide contextual information nor do they
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distinguish between types of sedentary behaviours, only providing data on overall
sedentary time (Lubans et al. 2011), which additionally may be misclassified

stationary standing time.

Accelerometer validity and reliability

The ActiGraph is one of the most commonly used accelerometers that is
commercially available for use in research studies. It has been validated (in a hip-
worn position) for measuring sedentary time in preschool children against direct
observation using criteria based on the CARS, showing high correlation (r = 0.70)
(Sirard et al. 2005) and a moderate area under the receiver operating characteristic
curve (ROC-AUC; 0.61) (De Decker et al. 2013). The ActiGraph has also been
validated for measuring sedentary time (comparing existing cut points for
classifying sedentary time; discussed further in the following sub-section) against
whole room calorimetry and direct observation in 4- to 6-year-old children
(Janssen et al. 2013Db). Other studies have validated the ActiGraph for measuring
overall physical activity of preschool children against direct observation and
energy expenditure (oxygen consumption [VOz] measured on a breath-by-breath
basis), but have not reported the validity of the monitor for measuring sedentary
time specifically (Fairweather et al. 1999; Pate et al. 2006). Those studies found
high correlations ranging from r=0.82 to r=0.87 for overall counts per minute for
physical activity. The validity of the ActiGraph for assessing sedentary time in
toddlers (aged 1 to 3 years) has been reported in two studies. Those studies found
moderate to high sensitivity (ranging from 67.0% to 100%), low to moderate
specificity (ranging from 23.9% to 75.4%) and moderate to high ROC-AUC

values (ranging from 0.56 to 0.98) (Johansson et al. 2014; VVan Cauwenberghe et
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al. 2011a). One of those studies also examined the feasibility of using
accelerometers with toddlers, and found 83% of parents perceived wearing the
accelerometer as “not unpleasant and not pleasant”, with no parents perceiving it
as “unpleasant” (Van Cauwenberghe et al. 2011a). Finally, the ActiGraph has also
been calibrated and cross-validated against CARS for wrist-worn placement in

preschoolers (Johansson et al. 2014).

Other accelerometers available commercially include the Actiwatch, Actical,
Actiheart and RT3. The Actiwatch has been highly correlated (r = 0.74) with
overall physical activity (using the CARS) in 5- to 6-year-old children; however,
the correlation for sedentary time specifically was not reported (Finn & Specker
2000). The Actical, Actiheart and RT3 accelerometers have been validated
against oxygen consumption (as a measure of energy expenditure) simultaneously
in one study of preschool children, with positive predictive rates of 77%, 75% and
76%, respectively (Adolph et al. 2012). While accelerometers have been shown to
be valid, reliable and feasible to use in this population, there are a number of
contentious issues regarding the recording and analysis of the data, including the

use of different cut points to classify sedentary time.

Accelerometer cut points

While raw accelerometer data can be used to describe total or average counts of
movement per minute, cut points are required to classify the behaviour as either
sedentary time, light-, moderate- or vigorous-intensity physical activity (Ridgers

& Fairclough 2011). For sedentary time, cut-points indicate the maximum number
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of counts per epoch that denote the epoch as sedentary time. There is considerable
variation in existing cut points for young children’s sedentary behaviour and the
use of different cut points has been shown to influence the classification of
sedentary time (Trost et al. 2012). It is important for studies to use appropriate
and consistent cut points not only to accurately assess sedentary behaviour, but
also to allow for comparison between samples. Existing cut points for children

aged 5 years and under are summarised in Table 2.1.

Table 2.1 Accelerometer cut points for classifying sedentary time in young

children
Study Accelerometer Sample Sedentary cut point
age (per 15s epoch)
Evenson et al. (2008)  ActiGraph 5-8years <25
Pate et al. (2006) ActiGraph 3-5years <37
Reilly et al. (2003) ActiGraph 3-4years <275
Sirard et al. (2005) ActiGraph 3 years <301
4 years <363
5 years <398
Trost et al. (2012) ActiGraph 16-36 <25
months
Van Cauwenberghe et ActiGraph 1-3years <37
al. (2011a)
Van Cauwenberghe et ActiGraph 3-6years <372
al. (2011b)

Janssen et al. (2013a) evaluated the classification accuracy of existing ActiGraph
cut points used in preschool children (against direct observation using CARS) in a
sample of 4- to 6-year-olds. The authors found that the Evenson cut points were

the most accurate for classifying sedentary behaviour. They concluded that, based
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on their findings, a cut point of <25 counts per 15 second epoch (Evenson et al.
2008) should be used to classify sedentary behaviour in preschool children
(Janssen et al. 2013a). Trost et al. (2011) reached the same conclusion in a sample

of children aged 5 to 15 years.

Posture-based accelerometers

In recent years, posture-based accelerometers and inclinometers such as the
activPAL™ (PAL Technologies Ltd, Glasgow, Scotland) have been used to
measure sedentary behaviour (specifically sitting time) by measuring posture (i.e.,
sitting/lying versus standing) (Ridgers et al. 2012). The activPAL™ is a small,
lightweight monitor that is worn on the mid-anterior aspect of the thigh (Martin et
al. 2011). The monitor uses algorithms to identify periods of sitting, standing and
walking (Grant et al. 2006), allowing the objective assessment of sitting time.
Data can be used to identify posture transitions (e.g., from sitting to standing) as
breaks in sitting time, which have been shown to potentially mitigate the negative
health outcomes associated with extended periods of sedentary behaviour in

adults (Healy et al. 2008).

The activPAL™ has similar advantages to hip-worn accelerometers, in that it

provides an objective measurement of sitting time that is not subject to reporting
biases. Further, it assesses sitting time in free-living conditions and in real time.
This allows for estimates of sitting time at particular times of the day. However,

the activPAL™ may not accurately capture postures such as kneeling (Janssen et
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al. 2014). In addition, they are expensive and require high-level knowledge and

software to analyse the data.

activPAL™ validity and reliability

The activPAL™ has been tested for validity in preschool children, with
conflicting results. When compared against the Actical and ActiGraph
accelerometers, the activPAL™ shows moderate agreement at the group level, but
poorer agreement at the individual level (Martin et al. 2011; Van Cauwenberghe
et al. 2012). Similarly, the activPAL™ has been shown to have poor classification
accuracy (ROC-AUC = 0.6) when compared to direct observation in 4- to 6-year-
olds (De Decker et al. 2013). However, other studies have found acceptable
validity for the activPAL™ for classifying sitting time in preschool children when
compared against direct observation alone (Davies et al. 2012) and against room
calorimetry in conjunction with direct observation (Janssen et al. 2013b). Further,
the activPAL™ has been shown to have acceptable reliability (>0.80 correlation
coefficient) in preschool children when the monitor is worn for at least 5 days
(Davies et al. 2012). It has also been shown to have acceptable practical utility, in
that parent responses to the practicality of using the activPAL™ are generally
positive (Davies et al. 2012). Davies, Reilly and Paton (2012) also found a high
correlation (r = 0.79) between the number of posture transitions, e.g., from sitting

to standing, and direct observation in preschool children.

The differing results of validation studies are largely due to the different criterion

measures utilised. While both the Actical and ActiGraph accelerometers have
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been validated for measuring sedentary time in preschool children, they primarily
determine sedentary behaviour as a lack of movement, which does not align with
the most recent definition of sedentary behaviour (Tremblay et al. 2017). In
contrast, the activPAL™ measures posture, such as sitting and lying, to determine
sedentary behaviour. Hence, there will be some disagreement between these
instruments when measuring sedentary behaviour (Van Cauwenberghe et al.

2012).

2.5.4 Summary of assessment of sedentary behaviour

In summary, the most appropriate tool for assessing sedentary behaviour depends
on the outcome of interest. Given the advantages and limitations of each of the
tools described above, a combination of both subjective and objective measures is
recommended to comprehensively assess time spent in different types of
sedentary behaviour. Having accurate measures of young children’s sedentary
behaviour is important for determining the population prevalence of these
behaviours, in particular how many children are meeting government guidelines.
The current prevalence of sedentary behaviour in young children is discussed in

the following section.

2.6 Prevalence of sedentary behaviour in young

children

The differing types of sedentary behaviour, for example screen time and restraint,

and the varying tools used to measure these different types of sedentary
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behaviours in young children make it difficult to provide accurate estimates of
overall sedentary behaviour across the population. Estimates of preschool
children’s screen time range from a mean of 57 to 246 minutes per day (Aggio et
al. 2015; Asplund et al. 2015; Berglind & Tynelius 2017; Bleakley, Jordan &
Hennessy 2013; Brockmann et al. 2016; Carson & Janssen 2012; Carson, Rosu &
Janssen 2014; Carson et al. 2010; Carson et al. 2013; Datar, Nicosia & Shier
2013; Dawson-Hahn, Fesinmeyer & Mendoza 2015; Garriguet et al. 2016;
Hinkley et al. 2012b; Kabali et al. 2015; Lee et al. 2016; Loprinzi et al. 2014;
Loprinzi, Schary & Cardinal 2013; Magee, Lee & Vella 2014; Miguel-Berges et
al. 2017; Okely et al. 2009; Peck et al. 2015; Sanders et al. 2015; Sijtsma et al.
2015; Tandon et al. 2011; Vaughn, Hales & Ward 2013; Veldhuis et al. 2014; Xu
et al. 2016Db). The percentage of children meeting the AAP guidelines of no more
than two hours per day of screen time (Council On Communications and Media
2013) ranges from 21% to 91% (Asplund et al. 2015; Briefel, Deming & Reidy
2015; Carson & Janssen 2012; Carson et al. 2010; Hinkley et al. 2012b; Loprinzi,
Schary & Cardinal 2013; Okely et al. 2009; Peck et al. 2015; Schrempft et al.
2015; Tandon et al. 2011; Veldhuis et al. 2014; Wijtzes et al. 2013a; Wijtzes et al.
2013b). Adherence to the more stringent Australian and Canadian
recommendations of no more than one hour per day of screen time (Australian
Government Department of Health 2014; Tremblay et al. 2012b) ranges from
18% to 71% (Carson & Janssen 2012; Carson et al. 2010; Carson et al. 2013;
Colley et al. 2013; Garriguet et al. 2016; Hinkley et al. 2012b; Miguel-Berges et

al. 2017; Vanderloo & Tucker 2015; Wijtzes et al. 2013a; Wijtzes et al. 2013b).
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There are evidently vastly different estimates of both screen time and compliance
with screen time recommendations. This may largely be due to age variations
between and within the samples. Firstly, comparing estimates of screen time
between samples is difficult. For example, results from a study where the mean
age is 3 years may be very different to results from a study where the mean age is
5 years. Secondly, despite the relatively narrow age band (generally 3 to 5 years,
but some studies examined children from birth through 5 years), within-sample
screen time tended to be higher for older children. However, few studies stratified
results by age; for those studies including a wider age range (e.g., one study
included children from 6 months to 4 years (Kabali et al. 2015)), the screen time
habits for younger children may be very different to those of older children within
the sample. Early childhood is a period of rapid development; children aged 6
months who are not yet mobile or verbal are at a very different stage
developmentally (both physically and in terms of attention span) to children aged
4 years, and therefore engage in screen time in different ways. Hence, reporting a

mean value may not provide an accurate estimate.

Differences in estimates may also be explained by the range of different tools
used to assess screen time in those studies; some tools utilised continuous
measures of screen time (e.g., (Veldhuis et al. 2014)) while others utilised
categorical measures (e.g., a 7-point scale from *none’ to ‘>3 hours/day’(Carson,
Rosu & Janssen 2014)). Various screen-based behaviours were also assessed to
determine overall screen time (e.g., some studies assessed only television viewing
and video game use (Berglind & Tynelius 2017), while others assessed additional

behaviours such as non-game computer use (Colley et al. 2013)). Finally, other
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factors, such as the variability in sampling techniques and sample sizes (ranging
from 96 participants (Dawson-Hahn, Fesinmeyer & Mendoza 2015) to 12389
participants (Peck et al. 2015)) may explain some of the variability in estimates of
screen time. Regardless, the high levels of screen time in young children are
concerning, particularly given that evidence shows that only around 50% (or
fewer) of young children are meeting current Australian recommendations of no
more than one hour of screen time per day (Australian Government Department

of Health 2014).

A systematic review of the prevalence of objectively assessed physical activity
and sedentary time in children under 6 years of age also found substantial
variation in estimates of time spent sedentary, with a median of 77% of waking
time spent in sedentary time across all included studies (Hnatiuk et al. 2014). The
proportion of time per day spent being sedentary, measured by accelerometry,
ranged from 23% to 94%, or from three to 12 hours per day, while observational
studies reported between 55% and 89% of time spent sedentary (Hnatiuk et al.
2014). The review concluded that these vast differences in estimates of sedentary
time measured by accelerometry may be attributable to the use of different cut
points, with some studies utilising cut points that have not been validated in
preschool children. In addition, differing inclusion criteria (i.e., the minimum
number of hours/days of accelerometer wear time) may have resulted in
variability in results. Several studies reporting young children’s sedentary time
have been published since that review. Estimates of time spent sedentary in those
studies range from 241 to 468 minutes per day (approximately four to eight hours

per day) (Aguilar-Farias et al. 2015; Barbosa et al. 2016; Barkin et al. 2017,
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Berglind & Tynelius 2017; Borkhoff et al. 2015; Butte et al. 2016; Cerin et al.
2016; Dawson-Hahn, Fesinmeyer & Mendoza 2015; Garriguet et al. 2016;
Hesketh et al. 2014b; Hnatiuk, Hesketh & van Sluijs 2016; Hughes et al. 2016;
Johansson et al. 2015; Konstabel et al. 2014; Mgller et al. 2017; Schmutz et al.
2017; Senso et al. 2015; Tandon, Saelens & Christakis 2015; Vanderloo & Tucker
2015; Vaughn, Hales & Ward 2013; Wijtzes et al. 2013b); slightly less variation
than observed in the review by Hnatiuk et al. (2014). However, there were still
considerable differences in the cut points utilised in those studies. Thirteen studies
used “low” cut points (i.e., <20 to <152 counts per minute) (Barkin et al. 2017;
Borkhoff et al. 2015; Cerin et al. 2016; Dawson-Hahn, Fesinmeyer & Mendoza
2015; Garriguet et al. 2016; Hesketh et al. 2014b; Hnatiuk, Hesketh & van Sluijs
2016; Konstabel et al. 2014; Mgller et al. 2017; Schmutz et al. 2017; Senso et al.
2015; Tandon, Saelens & Christakis 2015; Vaughn, Hales & Ward 2013), while
six studies used “high” cut point (i.e., <456 to <1580 counts per minute) (Barbosa
et al. 2016; Berglind & Tynelius 2017; Butte et al. 2016; Johansson et al. 2015;
Vanderloo & Tucker 2015; Wijtzes et al. 2013b). There were no substantial
differences between estimates of sedentary time in studies that utilised low versus
high cut points. The study reporting the highest sedentary time (468 minutes per
day) used activPAL™ accelerometers to objectively assess sitting time (Aguilar-

Farias et al. 2015).

The only studies that have reported levels of restraint have been in children
younger than 2 years; that is, no studies in preschool children have reported levels
of restraint. One of those studies found that 9-month-old infants spent an average

of 1.1 hours per day in baby seats; no other measures of restraint were reported

Page | 40



Chapter Two: Literature review

(Sijtsma et al. 2013). The other study reported that infants spent a median of 103
minutes per day in situations that restricted movement (e.g., in a bouncer, swing,
stroller, car seat or baby carrier) at 4 months old, 137 minutes per day at 9 months
old, and 120 minutes per day at 20 months old (Hesketh et al. 2014a). The lack of
studies reporting prevalence of time spent restrained in preschool children may be
because children of this age do not have as many occasions to be restrained as
younger children; for example, by the age of 3 years most children would not be
using bouncers/rockers or highchairs. However, preschool children still use car
seats and many parents still use strollers for children of this age, despite not
needing to. Given that sedentary behaviour recommendations suggest that all
children aged 5 years and younger should minimise time spent restrained, it is
important to assess time in this behaviour in preschool aged children as well as

infants and toddlers.

In order to better understand young children’s sedentary behaviour habits, and
particularly why many children are exceeding current screen time
recommendations, it is important to investigate correlates of these behaviours.
Behavioural theories can provide a framework through which these associations

can be explored; these theories are discussed in the following section.
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2.7 Behavioural theories for understanding young

children’s sedentary behaviour

The application of behavioural theories can assist in identifying potential
correlates of sedentary behaviour. This can help to explain why some children are
not meeting recommendations and is useful for identifying particular areas that
may be targeted in interventions (Sallis & Owen 1998). Furthermore, theoretical
models can also be used to inform the development of interventions. King et al.
(2002) argue that interventions based on theoretical models are more successful
and effective than atheoretical interventions. Although interventions to increase
school-aged children’s physical activity are increasingly being based on theory
(Salmon, Brown & Hume 2009), interventions in children aged 5 years and
younger still generally neglect to use theory to inform their strategies (Hesketh &

Campbell 2010).

Although there are a number of theoretical models used in existing
epidemiological studies, many are models which have been developed to explain
adult health behaviours and hence they are not appropriate for use in studies in
this population. These include the transtheoretical model (Grimley et al. 1994;
Prochaska et al. 1994), the theories of reasoned action and planned behaviour
(Trost et al. 2002) and the Health Belief Model (Janz & Becker 1984). On the
other hand, social cognitive theory (Bandura 1986), the family influence model
(Kimiecik, Horn & Shurin 1996), and ecological models (Bronfenbrenner 1979;
Campbell, Hesketh & Davison 2010) may be more appropriate for this age group

as they take into account broader social and environmental influences which may
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be more relevant to young children. Ecological models provide an over-arching
framework that depicts the various levels of influence on behaviour
(Bronfenbrenner 1979). Social cognitive theory and the family influence model
propose constructs within these broader individual, social and environmental
contexts, such as parental and home environmental influences, that may be more
relevant in this age group than the psychological constructs on which adult
theories are primarily based. The following sub-sections will review each of these

theories and models to determine the most appropriate for use in this thesis.

2.7.1 Family influence model

The family influence model was developed to examine the influences on
children’s physical activity and is based on components of social cognitive theory
(described in Section 2.7.3) and the expectancy-value model (Wigfield & Eccles
2000). It proposes that a child’s home environment is essential for understanding
the influence of family on children’s behaviour (Kimiecik, Horn & Shurin 1996).
According to the model, the child’s belief system, which is related to the parent’s
belief system, interacts with the environment to influence the child’s behaviour

(Figure 2.2).
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Figure 2.2 Family influence model for children's sedentary behaviour; adapted

from Kimiecik, Horn and Shurin (1996)

To date, studies utilising the family influence model have tended to focus more on

the psychological components of the model (i.e., children’s and parent’s beliefs)

than the influence of the home and outside home environments (Dempsey,

Kimiecik & Horn 1993; Kimiecik & Horn 1998; Kimiecik, Horn & Shurin 1996).

In addition, the model has not previously been used to understand correlates of

young children’s sedentary behaviour. Although some aspects of this model are

clearly important, it may not be useful for very young children given the emphasis

on cognitive aspects; it is important to also consider other broader influences.
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2.7.2 Ecological models

Traditionally, ecological models suggest that influences on behaviours exist
within the ecological environment, which includes the micro-, meso-, exo-, and
macrosystems, each nested within the next respectively (Figure 2.3)
(Bronfenbrenner 1979). The microsystem refers to the proximal influences on the
individual (such as family and friends), the mesosystem involves the interrelations
between two or more settings in which the individual is involved (such as
preschool/childcare and home), the exosystem incorporates the indirect more
distal settings that influence the individual (such as the community or
neighbours), and the macrosystem refers to the broader cultural influences on the
individual (such as societal beliefs and economic conditions) (Bronfenbrenner

1979).

Macrosystem

History

Exosystem

Individual
Child

Familiy

Neighborhoods

Economic System

Figure 2.3 Bronfenbrenner’s (1979) ecological model describing influences on a

child (image taken from Niederer et al. (2009))
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In health promotion and epidemiological research, ecological models have tended
to focus on just three levels of influence: microsystem, exosystem and
macrosystem (also known as individual, social and physical environment)
(Davison & Birch 2001; Salmon & King 2005; Stokols 1992). The ecological
model has been used consistently in recent years to group correlates according to
their potential level of influence on physical activity and sedentary behaviour in
adults (Rhodes, Mark & Temmel 2012; Trost et al. 2002), school-aged children
(Sallis, Prochaska & Taylor 2000; Van Der Horst et al. 2007), preschool children
(Hinkley et al. 2008; Hinkley et al. 2010) and toddlers (Duch et al. 2013).
Ecological models have been criticised for being broad, failing to identify
directional associations and interactions between variables, and failing to identify
specific constructs of influence (Brug, Oenema & Ferreira 2005). However, they
are useful for understanding a wide range of potential influences on behaviours

and hence for examining multilevel correlates.

There are versions of this model that have been modified for use with children to
have more of a focus on parenting, e.g., the ecological model of predictors of
childhood overweight (Davison & Birch 2001) and the family ecological model
(Campbell, Hesketh & Davison 2010). However, for the purposes of this thesis, a
broader ecological model was used to explore potential correlates of sedentary
behaviour (in Section 2.8 and in Chapter Five; Paper Two) to allow for

comparison with previous studies.
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2.7.3 Social cognitive theory

Social cognitive theory suggests that behaviours, cognitive and other personal
factors, and environmental events interact with each other reciprocally to
influence behaviour (Bandura 1986). That is, behaviours are not just influenced
by personal factors and the environment, nor is the environment an outcome of
behaviours and personal factors. Rather, those three factors display reciprocal
determinism (Glanz, Rimer & Lewis 2002). Key components of social cognitive
theory include self-efficacy (i.e., an individual’s confidence in performing a
particular behaviour even when faced with challenges), outcome expectations,
behaviour capability, observational learning and reinforcement (Sallis & Owen
1998). Bandura (1986) asserts that social cognitive theory can be used to explore
the ways in which cognitive and environmental factors can influence human

behaviour.

Social cognitive theory is the most commonly used theory in physical activity and
sedentary behaviour interventions with young children (Nixon et al. 2012). Given
this, social cognitive theory was used in the development of the pilot intervention
described in Chapters Six and Seven. For the purposes of the intervention, social
cognitive theory was used to target the behaviour of the parents, which would in

turn change the behaviour of the children (i.e., the outcomes).
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Behaviour

Cognitive/ Envi ‘
— nvironmen
personal factors

Figure 2.4 Social cognitive theory (Bandura 1986)

2.8 Correlates of sedentary behaviour in young children

The ecological model (described in Section 2.7.2) was used as a framework to
group the potential levels of influence of the correlates with young children’s
sedentary behaviour within this section. The following sub-sections discuss
potential correlates that have been associated with sedentary behaviour in
preschool children. Following the ecological model structure used in the reviews

mentioned in Section 2.7.2, correlates will be discussed across three levels:

e Individual level (demographic and biological variables; behavioural
variables; psychological variables);

e Social level (family variables and broader social variables); and

e Physical environment level (home physical environment, neighbourhood

environment and preschool/childcare environment).

Summaries of correlates are presented in tables in Appendix A. Although the data
were not collected as part of a systematic review, they were collected

systematically and results were coded following the approach established by
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Sallis, Prochaska and Taylor (2000), and replicated in other reviews (Hinkley et
al. 2008; Hinkley et al. 2010) whereby the consistency of an association is
determined by the proportion of reported findings that support an association in a
given direction. Associations are coded 0 (no association), + (positive
association), or — (negative association). Overall associations were given when
four or more studies supported an association in a particular direction; see Table
2.2. When fewer than four studies had investigated the hypothesised association,

no overall association was coded.

Table 2.2 Rules for classifying variables regarding strength of evidence of

assocation with sedentary behaviour (Sallis, Prochaska & Taylor 2000)

% of studies supporting association Summary Meaning of code

(in >4 studies) code

0-33 00 No overall association

34-59 ? Indeterminate/inconsistent
association

60-100 (positive direction) ++ Positive overall association

60-100 (negative direction) - Negative overall association
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2.8.1 Individual level correlates

Demographic and biological variables

There are a number of child and family demographic and biological variables that
have been investigated as potential correlates of sedentary behaviour in early
childhood. Summaries of these correlates are presented in Appendix A (Table

Al). The two most commonly studied of these variables are child sex and age.

Child sex consistently shows no association with television viewing (Berglind &
Tynelius 2017; Burdette et al. 2003; Carson & Janssen 2012; Christakis et al.
2004; Dennison, Erb & Jenkins 2002; Jago et al. 2005; Kourlaba et al. 2009;
Manios et al. 2009; Miller et al. 2008; Taylor et al. 2009; Tey et al. 2007; Truglio
et al. 1996; Vandewater et al. 2007; Veldhuis et al. 2014) or with total screen time
(Carson & Janssen 2012; Carson, Rosu & Janssen 2014; Christakis et al. 2004;
Garriguet et al. 2016b; Hinkley et al. 2012b; Loprinzi, Schary & Cardinal 2013b;
Tandon et al. 2011) in preschool children. This lack of association seems to be
consistent over time and between countries. However, despite these largely
consistent findings across studies, a small number of studies have reported sex
differences. Four out of 21 studies have found that boys have higher screen time
than girls (Adams & Prince 2010; Barr-Anderson et al. 2011; Berglind &
Tynelius 2017; Lee et al. 2016). Such differences in findings may be due to the
slightly higher ages of children in those studies (i.e., mean age of 4 years or
more), compared to studies that report no association with sex including children
younger than 1 year of age (e.g., (Carson, Rosu & Janssen 2014)). Evidence

shows that school-aged (LeBlanc et al. 2015) and adolescent (Salmon et al. 2011)
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boys engage in higher levels of screen time compared with girls, suggesting that

this sex difference may emerge at a later stage.

Conversely, although the studies frequently report that child sex is not associated
with sedentary time in preschool children (Borkhoff et al. 2015; Cardon & De
Bourdeaudhuij 2008; Hannon & Brown 2008; Hesketh et al. 2014b; Johansson et
al. 2015; Mgller et al. 2017; Pate et al. 2008; Pate et al. 2004; Schmutz et al.
2017; Temple et al. 2009; Vanderloo & Tucker 2015), some studies have reported
that girls engage in higher levels of objectively measured sedentary time than
boys (Berglind & Tynelius 2017; Fisher et al. 2005; Jago et al. 2005;
Montgomery et al. 2004; Taylor et al. 2009; Wijtzes et al. 2013b). Given that
research has consistently found that preschool boys are more active than girls, it is
logical to posit that girls would be more sedentary (with the operationalisation of
young children’s physical activity as light-, moderate- and vigorous-intensity
physical activity [LMVPA], i.e., anything other than sedentary time). The
differences in findings may be due to differences in the tools used to assess
sedentary time, including different accelerometers, heart rate monitoring and

direct observation.

Child age has consistently been shown to be positively associated with television
viewing in preschool children (Anand & Krosnick 2005; Campbell et al. 2010;
Carson & Janssen 2012; Christakis et al. 2004; Dennison, Erb & Jenkins 2002;
Jago et al. 2005; Manios et al. 2009; Natsiopoulou & Melissa-Halikiopoulou
2009). However, that association is indeterminate for total screen time, with some

studies reporting a positive association (Asplund et al. 2015; Carson & Janssen
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2012c; Carson, Rosu & Janssen 2014; Christakis et al. 2004) and others reporting
no association (Carson & Janssen 2012a; Hinkley et al. 2013b; Veldhuis et al.
2014). On the contrary, studies consistently show that child age is not associated
with sedentary time in this age group (Byun, Dowda & Pate 2011; Cliff et al.
2009; Dolinsky et al. 2011; Hannon & Brown 2008; Ostbye et al. 2013; Schmutz

et al. 2017).

In addition to age and sex, other child demographic and biological variables such
as ethnicity (race) and BMI have been investigated as potential correlates of
young children’s sedentary behaviour. Child ethnicity is consistently associated
with television viewing in preschoolers (Kuepper-Nybelen et al. 2005; Njoroge et
al. 2013; Sallis et al. 1993; Veldhuis et al. 2014; Wijtzes et al. 2013a), such that
non-Caucasian (or non-native) children engage in significantly higher levels of
television viewing. In contrast, ethnicity has been shown to have no association
with total sedentary time in preschool children (Jago et al. 2005; Ostbye et al.
2013; Pate et al. 2008; Pate et al. 2004). BMI has also been shown to have no
association with sedentary time (Byun, Liu & Pate 2013; CIiff et al. 2009;
Dolinsky et al. 2011; Hesketh et al. 2014b; Johansson et al. 2015; Ostbye et al.
2013; Senso et al. 2015 ; Wijtzes et al. 2013Db) or total screen time (Adams &
Prince 2010; Asplund et al. 2015; Garriguet et al. 2016; Hinkley et al. 2013;
Sijtsma et al. 2015). The association between BMI and television viewing, while
more extensively investigated, is indeterminate. Some studies report no
association (Burdette & Whitaker 2005; Cox et al. 2012; Kourlaba et al. 2009;
Okely et al. 2009; Raynor et al. 2009; Taverno Ross et al. 2013) while others

report that increased television viewing is associated with an increased BMI
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(Brown et al. 2010; Fuller-Tyszkiewicz et al. 2012; Manios et al. 2009; Miller et
al. 2008; Tey et al. 2007). Of note, cross-sectional examination of Australian
children participating in a large cohort study showed no association between BMI
and television viewing at age 2 years and a positive association at ages 4 and 6
years (Fuller-Tyszkiewicz et al. 2012). Likewise, when stratifying by age, Manios
et al. (2009) found a significant positive association between BMI and television
viewing for children aged 3 to 5 years, but not those aged under 3 years. Results
from these two studies suggest that the association between BMI and television
viewing may become stronger over time. However, given that these studies are
cross-sectional in design, causality cannot be determined. Overall, evidence for an

association between BMI and sedentary behaviour is largely inconclusive.

Similarly, parent BMI has been shown to have a positive association with
preschool children’s television viewing in four studies (Brown et al. 2010; Miller
et al. 2008; Proctor et al. 2003; Wijtzes et al. 2012) and no association in one
study (Manios et al. 2009) (overall positive association), but consistently no
association with children’s sedentary time (Byun, Dowda & Pate 2011; Dolinsky
et al. 2011; Schmutz et al. 2017; Wijtzes et al. 2013b). In addition to parent BMI,
a number of other family biological and demographic variables, primarily parental
characteristics, have also been investigated as possible correlates of young
children’s sedentary behaviour. However, they have been investigated too
infrequently to determine overall associations for sedentary time and screen time,
and no conclusive associations have been determined for their association with
television viewing. Firstly, some studies report no association between parental

age and television viewing (Veldhuis et al. 2014; Yalcin et al. 2002 (maternal
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age)) and others report a negative association (Miller et al. 2008; Yalcin et al.
2002 (paternal age)). Findings for the association between television viewing and
maternal employment are similarly inconclusive. Some studies report that
children with mothers who are in paid employment watch less television (Brown
et al. 2010; Burgi et al. 2010; van Rossem et al. 2012), some report no association
(Manios et al. 2009; Vandewater et al. 2007; Wijtzes et al. 2012), and one study
has reported that children watch more television if their mother is employed
(Hawkins et al. 2009). Finally, findings for the association between children’s
television viewing and parent’s marital status are mixed. Three studies each have
reported no association (van Rossem et al. 2012; Vandewater et al. 2007; Wijtzes
et al. 2012) and a positive association (Miller et al. 2008; Vandewater et al. 2007;
Veldhuis et al. 2014), such that children whose parents are not married have

higher levels of television viewing.

One final family demographic variable that is of interest is socioeconomic
position (SEP). There are a number of ways to measure SEP, including
individual-level indicators such as maternal education and income, or area-level
indicators such as area of residence. Maternal or parent education is one of the
most commonly used proxies for SEP in young children (Timperio et al. 2004;
Tremblay & Willms 2003). In preschool children, parental education is
consistently inversely associated with both television viewing (Burgi et al. 2010;
Manios et al. 2009; Miller et al. 2008; Proctor et al. 2003; Truglio et al. 1996; van
Rossem et al. 2012; Veldhuis et al. 2014; Yalcin et al. 2002) and screen time
(Carson & Janssen 2012; Carson, Rosu & Janssen 2014; Downing, Hinkley &

Hesketh 2014; Garriguet et al. 2016; Tandon et al. 2011). However, studies

Page | 54



Chapter Two: Literature review

consistently report no association between parental education and sedentary time
(Burgi et al. 2010; Dolinsky et al. 2011; Downing, Hinkley & Hesketh 2014;
Hesketh et al. 2014b; Pate et al. 2004; Vanderloo & Tucker 2015; Wijtzes et al.

2013b).

Overall, with the exception of child sex which consistently showed no association
with sedentary time, television viewing and screen time, evidence suggests that
demographic and biological correlates may vary between these different sedentary
behaviours in preschool children. The lack of correlates identified for sedentary
time may potentially be due to measurement issues and differing cut points used
for accelerometers. Another explanation is that many correlates are context and
behavioural specific. Objectively assessed sedentary time is a measure of all
sedentary behaviours together; however, sedentary behaviours are not all equal.
For example, the correlates of screen time would likely be different to the
correlates of sitting in a car. Finally, children’s screen time is most often
measured by parent report, as are potential correlates. There may therefore be
consistent reporting biases (e.g., parents may perceive that girls are more
sedentary than boys). Other demographic and biological variables, such as waist
circumference, child first-born status, breastfeeding duration, language spoken at
home, family size, parent ethnicity, and parent migrant status have been
investigated too infrequently as correlates of sedentary behaviour to draw overall
conclusions. In addition to these variables, there may be behavioural factors

associated with sedentary behaviour.
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Behavioural variables

The behaviours of young children, both self- and parent-directed, and their
associations with sedentary behaviour have been studied relatively infrequently
(see Appendix A; Table A2). The most commonly investigated behavioural
correlate is physical activity. However, evidence for its association with television
viewing is inconclusive, with three studies finding a negative association (Brown
et al. 2010; Jago et al. 2005; Kourlaba et al. 2009), one finding a positive
association (Yamamoto et al. 2011), and two finding no association (Cox et al.
2012; Proctor et al. 2003). It is not clear why these differences in findings were
observed. Potentially the differences may be due to large variations in sample size
(ranging from n=106 (Proctor et al. 2003) to n=2560 (Brown et al. 2010)) and
varying sample characteristics (e.g., locations included Greece (Kourlaba et al.
2009), Germany (Yamamoto et al. 2011) and Australia (Cox et al. 2012)).
Evidence for the association between physical activity and sedentary time is
equally indeterminate in preschoolers. Cox et al. (2012) found that parent-report
of child total sedentary behaviour is positively associated with LPA and MVPA in
Australian preschool children, such that children who participate in higher levels
of physical activity also have higher levels of sedentary time. Conversely, a study
in the USA found no association between accelerometer assessed sedentary time
and LPA or total physical activity (LMVPA), and a negative association between
sedentary time and MVPA (Taverno Ross et al. 2013). This suggests that
preschool children who engage in more vigorous activity may have lower levels
of sedentary behaviour, perhaps as a result of physical activity displacing time
that would otherwise be spent sedentary. Alternatively, it may be that children

who engage in more vigorous-intensity activities generally have more energy and
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find it difficult to sit still. Outdoor play time has been shown to have no
association with television viewing in three studies (Burdette & Whitaker 2005;
Kuepper-Nybelen et al. 2005; Vandewater et al. 2007) and a negative association
with television viewing in one study (Tey et al. 2007). Only two studies have
investigated the association between outdoor play time and sedentary time; both

found a negative association (Brown et al. 2009; Schmutz et al. 2017).

A number of studies have investigated the association of healthy and unhealthy
eating habits with sedentary behaviour in preschool children. Evidence suggests
that energy intake is positively associated with television viewing, such that
children with higher daily energy intake also watch more television (Cox et al.
2012; Manios et al. 2009; Miller et al. 2008; Proctor et al. 2003). Furthermore,
studies have also found that children who exhibit unhealthy eating patterns (e.g.,
the consumption of energy dense/junk foods) watch more television (Brown et al.
2010; Cox et al. 2012; Miguel-Berges et al. 2017d; Miller et al. 2008), while
those who exhibit healthy eating patterns (e.g., consumption of skim milk/high
levels of fruit and vegetable intake) watch less television (Cox et al. 2012; Manios
et al. 2009; Miguel-Berges et al. 2017d; Miller et al. 2008). Ford, Ward and White
(2012) conducted a systematic review examining the association between
television viewing and diet in children aged 2 to 6 years. Results showed that as
little as one hour of television viewing per day was associated with adverse
dietary outcomes in the majority of included studies. However, given that most of
the studies to date are cross-sectional, there may be reverse causality such that

watching more television may promote poorer dietary behaviour.

Page | 57



Chapter Two: Literature review

Sleep duration has been investigated as a potential correlate of young children’s
sedentary behaviour. Findings are equivocal: two studies have reported a
significant inverse association between sleep duration and television viewing
(Marinelli et al. 2014; Miller et al. 2008), but two studies have reported no
association (Brockmann et al. 2016; Yalcin et al. 2002). The studies reporting no
association had relatively small sizes (n<200) compared to those that reported a
significant association (n>1200), suggesting that they may have been
underpowered. Studies have reported no association of sleep duration with total
screen time (Sijtsma et al. 2015) or likelihood of meeting screen time
recommendations (Hinkley et al. 2013). However, one study in a large cohort of
Australian children (n=3427) reported that screen time at 4 years of age was
significantly inversely associated with sleep duration at 6 years of age, and screen
time use at 6 years of age was significantly inversely associated with sleep
duration at 8 years of age (Magee, Lee & Vella 2014). Finally, one study reported
no association at ages 3.5 and 5 years, and an inverse association between screen
time and sleep duration at age 2 years (Xu et al. 2016b). It is not clear why such
differences in findings are observed. However, given that longitudinal analyses
suggest that screen time is associated with less sleep, this association warrants

further investigation.

Other potential behavioural correlates (e.g., participation in organised activities,
play frequency, playgroup attendance) have been investigated in only one or two
studies, and hence overall associations cannot be determined. With the exception
of physical activity, dietary habits and sleep, very little research exists on

behavioural correlates of sedentary behaviour in preschool children.
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Psychological variables

For children, psychological correlates include constructs such as preferences for
particular behaviours (e.g., preference for watching television over physical
activity), requests (e.g., child requests to be active) and constraints (e.g., child
does not have enough energy to be active). Despite the lack of a clear association
between sedentary behaviour and physical activity above, constructs relating to
physical activity are included in this section given they are a continuum, e.g.,
having a preference for screen time over physical activity. Only 13 psychological
variables have been investigated as potential correlates of preschool children’s
sedentary behaviour, with each only being investigated in one study (see
Appendix A; Table A3). As such, overall conclusions cannot be drawn. Briefly,
one study investigated the association of infant temperament, self-regulation,
psychological difficulties, emotionality temperament, activity temperament,
shyness temperament, and cognitive performance with sedentary time (Schmutz
et al. 2017). No associations were found, with the exception of activity
temperament (preferred levels of activity and speed of action) which was
inversely associated with sedentary time (Schmutz et al. 2017). Hinkley et al.
(2013) found no associations for the child being active by him/herself, child
requests for physical activity, child constraints to physical activity (e.g., not
enough energy, not enough time), and child preferences for physical activity with
meeting screen time recommendations. However, Vaughn, Hales and Ward
(2013) reported an inverse association between child preferences for physical
activity and both sedentary time and television viewing. Finally, Truglio et al.
(1996) found a positive association between the child’s interest in television

viewing and the amount of television they watched, but no association between

Page | 59



Chapter Two: Literature review

the child’s enjoyment of print (e.g., books, magazines) and television viewing.
Given that these variables have been investigated so infrequently, further research
is required to determine psychological correlates of sedentary behaviour in this
population. The following section investigates social level correlates of sedentary

behaviour.

2.8.2 Social level correlates

In the ecological model, the social level includes both family and broader social
variables. For young children, these generally consist of parental behaviours and
beliefs, as children of this age are mostly dependent on their parents or other
adults to provide opportunities for, and to limit, sedentary behaviour. A summary
of social level correlates for preschoolers is presented in Appendix A (Table A4).
Although a large number of potential correlates have been investigated (63 in
total), only three have been investigated frequently enough to draw overall
conclusions. One of the most commonly investigated correlate of young
children’s sedentary behaviour is parental modelling. Eight studies have
investigated the association between parent self-reported and child proxy-reported
television viewing in preschoolers (Barr-Anderson et al. 2011; Bleakley, Jordan
& Hennessy 2013; Jago et al. 2013; Jago et al. 2012; Kourlaba et al. 20009;
Manios et al. 2009; Wijtzes et al. 2012; Yalcin et al. 2002); all reported a positive
association. This suggests that parental television viewing is an important (and
potentially modifiable) correlate of children’s television viewing. Likewise, there
is a positive association between parental sedentary behaviour and children’s
screen time (Asplund et al. 2015; Carson & Janssen 2012; Carson, Stearns &

Janssen 2015; Hinkley et al. 2013). Maternal television viewing has been
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negatively associated with children meeting screen time recommendations in one
study, such that children are less likely to meet the recommendations if their
mothers engage in high levels of television viewing (Hinkley et al. 2013).
However, that association was not found for father’s television viewing (Hinkley
et al. 2013). Three studies have investigated the association between objectively
measured parent and child sedentary time, and found that preschool children
whose parents engaged in extensive amounts of sedentary time also had high
amounts of sedentary time (Barkin et al. 2017; Hesketh et al. 2014b; Ruiz et al.
2011). One study has reported no association between parent and child sedentary
time measured by activPAL™ accelerometers (Hughes et al. 2016); however, that
study included a very small sample of preschool children and their parents (n=16)

and hence may not have been powered to detect associations.

Parental influences can also help to reduce time their children spend in sedentary
behaviour, for example, by limiting time in specific behaviours such as television
viewing. Parental rules regarding screen time have been investigated on a number
of occasions as a potential correlate of sedentary behaviour in this age group. In
preschool children, screen time rules are consistently, significantly inversely
associated with television viewing (Downing, Hinkley & Hesketh 2014; Kuepper-
Nybelen et al. 2005; Spurrier et al. 2008; Truglio et al. 1996; Vaughn, Hales &
Ward 2013). Findings for the association between parental rules and total screen
time are mixed; two studies have reported a negative association (Barr-Anderson
et al. 2011; Downing, Hinkley & Hesketh 2014), one has reported a positive
association (Gubbels et al. 2011), and two have reported no association (Asplund

et al. 2015; Hinkley et al. 2013).
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Finally, the presence of siblings or number of children in the house has been
investigated as a potential correlate of television viewing in four studies, with
none finding an association (Byun, Dowda & Pate 2011; Kourlaba et al. 2009;
Manios et al. 2009; Yalcin et al. 2002). Similarly, two studies have reported no
association between the presence of siblings and sedentary time (Byun, Dowda &
Pate 2011; Schmutz et al. 2017); however, one study found that children with two
or more siblings engaged in less sedentary time than those without siblings (there
was no association for children with one sibling) (Wijtzes et al. 2013b). One study
found no association between having any younger siblings and sedentary time,
but that children with any older siblings spent less time sedentary (Hnatiuk,
Hesketh & van Sluijs 2016). This suggests that potentially the influence of older

sibling’s behaviours are more pertinent for young children.

Studies have investigated a range of other parental influences on young children’s
sedentary behaviour, including barriers to, perceptions of, and concerns about
screen time, modelling of physical activity, maternal self-efficacy, and maternal
smoking. These variables have been investigated very infrequently (generally
only one study each) and as such conclusions about their associations with
sedentary behaviour cannot be determined. Other social level correlates include
preschool teacher education and physical activity training; however, these have
also been investigated too infrequently to determine overall associations. There
may be additional preschool/childcare variables and other physical environment
variables that are associated with sedentary behaviour in this age group; evidence
regarding these physical environment level correlates is reviewed in the following

section.
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2.8.3 Environmental level correlates

For young children, potential environmental correlates consist of factors in the
home, preschool/childcare, and the wider neighbourhood. Environmental level
correlates of sedentary behaviour are summarised in Appendix A (Table A5). In
the home environment, variables such as the presence of a television in the
bedroom, the number of electronic media devices in the home, yard space, and
yard characteristics, have been investigated as potential correlates of sedentary
behaviour. However, these variables have each been investigated in only a small
number of studies. Results are disparate for the number of televisions in the
home; one study found that the presence of three or more televisions in the home
had no association with screen time (Barr-Anderson et al. 2011); however,
another study found that having four or more televisions in the home was
associated with increased weekend screen time for boys, but not girls (Jago et al.
2012). Additionally, Asplund et al. (2015) found that having two or more
televisions in the home was associated with significantly more screen time in a
sample of low-income Latino children. In multivariable analyses, Hinkley et al.
(2013) found that the number of functioning televisions in the home was inversely
associated with girls, but not boys, meeting Australian screen time
recommendations. Such differences in results may be attributable to the social or
cultural differences in the countries in which the studies were conducted; one
study included American Indian children in the USA (Barr-Anderson et al. 2011),
one included Latino children in the USA (Asplund et al. 2015), one was
undertaken in Portugal (Jago et al. 2012), and one was undertaken in Australia
(Hinkley et al. 2013). The presence of a television in the bedroom has been shown

to have no association with screen time in preschool children in three studies
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(Asplund et al. 2015; Barr-Anderson et al. 2011; Jago et al. 2012), and a positive
association with screen time in two studies (Carson & Janssen 2012; Wijtzes et al.
2012) (overall indeterminate association). Somewhat counterintuitively, there has
also been no association found between having a television in the bedroom and
preschool children’s television viewing in three studies (Burdette & Whitaker
2005; Dennison et al. 2004; Vandewater et al. 2007); however, one study reported
that children with a television in their bedroom spent more time watching
television than children without a television in their bedroom (Dennison, Erb &
Jenkins 2002). In school-aged children, having a television in the bedroom is
consistently associated with increased television viewing (Temmel & Rhodes
2013). Potentially parents of preschool children monitor the use of televisions in
the bedroom closely, whereas there may be a lack of parental monitoring in older

children that results in higher television viewing.

Broader neighbourhood environmental correlates, such as region of residence and
neighbourhood safety, may also influence young children’s sedentary behaviour
(e.g., if the neighbourhood is unsafe children may spend more time indoors and
hence have more opportunities to be sedentary). As with home environmental
variables, these have been investigated in very few studies. Two cross-sectional
studies have investigated the association between perceived neighbourhood safety
and television viewing in preschool children and found an inverse association
(Burdette & Whitaker 2005; Datar, Nicosia & Shier 2013). Although causality
cannot be determined, this suggests that children may be more likely to stay
inside and engage in sedentary behaviours such as television viewing if their

parents perceive the neighbourhood to be unsafe. Similarly, one study of Swiss
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preschoolers has reported a positive association between neighbourhood safety
concerns and sedentary time, such that children whose parents have more
concerns about the safety of their neighbourhood spend more time sedentary
(Schmutz et al. 2017). In addition to physical environmental influences, other
environmental factors such as day of the week (i.e., weekdays compared to
weekend days) have been investigated as potential correlates of children’s
sedentary behaviours; however, findings are equivocal. Two studies have reported
a positive association between day of the week and sedentary time (such that
children are more sedentary on weekdays compared to weekend days) (Cardon &
De Bourdeaudhuij 2008; Vanderloo & Tucker 2015), one study has reported an
inverse association (Berglind & Tynelius 2017), and two studies have reported no
association (Hesketh et al. 2014b; Taylor et al. 2009). Likewise, three studies
have shown that there is no association between day of the week and television
viewing (Burdette & Whitaker 2005; Manios et al. 2009; Raynor et al. 2009), but
one has reported a negative association (Natsiopoulou & Melissa-Halikiopoulou

2009).

Finally, studies have investigated the association between preschool or childcare
centre-based variables, such as preschool quality, availability of playground
equipment, time outdoors while in care, and screen time at preschool/childcare,
and young children’s sedentary behaviour. In preschool children, these variables
have been investigated in too few studies to determine overall associations with
any sedentary behaviour. However, in infants/toddlers non-parental child care has
been investigated as a correlate of television viewing in five studies. Four of those

studies reported no association (Lumeng et al. 2006; Tomopoulos et al. 2007;
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Zimmerman & Christakis 2005; Zimmerman, Christakis & Meltzoff 2007) and
one reported that children in centre-based child care were significantly less likely
to exceed screen time recommendations (based on television viewing alone) than

children in home-based care or not in any care (Certain & Kahn 2002).

2.8.4 Summary of correlates of sedentary behaviour

Despite the large number of studies identified that investigate potential correlates
of sedentary behaviour in young children, the majority have been investigated in
only a small number of cross-sectional studies. Therefore, it is difficult to
determine overall associations of multiple correlates with sedentary behaviour.
Furthermore, the majority of variables have been investigated only as correlates
of television viewing time, with few studies reporting on other types of or overall
sedentary behaviour. Correlates that were identified as being positively associated
with television viewing were child age, child race (non-Caucasian), parent BMI,
energy intake, unhealthy eating patterns, and parent screen time (also positively
associated with total screen time). Correlates that were negatively associated with
television viewing were parental education, healthy eating patterns, and screen
time rules. The magnitude of associations varied greatly for all correlates;
therefore, it is difficult to draw conclusions about the size of effects. No
consistent correlates of sedentary time were identified: of those that were
investigated frequently enough to draw overall conclusions, none were associated
with sedentary time. Only six Australian studies were identified that reported
correlates of sedentary behaviour in preschool children; hence further
investigation into the correlates of young Australian children’s sedentary

behaviour is warranted. Finally, most studies have neglected to consider variables
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across all levels of the ecological model. It is important to consider multilevel
correlates simultaneously to determine the relative contribution of correlates
across all domains, particularly when developing intervention strategies to reduce

time in sedentary behaviour.

The following chapter contains a published systematic review that synthesises
evidence of the effectiveness of approaches to reduce sedentary behaviour in
young children. This is then followed by the overarching aims of this thesis and

the candidate’s contribution to data collected for specific studies.
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CHAPTER THREE
Paper One: Interventions to reduce
sedentary behaviour in 0-5-year-olds: a
systematic review and meta-analysis of

randomised controlled trials

3.1 Introduction

Chapter Two described the evidence of both the short- and long-term associations
between sedentary behaviour and health, psychological and cognitive
development in early childhood and the high prevalence of sedentary behaviour
exhibited in this age group. There is a clear need to synthesise current evidence of
the effectiveness of interventions to decrease sedentary behaviour in young
children. Numerous interventions have been developed and implemented within
this age group; however, their efficacy in changing behaviours varies
considerably. Therefore, a systematic review and meta-analysis of interventions
that aim to decrease sedentary behaviour in children aged birth to 5 years was
undertaken by the candidate. This chapter has been published in the British

Journal of Sports Medicine (Impact factor: 6.557) as:
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Downing KL, Hnatiuk JA, Hinkley T, Salmon J, Hesketh KD. Interventions to
reduce sedentary behaviour in 0-5-year-olds: a systematic review and meta-
analysis of randomised controlled trials. Br J Sports Med. Published Online

First: 06 October 2016. doi: 10.1136/bjsports-2016-096634.

The Authorship Statement for this manuscript is contained in Appendix B.
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Review

Interventions to reduce sedentary behaviour
in 0-5-year-olds: a systematic review and
meta-analysis of randomised controlled trials

Katherine L Downing," Jill A Hnatiuk,"2 Trina Hinkley,' Jo Salmon,’ Kylie D Hesketh'

ABSTRACT

Aim or objective To evaluate the effectiveness of
behavioural interventions that report sedentary behaviour
outcomes during early childhood.

Design Systematic review and meta-analysis.

Data sources Academic Search Complete, CINAHL
Complete, Global Health, MEDLINE Complete, PsycINFO,
SPORTDiscus with Full Text and EMBASE electronic
databases were searched in March 2016.

Eligibility criteria for selecting studies Inclusion
criteria were: (1) published in a peer-reviewed English
language journal; (2) sedentary behaviour outcomes
reported; (3) randomised controlled trial (RCT) study
design; and (4) participants were children with a mean
age of <5.9 years and not yet attending primary/
elementary school at postintervention.

Results 31 studies were included in the systematic
review and 17 studies in the meta-analysis. The overall
mean difference in screen time outcomes between
groups was —17.12 (95% Cl —28.82 to —5.42)
min/day with a significant overall intervention effect
(Z=2.87, p=0.004). The overall mean difference in
sedentary time between groups was —18.91 (95% Cl
—33.31 to —4.51) min/day with a significant overall
intervention effect (Z=2.57, p=0.01). Subgroup analyses
suggest that for screen time, interventions of >6 months
duration and those conducted in a community-based
setting are most effective. For sedentary time,
interventions targeting physical activity (and reporting
changes in sedentary time) are more effective than those
directly targeting sedentary time.
Summary/conclusions Despite heterogeneity in study
methods and results, overall interventions to reduce
sedentary behaviour in early childhood show significant
reductions, suggesting that this may be an opportune
time to intervene.

Trial registration number CRD42015017090.

INTRODUCTION

Sedentary behaviour is defined as any waking activ-
ity requiring <1.5 metabolic equivalent of tasks
and performed in a sitting or reclining posture’
(eg, television viewing, sitting in a stroller). During
early childhood (ie, birth through S years?), televi-
sion viewing has been longitudinally and experi-
mentally associated with excess adiposity, poor
psychosocial health and poor cognitive develop-
ment.®> Additionally, total screen time (comprising
television viewing, electronic games and computer
use) has been associated with poor psychosocial
health* and delayed cognitive development’ in
early childhood. While health outcomes of object-
ively measured sedentary time in early childhood

are yet to be established, evidence suggests that sed-
entary time is associated with an increased risk of
overweight/obesity in school-aged children and
youth.® This is relevant because sedentary beha-
viours track from early childhood into the school-
aged years.”

Recommendations for limiting sedentary behav-
iour in early childhood have been introduced in
numerous countries (eg, Australia, Canada and
USA). These suggest that children under 2 years of
age engage in no screen time and children aged 2-5
years engage in no more than 1 hour of screen time
per day.>'° Recommendations from Australia and
Canada also suggest that children aged 5 years and
younger not be restrained (eg, kept inactive in a high
chair) for more than 1 hour at a time, except when
sleeping.® * Evidence suggests that young children in
Australia'' and Canada'? engage in around 2 hours
of screen time daily, while children in the USA'
engage in it around 4 hours daily. Moreover, up to
83% of children aged 2 years and younger in the
USA'™ and up to 82% and 78% of children aged
3-5 years in Canada'® and Australia,'! respectively,
exceed recommendations for their respective age
group. With only one study until now reporting on
the percentage of young children kept restrained,®
prevalence of these behaviours remains unclear.
Estimates of overall sedentary behaviour for chil-
dren under 6 years of age using objective measures
(eg, accelerometers, observation) range from 23%
to 94% of their daily waking time.'” Evidence sug-
gests that many young children engage in less than
optimal amounts of sedentary behaviours, highlight-
ing a need for interventions to reduce the prevalence
of these behaviours.

While systematic reviews of interventions to
increase physical activity or prevent obesity during
early childhood have also assessed sedentary behav-
iour,"®* none have focused solely on sedentary
behaviour outcomes. Sedentary behaviours are a dis-
tinct group of behaviours; high levels of sedentary
behaviour can be accumulated even when children
meet physical activity recommendations (ie, 3 hours
or more per day® ** 2%). Given this, it may be that
behaviour-specific interventions are needed; that is,
effective strategies to reduce screen time or time
spent restrained may be different from those that are
effective at promoting active play. Reviews of inter-
ventions specifically targeting sedentary behaviour
in young children are required to determine this.

Systematic reviews of interventions to reduce sed-
entary behaviour across children and adolescents
more broadly have been published.”** Three of
these included a meta-analysis,”” = which is
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important for determining the overall effectiveness of interven-
tions. Biddle et al*” and Maniccia et al*® both concluded that
interventions to reduce sedentary behaviour have a small but sig-
nificant effect. Conversely, Wahi et al*® concluded no evidence of
effectiveness, but that interventions in the preschool age hold
promise. However, no systematic reviews have focused exclusively
on the early childhood period. Birth through 5 years of age is a
critical developmental period. Children reach a number of import-
ant developmental milestones during this time®® and there are
stronger parental and family influences given that young children
are much less independent than school-aged children and youth.
Therefore, strategies shown to be effective in older children may
not translate to this younger population. The aim of this systematic
review and meta-analysis is to evaluate the effectiveness of behav-
ioural interventions that reported sedentary behaviour outcomes
during early childhood.

METHODS

This review is registered with the PROSPERO International
Prospective  Register of Systematic Reviews (number
CRD42015017090). The PRISMA Statement’* guidelines were
followed in reporting.

Search strategy

A systematic search was conducted in March 2016. EBSCOhost
(Academic Search Complete, CINAHL Complete, Global
Health, MEDLINE Complete, PsycINFO, SPORTDiscus with
Full Text) and EMBASE databases were searched. Full details of
the EBSCOhost search strategy are shown in table 1 (search
terms were modified as appropriate for EMBASE). Reference
lists of included articles were also reviewed to identify any add-
itional studies.

One author (KLD) reviewed titles identified in the initial
search. Two authors (KLD and JAH) then independently reviewed
the included abstracts; abstracts were excluded when both authors
deemed that the study did not meet inclusion criteria for the
review. The same two authors then reviewed the full text of the
remaining articles to determine final inclusion. Inconsistencies
were resolved with discussion between those two authors or, if
consensus could not be reached, with all other authors.

Inclusion criteria

The following inclusion criteria were applied: (1) published in a
peer-reviewed English language journal; (2) study reported sed-
entary behaviour outcomes; (3) randomised controlled trial
(RCT) study design was employed; and (4) participants were
children with a mean age of 5.9 years or younger and not yet

Table 1 Search strategy: EBSCOhost

Search  Search terms

1 “sedentary behavio*" OR sedentar* OR sitting OR “physical inactivity”
OR “screen time" OR screen-time OR “small screen” OR “screen
based” OR screen-based OR “electronic media” OR television OR TV
OR “electronic game*” OR e-game* OR “e game*" OR computer OR
video OR DVD OR “video games” OR restraint OR restrained OR
stroller OR “high chair” OR “play pen” OR playpen OR “baby carrier”

OR “car seat”

2 infan* OR baby OR babies OR toddler* OR “young child*" OR child*
OR “early childhood” OR “early years” OR preschool* OR pre-school®

3 intervention™ OR trial OR “randomi*ed controlled trial” OR RCT OR
“primary prevention”

4 1 AND 2 AND 3

attending primary/elementary school at postintervention. No
restrictions were placed on the publication period or interven-
tion setting. Where more than one study reported results from
the same sample, the study that reported sedentary behaviour as
a main outcome was included.

Data extraction

Data were extracted using a standardised form by one author
(KLD) and included: study characteristics (eg, country, year);
participant characteristics (eg, sample size, age, sex); interven-
tion components (eg, setting, duration, content); sedentary
behaviour measure (eg, objective measure, parent report); and
changes in the outcome (eg, change in sedentary behaviour).

Methodological quality and risk of bias assessment

Study quality and risk of bias were assessed independently by
two authors (KLD and JAH) using a modified published rating
scale.>® Six methodological components were assessed: (1) selec-
tion bias (eg, sample representativeness); (2) study design
(eg, RCT); (3) confounders (eg, controlling for baseline differ-
ences between groups); (4) blinding (eg, whether the outcome
assessor was aware of group allocation); (5) validity and reliabil-
ity of data collection methods (eg, whether the tool(s) to
measure sedentary behaviour were reported to be valid and
reliable, with appropriate supporting information such as
criteria or references); and (6) withdrawals and dropouts
(eg, whether withdrawals were reported in terms of numbers
and/or reasons). Each component was given a quality score of
weak, moderate or strong, in line with the accompanying
instructions for the tool. Components that were not reported
were given a weak rating. As recommended in the Cochrane
Handbook for Systematic Reviews of Interventions,>® no overall
quality/risk of bias score was produced. Initial inter-rater reli-
ability between the two authors (determined using Cohen’s x
coefficient) was 80% (x=0.71). Discrepancies in assessment
between authors were discussed until consensus was reached.

Statistical analysis

Meta-analyses were conducted using Review Manager V.5.3
(Revman; The Cochrane Collaboration, Oxford, UK). The mean
(SD) between-groups difference in screen time and/or sedentary
time from baseline to postintervention was extracted from
studies and entered into Revman. Where reported, the adjusted
mean difference was used. If not reported, the mean difference
was calculated in Stata V.13.0 (StataCorp, Texas, USA). A
random-effects model was used for the meta-analysis.’”
Heterogeneity was assessed through observation of the y* (Q)
and I* statistics. A Q value with a significance of p<0.05 was
considered significant heterogeneity, while for the I* value 25%
was considered low, 50% was considered moderate and 75%
was considered high heterogeneity.’® A priori, it was decided
that if high heterogeneity was present, subgroup analyses would
be conducted for child age, intervention duration, intervention
setting and targeted behaviour/s (whether the intervention
aimed to increase physical activity and simply reported seden-
tary time results, or directly targeted decreasing sedentary time).
Post hoc, it was decided to include the type of sedentary cut
point used (ie, a ‘low” vs a ‘high’ cut point) as a potential mod-
erator in the sedentary time meta-analysis.

RESULTS

Study characteristics

The number of studies identified and excluded at each stage is
shown in figure 1 (PRISMA Statement®® flow diagram).
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Figure 1 PRISMA statement flow

chart. RCT, randomised controlled trial;
SB, sedentary behaviour.

Records identified through
database searching
(n=12097)

Additional records identified
through other sources
=17

Identification

[

]

Eligibility Screening

Included

Thirty-one studies met the inclusion criteria; a summary of
included studies is presented in online supplementary table S1.
The majority of included studies (n=29) used a cluster-based
sampling design. Of the included studies, 18 reported changes in
screen time, 8 reported changes in sedentary time (measured by
accelerometry or direct observation), 4 reported changes in
screen time and sedentary time, and 1 reported changes in screen
time and parent-reported sedentary behaviour. No studies were
identified that aimed to specifically reduce (or reported
changes in) time spent restrained. Approximately half of the
studies (n=15) were conducted in the USA,>’™3 five in
Australia,’*=>® three in Belgium,>*~®! two in the UK®* ¢3 and
one each in Canada,’® Germany,®® Switzerland,®® the
Netherlands,®” Israel®® and Turkey.®® Five studies included
participants with a mean age under 3 years,>* °° 0 63 70
whereas the remainder targeted preschool-aged children
(3-5 years). Intervention duration ranged from a once-off
session to 24 months. The majority of interventions (n=23;
74.2%) were 10 weeks or longer in duration. Sample sizes
ranged from 22°° to 885°% participants. Studies were con-
ducted in a range of settings, including preschools/kindergar-
tens/day care centres,*0 41 43-46 48 5152 58-63 65 66 68 (1o
home,?? 42 49 5053 69 70 yrimary care settings (eg, paediatric
offices)*” ®* ¢7 and community-based settings.>* °° >7 Results
are discussed below, by setting.

Screen time

Preschool/day care setting

Nine studies targeting screen time were conducted in the pre-
school/kindergarten setting and 1 in a day/childcare setting. Of
the 9 preschool interventions, 8 implemented child educational

Records after duplicates removed
(n=11143)

A

Records excluded
(n=11081)

Records screened
(n=11143)

A

Full-text articles
assessed for eligibility
(n=062)

Full-text articles excluded,
with reasons
(n=31)

Children mean age >5y (n=5)
Protocol paper (results not reported)
(n=5)

SB outcomes not reported (n=6)
Duplicate dataset (n=6)
Non-RCT study design (n=9)

A

Studies included in
qualitative synthesis
(n=31)

Studies included in
quantitative synthesis
(n=17)

sessions (either alone or in conjunction with physical activity/
movement breaks and/or parent education) with topics relating
to a range of health behaviours (ie, nutrition, physical activity,
screen time and/or sleep). Three of these reported significant
between-group differences in screen time ranging from 13 to
40 min/day, in favour of the intervention group.*! *¢ ¢ One
study found no intervention effect for the entire sample, but
small effects for some behaviours in some subgroups.®! The
remaining 4 studies using child education strategies did not
report significant intervention effects on screen time.**™* ©8
The 1 study in this setting that did not use child education ses-
sions implemented a number of preschool policy changes,
including healthy menu changes and changes to screen time
practices, in addition to parent education sessions and newslet-
ters.*® While that study found no screen time differences
between groups postintervention, they found that children in
control centres had significantly greater increases across the
intervention in computer use (p<0.01) and watching television
(p<0.0001) than children in intervention centres. The one
study conducted in a day care centre (targeting children under
2 years) provided parents with an informative poster and tai-
lored feedback on their child’s physical activity, sedentary behav-
iour and diet-related behaviours and found no significant
differences between groups postintervention.®’

Home setting

Of the 7 studies conducted in the home setting, 4 were successful
in reducing screen time.*? 3° ¢ 7% Two of those studies®® *¢ used
face-to-face contact (eg, motivational counselling, in-person con-
ferences), in addition to mailed or emailed educational materials/
resources and phone contact. Both found significant differences

Downing KL, et al. Br J Sports Med 2016;0:1-9. doi:10.1136/bjsports-2016-096634

3



Downloaded from http://bjsm.bmj.com/ on October 27, 2016 - Published by group.bmj.com

in daily television viewing, of 37 and 64 min/day, respectively, in
favour of the intervention group. One of the other studies that
successfully decreased screen time was delivered remotely (ie, via
mailed materials and one phone call), and found a significant dif-
ference of around 47 min/day of screen time postintervention
(p<0.001).? The remaining successful study was delivered in the
home by trained nurses providing education to mothers around
active play and family physical activity.”® That study found a sig-
nificantly lower percentage of children in the intervention com-
pared to the control group watching television for more than
60 min a day (14% v 22%, p=0.02) postintervention. The 3
non-successful studies employed an in-home counselling session
for parents and educational materials,** monthly mailed inter-
active kits (including child activities and incentives) followed by
motivational interviewing telephone calls,** and online parent
education sessions.”>

Primary-care setting

Three studies were conducted in a primary care setting, of
which 2 were effective at decreasing screen time. One study
consisted of a once-off session (length not specified) around
diet, outside play and television viewing and found that inter-
vention group children were significantly less likely to watch
more than 2 hours of television per day compared with con-
trols.®” The other study involved four face-to-face sessions and
three phone calls. It showed a significant decrease in television
viewing of around 22 min/day for the intervention compared to
usual care group.*” The non-successful study used one 10 min
behavioural counselling session on health impacts and strategies
to decrease screen time.®*

Community-based setting

Finally, 3 studies were conducted in a community-based setting;
of those, only one reported significant findings. Campbell
et al’* conducted a 15-month dietitian-delivered intervention
with parents in their existing first-time parent groups, using
anticipatory guidance around diet, physical activity and screen
time. They found a significant difference in television viewing
between intervention and control groups postintervention of
16 min/day (at child age 19 months). One of the non-successful
studies used anticipatory guidance to facilitate group discussions
around screen time recommendations, outcomes of screen time
and strategies to participate in healthy levels of screen time.’”
The other implemented weekly workshops for parents and chil-
dren, including guided active play, healthy snack time, inter-
active education and skill development for parents and
supervised creative play for children.’”

Sedentary time

Preschool/day care setting

Nine of the 13 studies that reported changes in sedentary time
were conducted in preschools and 1 was conducted in childcare
centres. Of those, 4 were effective at decreasing sedentary time,
3 of which had a primary aim to increase physical activity,*® > ¢
and one which targeted sedentary time directly. Two physical
activity interventions had no parental involvement and reported
significant differences of 41-51 min less sedentary time per day
between intervention and control groups.*® ! The other study
augmented an existing physical activity programme at pre-
schools with parental involvement and found that, compared
with controls, children in intervention preschools spent 11 min
less in sedentary time per day (p=0.019).> The study that spe-
cifically targeted sedentary behaviour involved environmental
changes in the classroom (eg, computers on a raised desk),

movement breaks, stories and activities for children and newslet-
ters for parents.®’ That study did not find an intervention effect
on sedentary time overall; however, there was a significant
decrease in sedentary time on weekdays (p=0.03) and during
school hours (p=0.04) for children from high socioeconomic
area kindergartens. The 6 non-successful interventions in this
setting used physical activity lessons/programmes,®> > parent
education sessions,” ©* play equipment and markings in the
playground®® and implementation of physical activity policies
and practices.’®

Home setting

One study was conducted in the home.*’ It used mailed inter-
active kits including child activities and incentives followed by
telephone coaching sessions, but found no significant effect.

Community-based setting

Two studies were conducted in community-based settings;
neither was successful at reducing sedentary time. One used
parent education and anticipatory guidance in group discus-
sions.>®> The other implemented weekly guided play and educa-
tion workshops for parents and children.>”

Meta-analysis

Seventeen studies reporting a continuous measure of screen time
and seven reporting a continuous measure of sedentary time
were included in the meta-analysis. A forest plot of the mean
difference, in minutes per day spent in screen time and seden-
tary time, is presented in figure 2. The overall mean difference
for both screen time and sedentary time between intervention
and control groups was —17.76 (95% CI -26.90 to —8.62),
with a significant overall effect of Z=3.81 (p=0.0001). The
overall mean difference in screen time was —17.12 (95% CI
—28.82 to —5.42) minutes per day with a significant overall
intervention effect (Z=2.87, p=0.004). The overall mean dif-
ference in sedentary time between groups was slightly higher
than screen time, at —18.91 (95% CI -33.31 to —4.51);
however, the intervention effect was slightly lower (Z=2.57,
p=0.01).

Examination of heterogeneity statistics revealed very high
heterogeneity for both screen time and sedentary time results
(x*=139.24 (p=<0.00001), I*=89% and y>=264.64
(p<0.00001), 1*=98%, respectively). Hence, as decided a
priori, subgroup analyses were conducted for child age, inter-
vention duration, intervention setting and targeted behav-
iour/s (whether the intervention aimed to increase physical
activity and simply reported sedentary time results, or dir-
ectly targeted decreasing sedentary time). However, for sed-
entary time, all of the studies included in the meta-analysis
involved preschool-aged children and 6 of the 7 studies were
conducted in preschools. Owing to the lack of variability in
these characteristics for sedentary time outcomes, subgroup
analyses were only conducted for intervention duration and
targeted behaviour/s. Tables 2 and 3 present results of these
subgroup analyses for screen time and sedentary time,
respectively.

Results suggest that the most effective interventions for
screen time were long duration (>6 months; Z=4.39,
p<0.0001) and conducted in a community-based (eg, commu-
nity venue; Z=3.97, p<0.0001), home (Z=2.47, p=0.01) or
preschool/childcare setting (Z=2.49, p=0.01). In subgroup
analyses of the targeted behaviours, results suggest a significant
effect regardless of whether the study targeted sedentary
behaviour alone (Z=3.48, p=0.0005) or included diet and

4
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Intervention Control

Mean Difference Mean Difference

Heterogeneity: Tau®= 448.36; Chi*= 139.24, df= 16 (P < 0.00001); = 89%
Test for overall effect: Z= 2.87 (P = 0.004)

1.2.2 Sedentary time

-50.96 [-82.46,-19.46)
-40.66 [-44.80,-36.52)
-11.00 [-16.80, -5.20]
2.03 [-45.36, 49.42)

Study or Subgroup  Mean Difference SE Total Total Weight IV, Rand 95% ClI IV, Random, 95% CI
1.2.1 Screen time

Birken 2012 -7 15.56 64 68 35% -7.00[-37.50,23.50] —
Campbell 2013 1712 476 271 271 53% -17.12[-26.45,-7.79] —

Dennison 2004 -40.29 1567 43 34  34% -40.29[-71.00,-9.58] ——

Fitzgibbon 2005 -10.2 1438 143 154  37% -10.20(-38.38,17.98) CE
Fitzgibbon 2006 -1.8 1255 171 153  4.0% -1.80[-26.40, 22.80) G T
Fitzgibbon 2011 -27.8 1392 284 259 3.7% -27.80[-55.08,-0.52] ——
Fitzgibbon 2013 156 25.71 55 61 21% 15.60[-34.79,65.99]

Haines 2013 -32.4 2096 55 56 26% -32.40[-73.48,8.68] —
Hinkley 2015 -31.2 203 12 10  27% -31.20(-70.99,8.59) —
Knowlden 2015 -03 133 26 25 38% -0.30[-26.37,25.77) —
Puder 2011 -134 594 333 292 51% -13.40[-25.04,-1.76) =
Skouteris 2015 -103 82 80 7 48%  -10.30[-26.37,5.77) S I
Taveras 2011 -216 841 253 192 4.7% -21.60[-38.08,-5.12] E—

Van Grieken 2014 -1.56 6.63 156 142 50% -1.56[-14.55,11.43] ——
Verbestel 2013 -3.04 798 64 34  48% -3.04(-18.68,12.60) —
Yilmaz 2015 -4716 2.0 187 176 55% -47.16[-51.10,-43.22) =t=

Zimmerman 2012 -37.1 16.09 34 32 34% -37.10[-68.64,-5.56) —_—

Subtotal (95% CI) 2231 2030 68.2% -17.12[-28.82,-5.42] -

Alhassan 2012 -50.96 16.07 43 28 34%
Alhassan 2013 -4066 211 38 29 55% =
De Bock 2013 -1 296 433 376 55% =a
Fitzgibbon 2013 2.03 2418 23 23 2.2%
O'Dwyer 2012 -8.76 1.81 33 43 56% -
O'Dwwyer 2013 -23.8 1252 70 86  4.0%
Ostbye 2012 -1.86 12 102 107 56%
Subtotal (95% CI) 742 692 31.8%
Heterogeneity: Tau®= 294.84; Chi*= 264.64, df= 6 (P < 0.00001); I*= 98%

Test for overall effect: Z= 2.57 (P = 0.01)

Total (95% ClI) 2973 2722 100.0%

Heterogeneity: Tau?= 388.20; Chi*= 559.51, df = 23 (P < 0.00001); = 96%
Test for overall effect: Z= 3.81 (P = 0.0001)
Test for subaroup differences: Chi*= 0.04, df=1 (P = 0.85), F= 0%

-8.76 [12.31,-5.21)
-23.80 [-48.34, 0.74] -
-1.86 [-4.21, 0.49) -
-18.91[-33.31, -4.51] <
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~100 -50 0 50
Favours [experimental] Favours [control]
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Figure 2  Forest plot of the mean overall difference (95% Cl) for each study included in the meta-analysis.

Table 2 Subgroup analyses for studies reporting screen time outcomes

Heterogeneity within

. 95% Cls subgroups
Number of Mean difference

Subgroup studies (min/day) Lower Upper YA p Value P 12 (%) p Value
Duration of intervention

Short (<6 months) 11 —15.45 -32.63 1.73 1.76 0.08 93.36 89 <0.00001

Long (=6 months) 6 -16.14 —-23.33 —8.94 439 <0.0001 6.34 21 <0.0001
Behaviours targeted

Targeted SB alone 4 —34.24 —53.53 —14.95 3.48 0.0005 7.44 60 0.06

Targeted SB, PA and diet 13 -12.19 -17.72 —6.65 4.31 <0.0001 14.38 17 0.28
Child age

<3 years 4 -13.17 —-20.70 —5.64 343 0.0006 3.21 6 0.36

>3 years 13 —-18.20 -32.54 —3.87 2.49 0.01 100.65 88 <0.00001
Setting

Preschool/childcare 7 -11.97 -21.41 —2.54 2.49 0.01 7.69 22 0.26

Home 4 —30.55 —54.80 —6.31 2.47 0.01 12.86 77 0.005

Community-based (eg, community venues) 3 —-16.03 —23.93 -8.12 3.97 <0.0001 1.10 0 0.58

Healthcare centre/paediatric office 3 -9.91 —23.88 4.05 1.39 0.16 3.52 43 0.17

PA, physical activity; SB, sedentary behaviour.

physical activity (Z=4.31, p<0.0001). Similarly subgroup ana-
lyses for age indicate a significant intervention effect both for
studies with children aged younger than 3 years and for studies
with children aged 3-5years (Z=3.43, p=0.0006 and
7=2.49, p=0.01, respectively). However, there was high het-
erogeneity in the 3-S-year subgroup (x*=100.65
(p<0.00001), *=88%), which was not evident in the younger
than 3-year subgroup (x*=3.21 (p=0.36), ’=6%), suggesting

that there may be other moderating factors influencing out-
comes for the older age group.

For sedentary time, results of subgroup analyses show no dif-
ferences for intervention length, with both short-duration and
long-duration interventions found to be not significant.
However, long-duration interventions approached significance
(Z=1.85, p=0.06). Interventions that targeted physical activity
alone, but reported sedentary time results, were shown to be
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Table 3 Subgroup analyses for studies reporting sedentary time outcomes

Heterogeneity within

95% Cls subgroups

Subgroup* Number of studies Mean difference (min/day) Lower Upper A p Value P 1% (%) p Value
Duration of intervention

Short (<6 months) 4 —20.71 —44.73 3.32 1.69 0.09 132.70 98 <0.00001

Long (>6 months) 3 —-10.97 —22.60 0.67 1.85 0.06 17.00 88 0.0002
Behaviours targeted

Targeted PA alone 3 —-31.90 —56.88 —6.92 2.50 0.01 68.15 97 <0.00001

Targeted PA and SB 4 —6.22 -12.78 0.35 1.86 0.06 12.65 76 0.005
Sedentary cut point

Low cut pointt 3 —5.74 —13.95 2.46 1.37 0.17 8.23 76 0.02

High cut pointt 4 —29.54 —52.89 —6.19 2.48 0.01 134.85 98 <0.00001

*Subgroup analyses for behaviours age and setting not performed for sedentary time outcomes due to lack of variability in studies.
tLow cut points included Evenson sedentary cut point: <15 counts/15 s, Pfeiffer sedentary cut point: <38 counts/15 s, and De Bock sedentary cut points: boys <46 counts/15 s.
$High cut point included Sirard sedentary cut points: 3 years <301 counts/15 s, 4 years <363 counts/15 s, 5 years <398 counts/15 s.

PA, physical activity; SB, sedentary behaviour.

more effective (Z=2.50, p=0.01) than interventions that actu-
ally aimed to decrease sedentary time in addition to promoting
physical activity (Z=1.86, p=0.06). With respect to the moder-
ator analysis for type of sedentary cut point used, 3
studies™ *° ¢ were classified as using a low’ cut point (<15
counts, <38 counts or <46 counts/15s epoch) and 4
studies® °' ©2 ¢ were classified as using a ‘high’ cut point
(3-year-old <301 counts, 4-year-old <363 counts, 5-year-old
<398 counts/15 s epoch). Results of the analysis suggest that
studies using a high cut point had a significant overall effect
(Z=2.48, p=0.01), while those using a low cut point did not
(Z=1.37, p=0.17).

Methodological quality and risk of bias

Scores for each study are presented in table 4. Briefly, most
studies scored moderate quality for selection bias; all scored
strong for study design; the majority scored strong for confoun-
ders; the majority scored moderate for blinding; almost half
scored weak for data collection methods; and the majority
scored strong for withdrawals and dropouts.

DISCUSSION

This study systematically reviewed interventions that reported
changes in young children’s sedentary behaviours. Thirty-one
RCTs were included in the review, of which 17 were included in
a screen time meta-analysis and 7 in a total sedentary time
meta-analysis. Results of the meta-analyses suggest that interven-
tions to reduce screen time and sedentary time have a statistic-
ally significant postintervention effect of around 17 and 19 min/
day (favouring the intervention group), respectively. Given that
evidence suggests preschool-aged children spend ~2 hours/day
on screen time,'' '* a reduction of 17 min is promising.
Similarly, results for sedentary time are encouraging, particularly
considering their benefits for physical activity. For young chil-
dren, physical activity recommendations encompass light-
intensity, moderate-intensity and vigorous-intensity physical
activity (ie, anything but sedentary time). Hence, a 19 min
reduction in sedentary time may potentially equate to an
increase in physical activity of up to 19 min, 10% of the recom-
mended 3 hours daily. It is also important to consider the vari-
ability in findings between studies; some studies showed
decreases in sedentary time of up to almost 1 hour, suggesting
that larger decreases are possible within these behavioural

interventions. However, given that children may be spending up
to 12 hours/day sedentary,'” compared to around 2 hours/day
on screen time, there is greater scope for reduction in sedentary
time.

Subgroup meta-analyses showed some trends in studies that
reported screen time outcomes; however, given the small
number of studies included in some subgroups, results should be
interpreted with caution. Nonetheless, results do suggest that
screen time interventions with a duration of 6 months or longer
are more effective than shorter interventions. In a meta-analysis
of children’s (0-18 years) sedentary behaviour, Biddle et al*”
found that interventions of more than 12 months duration were
more effective than 5-12-month interventions. Only four
studies included in this meta-analysis had a duration of
12 months or longer; therefore, dichotomising at 6 months was
more appropriate. Given that screen time is a habitual behaviour
that may be hard to change, perhaps interventions of longer
duration are required to change the habits of both parents/carers
and children in order to decrease young children’s time in this
behaviour.

Results also suggest that interventions conducted in a home,
community-based or preschool/childcare setting are more effect-
ive at reducing children’s screen time than those conducted in a
healthcare centre/paediatric office setting. In particular,
community-based interventions had the highest overall effect
and very low heterogeneity. Interventions with greater parent
focus may be more effective given the strong parental influence
on children of this young age. While the three interventions
conducted in a healthcare setting/paediatric office also had par-
ental involvement, they were all implemented at a scheduled
health visit. Hence, despite the face-to-face nature of the inter-
ventions, parents may have been more focused on their child’s
general health and not receptive to behavioural messages.
Moreover, 2 of those 3 studies involved only a short, once-off
session and hence may not have been long enough to result in
significant behaviour changes. While interventions conducted in
the preschool/childcare setting were the most common and
showed a significant overall effect in the meta-analysis, only
three of the seven included studies had a significant intervention
effect. This suggests that while the preschool setting is regularly
targeted as a convenient setting for behavioural interventions, it
may not be the most effective. This has been similarly noted in
other reviews of interventions in this age group, with lack of
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Table 4 Methodological quality for included studies

Withdrawals

Author, year Selection bias Study design Confounders Blinding Data collection methods and dropouts
Alhassan et al, 2012* Weak Strong Strong Moderate Moderate Strong
Alhassan et al, 2013°' Weak Strong Strong Moderate Moderate Strong
Annesi et al, 2013% Moderate Strong Weak Moderate Strong Weak
Birken et al, 2012%* Moderate Strong Strong Strong Weak Strong
Campbell et al, 2013°* Moderate Strong Strong Strong Moderate Strong
Cardon et al, 2009*° Moderate Strong Weak Moderate Moderate Strong
De Bock et al, 2013%° Strong Strong Strong Moderate Weak Moderate
De Craemer et al, 2016°' Weak Strong Weak Moderate Moderate Strong
Dennison et al, 2004*' Moderate Strong Strong Moderate Weak Moderate
Evans et al, 20114 Moderate Strong Weak Moderate Weak Weak
Fitzgibbon et al, 2005* Moderate Strong Strong Weak Weak Weak
Fitzgibbon et al, 2006*° Moderate Strong Strong Weak Weak Strong
Fitzgibbon et al, 20114 Moderate Strong Strong Moderate Weak Moderate
Fitzgibbon et al, 2013 Moderate Strong Weak Moderate Weak Strong
Haines et al, 2013* Weak Strong Strong Moderate Weak Strong
Hinkley et al, 2015%° Weak Strong Weak Strong Strong Weak
Jones et al, 2015 Moderate Strong Weak Moderate Strong Strong
Knowlden et al, 2015> Moderate Strong Strong Moderate Strong Strong
Lerner-Geva et al, 2015°® Moderate Strong Strong Moderate Weak Weak
Natale et al, 2014%° Moderate Strong Weak Moderate Strong Weak
0'Dwyer et al, 2012 Weak Strong Strong Moderate Moderate Strong
0O'Dwyer et al, 2013% Weak Strong Strong Weak Moderate Strong
Ostbye et al, 2012%° Weak Strong Strong Moderate Weak Moderate
Puder et al, 2011°¢ Strong Strong Strong Moderate Strong Strong
Skouteris et al, 2015°’ Moderate Strong Weak Moderate Weak Strong
Taveras et al, 2011% Weak Strong Strong Moderate Moderate Strong
van Grieken 2014°% Weak Strong Strong Moderate Weak Weak
Verbestel et al, 2013%° Weak Strong Strong Moderate Weak Moderate
Wen et al, 2012°° Moderate Strong Strong Strong Moderate Moderate
Yilmaz et al, 2015 Moderate Strong Strong Strong Weak Strong
Zimmerman et al, 2012>° Weak Strong Strong Moderate Moderate Moderate

parental involvement suggested as a potential reason for the
lower efficacy in this setting.'”

Results of the subgroup analysis for age showed a larger
overall effect on screen time for studies that targeted younger
(<3 years) compared to older ( 3-5 years) children. However,
the vast majority of studies targeted the older age group. Wahi
et al*® found that interventions aimed at reducing screen time in
children aged <18 years were not effective, but that the pre-
school age group did hold promise. The current review supports
this, and suggests that interventions may be more beneficial
when aimed at even younger children. It is unclear whether this
observation is related directly to the age of the children or is a
reflection of the format and setting of interventions for the
younger age group. As already noted, interventions conducted
in the preschool setting showed limited effectiveness. Clearly,
further research into children younger than 3 years is
warranted.

While fewer studies were included in the meta-analysis for
sedentary time, and the overall intervention effect was smaller
than for the screen time meta-analysis, results nonetheless
showed a significant overall effect with a similar reduction in
daily minutes to screen time. However, there was extremely
high heterogeneity among these studies. Subgroup analyses
suggest that interventions targeting increases in physical activity,
but not those directly targeting sedentary time, had a significant

overall intervention effect. Physical activity guidelines for young
children include light-intensity, —moderate-intensity — and
vigorous-intensity physical activity. It may be that increasing
physical activity is an effective strategy for reducing sedentary
time in young children, by shifting time spent sedentary along
the spectrum of activity.

A limitation of this review is that some studies could not be
included in the meta-analysis due to non-continuous measures
of screen or sedentary time being reported. Therefore, fewer
studies were included in the meta-analysis than in the systematic
review; it is possible that the inclusion of these studies could
modify the results observed. Limitations of the individual
studies included in the review must also be considered. A
number of pilot studies with relatively small sample sizes were
included. These studies may not have been powered to detect
small changes in sedentary behaviours, potentially influencing
the meta-analysis results. Moreover, the studies included in the
review varied widely in their intervention objectives, settings,
methodologies and modes, making it difficult to compare find-
ings. This is highlighted by the high heterogeneity observed in
most of the meta-analyses undertaken. Finally, individual study
quality varied greatly. Few studies scored ‘strong’ ratings for
selection bias, blinding or data collection methods. While this
may be due to lack of reporting (as opposed to actual poor
methodologies), it is important to note. A recent review of
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correlates of physical activity reported similar findings in terms
of study quality.”! Future RCTs would benefit from following
the CONSORT statement’> when reporting results.

Results of this systematic review and meta-analysis suggest
that interventions targeting screen time would benefit from
being longer in duration (ie, >6 months) and conducted in a
setting with high parental involvement. This review also high-
lighted the relatively few studies undertaken in children aged
under 3 years and outside the preschool setting. Further
research is required to investigate different strategies for redu-
cing objectively assessed sedentary time in early childhood; the
considerable heterogeneity of studies and lack of clear trends in
subgroup analyses make it difficult to draw conclusions about
the types of interventions or strategies that are effective in this
population. It will also be important for future interventions to
target and include measures of screen time beyond just televi-
sion viewing. With technology such as smartphones and tablets
becoming ubiquitous, and often used as a ‘babysitting’ tool,
parents may be underestimating their child’s screen time. In add-
ition, future interventions should consider targeting child
restraint, given that a number of countries have recommenda-
tions for limiting the amount of time children spend restrained.
Until now, no interventions have been identified that target time
spent restrained in early childhood.

CONCLUSIONS

Given the negative health outcomes associated with some seden-
tary behaviours in early childhood,” * it is vital to investigate
effective strategies to reduce time in these behaviours. Results
from this systematic review and meta-analysis suggest that inter-
ventions to decrease screen time and sedentary time in children
aged birth through 5 years have a relatively large, statistically
significant overall effect. This supports the implementation of
interventions in early childhood to reduce sedentary behaviours,
and suggests that this appears to be an ideal age to intervene.

What are the findings?

» Interventions to reduce screen time and overall sedentary
behaviour in early childhood have a significant overall effect
of 17 and 19 min/day, respectively.

» Few interventions to reduce sedentary behaviour have been
conducted in children younger than 3 years and outside the
preschool setting, suggesting that further research is needed.

How might it impact on clinical practice in the future?

» Early childhood may be an opportune time to intervene to
reduce sedentary behaviour.

» Future interventions would benefit from being longer in
duration (>6 months) and having high parent involvement.
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CHAPTER FOUR

Thesis aims, approach and methods

4.1 Thesis rationale and aims

As summarised in Section 2.3, there is emerging evidence that some sedentary
behaviours during early childhood, particularly television viewing, are associated
with unfavourable health and developmental outcomes and can track into later
life. Despite these adverse outcomes, many young children are engaging in higher
than recommended levels of sedentary behaviour. Therefore, there is a need for
further research to understand correlates of sedentary behaviour and to investigate

potential strategies to reduce young children’s time spent sedentary.

The overarching aim of this thesis is to increase understanding of ecological
correlates of sedentary behaviour and strategies to reduce sedentary behaviour in

young children. Specifically, this thesis aimed to:

1. Investigate the individual, social and environmental level correlates of

sedentary behaviour in 3- to 5-year-old children;

2. Use evidence synthesis of existing studies and an investigation of
correlates to design, implement and pilot test a parent-focused intervention

to reduce 2- to 4-year-old children’s sedentary behaviour; and
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Chapter Four: Thesis aims, approach and methods

3. Determine the acceptability, feasibility and efficacy of the pilot

intervention to reduce sedentary behaviour in 2- to 4-year-old children.

4.2 Thesis approach

Developing interventions requires a systematic approach, including the use of
appropriate theory, the best available evidence, and pilot testing (Craig et al.
2008). The Medical Research Council (MRC) framework for developing and
evaluating complex interventions outlines steps for the development, feasibility
and piloting, evaluation, and implementation phases (Craig et al. 2008). The
development phase includes identifying and synthesising existing evidence (e.g.,
what is already known from existing interventions) and identifying and
developing theory (e.g., developing a theoretical understanding of the expected
process of behaviour change). The feasibility and piloting phase includes
assessing acceptability, compliance, and delivery of the intervention, in addition
to recruitment and retention. This thesis follows the development and feasibility
and piloting phases; see Figure 4.1. The evidence synthesis has already been
presented in the previous chapter (Paper One). Chapter Five (Paper Two) was the
second part of the development phase, while Chapters Six and Seven (Papers
Three and Four, respectively) were the feasibility and piloting phase. Full
evaluation and implementation were beyond the scope of this thesis; however, it
is intended that the results from the previous two phases will inform the

development of a full-scale trial.
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Feasibility and piloting

Testing procedures

Estimating recruitment and retention
Determining sample size

Development Evaluation
Identifying the evidence base Assessing effectiveness

Identifying or developing theory Understanding change process
Modelling processes and outcomes Assessing cost-effectiveness

Implementation
Dissemination

Surveillance and monitoring
Long term follow-up

Development

Identifying theory:
CALOR-E
taxonomy of
behaviour change
and Social
Cognitive Theory

Evidence base:
Evidence base: Identifying
Systematic correlates to
review and target as
meta-analysis potential
mediators

(an14 Jardey)
oM Jaded

Paper One
(Chapter Three)

Paper Three

Intervention pr | i
tervention protoco (Chapter Six)

Feasibility and piloting
Pilot 2-arm RCT to test feasibility and
efficacy of Mini Movers program

Paper Four
(Chapter Seven)
Figure 4.1 Key elements of the development and evaluation process in the MRC

framework (Craig et al. 2008) that this thesis follows
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4.3 Thesis context and methods overview

This thesis comprises four papers, reported in Chapters Three, Five, Six and
Seven. Paper One is a systematic review and meta-analysis, Paper Two is a
secondary analysis of data drawn from the Healthy Active Preschool and Primary
Years (HAPPY) study, and Papers Three and Four describe the development and

pilot testing of the Mini Movers randomised controlled trial (RCT).

4.3.1 The HAPPY Study

The HAPPY study was originally designed as a cross-sectional study, which
aimed to investigate factors associated with preschool children’s (aged 3 to 5
years) physical activity and sedentary behaviour. Data collection occurred in two
waves; the first wave between August and December 2008, and the second wave
between June and November 2009. Participants who provided consent to be
contacted for future research were invited to take part in follow up studies three
years later (from August 2011 to March 2012 [first wave] and June 2012 to April
2013 [second wave]) and six years later (from July 2014 to April 2015 [first

wave] and June 2015 to April 2016 [second wave]).

Ethical approval for the HAPPY Study

Ethical approval was granted from the Deakin University Human Research Ethics
Committee (EC 291-2007) and the Department of Education and Early Childhood

Development (2008/196). Parents provided written, informed consent for their
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children to participate. Children provided verbal assent to participate. Ethical

approvals for the HAPPY study are shown in Appendix C.

Recruitment of HAPPY Study participants

Participants were recruited using a two-stage stratified random sampling
procedure. Firstly, six local government areas within the Melbourne metropolitan
region were randomly selected, two each from low, medium and high
socioeconomic position (SEP) areas. Local government area SEP was determined
using the Australian Bureau of Statistics Socio-Economic Indexes for Areas
(SEIFA) Index of Advantage/Disadvantage (Australian Bureau of Statistics
2011). In each wave of data collection, 10 childcare centres and 10 preschools
were randomly selected in each of the medium and high SEP local government
areas. As response rates are typically lower in low SEP areas (Johnson et al. 1994;
Madigan et al. 2000; Sheikh & Mattingly 1981), 16 childcare centres and 16
preschools were randomly selected in each of the low SEP local government
areas. Invitation letters were sent to each of the randomly selected centres and
preschools. Follow-up phone calls were made one week later, with interested
centres and preschools signing written consent forms. Consenting centres and
preschools were screened for non-English speaking parents; if more than 50% of
parents were non-English speaking the centre or preschool was excluded from the
study. Centres and preschools that were excluded or declined to participate were
replaced with the next randomly selected centre or preschool in that local
government area. This approach was repeated until recruitment was completed.
Of the 146 childcare centres and 124 preschools invited to participate in this
study, 79 (54.1%) and 65 (52.4%) consented to participate, respectively.
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All parents of children aged 3 to 5 years attending participating centres and
preschools were invited to participate in the study. Leaflets explaining the
background and purpose of the study, plain language statements and consent
forms were distributed into child ‘pockets’ or folders, or to centre staff for
distribution to parents. Reminder slips were distributed one week later. Interested
parents consented by completing their consent form and returning it to a sealed
box at the centre. In total, 1032 parents consented to participate; an overall
response rate of 10.5%. Of the 1032 participants, 485 were recruited through

childcare centres (9.0% response) and 547 through preschools (12.4% response).

Candidate’s role in the HAPPY Study

Prior to commencing my candidature, | was employed as a research assistant for
three years (2011-2014) on the second follow-up of the HAPPY study. Although |
was not directly involved with the project at baseline, my Honours project (in
2010) utilised HAPPY baseline data and, as such, I assisted with follow-up of
outstanding parent surveys and data cleaning for the 2009 group. In my role as a
research assistant on the follow-up study, I was involved with all aspects of the
project, including participant recruitment, scheduling of visits to schools and
homes, data collection (child height, weight and waist measurements and fitting
with ActiGraph and activPAL™ accelerometers), and data management and
cleaning. For the purposes of this thesis, only baseline data from the HAPPY
study were utilised; | was responsible for data manipulation and analyses (Chapter

Five, Additional file 1 describes potential correlates included in analyses and
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Appendix D shows internal reliability results for summed items). The HAPPY

study baseline survey is shown in Appendix E.

4.3.2 The Mini Movers Program
The Mini Movers program was a two-arm pilot RCT aiming to support parents to
minimise their children’s sedentary behaviour. The methods are described in

detail in Paper Three (Chapter Six).

Ethical approval for Mini Movers

Ethical approval was granted from the Deakin University Human Research Ethics
Committee (2016-103). Parents provided written, informed consent for their
children to participate. Children provided verbal assent to participate. Ethical

approval for Mini Movers is shown in Appendix F.

Recruitment of Mini Movers participants

Participant recruitment for Mini Movers is described in detail in Papers Three and
Four (Chapters Six and Seven). Appendices G and H contain the recruitment flyer

and plain language statement and consent form, respectively.

Candidate’s role in Mini Movers

I was involved in all aspects of the Mini Movers program. In consultation with
my supervisors, | conceived the program and designed the intervention materials

(booklet and goal-checking magnet; see Appendix | for intervention materials
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provided to parents) and baseline and post-intervention surveys (shown in
Appendices J and K, respectively). Most of the items included in the surveys were
based on existing questionnaires with previously established reliability (Campbell
et al. 2013; Hinkley et al. 2012a); however, some items were purpose-developed
for Mini Movers. The reliability of these new items was tested in a separate
sample of participants; methods and results for the test-retest study are described
in Appendix L. Although recruitment for the test-retest study was undertaken by
research assistants (recruitment was combined with test-retest surveys for similar

studies), | undertook the analyses.

I also designed and made the pouches and leggings for the activPAL™
accelerometers (Appendix M). The activPAL™ instruction booklet for parents is
shown in Appendix N. | managed all aspects of participant recruitment, data
collection and intervention delivery (including sending/receiving text messages). |
was also responsible for managing the budget for the program. Data cleaning,
manipulation and analyses were all undertaken in consultation with my
supervisors and/or a statistician. A subsample of participants in the intervention
arm of the Mini Movers RCT participated in qualitative interviews (Appendix O
shows the invitation and plain language statement/consent form for this
component of the study). | designed the interview questions (Appendix P) and
undertook the recruitment and scheduling of telephone interviews. | was also
responsible for analysing the qualitative data. Appendix Q shows additional

methods and results for the qualitative interviews.
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The following three chapters contain the original research components of this
thesis. Each chapter contains a paper either published or under review in a peer-
reviewed journal. The papers are prepared in accordance to the structure,
formatting and referencing guidelines specified by the journal in which it is

published.
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CHAPTER FIVE
Paper Two: Do the correlates of screen
time and sedentary time differ in

preschool children?

5.1 Introduction

As discussed in Chapter Two (Section 2.8), a number of studies were identified
that report correlates of young children’s sedentary behaviour; however, most
correlates have been investigated in only a small number of studies. Moreover,
the majority of variables have been investigated only as correlates of television
viewing or screen time, with few studies reporting the correlates of overall
sedentary time. It is important to investigate screen time and sedentary time as
separate behaviours, as they have different health risks (LeBlanc et al. 2012), are
likely to have distinct factors that promote and inhibit participation, and
subsequently, potentially require different strategies in interventions.
Additionally, identifying common correlates of these behaviours may be
beneficial for multi-behaviour intervention development. Finally, most studies to
date have neglected to consider variables across levels of the ecological model
(i.e., individual, social and physical environment factors (Bronfenbrenner 1979)).
It is important to consider multilevel correlates simultaneously to determine the

relative contribution of correlates across multiple levels. When developing
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intervention strategies to reduce time in sedentary behaviour it is particularly
important to understand correlates to identify where to focus intervention efforts.
Therefore, the following chapter presents an original investigation of correlates of
screen and sedentary time in preschool children, across multiple levels of the
ecological model. Previous studies investigating correlates of accelerometer-
assessed physical activity (Hinkley et al. 2012c¢) and compliance with screen time
recommendations (Hinkley et al. 2013) in the current sample have found that
correlates differ for boys and girls; hence, analyses were stratified by child sex.

This paper has been published in BMC Public Health (Impact Factor: 2.265) as:

Downing KL, Hinkley T, Salmon J, Hnatiuk JA, Hesketh KD. Do the correlates of
screen time and sedentary time differ in preschool children? BMC Public Health.

2017:17;285.

The Authorship Statement for this manuscript is contained in Appendix R.
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Abstract

Background: Preschool children can spend up to 12 h a day in sedentary time and few meet current recommendations
for screen time. Little is known about ecological correlates that could be targeted to decrease specific versus total
sedentary behaviour. This study examined whether the correlates of screen time and sedentary time differ in preschool

boys and girls.

Methods: Parents participating in the HAPPY Study in 2008/09 in Melbourne, Australia reported their child’s usual screen
time and potential individual, social and physical environment correlates. Children wore ActiGraph GT1M accelerometers
for eight days to objectively assess sedentary time (<100 counts.min™). Multivariable linear regression analyses were
performed, stratified by sex and controlling for child age, preschool/childcare attendance and clustering by centre of
recruitment. Correlates significantly associated with screen time or sedentary time in individual models (p < 0.05) were

included in final combined models.

Results: Children were sedentary for 301.1 (SD 34.1) minutes/day and spent 108.5 (SD 69.6) minutes/day in screen time.
There were no sex differences in screen or sedentary time. In the final models, sleep duration was inversely associated
with girls’ sedentary time and boys’ screen time. The only other consistent correlates for boys and girls were parental
self-efficacy to limit screen time and screen time rules, which were inversely associated with screen time for both sexes.
Parents reporting that they get bored watching their child play was inversely associated and maternal television
viewing was positively associated with boys' screen time. Paternal age was positively associated with boys' sedentary

time. Maternal ethnicity was inversely associated and paternal education, child preferences for sedentary behaviour,
and parental concerns about child’s physical activity and sedentary behaviour were positively associated with girls’

screen time.

Conclusions: The modifiable correlates of total sedentary and screen time identified in this study could be targeted in
interventions to reduce these behaviours. With correlates differing for screen and sedentary time, and between boys
and girls, interventions may also benefit from including behaviour- and sex-specific strategies.

Keywords: Sedentary behaviour, Sedentary time, Screen time, Preschool children, Paediatric, Accelerometry, Television

viewing

Background

Sedentary behaviour, defined as any seated, waking beha-
viours requiring <1.5 Metabolic Equivalent of Tasks (METs)
to perform [1], can include watching television, playing
electronic games and reading. Sedentary behaviour research
to date has generally focused on screen time (ie., the sum
of time spent viewing television, playing electronic games,
and using a computer or other electronic devices) and, to a

* Correspondence: kdowning@deakin.edu.au

YInstitute for Physical Activity and Nutrition (IPAN), School of Exercise and
Nutrition Sciences, Deakin University, Geelong, Australia

Full list of author information is available at the end of the article

( BioMVed Central

lesser extent, sedentary time (objectively assessed, e.g., by
accelerometry). Sedentary behaviours have their genesis in
early childhood (birth through 5 years of age) [2]. While
there is currently no evidence for negative health conse-
quences of sedentary time in early childhood [3], excessive
screen time has been associated with poorer cognitive
development and well-being, and increased risk of
overweight and obesity [4—6].

A recent systematic review found that preschool
children (roughly 3 to 5 years) spend up to 12 h per day
in total (objectively measured) sedentary time [7].

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Additionally, research suggests that preschool children
spend an average of two hours per day engaging in
screen time [8—11], with approximately one quarter
meeting current recommendations of less than one hour
of screen time per day [8, 9, 12]. Given the low level of
compliance with screen time recommendations and high
levels of sedentary time, it is important to identify the
factors that are associated with specific and sedentary
time in young children in order to inform the develop-
ment of appropriate intervention strategies.

A systematic review of correlates of sedentary
behaviour in preschool children found that studies in-
vestigating potential correlates of sedentary behaviour
have largely examined television viewing only, with
very few investigating correlates of overall screen time
or sedentary time [13]. That review also found few
consistent correlates of screen and sedentary time. A
more recent review examining correlates of energy
balance-related behaviours in preschool children
found that parental body mass index (BMI), family
size, higher energy intake, consumption of high en-
ergy drinks, consumption of savoury snacks, parental
television viewing time, the presence of a television in
the bedroom, having a cable subscription and the day
of the week (weekdays) were positively associated
with screen time, while fruit consumption and living
in an urban region were inversely associated with
screen time, with no differences in correlates between
sexes reported [14]. However, that review focused ex-
clusively on screen time, with correlates of sedentary
time not reported. Studies investigating sedentary
time in preschool children have reported that girls
are significantly more sedentary than boys [15, 16].
Further, television/video games and physical activity
equipment in the home were also shown to be posi-
tively associated with sedentary time for boys, while
child BMI and parent-reported athletic
coordination significantly  associated  with
sedentary time for girls [15].

No studies have been identified that examine the cor-
relates of screen time and sedentary time in preschool
children in the same sample; however, recent research of
this nature in 9- to 11-year-old children has shown that
the correlates of these behaviours differ [17, 18]. This
suggests that there is a need to investigate screen time
and sedentary time as separate behaviours, potentially
requiring different strategies to decrease time in those
behaviours. Moreover, research has shown that corre-
lates of sedentary behaviours differ between the sexes in
preschool [15, 19] and school-aged [17, 18] children,
suggesting that correlates should be investigated sepa-
rately for boys and girls. The aim of this study was to in-
vestigate whether the correlates of screen time and
sedentary time differ in 3- to 5-year-old boys and girls.

Z-scores
were
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Methods

Recruitment and participants

This study used baseline data (from 2008/09) drawn
from the Healthy Active Preschool and Primary Years
(HAPPY) Study when children were 3 to 5 years old.
HAPPY is a cohort study, conducted in Melbourne,
Australia, that investigates multi-domain correlates of
physical activity and sedentary behaviour. Recruitment
and data collection for this study have previously been
described [20]. Briefly, two local government areas
(LGAs) within each of the lowest, middle and highest
socioeconomic quintiles in metropolitan Melbourne
were randomly selected (six in total). Within each of
those LGAs, once permission was granted, 124
preschools and 146 childcare centres were randomly se-
lected and invited to participate. All parents (n = 9794)
of children aged 3 to 5 years at consenting preschools
and childcare centres were then invited to participate
in the study. Data were collected from 1002 children
and their parents (11% response rate). The final sam-
ple included 937 children (n = 504 boys) with valid
screen time data and 724 children (n = 397 boys)
with valid accelerometry data. The Deakin University
Human Research Ethics Committee and the Depart-
ment of Education and Early Childhood Development
approved the study.

Measures and data management

Outcome variables

Children were fitted with ActiGraph GT1M uniaxial
accelerometers (Pensacola, FL, USA) on an elastic belt at
the right iliac crest and instructed to wear them during
waking hours for 8 consecutive days to objectively assess
sedentary time. ActiGraph accelerometers have estab-
lished validity and reliability in preschool-aged children
[21]. Data were collected in 15-s epochs [22, 23] to
account for the sporadic nature of young children’s
physical activity. Non-wear time was determined as
>10 min of consecutive zero counts [24]. Sedentary time
was classified using Evenson et al. [25] cut points of <25
counts per 15-s epoch. To be included in the analyses,
children were required to have data recorded for at least
6 h per day on at least 4 days (including at least 1 weekend
day) [24]. To account for variations in children’s accele-
rometer wear time, sedentary time was standardized using
the residuals obtained when regressing sedentary time on
wear time [26].

During the week that children wore the accelerometer,
parents completed surveys reporting their child’s usual
television/video/DVD time, computer use, and sedentary
electronic game use (in hours and minutes) on weekdays
(i.e., total time from Monday to Friday) and on weekend
days (i.e., total time on Saturday and Sunday). Responses
were converted to minutes, then weekday and weekend
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responses were summed and divided by seven to give
average daily minutes of screen time.

Explanatory variables

Explanatory variables in this study were derived from three
levels of the ecological model (individual, social and physical
environment) [27]. Children’s height (m) and weight (kg)
were measured using standardized measurement
procedures by trained researchers with a Wedderburn Seca
portable rigid stadiometer and Wedderburn Tanita portable
digital scales respectively [28, 29]. Parents self-reported their
height and weight and that of their partner (where
applicable); BMI was calculated (kg/m?) for children and
parents. Child BMI categories were determined using age-
and sex-specific international cut-off points [30, 31] and
WHO classifications [32] were used for parents.

Parents reported individual domain correlates (n = 29)
including biological and demographic variables (e.g.,
parent’s age, country of birth, education; child’s sleep
duration, number of siblings); child behavioural variables
(e.g., participation in organized activities, outdoor play
time); and psychological variables (e.g., child preferences
for physical activity and screen time). Social domain corre-
lates (n = 26) included parental variables (e.g., parental
constraints to supporting physical activity, parental rules
and regulations regarding physical activity and screen
time) and broader social variables (e.g., role-modelling of
physical activity and screen time, social gatherings). Phys-
ical environment domain correlates (z = 12) included
home environment variables (e.g., number of televisions in
the home, indoor play spaces), and broader neighbour-
hood variables (e.g., park and playground availability and
quality, frequency of visits to active play spaces). Only
survey items with established test-retest reliability were in-
cluded in analyses: for categorical items Kappa >0.60 and/
or per cent agreement >60%; and for continuous variables
ICC >0.50 [33]. See (Additional file 1: Table S1) for a full
list of potential correlates included in analyses.

Data analysis

Analyses were performed in Stata 13.0 (StataCorp,
Texas, USA). Descriptive statistics were used to
characterize the sample and t-tests were used to deter-
mine differences in sedentary and screen time between
boys and girls. Multivariable linear regression models
were used to identify correlates of sedentary time and
screen time. Initially, each potential correlate was in-
cluded in individual models with each of the two out-
comes. Variables that were significant in individual
models (p < 0.05) were included in combined models.
Collinearity of variables included in the combined
models was tested using tolerance and variance inflation
factors (VIFs); no issues with collinearity were identified.
Given that child age was positively associated with

Page 3 of 12

sedentary time for both boys (B = 8.33, 95% CI 4.46,
12.20) and girls (f = 7.93, 95% CI 2.78, 13.07), all models
controlled for child age. Additionally, given that in
Australian children have varying preschool/childcare
hours, all models controlled for hours of preschool/
childcare attendance per week. Models also controlled
for clustering by centre of recruitment and were per-
formed separately by child sex.

Results

Descriptive data have previously been reported [8, 20].
Respondent parents (93.7% female) had a mean (SD) age
of 37.3 (5.2) years and 69.8% were born in Australia.
Children had a mean (SD) age of 4.5 (0.7) years. Boys
spent a mean (SD) of 109.8 (69.8) minutes per day and
girls spent a mean (SD) of 107.0 (69.4) minutes per day
in screen time (p > 0.05). Accelerometry data showed
that boys were sedentary for a mean (SD) of 303.0 (34.6)
minutes per day while girls spent a mean (SD) of 298.8
(33.4) minutes per day sedentary (p > 0.05).

Table 1 shows individual model results for screen
and sedentary time, stratified by child sex. Individual
models showed that 22 variables (six, 11 and five
from the individual, social and physical environment
domains, respectively) were significantly associated
with boys’ screen time, while 28 variables (10, 12 and
six from the individual, social and physical environ-
ment domains, respectively) were significantly asso-
ciated with girls’ screen time. For sedentary time, five
potential correlates (two, one and two from the
individual, social and physical environment domains,
respectively) were identified in the individual models
for boys and five (four, zero and one from the
individual, social and physical environment domains,
respectively) were identified for girls.

Table 2 presents the results of the combined models
for correlates of screen and sedentary time, stratified by
child sex. In the combined model, for boys, five corre-
lates remained significantly associated with screen time
and one correlate remained significantly associated with
sedentary time. For girls, seven correlates remained
significantly associated with screen time and one vari-
able remained significantly associated with sedentary
time. No common correlates of screen and sedentary
time were identified for either boys or girls.

In the combined model, for each additional hour of
sleep, boys spent 7.5 min less per day in screen time. For
every unit increase in parental self-efficacy to limit
screen time and their actual rules to limit screen time,
boys spent 6.5 min and 5.2 min less per day in screen
time, respectively. If parents reported that they get bored
watching their child play, boys spent 14.4 min less per
day in screen time. Conversely, maternal television view-
ing was positively associated with boys’ screen time, such
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Table 1 Individual regression models® for all potential correlates of screen time and sedentary time for boys and girls

Variable Screen time mins/day Sedentary time mins/day
Boys (n = 504) Girls (n = 433) Boys (n = 394) Girls (n = 323)
% or  B(95% Cl) % or  B(95% Cl) %or B (95% Cl) %or B(95% Cl)
mean mean mean mean
(SD)° (SD)° (SD)° (SD)°

Individual level

Demographic and family profile

Child disability/poor health 103% 457 56% 3918 99%  —1093 56% 14.38
(=17.79, 26.93) (—4.82,83.18) (=21.99,0.12) (0.64, 28.13)
Child's birth parents live together 869% —5.90 89.3% —1091 88.1% 9.71 90.0% —160
(—3042, 18.63) (—40.22, 18.40) (—0.63, 20.05) (1450, 11.30)
Child sleep duration (hours) 1.1 -13.96 11.0 -10.24 1.1 -7.09 11.0 -6.52
(1.1)  (-22.40,-5.52) (1.1) (-16.91,-3.57) (10) (-11.35,-2.82) (1.1) (-9.20, -3.84)
Child has siblings 849% —098 823% —830 86.6% —4.63 835% 1.79
(=17.83, 15.88) (=24.40, 7.81) (=16.17, 691) (=937, 12.96)
Child BMI category©
Underweight/healthy weight (ref) 825% O 80.8% O 833% 0 80.0% 0
Overweight/obese 175% 264 192% 219 16.7% —130 200% 694
(=14.22, 19.51) (—14.84,19.21) (=12.00, 10.02) (—3.84,17.72)
Maternal age (years) 37.1 -0.13 37.1 -1.22 37.0 057 37.1 -0.30
(5.3) (=165, 1.40) (5.1 (=253, 0.09) (5.1) (—0.06, 1.21) (5.2) (=1.07,048)
Mother born in Australia 70.1% —17.00 68.1% —26.60 726% —7.75 68.1% —061
(-32.69, -1.32) (-42.88, —10.32) (—16.18, 0.69) (-8.89, 7.67)
Maternal BMI category
Healthy weight (ref) 621% 0 609% O 621% O 628% O
Overweight 227% 1113 218% 728 234% 569 192% 9.99
(—1.70, 23.96) (-8.60, 23.16) (=298, 14.37) (0.51, 19.47)
Obese 152% 17.04 173% 26.78 146% —8.80 180% 7.98
(—842, 42.49) (7.91, 45.65) (-18.27, 0.68) (-1.32,17.28)
Mother in paid employment® 553% -6.29 525% -9.49 555% 563 508% 391
(—20.24, 7.66) (=22.72,3.74) (=2.12,13.38) (=283, 10.65)
Maternal disability/poor health 34% 772 44%  33.04 25%  —17.05 46%  19.32
(—28.30, 43.75) (—3.77, 69.86) (=3542,1.32) (5.72, 32.92)
Maternal education
Year 10 or equivalent (ref) 106% O 112% 0 99% 0 112% 0
Year 12/trade/diploma 31.7% —6.72 363% —10.37 31.0% —7.21 347% 6.71
(—34.83, 21.38) (=34.49, 13.75) (=21.03, 6.61) (=9.16, 22.57)
University degree/post-graduate 577% —17.11 526% —34.98 59.0% —1.83 542% —623
(—45.00, 10.78) (-57.46, —12.49) (=13.93,10.28) (—18.96, 6.49)
Low income status (health care/pension card) 204% 1372 181% 23.91 17.7% —4.05 17.7% 440
(—4.88,32.33) (3.92, 43.90) (=14.67, 6.57) (=5.70, 14.5)
Paternal age (years) 39.1 -0.65 392 -0.58 389 0.85 39.0 -0.27
(5.7) (=1.74,043) (5.5) (=199, 0.83) (5.5 (0.21, 1.50) (5.3) (=1.14,0.59)
Father born in Australia 683% —824 669% -19.14 713% —646 695% —2.25
(=22.90, 642) (-35.97, -2.32) (=15.31, 2.39) (—=11.36, 6.86)
Paternal BMI category®
Healthy weight (ref) 386% O 340% O 36.7% O 365% O
Overweight 452% 191 48.7% 4.62 469% —0.38 470% —347
(—=11.26, 15.08) (1162, 20.87) (=941, 8.66) (—11.23,4.28)
Obese 162% 18.84 173% 1897 163% 857 165% 6.99
(2.21, 35.48) (231, 40.24) (=273, 19.86) (—4.81, 18.80)
Father in paid employment® 889% 10.16 90.8% —16.27 89.7% 196 90.9% —10.51

(=781, 28.13) (—42.18, 9.64) (-=11.21,15.12) (2772, 6.71)
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Table 1 Individual regression models® for all potential correlates of screen time and sedentary time for boys and girls (Continued)

Paternal disability/poor health

Paternal education
Year 10 or equivalent (ref)

Year 12/trade/diploma
University degree/post-graduate

Child PA and SB

Usual frequency of active transport per week
(e.g., ride a bike to kinder)

Usual frequency of non-organised activities per
week (e.g. play in the backyard)

Number of organised activities per week (e.g.,
swimming, tennis)

Child attends playgroup

Average outdoor play time hours/day (week
and weekend day)

Child personality, preferences and constraints

Child active co-participation preferences (e.g.,
active by him/herself, active with his/her friends)

Child is active for longer with someone else

Child is competitive with other children when
being active

Child prosocial PA behaviour (e.g., asks for
opportunities to be active)

Child preferences for SB (e.g., more likely to
watch TV than be active)

Child constraints to PA (e.g, too tired to do
more PA)

Social level
Parental influence

Parental concerns about child's PA/SB
Parental constraints to child’s PA

Parent likes to participate in outdoor play
Parent prefers to be social with other parents

Parent gets bored watching child playing in
outdoor spaces

Parent likes child to do activities of older
children

Parent likes child to do activities they did as a
child

Parent gets bored going to the same place

Parent believes it's important to be active as a
family

4.9%

9.6%
39.9%

50.5%

46
(3.9)

22.7
9.8)

09
0.8)

24.3%

43
2.7)

1.8
(1.5)

79.2%
66.2%
128

28)

4.1
(1.6)

-121
(4.5)

-39
(3.3)

6.9
€AY
73.5%
36.7%
11.8%
24.0%
34.3%

12.8%

90.8%

3213
(-6.56, 70.83)

0

-863
(=29.07, 11.82)

-14.67
(=33.75, 442)

-0.22
(=179, 1.35)

-0.51
(=120, 0.19)

=375
(=12.14, 463)

4.98
(=896, 18.92)

0.
(=260, 2.82)

042
(282, 365)

-20.57
(—40.06, —1.08)

1148
(-1.00, 23.96)

0.29
(=2.17,2.76)

10.07
(5.98, 14.16)

1.60
(0.11, 3.09)

4.59
(2.51, 6.66)

2.87
(0.36, 5.38)

4.70
(-8.72,18.12)

—5.65
(=17.2,5.90)

-22.01
(-36.87, -7.15)

—-10.26
(-=24.05, 3.52)

527
(=9.72, 20.26)

571
(2147, 32.88)

—26.67
(-48.93, —4.42)
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-035
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1.18
(~1.27,3.63)

-0.78
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=121
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(~1.77,1.24)
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—6.32
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(=341, 890)

-0.24
(—140, 0.92)

0.89
(=142, 3.20)

-048
(-=1.21,0.25)

0.57
(=044, 1.57)

0.14
(~1.01, 1.28)

3.65
(=337, 10.67)

-0.68
(752, 6.15)

=071
(—844, 7.02)
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-0.71
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-0.18
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-0.01
(~1.60, 1.58)

1.08
(=2.37,4.53)

-033
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Table 1 Individual regression models® for all potential correlates of screen time and sedentary time for boys and girls (Continued)

Parental self-efficacy to support PA 59 -3.62 59 -8.07 59 0.06 58 -0.54

(1.7) (-7.02, -0.23) (1.8) (-11.75, -4.38) (1.7) (=2.00, 2.12) (1.8) (=260, 1.53)
Parental self-efficacy to limit screen time 8.7 -9.15 89 -8.25 88 —-0.20 9.0 -0.89

(2.3) (-11.68, —6.62) (2.5) (-10.98, -5.52) (2.3) (—1.86, 1.46) (24) (=243, 0.66)
Parental health knowledge/beliefs of child’s PA 15 -4.19 13 —-5.65 1.6 —-0.08 13 046

(22)  (-8.74,036) (22)  (-8.87,-2.44) 2.1 (~1.72,1.56) (2.2) (~1.31,2.23)

Rules and boundaries

Parental rules to limit screen time 2.1 -11.40 22 -14.20 22 -0.64 22 —-1.90
(16) (-16.32,-6.48) (15  (-18.24,-10.16) (1.6) (=265, 1.37) (15)  (~446, 0.66)
Parental rules about games inside (e.g, no -0.2 113 -0.2 113 -02 -0.16 -0.1 1.16
throwing balls inside) (2.1) (=250, 4.76) (2.1) (=250, 4.76) (2.1 (=190, 1.58) (2.1) (=073, 3.05
Parental rules about PA for stranger danger, 23 -123 23 1.27 23 -1.73 23 -031
traffic, injury (1.5) (—6.15, 3.70) (1.6) (=2.65,5.19) (1.5) (-4.17,0.71) (1.5) (=3.17,2.54)
Parent allows child to play freely in backyard/ 0.1 -6.29 -0.1 -7.11 -0.1 —2.67 -004 -097
street (1.2)  (=13.74,1.16) (12)  (-12.49,-1.73) (1.1) (=609, 0.75) (12) (=399, 2.05)
Parent switches off screen entertainment 2.7 3.19 26 326 27 -0.27 27 -0.83
(1.4) (—0.62, 7.00) (1.3) (—1.76, 8.28) (1.4) (—2.80, 2.26) (1.3) (=335, 1.69)
Social interaction and support
Child is active at social gatherings 6.0 5.26 6.0 1.05 6.0 -0.54 59 -1.86
(1.0) (=142, 11.95) (12) (—5.88, 7.97) (1.0) (=545, 4.37) (12) (—4.50, 0.77)
Maternal PA emotional support for child 55 4.32 54 1.20 55 -1.75 54 -0.92
2.1 (1.74, 6.90) .1 (—1.84,4.24) .1 (-3.46, —0.04) (2.1) (=255, 0.71)
Paternal PA emotional support for child 47 4.29 46 1.86 4.7 -125 46 -0.73
(2.4) (1.89, 6.70) (2.4) (-0.95, 4.66) (24) (=2.77,0.28) (24) (—243,097)

Modelling of PA

Maternal time in PA (hours/week) 54 -0.01 50 -1.28 53 -0.17 49 0.46

(42 (-172,169) (40)  (=3.01,045) (40) (=079, 045) (39 (054,145
Paternal time in PA (hours/week) 54 0.24 52 -2.12 50 -047 52 035

4.7) (—0.93, 1.40) (4.6) (-3.65, —0.59) (4.3) (=1.17,022) (4.5) (—0.53,1.23)
Maternal TV viewing (hours/week) 86 3.87 9.0 2.62 86 -0.14 9.2 0.10

6.8) (1.81, 5.93) 6.5) (1.56, 3.68) ©.1) (—0.74, 0.46) 6.6) (—0.46, 0.66)
Paternal TV viewing (hours/week) 9.6 1.91 9.8 2.26 9.8 0.16 96 —0.01

6.6) (0.96, 2.85) (7.0) (1.23, 3.29) 64) (=0.39, 0.71) 6.9) (—0.48, 0.46)
Maternal role modelling of PA (times/week) 32 -0.63 30 -3.67 33 -0.29 30 -1.03

(2.0) (—4.49, 3.23) (2.0) (-6.97, —0.38) (2.0) (=194, 1.35) (2.0) (=3.27,1.22)
Paternal role modelling of PA (times/week) 28 -1.82 26 -4.68 28 -0.21 2.7 -0.28

(20)  (-4.88,1.24) (20)  (-7.73,-1.63) (1.9 (-=2.01, 1.60) (2 0) (~2.26, 1.69)

Physical environment level

Dog ownership 323% 335 322% —144 321% 0.90 312% 494
(-9.64, 16.34) (=14.89, 12.00) (—643, 822) (=291,12.79)
Number of pieces of toys/ equipment to be 133 -1.62 131 -2.37 134 =012 13.1 -0.69
physically active with at home (e.g., swings, slide) (3.5 (—3.25,0.001) (3.7 (-4.15, —-0.60) (3.5 (=1.17,093) (3.7) (-1.89,0.52)
Lives on medium/large block 86.1% 1.16 852% —8.11 86.1% —1.06 845% —6.63
(=14.99, 17.30) (—=26.65, 1043) (=12.25,10.13) (—1848,5.21)
Number of features at home (e.g,, front fence, 19 -11.00 19 -11.48 20 202 19 -3.14
covered outdoor areas) 0.9) (-20.38, -1.62) (0.9 (-17.82, -5.14) (0.8) (=210, 6.14) (0.8) (—8.23,1.95)
Lives on a cul-de-sac 24.1% 24.23 296% 13.57 233% =576 280% 0.31
(7.27, 41.19) (—1.66, 28.79) (=1349,1.97) (=740, 801)
Number of pieces of electronic equipment at 5.1 383 5.1 2.89 5.1 1.01 50 1.58
home (e.g., DVD player, PlayStation) (12) (=2.76, 1041) (1.1 (—2.67,846) (1.1) (—2.89,4.91) (1.1) (=233, 549)
Number of TVs at home 22 7.31 22 14.08 22 -0.80 22 4.10
(1.2)  (1.89,12.74) (1.1)  (7.61, 20.55) (1.1) (=360, 2.00) (1.0)  (1.00, 7.20)
TV in child’s bedroom 106% 23.51 9.5%  50.01 10.0% 0.02 71% 1236
(4.75, 42.28) (23.84, 76.18) (=11.97,1201) (=191, 26.63)
Computer/e-games in child’s bedroom 42% 1134 42% 586 41% 1737 37% 1580

(2846, 51.15) (-22.70, 3441) (-9.11, 43.85) (—1.21, 32.81)
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Table 1 Individual regression models® for all potential correlates of screen time and sedentary time for boys and girls (Continued)

Neighbourhood playground suitability (e.g., 55 -2.98

equipment, shade, safety) (44) (-5.30, —0.66)
Neighbourhood constraints to active transport 4.9 —146

(e.g., busy roads) (44) (=3.19, 0.28)
Total frequency of visiting active places per 6.5 0.64

week (32) (=158, 2.85)

52 =271 56 -0.92 55 -0.31
(44)  (-4.15,-1.28) (4.2) (-1.65, -0.19) (4.5 (-=1.13,052)
48 -2.06 50 -0.65 50 -042
(46)  (-3.50, —0.62) (44) (-1.28, -0.01) (44) (—1.34, 0.50)
59 0.24 64 -0.77 59 -035
(3.0) (262, 3.10) (3.2) (~=1.90, 0.37) (3.1 (~1.60, 0.90)

Abbreviations: BMI body mass index, Cl confidence interval, e-games electronic games, PA physical activity, SB sedentary behaviour, TV television

2All models adjusted for age, preschool/childcare attendance and clustering by centre of recruitment; ® Reported as % for binary/categorical variables
and mean (SD) for continuous variables; < Directly measured height and weight, calculated using Cole et al. classifications; 9 parents’ self-reported
height and weight, calculated using WHO classifications; € Includes part- and full-time paid employment; f In Australia, playgroups are informal
gatherings for parents (and caregivers) and their children prior to the commencement of school; bolded data indicates significance (p < 0.05); —

indicates variable not included in combined model

that boys spent an additional 2.3 min per day in screen
time for each additional hour in maternal television
viewing. For sedentary time, boys spent an additional
0.7 min per day sedentary for every additional year of
paternal age.

For girls, results from the combined model show that
if mothers were born in Australia, girls spent 15.7 min
less per day in screen time. For every unit increase in
parental self-efficacy to limit screen time and rules to
limit screen time, girls spent 6.5 min and 2.6 min less
per day in screen time, respectively. Paternal education,
child preferences for sedentary behaviour (e.g. child is
more likely to watch television than be active), and par-
ental concerns about their child’s physical activity and
sedentary behaviour were positively associated with girls’
screen time. If fathers had a year 12/trade/diploma level
of education, girls spent 23.3 min more per day in screen
time compared to fathers with a year 10 or equivalent
level of education. Girls also spent 7.1 min per day more
in screen time for each unit increase in parent-reported
child preferences for sedentary behaviour, and 3.1 min
more per day in screen time for every unit increase in
parental concerns about their child’s physical activity
and sedentary behaviour. For sedentary time, girls spent
5.8 min less per day sedentary for every additional hour
of sleep time.

Discussion

The aim of this study was to identify whether corre-
lates of screen time and sedentary time in preschool
children differ. Results identified a greater number of
correlates of screen time than sedentary time in this
population. No common correlates of screen and sed-
entary time were identified for either boys or girls.
The larger number of correlates of screen time than
sedentary time is consistent with research in older
children [17, 18]. This may be because in this study
both screen time and potential correlates were
parent-reported, whereas sedentary time was object-
ively measured, hence there may have been consistent
reporting biases that influenced associations for
screen time. Additionally, many of the correlates

measured focus directly on screen time (e.g., parents
limiting screen time) rather than sedentary time (e.g.,
strategies to reduce overall sitting). They may there-
fore be less relevant to sedentary time which, when
measured by accelerometry, captures many more
types of sedentary behaviour in addition to screens
(e.g., reading, craft, quiet play) across many domains
(e.g., in the car, at preschool, in the home). Most re-
search to date has focused only on screen time [14],
which is often used as a proxy for sedentary time
[34]. However, results from the current study suggest
that the correlates of these behaviours differ, and
therefore behaviour-specific strategies may be required
to reduce screen time and sedentary time.

Children’s total sleep time (including daytime naps)
was significantly inversely associated with girls’ sedentary
time and boys’ screen time. The association between
sedentary time and sleep has not previously been investi-
gated in preschool children, but research in older
children supports this inverse association [17]. Previous
research has found that increased sleep time is associ-
ated with decreased television viewing in five-year-old
children [35]. In the current study it is not possible to
determine whether children are engaging in higher
levels of screen time and sedentary time due to less
sleep, or whether the higher levels of sedentary time
and screen time disrupt sleep. However, screen time
at age two years has been longitudinally inversely as-
sociated with sleep duration at age five years [36],
suggesting that encouraging parents to decrease their
child’s screen time to improve sleep could be an
appealing strategy for parents.

The only other common correlates for boys’ and girls’
screen time were parental self-efficacy to limit screen
time and their actual rules to limit screen time. For
every unit increase in the summed score for parental
self-efficacy to limit screen time, boys and girls spent
around six and three minutes less per day in screen
time, respectively. Similarly, for every unit increase in
parental rules, boys and girls both spent around five mi-
nutes less per day in screen time. Parental self-efficacy
to limit screen time and their actual rules have
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Table 2 Combined regression models® for correlates of screen time and sedentary time for boys and girls
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Variable

Screen time mins/day

Sedentary time mins/day

Boys (n = 504)  Girls (n = 433) Boys Girls (n = 323)
(n =394)
B (95% Cl) 3 (95% Cl) B(95% Cl) B (95% C)
Individual level
Demographic and family profile
Child disability/poor health - - - 10.18
(=3.03, 23.40)

Child sleep duration (hours) -7.49 —5.67 -397 -5.76

(-13.46, —1.52) (-11.57,0.23) (=7.95,001) (-8.83, —-2.69)
Mother born in Australia 0.99 -15.66 - -

Maternal BMI category®
Healthy weight (ref)
Overweight

Obese
Maternal disability/poor health

Maternal education
Year 10 or equivalent (ref)

Year 12/trade/diploma

University degree/post-graduate

Low income status (health care/pension card)
Paternal age (years)

Father born in Australia

Paternal BMI category®
Healthy weight (ref)
Overweight

Obese

Paternal education
Year 10 or equivalent (ref)

Year 12/trade/diploma
University degree/post-graduate

Child PA and SB

Usual frequency of active transport per week (e.g., ride a bike to kinder)

Number of organised activities per week (e.g., swimming, tennis)

Child personality, preferences and constraints

Child is active for longer with someone else

(=1145,1342)  (-28.97, -2.35)

- 0

- 1.56
(=12.22, 15.34)

- 15.11
(—4.11, 3432)

- 0

- -3.39
(—=27.86, 21.09)

- —2.62
(3091, 25.66)

- —4.22
(—=23.18, 14.74)

- -3.93
(—=17.82,9.95)
0 -
=1.15 -
(—13.03, 10.74)
2.79 -
(=12.80, 18.37)
- 0
- 23.26
(0.11, 46.41)
- 9.66

(—=16.33, 35.65)

- -1.72
(-3.14, -0.30)

- —7.54
(=15.72, 0.64)

-10.63 -
(2318, 1.93)

- 0

- 8.55
(=0.90, 18.00)

- 5.20
(—4.05, 14.45)

- 1097
(=5.36, 27.30)

0.73 -
(0.10, 1.35)
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Table 2 Combined regression models® for correlates of screen time and sedentary time for boys and girls (Continued)

Child preferences for SB (e.g., more likely to watch TV than be active) 3.52 7.09 - -
(=149, 853) (2.47, 11.70)
Child constraints to PA (e.g, too tired to do more PA) -0.69 - - -
(=2.12,0.75)
Social level

Parental influence

Parental concerns about child’s PA/SB 1.87 3.19 - -
(-0.05, 3.78) (0.62, 5.76)
Parental constraints to child's PA 0.74 1.29 - -
(—1.36, 2.84) (—0.55, 3.13)
Parent gets bored watching child playing in outdoor spaces -14.43 - - -
(=27.99, -0.86)
Parent believes it's important to be active as a family 6.08 - - -
(—10.86, 23.02)
Parental self-efficacy to support PA 0.76 167 - -
(—2.78, 4.30) (=2.23, 5.58)
Parental self-efficacy to limit screen time -6.52 -2.64 - -
(-9.51, -3.54) (-5.12, -0.16)
Parental health knowledge/beliefs of child's PA - 0.22 - -
(=3.67,4.11)
Rules and boundaries
Parental rules to limit screen time -5.15 -5.20 - -
(-9.20, -1.11)  (-9.94, —0.47)
Parent allows child to play freely in backyard/street - —4.62 - -
(=939, 0.16)
Social interaction and support
Maternal PA emotional support for child 2.14 - -1.10 -
(=1.47,5.76) (—2.84,0.63)
Paternal PA emotional support for child 2.14 - - -
(—0.87,5.14)
Modelling of PA
Paternal time in PA (hours/week) - -0.62 - -
(=2.29, 1.04)
Maternal TV viewing (hours/week) 2.27 133 - -
(1.09, 3.46) (=0.05, 2.70)
Paternal TV viewing (hours/week) 049 (-0.71, 0.65 - -
1.69) (033, 1.63)
Maternal role modelling of PA (times/week) - 0.36 - -
(—3.27, 4.00)
Paternal role modelling of PA (times/week) - 0.54 - -
(—3.54, 461)
Physical environment level
Number of pieces of toys/ equipment to be physically active with at home - 0.57 - -
(e.g., swings, slide) (—=1.15,2.29)
Number of features at home (e.g, front fence, covered outdoor areas) —2.51 -234 - -
(=9.95, 492) (=940, 4.72)
Lives on a cul-de-sac 11.70 - - -
(—1.26, 24.66)
Number of TVs at home 365 5.15 - 245

(=2.04,9.34) (=1.69, 11.99) (=0.79, 5.70)
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Table 2 Combined regression models® for correlates of screen time and sedentary time for boys and girls (Continued)

TV in child's bedroom

Neighbourhood playground suitability (e.g., equipment, shade, safety)

Neighbourhood constraints to active transport (e.g., busy roads)

=1.74 27.14 - -

(=23.72,2023) (=549, 59.77)

0.M -0.69 -0.69 -

(=1.10,1.32) (=2.11,073) (=1.51,0.12)
0.14 -0.26 -
(=1.29, 1.57) (-0.96, 0.43)

Abbreviations: BMI body mass index, C/ confidence interval, PA physical activity, SB sedentary behaviour, TV television
2 All models adjusted for age, preschool/childcare attendance and clustering by centre of recruitment; ® Reported as % for binary/categorical variables and mean
(SD) for continuous variables; < Parents’ self-reported height and weight, calculated using WHO classifications; bolded data indicates significance (p < 0.05); —

indicates variable not included in combined model

consistently been shown to be inversely associated with
screen time in preschool children [37—43]. This suggests
that interventions and public health strategies to reduce
sedentary behaviour could potentially give parents strat-
egies to implement screen time rules, and in turn in-
crease parental self-efficacy to limit screen time.

Consistent with research in school-aged children [17],
there were a higher number of parent demographic cor-
relates of girls’ compared to boys’ screen time: maternal
ethnicity and paternal education were both associated
with girls’ screen time, while there were no parent
demographic correlates associated with boys’ screen
time. Conversely, there were a larger number of parental
influences in the social level of the ecological model
associated with boys’ compared to girls’ screen time. If
parents reported that they get bored watching their child
play in outdoor spaces, boys spent around 14 min less
per day in screen time. It may be that these children
have higher levels of physical activity (and therefore po-
tentially lower levels of screen time) so their parents get
bored watching for long periods of time.

Many of the associations identified in this study were
relatively modest in magnitude e.g., a seven minutes less
screen time for every additional hour of sleep. However,
when considered in light of screen time recommenda-
tions for this age group (i.e., one hour or less per day),
seven minutes equates to around 12% of this time. Given
that there is evidence of a dose-response for increased
screen time and poorer cognitive development and psy-
chological health [4], even modest decreases in screen
time may have significant health benefits in early child-
hood. Additionally, it is important to note that the mag-
nitude of associations seen in the current study are the
average for the sample, but across the population may
be important for public health.

Consistent with previous research [15, 19], the current
study found that the correlates of both screen time and
sedentary time differ between boys and girls. These find-
ings suggest that future research should recruit samples
that are sufficiently large to ensure adequate power to
stratify analyses by sex. Additionally, future interventions
would benefit from using sex-specific strategies to re-
duce time in these behaviours. Despite these

differences in correlates, results from this study show
that preschool boys and girls spend similar amounts
of time engaging in screen time and sedentary time.
Previous reviews have consistently found that child
sex is not associated with screen time in this popula-
tion [13, 14, 44]. However, there is an indeterminate
association between child sex and sedentary time,
with some studies finding that preschool girls are
more sedentary than boys [15, 45, 46] and others
finding no association [47, 48]. Given that girls are
consistently shown to be more sedentary than boys in
research involving school-aged children and adoles-
cents [49], it may be that the sex-difference in seden-
tary time increases as children age. This suggests that
girls may particularly benefit from early intervention.

There were several strengths to this study including
the use of accelerometers to objectively assess sedentary
time. Additionally, this study included a wide range of
potential correlates covering multiple domains of the
ecological model, with the parent survey purpose-
designed to cover these domains and tested for reliability
[33]. Despite the low response rate (11%), the sample
was large and recruited across low-, mid- and high-
socioeconomic areas. Demographic characteristics were
comparable with 2011 national census data; e.g., 70% of
parents vs 70% of adults born in Australia, 67% of par-
ents vs 58% of adults with post-secondary qualifications
[50]. However, results may be specific to suburban
Melbourne and may not be generalizable to rural areas
or other cities or countries. The cross-sectional design
of the study prohibits inference of causality; future stud-
ies would benefit from employing a longitudinal design
to determine causality.

Future work would also benefit from including seden-
tary behaviours beyond just screen time. Currently, very
little is known about other, non-screen based sedentary
behaviours that may have positive physical, mental and
cognitive health effects (e.g., reading, quiet play). Having
a better understanding of the factors associated with
these other types of sedentary behaviour would help in-
form public health messages and interventions to reduce
time in unfavourable sedentary behaviours. The current
study does identify a number of modifiable factors that
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are associated with both screen time and sedentary time
in preschool children. In particular, parental factors such
as self-efficacy, modelling, and screen time rules could
be potential targets for future interventions.

Conclusions

Contrary to public health recommendations, preschool
children are spending large amounts of time engaging in
screen and sedentary time. Few common correlates exist
for screen time and sedentary time suggesting that differ-
ent strategies to reduce screen time and sedentary time in
this population are needed. Similarly, there were a number
of different correlates for boys and girls, signifying that
sex-specific strategies may be required to reduce sedentary
behaviours. Parental correlates (such as self-efficacy and
screen time rules) identified in this study are modifiable
and could potentially be targeted in interventions and
public health strategies to reduce sedentary behaviour in
preschool children.

Additional file

Additional file 1: Table S1. Potential correlates of sedentary time and
screen time included in individual models. (DOCX 22 kb)
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Additional file 1: Table S1 Potential correlates of sedentary time and screen time included in

individual models

Variable?

Used in analyses

Individual domain
Demographic and family profile
Child disability/poor health
Child’s birth parents live together

Child sleep duration (hours)
Child has siblings
Child BMI category®

Maternal age (years)
Mother born in Australia

Maternal BMI category®
Mother in paid employment

Maternal disability/poor health
Maternal education

Low income status (health care/pension card)
Paternal age (years)
Father born in Australia

Paternal BMI category®
Father in paid employment

Paternal disability/poor health
Paternal education

Child PA and SB
Usual frequency of active transport per
week(e.qg., ride a bike to kinder)

Usual frequency of non-organised activities per

week (e.g., play in the backyard)

Number of organised activities per week (e.g.,
swimming, tennis)

Playgroup attendance

Average outdoor play time hours/day (week and

weekend day)

Child personality, preferences and constraints

Child active co-participation preferences (e.g.,
child is active by him/herself, child is active
with his/her friends)

Child is active for longer with someone else

Child is competitive with other children when
being active

Binary: yes, no

Recoded as dichotomous: other situation (ref),
parents live together

Continuous: sum of usual night time sleep and
day time naps

Recoded as dichotomous: child does not have
siblings (ref), child has siblings

Dichotomous: underweight/healthy weight,
overweight/obese

Continuous

Recoded as dichotomous: other country (ref),
Australia

Categorical: normal weight, overweight, obese

Recoded as dichotomous: not employed (ref),
employed full/part time

Binary: no (ref), yes

Recoded as categorical: year 10 or equivalent
(ref), year 12/ trade/apprenticeship/diploma,
university degree or higher

Binary: no (ref), yes

Continuous

Recoded as dichotomous: other country (ref),
Australia

Categorical: normal weight, overweight, obese

Recoded as dichotomous: not employed (ref),
employed full/part time

Binary: no (ref), yes

Recoded as categorical: year 10 or equivalent
(ref), year 12/ trade/apprenticeship/diploma,
university degree or higher

Continuous: times per week; summed score of 6
active transport items
Continuous: times per week; summed score of 7
non-organised activity items
Continuous: times per week; summed score of 6
organised activity items
Binary: no (ref), yes
Continuous

Continuous: summed score of 4 items

Recoded as dichotomous: disagree (ref), agree
Recoded as dichotomous: disagree (ref), agree



Child prosocial physical activity behaviour (e.g.,

asks for opportunities to be active)

Child preferences for sedentary behaviour (e.g.,
more likely to watch TV than be active)

Child constraints to physical activity (e.g., too
tired to do more physical activity)

Social level

Parental influence

Parental concerns about PA/SB

Parental constraints to child’s PA

Prefer indoor to outdoor play spaces

Parent likes to participate in outdoor play

Parent prefers to be social with other parents

Parent gets bored watching

Parent likes child to do activities of older
children

Parent likes child to do activities they did as a
child

Parent gets bored going to the same place

Parent believes it’s important to be active as a
family

Parental self-efficacy to support PA

Parental self-efficacy to limit SB

Parental health knowledge/beliefs of child's
physical activity

Rules and boundaries

Parental rules to limit screen time

Parental rules about games inside (e.g., no
throwing balls inside)

Parental rules about PA for stranger danger,
traffic, injury

Parent allows child to play freely in
backyard/street

Parent takes child outside to play if inside too
long

Parent switches off screen entertainment

Social interaction and support

Child is active at social gatherings

Maternal PA emotional support child

Paternal PA emotional support child

Modelling of PA

Maternal time in PA per week (hours/week)

Paternal time in PA per week (hours/week)

Maternal TV viewing (hours/week)

Paternal TV viewing (hours/week)

Maternal role modelling for child PA

Paternal role modelling for child PA

Physical environment level

Dog ownership

Number of pieces of toys/equipment to be
physically active with at home (e.g., swings,
slide)

Lives on medium/large block

Continuous: summed score of 5 items
Continuous: summed score of 3 items

Categorical: summed score of 10 items

Continuous: summed score of 4 items
Continuous: summed score of 6 items
Recoded as dichotomous: disagree (ref), agree
Recoded as dichotomous: disagree (ref), agree

Recoded as dichotomous: disagree (ref), agree
Recoded as dichotomous: disagree (ref), agree
Recoded as dichotomous: disagree (ref), agree

Recoded as dichotomous: disagree (ref), agree

Recoded as dichotomous: disagree (ref), agree
Recoded as dichotomous: disagree (ref), agree

Continuous: summed score of 2 items
Continuous: summed score of 3 items
Continuous: summed score of 3 items

Continuous: summed score of 2 items
Continuous: summed score of 2 items

Continuous: summed score of 2 items
Continuous: summed score of 2 items
Recoded as dichotomous: disagree (ref), agree
Continuous: summed score of 2 items

Continuous: summed score of 3 items
Continuous (times/week)
Continuous (times/week)

Continuous
Continuous
Continuous
Continuous
Continuous (times/week)
Continuous (times/week)

Binary: no (ref), yes

Continuous

Recoded as dichotomous: small/none (ref),
medium/large



Number of features at home (e.g., front fence, Continuous
covered outdoor areas)

Lives on a cul-de-sac Binary: no (ref), yes
Number of pieces of electronic equipment at Continuous
home (e.g., DVD player, PlayStation)
Number of TVs at home Continuous
TV in child’s bedroom Binary: no (ref), yes
Computer/e-games in child’s bedroom Binary: no (ref), yes
Neighbourhood playground suitability (e.g., Continuous: summed score of 6 items

equipment, shade, safety)
Neighbourhood constraints to active transport Continuous: summed score of 7 items
(e.g., busy roads)
Total frequency of visiting active places per Continuous: summed score of 10 items
week
Notes:  Unless otherwise stated, all measures are assessed by parental proxy-report survey; ° Directly
measured height and weight, calculated using Cole et al. classifications; ° Parents’ self-reported height
and weight, calculated using WHO classifications

Abbreviations: BMI = body mass index; e-games = electronic games; PA = physical activity; SB =
sedentary behaviour; TV = television



CHAPTER SIX
Paper Three: A mobile technology
Intervention to reduce sedentary
behaviour in 2- to 4-year-old children
(Mini Movers): study protocol for a

randomised controlled trial

6.1 Introduction

Chapter Three identified a number of gaps in the existing literature describing
interventions to reduce sedentary behaviour in early childhood. For example, few
interventions have been conducted outside the preschool/childcare setting. In
addition, findings from that study suggest that parental involvement in

interventions with young children seems to be important for behaviour change.

Many of the interventions included in that review also had limited potential for
scalability. The use of text messages, or short message services (SMS), may help
to overcome this limitation. Text messages offer a wide-reaching, low-cost

channel for the delivery of behaviour change interventions (Fjeldsoe, Marshall &
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Miller 2009). Text message interventions have previously focused predominantly
on preventative health behaviours in adults (e.g., smoking cessation) (Fjeldsoe,
Marshall & Miller 2009). Recently, text message interventions have focused more
on behaviour change, e.g., to improve health behaviours (diet and physical
activity) of pregnant women (Willcox et al. 2017) and to increase physical
activity in postnatal women (Fjeldsoe, Miller & Marshall 2010). Children’s
behaviour change interventions utilising text messaging have focused largely on
older children/adolescents and clinical populations (e.g., children with type 1
diabetes) (Militello, Kelly & Melnyk 2012). The feasibility of using text messages
in interventions targeting parents of school-aged children has been reported in
studies aiming to increase physical activity (Newton et al. 2014), to reduce child
body mass index (BMI; by targeting sugar-sweetened beverage reduction,
increased physical activity, eating meals at home, and increased vegetable
consumption) (Armstrong et al. 2017), and for monitoring health behaviours (i.e.,

diet, screen time and physical activity (Shapiro et al. 2008).

Only one pilot intervention using text messages has been identified that targets
parents of preschool children. The intervention, delivered largely via text
messages to parents of overweight and obese preschoolers (focusing on healthy
lifestyles), showed significant improvements in parental knowledge around
nutrition and physical activity (Militello et al. 2016). Additionally, it was reported
to be feasible and acceptable for parents, suggesting that this delivery mode may
hold promised for parents of young children. A qualitative study with low socio-

economic mothers in urban and regional areas in Victoria, Australia found that the
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majority of mothers would be happy to receive text messages with information

about children’s play and screen time (Downing et al. 2016a).

Chapter Five utilised data from a large cohort of preschool children to identify
correlates of screen time and sedentary time, which may be targeted as potential
mediators of behaviour change in future interventions. Examples of the
modifiable correlates identified in that study include parental self-efficacy to limit
screen time and rules around screen time. As such, incorporating the findings
from Chapters Three and Five, a novel intervention was developed to support
parents in reducing the amount of time their 2- to 4-year-old child spends in a

range of sedentary behaviours.

The following chapter introduces the Mini Movers program and describes in
detail the rationale and methodology. This protocol paper has been published in

Trials (Impact factor: 1.969) as:

Downing KL, Salmon J, Hinkley T, Hnatiuk JA, Hesketh KD. A mobile technology
intervention to reduce sedentary behaviour in 2- to 4-year-old children (Mini

Movers): study protocol for a randomised controlled trial. Trials 2017:18(1);97.

The Authorship Statement for this manuscript is contained in Appendix S.
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reduce sedentary behaviour in 2- to 4-year-

old children (Mini Movers): study protocol

for a randomised controlled trial

Katherine L. Downing'", Jo Salmon', Trina Hinkley', Jill A. Hnatiuk® and Kylie D. Hesketh'

Abstract

Background: Sedentary behaviour (e.g. television viewing, sitting time) tracks over time and is associated with
adverse health and developmental outcomes across the lifespan. Young children (5 years or younger) spend up to
12 h/day sedentary, of which around 2 h is spent in screen time (e.g. watching television). Interventions to reduce
sedentary behaviour in early childhood report mixed results and many have limited potential for scalability. Mobile
phones offer a wide-reaching, low-cost avenue for the delivery of health behaviour programmes to parents but
their potential to reduce young children’s sedentary behaviour has not been widely tested. This study aims to test
the feasibility and efficacy of a parent-focused, predominantly mobile telephone-delivered intervention to support
parents to minimise the amount of time their child spends using screens and in overall sitting time.

Methods/design: Mini Movers is a pilot randomised controlled trial recruiting 100 parents and children. Inclusion
criteria include having a child aged between 2 and 4 years, being able to speak, read and write English, and
smartphone ownership. Participants will be randomised to the intervention or a wait-list control group at a 1:1
ratio. Intervention group parents will receive printed materials including a content booklet and goal-checking
magnet and will participate in a one-on-one discussion with the interventionist to plan two goals to reduce
their child's sedentary behaviour. Subsequently, the intervention will be delivered over 6 weeks via personalised and
interactive text messages promoting positive health behaviours (strategies for decreasing screen time and overall
sitting time), goal setting and self-monitoring. Outcomes to be assessed include intervention feasibility and children’s
screen time and objectively-assessed sitting time.

Discussion: Few studies have used mobile phone technology to deliver health behaviour programmes to parents of
young children. Findings will inform the development of larger-scale interventions to reduce sedentary behaviour
during early childhood.

Trial registration: Australian New Zealand Clinical Trials registry, identifier. ACTRN12616000628448. Prospectively
registered on 16 May 2016.

Keywords: Sedentary behaviour, Screen time, Television viewing, Sitting time, Early childhood, Randomised controlled
trial, mHealth, Text messaging, SMS
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Background

High levels of sedentary behaviour have been associated
with adverse health and developmental outcomes across
the lifespan [1-4]. Some sedentary behaviours, such as
television viewing, have been shown to track over time
[5, 6], with early childhood (i.e. birth through 5 years)
being recognised as a critical period in which sedentary
behaviour habits are established [7]. Guidelines for
sedentary behaviour in Australia and internationally rec-
ommend that children aged 2 to 5 years should have less
than 1 h per day of screen time [8, 9]. Additionally, it is
recommended that situations that restrict movement, i.e.
in a car seat, stroller or high chair, should be minimised
for children aged 5 years and younger [8—10]. Research
has shown that 2- to 5-year-old children are spending
on average 2 h per day in screen time [11-14], with only
around a quarter of these children meeting current
recommendations of 1 h or less per day [11, 12, 15].
Children of this age are also spending up to 12 h per day
in any form of sedentary behaviour when assessed
objectively [16], and approximately 2 h per day in situa-
tions that restrict movement [17]. This suggests that
there is considerable scope to reduce sedentary behaviour
in young children. Feasible, acceptable and effective inter-
ventions are required during the early childhood period,
prior to the establishment of less than optimal levels of
sedentary behaviour.

A recent review of interventions to reduce screen time
in children younger than 12 years identified 47 studies,
of which only 13 targeted children under the age of
6 years [18]. All of the studies targeting young children
were conducted in the United States and the majority
(11 studies) were delivered in either preschools or clinic-
and Women, Infant and Children (WIC)-based (federally
assisted programs for low-income mothers and children
in the United States) settings, with the remaining two
conducted in the home [18]. Schmidt et al. noted that
the largest reductions in television viewing across all
studies (i.e. all age groups) were seen in home-based
settings, and suggested that high levels of parental
involvement are important for intervention effectiveness
[18]. An earlier review of obesity-prevention interven-
tions during early childhood similarly suggested that the
lack of parental involvement in preschool interventions
may explain the lack of significant results [19]. Findings
from Schmidt et al. [18] highlight the relative paucity of
interventions in early childhood, and also the need for
interventions that are scalable and have large reach.

Given the rapid and wide adoption of mobile phone
usage across most adult age and demographic groups
[20], health behaviour programmes are increasingly
being delivered by mobile phone technology [21]. In par-
ticular, text messages, or short message services (SMS),
are considered to be a wide-reaching, low-cost channel
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for the delivery of health behaviour programs [22]. Text
messages are also instantaneous and convenient, in that
individuals can read them in their own time. Moreover,
they can be individually tailored, which has been shown
to have positive effects on behaviour change and reduces
attrition [22]. However, to date, text message interven-
tions have largely focused on preventative health behav-
iours in adults, such as smoking cessation, and clinical
care [22]. Few studies have used text messages in pro-
grams targeting child and adolescent health behaviours
[23]. However, a recent pilot intervention delivered
largely via text messages to parents, that focused on
healthy lifestyle behaviours for overweight and obese
preschoolers, showed significant improvements in par-
ental knowledge around nutrition and physical activity
[24]. Moreover, the intervention was found to be both
feasible and acceptable for parents of young children
[24] suggesting such delivery modes hold promise in this
population group. Thus, the aim of this study is to test
the feasibility and efficacy of a parent-focused, predom-
inantly mobile telephone-delivered intervention to sup-
port parents to minimise the amount of time that their
2—4-year-old children spend in sedentary behaviour.

Methods/design

Overview

This protocol describes a two-armed, pilot randomised
controlled trial (RCT) to evaluate the feasibility and
efficacy of a parent-focused, predominantly mobile
phone-delivered intervention to reduce sedentary behav-
iour in 2- to 4-year-old children. The protocol is guided
by the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) statement [25] and the
Consolidated Standards of Research Trials (CONSORT)
— EHEALTH guidelines [26, 27]; Additional file 1: shows
the completed SPIRIT Checklist (see Additional file 1).
Figure 1 provides an overview of the schedule for enrol-
ment, interventions and assessments [25].

Recruitment

Participants will be recruited in Melbourne, Australia
through existing playgroups, parent-focused websites
and social media, and snowball sampling.

Playgroups

In Australia, playgroups are informal gatherings for
parents, caregivers and their children prior to the
commencement of primary school [28]. In addition to
providing opportunities for children to interact, play and
develop, playgroups also provide a supportive environ-
ment for parents to share experiences about parenting
[28]. Hence, they may provide an ideal setting for recruit-
ing parents for child behaviour interventions, as parents
may be more receptive in a setting where other child or
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Enrolment Baseline

Allocation | Intervention Close-out

TIMEPOINT 0 t

5]

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation

INTERVENTIONS:

Mini Movers Program

ASSESSMENTS:

Sample demographics,
child sitting and
screen time, parent X
behaviours,
knowledge and self-
efficacy

Child sitting and
screen time, parent
behaviours, X
knowledge and self-
efficacy

Fig. 1 Schedule of enrolment, interventions and assessments

J

parenting issues are usually discussed. The Playgroup
Victoria public website (http://www.playgroup.org.au)
provides names and contact details for the lead parents
and/or playgroup leaders of playgroups across the state.
Playgroups within a 10-km radius from the study site
(Deakin  University, Burwood Campus, Melbourne,
Australia) will be identified via the website and randomly
selected. Lead parents/playgroup leaders will be contacted
by email and/or phone initially to gauge interest in the
intervention programme and determine if the families
attending the playgroup meet the inclusion criteria for the
study. If the leader expresses interest and families appear
to be eligible, a researcher will visit the playgroup to ex-
plain the study to the parents and provide them with plain
language statements, Consent Forms and contact details
of the research team. Parents will be able to provide
written consent on the day of the recruitment visit, or will
be able to return their consent form by email, post or in
person at the baseline visit the following week. Alterna-
tively, for more structured playgroups where a recruitment
visit may not be possible, flyers with brief programme
information will be delivered for playgroup leaders to hand
out to parents. Interested parents will then be able to
contact the research team directly for more information.

Websites and social media

Individuals and organisations that provide services to, or
work, volunteer or collaborate with, the target population
(i.e. parents with young children; e.g. reputable parenting
blogs) will be contacted and asked to post information
about the study on their website, community groups, blog

or social media (e.g. Twitter, Facebook). Information on
websites and social media will be the same as that
included on the flyer and will instruct parents who are
interested in participating to contact the research team
directly for more information.

Snowball sampling

Parents participating in the programme will be asked to
pass on the details of the study and research team to any
friends that may be interested in participating. Interested
parents will be able to contact the research team directly
for more information.

Inclusion criteria

Parents will be eligible to participate if they have a child
aged 2 through 4 years, are able to freely give informed
consent, can speak, read and write fluent English and
own a mobile phone.

Sample size

As this is a pilot study, a sample of 100 participants will
be recruited. This sample size will provide feasibility data
for the critical recruitment and compliance parameters
and also for the estimation of the standard deviation
of sitting time and screen time (both continuous
variables) [29].

Randomisation

Participants will be randomised to the intervention or
wait-list control at a 1:1 ratio after baseline data collec-
tion. If more than one parent is recruited in a playgroup,
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randomisation will occur at the group level to avoid
potential contamination. A computer-generated random
number schedule will be developed by a researcher (not
part of the research team) who has no contact with the
participants. Allocation will be concealed by sealed,
opaque envelopes, which will be opened and revealed to
the researcher and participant(s) after baseline data col-
lection to minimise selection and measurement bias.

Mini Movers intervention

Intervention content

The intervention content for Mini Movers was developed
based on evidence-based guidelines for sedentary be-
haviour and active play in early childhood [8], and
guided by the CALO-RE taxonomy of behaviour change
techniques [30] and Social Cognitive Theory [31]. The
intervention comprises a content booklet, a one-on-one
goal-setting discussion with the interventionist, and regu-
lar, personalised text messages for a period of 6 weeks.
Intervention strategies focus on increasing parental know-
ledge, building self-efficacy, setting goals and providing
reinforcement. Table 1 presents intervention strategies
mapped to theoretical constructs.

Intervention materials After baseline measures have
been completed and randomisation has taken place,
participants in the intervention group will receive their
intervention materials, including a content booklet, goal-
checking magnet and a Move and Play Every Day:
National Physical Activity Recommendations for Child

Table 1 Intervention strategies mapped to theoretical constructs
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0-5 Years brochure [8]. The content booklet provides
an overview of the Mini Movers programme and text
messages that parents will receive, suggests ideas for
reducing sedentary behaviour and increasing active play,
and introduces goal setting. At this time, participants
will have a one-on-one discussion with the intervention-
ist to set their goals. Participants will be asked to set two
goals around their child’s sedentary behaviour; specific-
ally, one screen time goal (e.g. to limit their child’s
screen time to 60 min per day) and one overall sedentary
behaviour goal (e.g. to walk to local destinations without
the pram on 3 days per week). The interventionist will
assist participants in identifying and setting SMART
(Specific, Measurable, Attainable, Relevant and Time-
bound) goals. The goal-checking magnet provided to
participants was designed to help track their progress
with their two goals for the duration of the programme
(6 weeks).

Text messages Personalised, interactive text messages
will be the main mode of delivery for the intervention.
Participants will receive four text messages per week for
6 weeks (24 texts in total). The text messages will
include ideas for limiting and displacing their child’s
screen and sitting time, active play ideas, and monitoring
and encouraging achievement of individual goals. Some
text messages will include links to reputable websites for
further information.

The text messages will be tailored to the partici-
pant’s name, child’s name, behaviour goals and the

Strategies

Theoretical constructs

Provide parents with evidence-based guidelines for sedentary
behaviour

Provide parents with ideas for minimising sedentary behaviour
(e.g. changing activities such as drawing or painting from sitting
down to standing up, setting screen time rules, removing screens
from bedrooms, leading by example)

Provide parents with alternatives to sedentary behaviour
(e.g. new activities to try, providing practical ideas for entertaining
children when cooking dinner)

Assist parents to set goals to reduce screen time and overall sitting
time (e.g. to limit their child’s screen time to 30 min per day)

Educate parents about benefits of reducing sedentary behaviour and
increasing active play (e.g. detrimental effects of screen time on sleep,
benefits of active play on development)

Provide parents with a goal-checking magnet to monitor their progress
with their goals

Send weekly goal-check SMS

Provide parents with positive reinforcement and suggest rewards
(e.g. an afternoon in the park with their child) when goals are met

SCT: Knowledge

SCT: Self-efficacy

CALO-RE: Provide instruction on how to perform the behaviour
CALO-RE: Environmental restructuring

CALO-RE: Prompt identification as role model/position advocate

SCT: Knowledge

SCT: Self-efficacy

SCT: Access

CALO-RE: Provide information on where and when to perform the behaviour
CALO-RE: Provide instruction on how to perform the behaviour

SCT: Goal setting
CALO-RE: Goal setting (behaviour)

SCT: Knowledge
CALO-RE: Provide information on consequences of behaviour in general

CALO-RE: Prompt self-monitoring of behaviour

CALO-RE: Prompt review of behavioural goals

CALO-RE: Prompt rewards contingent on effort or progress towards
behaviour
SCT: Reinforcement

SCT social cognitive theory, SMS short message service
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interventionist's name, as evidence suggests that
personalisation of text message programs encourages
behaviour change and reduces attrition [22]. Text
messages will be sent on specific dates at specific
times. Participants will be asked to nominate a pre-
ferred time of day to receive messages (e.g. early
morning, late afternoon); however, some text mes-
sages are designed to be delivered at specific times of
the day to coincide with specific activities (e.g. ideas
for keeping their child entertained without screens
whilst cooking dinner). Examples of the text messages
include: “Hi «parent». We know that entertaining
«child» can be difficult sometimes without using the
TV or other screens. Check out this picture for some
ideas! «link». Mini Movers”; and “«Parent», get
«child» to help make some playdough! Here’s a great
recipe with no cooking required: «link». Remember,
encourage «child» to stand up while playing with it!
Mini Movers”. Two-way texting will be used for the
goal monitoring. This will require participants to
respond to the message enquiring as to whether they
met their goal, to which the researchers will reply
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with a predefined response, depending on whether
the goals were achieved or not.

Wait-list control

Participants randomised to the wait-list control group
will receive the full intervention (i.e. goal-setting discus-
sion, content booklet, goal-checking magnet and text
messages) after post-intervention assessments have been
completed.

Measures

The primary outcome of this trial is feasibility, which
will be measured with programme metrics, recruitment,
and participant self-reported data post-intervention. The
secondary outcomes are children’s objectively measured
sitting time and parent-reported screen time, and parent
behaviours, knowledge and self-efficacy for limiting their
child’s sedentary behaviour assessed pre and post inter-
vention (Fig. 2). Children’s sitting time will be measured
objectively using activPAL™ accelerometers worn pre
and post intervention. All other secondary outcomes,
potential mediators and demographics (apart from the

(demographics, child and
parent behaviours, parent
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=
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@
5
2] Playgroups expressed interest to Individual participants expressed
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@ | I Other reasons |
= e
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+ Parent questionnaire
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Fig. 2 Trial flow diagram
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child’s Body Mass Index (BMI)) will be parental proxy-
reported using an online survey delivered by Qualtrics
(Qualtrics Labs, Provo, UT, USA), completed pre and
post intervention.

Primary outcome

Feasibility will be measured by recruitment numbers,
programme metrics and self-reported participant data,
as described below. The process evaluation is informed
by the Process-Evaluation Plan for Assessing Health
Programme Implementation [32] and the e-CONSORT
guidelines [27].

1. Recruitment and retention. Recruitment will be
measured by: the proportion of playgroups
interested in the study (i.e. the proportion of
playgroups allowing a visit by the research team or
distribution of flyers); the proportion of eligible
parents within playgroups consenting; the number
of parents recruited via social media and snowball
sampling; and the time taken to recruit the sample.
Retention will be measured by the proportion of
participants providing measures at the end of
the study

2. Intervention delivery and fidelity. Intervention
delivery and fidelity, i.e. successful delivery to
protocol, will be measured by system reports (e.g.
delivered text messages), reports of technological
difficulties (e.g. parent self-report of mobile phone
downtimes, lack of Internet access) and auditing of
protocol compliance in delivery of one-on-one
goal-setting discussions by a single researcher

3. Dose delivered and engagement in the intervention.
Dose and engagement will be measured by the
number of replies to messages received from
participants and participant self-reported usage of
and engagement with different components of the
intervention (reported in the post-intervention survey).
A subsample of participants in the intervention group
will also be invited to participate in qualitative
telephone interviews (with a researcher other than the
interventionist). Qualitative interviews will gain more
insight into what components of the intervention
parents found useful and what they liked or disliked
about components of the program

Secondary outcomes

Children’s objectively assessed sitting time Children
will wear an activPAL™ for seven consecutive days pre
and post intervention to objectively measure sitting time.
The activPAL™ has been shown to be valid, reliable and
feasible in young children [33]. The activPAL™ will be
worn in the middle of the anterior aspect of the right
thigh; the monitors will be sewn into purpose-made
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pouches affixed to leggings/bike shorts with Velcro, to
be worn underneath normal clothes. Data will be col-
lected in 15-s epochs and non-wear time will be defined
as 10 min of consecutive zero counts and removed from
daily wear time [34]. Participants will be required to
have at least 6 h of wear time on at least 4 days, including
one weekend day [34]. Where possible, participants will
be asked to re-wear the activPAL™ if they have
insufficient data.

Parent-reported sedentary behaviour and screen time
Parents will report their child’s usual time in the last
week in a range of sedentary behaviours including sitting
down for reading/quiet play/craft activities and situations
that restrict movement (e.g. in a car seat or stroller). They
will also be asked to report their child’s usual time
engaging in a range of screen-based behaviours (i.e. televi-
sion viewing, computer use, electronic game use, smart-
phone and tablet computer use). Responses will be open
(i.e. h/day and/or min/day) and the majority of items have
previously established reliability [35].

Parent behaviours, knowledge and self-efficacy Parents
will be asked to report their own frequency and duration
in physical activity in the previous week using the Active
Australia Survey [36] and their usual week and weekend
day television viewing [37]. Parents will also report their
co-participation in physical activity and sedentary
behaviour with their child, knowledge around physical
activity and sedentary behaviour in early childhood,
self-efficacy for promoting physical activity and limiting
sedentary behaviour for their child, and an audit checklist
of the home physical activity and sedentary behaviour
environment [35, 38].

Sample demographics Parents will be asked to report
their own, their partner’s (if applicable) and their child’s
demographic information (e.g. date of birth, parent
education, parent employment status). Children’s height
and weight will be measured at baseline by trained
researchers using a Wedderburn portable rigid stadi-
ometer, Wedderburn Tanita portable digital scales, and
standardised measurement procedures [39, 40]. BMI
will be calculated by standard formula (weight in
kilograms divided by height in meters squared); BMI
categories (healthy weight, overweight, obese) will be
determined using age- and sex-specific international
cut-off points [41].

Statistical analysis

Analyses will be conducted using Stata 14 (StataCorp,
College Station, TX, USA). Descriptive statistics will be
used to describe the baseline characteristics of the sam-
ple. Feasibility and acceptability will be assessed using
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percentages and by analysing qualitative data, as appro-
priate. Linear and logistic regression will be used to de-
termine the effect of the intervention on the secondary
outcomes, controlling for potential confounders (e.g.
child sex, age, BMI), baseline values and clustering by
playgroup. Given the small sample size, effect sizes
(Cohen’s d and Hedges’ g) will be calculated.

Discussion

This paper presents the protocol for a pilot RCT to de-
termine the feasibility and efficacy of a parent-focused,
predominantly mobile phone-delivered intervention to
reduce sedentary behaviour in 2- to 4-year-old children.
Existing interventions to reduce sedentary behaviour in
early childhood are scarce and report mixed results; few
have been conducted with parents outside the preschool
setting and many have limited potential for scalability
[18]. Mobile phones have been rapidly adopted across
most demographic groups [20], and offer a wide-
reaching, low-cost channel for the delivery of health
behaviour programs. However, they have not been exten-
sively used in health behaviour programs for parents of
young children [23]. Hence, small-scale RCTs are re-
quired to determine whether interventions delivered in
this way are acceptable, feasible and practical for both
participants and researchers [42].

Strengths of the current pilot study include the use of an
objective measure of children’s sitting time and the large
range of specific sedentary behaviours assessed (encom-
passing screen time, time spent restrained). In addition, the
use of mobile phone technology to deliver the majority of
the intervention content affords the potential for the inter-
vention to be scaled-up and widely disseminated.

The findings of this study will be used to inform the
development of larger-scale, mobile technology RCTs to
support parents to minimise the amount of time their
children spend in sedentary behaviour. Moreover, findings
will contribute to the limited medical literature on inter-
ventions designed to support health behaviour during
early childhood.

Trial status

The trial commenced recruitment in June 2016. There
are 59 participants enrolled, with the trial due to be
completed in March 2017.

Additional file

[ Additional file 1: SPIRIT Checklist. (DOCX 48 kb) ]
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CHAPTER SEVEN
Paper Four: Feasibility and efficacy of
Mini Movers: a parent-focused, text
message delivered pilot randomised
controlled trial to reduce sedentary

behaviour in 2- to 4-year-old children

7.1 Introduction

Chapter Six described the rationale and protocol for a pilot randomised controlled

trial (RCT) to test the feasibility and efficacy of the Mini Movers program,
designed to support parents to reduce the amount of time their children spend

being sedentary.

The primary outcome of the trial was feasibility, measured by recruitment,

retention, program metrics, and both quantitative and qualitative measures of
participants’ usage and enjoyment of the program. Secondary outcomes were
child sedentary behaviour (including screen time, time spent in situations that

restrict movement, and overall sitting time) and potential mediators of behaviour

change (e.qg., parent self-efficacy to reduce their child’s sedentary behaviour). The
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Chapter Seven: Paper Four: Feasibility and efficacy of Mini Movers

following chapter reports the results for these outcomes. Additional methods and
results for the qualitative interviews not reported in the manuscript below are

presented in Appendix Q.

This manuscript is currently in the second stage of review; it has been prepared in

accordance with the guidelines for the journal in which it has been submitted.

The Authorship Statement for this manuscript is contained in Appendix T.
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Feasibility and efficacy of Mini Movers: a parent-focused,
text message delivered pilot randomised controlled trial to
reduce sedentary behaviour in 2- to 4-year-old children

Abstract

Background: Despite public health guidelines to limit sedentary behaviour, many young
children spend large amounts of time sedentary (e.g., screen and sitting time) during waking
hours.

Objective: The objective of this study was to test the feasibility and efficacy of a parent-
focused, predominantly text message delivered intervention to support parents to reduce the
amount of time their children spend in sedentary behaviour.

Methods: Mini Movers was a pilot randomised controlled trial (RCT) delivered to parents of
2- to 4-year-old children in Melbourne, Australia. Participants were recruited through
playgroups, social media and snowball sampling. Eligibility criteria were: having an
ambulatory child (2-4 years); English literacy; and smartphone ownership. Participants were
randomised to intervention or wait-list control on a 1:1 ratio after baseline data collection.
The 6-week intervention was predominantly delivered via text messages, using an online bulk
text message platform managed by the interventionist. Intervention strategies focused on
increasing parental knowledge, building self-efficacy, setting goals and providing
reinforcement, and were underpinned by the CALO-RE taxonomy of behaviour change
techniques and Social Cognitive Theory. The primary outcome was intervention feasibility,
measured by recruitment, retention, intervention delivery and fidelity, process evaluation
questionnaires, and qualitative interviews with a subsample of participants. Secondary
outcomes were children’s screen and restraint time (parent-report), sitting time (parent-report,
activPAL™) and potential mediators (parent-report). Linear regression models were used to
determine intervention effects on secondary outcomes, controlling for child sex, age and
clustering by playgroup; effect sizes (Cohen’s d) were calculated.

Results: Fifty-seven participants (30 intervention; 27 wait-list control) were recruited and
retention was high (93%). Process evaluation results showed the intervention was highly
acceptable to parents. The majority of intervention components were reported to be useful and
relevant. Compared with children in the control group, children in the intervention group had
significantly less screen time post-intervention (adjusted difference [95% CI] =-35.0 [-64.1, -
5.9] mins/day, Cohen’s d=0.82). All other measures of sedentary behaviour were in the
expected direction, with small to moderate effect sizes.

Conclusions: Mini Movers was shown to be a feasible, acceptable and efficacious pilot
intervention for parents of young children, warranting a larger-scale RCT.

Trial Registration: Australian New Zealand Clinical Trials registry:
ACTRN12616000628448. Prospectively registered: 16/05/2016.

Keywords: Screen time; television viewing; sitting time; sedentary behaviour; early
childhood; mHealth; text message; SMS



Introduction

Early childhood (i.e., birth through 5 years old) is recognised as a critical period in which
sedentary behaviour habits (e.g., time spent sitting, screen time) are established [1, 2]. In
young children, sedentary behaviour includes screen time, quiet play and time spent in
situations that restrict movement (e.g., in car seats/prams). In early childhood, there is
inconsistent evidence on the health and developmental outcomes associated with objectively-
assessed sedentary time (herein referred to as sedentary time) or time spent in situations that
restrict movement (e.g., in a car seat or pram). Some studies report no associations between
sedentary time and adiposity [3, 4] or psychosocial health [5], or between time spent
restrained and motor development outcomes [6]. On the other hand, studies have reported
unfavourable associations between girls’ total sedentary time and waist circumference [7] and
between total percent of time spent sedentary (for boys and girls) and locomotor skills [8].
For screen time, the evidence is more consistent. Television viewing, one of the most
commonly studied sedentary behaviours in this age group, has been associated with
unfavourable levels of adiposity and decreased psychosocial health and cognitive
development [9, 10], while total screen time has been associated with poorer well-being [11].

Based on these adverse health and cognitive outcomes, and given that some sedentary
behaviours track over time [2], recommendations to limit sedentary behaviour have been
developed in several countries. These recommendations suggest that children aged 2 to 5
years should have less than one hour per day of screen time [12, 13], and that situations that
restrict movement, e.g., in a car seat or pram, should be minimised for children aged 5 years
and younger [12-14]. However, contrary to these recommendations, many young children are
spending large amounts of time in these behaviours [6, 15-18]. Feasible, acceptable and
effective interventions to reduce sedentary behaviours are therefore necessary during this
early childhood period.

A systematic review and meta-analysis of interventions to reduce sedentary behaviour during
early childhood found that previous interventions can reduce both children’s screen time and
sedentary time [19]. The majority of interventions included in that review were conducted in
the preschool or childcare setting, with comparatively few conducted in the home or in a
community-based setting. However, subgroup analyses revealed that interventions conducted
in the home setting, and including parent involvement, had the largest effects on screen time
outcomes [19], suggesting this may be the most effective approach for modifying children’s
screen behaviours. That review also highlighted the paucity of interventions targeting time
spent in front of screens other than television or time spent restrained [19]. Furthermore, a
limitation of existing interventions is that many, particularly those delivered to parents, have
limited scalability (i.e., the ability to be widely distributed at a population level). There is
therefore a need to trial interventions that include parent involvement and have the potential
for scalability and broad reach.

Population strategies that incorporate access to the home environment are challenging. In
recognition of its potential reach, mobile phone technology is increasingly being used to
deliver health behaviour programs [20]. Text messages, or short message services (SMS), are
particularly useful in this instance. They are a wide-reaching, low-cost channel for the
delivery of health behaviour programs and can be individually tailored, which has been
shown to have positive effects on behaviour change and to reduce attrition [21]. Few
programs targeting child and adolescent health behaviours have used text messages to deliver
intervention messages to parents [22], with only one targeting the early childhood population.
Militello et al. [23] conducted a pilot intervention using twice-weekly text messaging that
focused on healthy lifestyle behaviours for parents of overweight and obese preschoolers.
Results from that study showed significant improvements in parental knowledge regarding
nutrition and physical activity. Additionally, the intervention was found to be feasible and
acceptable for parents of young children [23] suggesting that this delivery mode holds



promise in this population group. However, that intervention did not report on changes in
children’s behaviours. No studies have utilised text messages to change sedentary behaviour
in this population; thus, it remains to be explored whether interventions delivered via text
messages are feasible and can change sedentary behaviour in this population. The current
study aimed to pilot test: 1) the feasibility; and 2) the potential efficacy behaviour change
strategies delivered to parents predominantly by text message to support parents to reduce the
amount of time their children spend in prolonged sedentary behaviour.

Methods

Overview

This study was a two-arm pilot randomised controlled trial (RCT) to evaluate a parent-
focused, predominantly text message delivered intervention to reduce sedentary behaviour in
2- to 4-year-old children. The primary outcome was feasibility of the intervention. Secondary
outcomes were changes in child sedentary behaviours (objectively assessed sitting time and
parent proxy-reported screen time) and potential mediators. The study protocol has previously
been published [24] and is outlined briefly below. The study complied with the Consolidated
Standards of Research Trials (CONSORT) — EHEALTH guidelines [25], including relevant
items from the extension for pilot trials [26]. The Deakin University Human Research Ethics
Committee granted ethics approval for the study (2016-103). Participants provided written,
informed consent to participate on behalf of themselves and their child.

Participants and recruitment

Participants were recruited in Melbourne, Australia through playgroups, social media (namely
Facebook) and snowball sampling. In Australia, playgroups are informal gatherings for
parents/caregivers and their children aged birth to 5-years-old prior to the commencement of
primary school. Snowball sampling included participating parents (recruited through either
playgroups or on Facebook) passing on study information to friends and family (either hard
copy flyers or by sharing information on Facebook). Inclusion criteria for parents were:
having an ambulatory child aged 2 through 4 years (i.e., up to the age of 4.99 years); able to
freely give informed consent; able to speak, read and write fluent English; and smartphone
ownership. The intervention was delivered to participants individually, regardless of
recruitment method.

Sample size and randomisation

As the main outcome of this study was feasibility, no sample size power calculations were
undertaken. Initially, this study aimed to recruit 100 participants. Participants were
randomised to the intervention or wait-list control on a 1:1 ratio after baseline data collection.
If more than one parent was recruited from a particular playgroup, randomisation occurred at
the group level to avoid potential contamination. A computer generated random number
schedule was developed by a researcher (not part of the research team) who had no contact
with the participants. Group allocation was concealed in sealed, opaque envelopes, which
were opened and revealed to the researcher and participant(s) after baseline data collection to
minimise selection and measurement bias. Participants were informed that they were either in
Group 1 (intervention group; receiving the program immediately) or Group 2 (wait-list
control group; receiving the program in seven weeks).

Mini Movers Intervention

The Mini Movers intervention was a predominantly text message delivered intervention that
aimed to provide parents with information and practical support to minimise the amount of
time their children spend being sedentary and in screen time. The intervention was developed
based on evidence-based guidelines for sedentary behaviour in early childhood [12], and



guided by the CALO-RE taxonomy of behaviour change techniques [27] and Social
Cognitive Theory [28]. Intervention strategies focused on increasing parental knowledge,
building self-efficacy, setting goals and providing reinforcement. Participants in the
intervention group received their intervention materials, including a Mini Movers information
booklet, goal-checking magnet and a Move and Play Every Day: National Physical Activity
Recommendations for Children 0-5 Years brochure [12] either in person or by mail after
baseline measures and allocation had been completed. The interventionist then had a one-on-
one discussion with each participant individually, either in person or over the phone, to set
their goals for the program. Two goals were set around reducing their child’s sedentary
behaviour; specifically, one screen time goal (e.g., to limit their child’s screen time to 60
minutes or less per day) and one overall sedentary behaviour goal (e.g., to change an activity
their child normally does sitting down, such as painting, to a standing activity). The goal-
checking magnet aided participants to track their progress with their two goals for the
duration of the program (six weeks).

After the materials were given to participants and the goal-setting discussion was complete,
the personalised, interactive text messages (i.e., the main mode of intervention delivery)
began the following day. Text messages were delivered using an online bulk text message
platform, managed by the interventionist. Participants received a welcome text message at the
commencement of the program, followed by three standard text messages per week for six
weeks (19 texts in total). The standard text messages included two behavioural messages with
practical ideas and suggestions for limiting and displacing their child’s screen and sitting
time, active play ideas, and monitoring and encouraging achievement of individual goals.
Some text messages included links to reputable websites for further information.

The text messages were tailored to the participant’s name, child’s name, behaviour goals, and
the interventionist’s name. Participants were not required to respond to the text messages,
with the exception of those texts used for goal monitoring, sent at the end of each week.
These two-way goal monitoring text messages required participants to respond to let the
interventionist know whether they had met their goal. Based on whether the response
indicated the goals were achieved or not, parents were sent a pre-defined response
encouraging them to revisit their materials and keep trying the following week (if goals were
not met) or congratulating them and encouraging them to keep going (if goals were met).
Multimedia Appendix 1 shows examples of the types of text messages that were sent to
participants.

Wait-list control
Participants randomised to the wait-list control group received the full intervention after post-
intervention assessments were completed.

Measures

Data collection occurred pre- and post-intervention. Measures included: children’s height and
weight (pre-intervention only), activPAL™ (PAL Technologies Ltd., Glasgow, UK)
accelerometers (worn for 7 days to objectively assess sitting time), and parent surveys.

Primary outcome
Intervention feasibility was measured by recruitment numbers, retention of participants,
program metrics and self-reported participant data, as described below.

Recruitment and retention
Recruitment was measured by: the proportion of contacted playgroups interested in the study
(i.e., the proportion of playgroups allowing a visit by the research team or distribution of



flyers); the number of eligible parents within playgroups consenting; the number of parents
recruited via social media and snowball sampling; and the time taken to recruit the sample.
Retention was measured by the proportion of recruited participants providing measures at the
end of the study.

Intervention delivery and fidelity

Intervention delivery and fidelity, i.e., successful delivery to protocol, was measured by
system reports (e.g., delivered text messages) and auditing of protocol compliance in delivery
of one-on-one goal-setting discussions by a single researcher.

Engagement in the intervention and acceptability

Engagement in the intervention was measured by the number of replies received from
participants to the two-way goal monitoring messages and participant self-reported usage of
and engagement with different components of the intervention, as reported in the post-
intervention survey. A subsample of randomly selected participants in the intervention group
were invited to participate in qualitative telephone interviews (with a researcher other than the
interventionist) to provide more detailed feedback about what they found useful and what
they liked or disliked about components of the program. These participants were contacted
after the program via mail and asked to return a separate consent form. Telephone interviews
were scheduled for days and times convenient to the parents. Interviews included questions
such as “What did you find useful or most relevant to you about Mini Movers? How/why was
that useful for you?”, “What did you think about the frequency of the text messages you
received?”, and “How would you suggest we could improve the resources/materials so
parents might be more likely to use them?”.

Secondary outcomes

Children’s objectively assessed sitting time

Participating children wore an activPAL™ for seven consecutive days pre- and post-
intervention to objectively measure sitting time. The activPAL™ has been shown to be valid,
reliable and feasible in young children [29]. The activPAL™ was worn in the middle of the
anterior aspect of the right thigh; monitors were sewn into purpose-made pouches affixed to
leggings/bike shorts with Velcro®, worn underneath normal clothes. Data were collected in
15 second epochs and non-wear time was defined as 10 minutes of consecutive zero counts
and removed from daily wear time. Children were asked to wear the monitors during waking
hours (except for water-based activities such as bathing or swimming). To be included in
analyses, children were required to have at least six hours of wear time on at least four days,
including one weekend day. Non-wear time and minimum inclusion criteria were based on
reliability criteria for ActiGraph (Pensacola, FL, USA) accelerometers [30], as no studies
have examined reliability criteria for activPAL™ accelerometers in this population. These
criteria have been used previously in a pilot RCT to reduce electronic media use in 2 to 3 year
old children [31].

Parent proxy-reported sedentary behaviour and screen time

During each of the weeks that the children wore the activPAL™ (i.e., pre- and post-
intervention), parents completed online surveys delivered via Qualtrics (Qualtrics Labs,
Provo, UT). Parents with incomplete surveys (i.e., missing responses) were followed up with
an email and text message to prompt them to complete their survey. Parents reported their
child’s usual time in the last week in a range of sedentary behaviours including: sitting down
for reading/quiet play/craft activities; situations that restrict movement (e.g., in a car seat or
stroller); and screen behaviours (i.e., television viewing, computer and electronic games use,
hand-held electronic games use, smartphone use, and tablet computer use). Responses were
open-ended (i.e., hours and/or minutes per day). Parents also reported the number of days that
their child watched television/DVDs or played video or computer games or used other



electronic devices for entertainment for less than 1 hour (i.e., met screen time
recommendations). A two-week test-retest reliability was conducted in a separate sample of
50 participants to test the reliability of these items (intra-class correlations [ICC] = 0.07-0.82
for continuous variables; Kappa = 0.25 and % agreement = 52.3 for meeting
recommendations question). Screen behaviours were examined individually as outcomes and
also summed to give average daily minutes in total screen time (ICC = 0.98).

Potential mediators

Parents were asked to report: their child’s preferences for sedentary behaviour (sum of three
items; 5-point Likert scale from Never to Always); their concerns about their child’s screen
time use (sum of four items; 4-point Likert scale from Strongly disagree to Strongly agree);
their use of screens to distract or occupy their child (sum of six items; 4-point Likert scale
from Never/rarely to All the time); their views about screen time occupying children (sum of
four items; 4-point Likert scale from Strongly disagree to Strongly agree); their self-efficacy
for limiting sedentary behaviour (sum of five items; 5-point Likert scales from Not at all
confident to Extremely confident); logistic support for their child’s screen time (sum of four
items; 5-point Likert scale from Never or rarely to Several times each day); and their
beliefs/knowledge of screen time for young children (sum of 12 items; 4-point Likert scale
from Strongly disagree to Strongly agree). The majority of these individual items had
previously established reliability [32, 33]. The reliability of new items was tested as described
above; Kappa = 0.22-0.89 and % agreement = 33.4-97.7.

Internal reliability of all summed scores was tested using Cronbach’s alpha. Scores with
reliability >0.70 were included [34]. Eight of the 10 scales had acceptable reliability. The two
remaining scales (child preferences for sedentary behaviour [0.64], and parental concerns
about their child’s screen time use [0.67]) had moderate reliability; however, a decision was
made to still include them as they made sense conceptually. Parents also reported their own
frequency and duration in moderate- to vigorous-intensity physical activity (MVPA) in the
previous week using the Active Australia Survey [35] and their usual week and weekend day
television viewing [36], both collapsed to average minutes per day. Mediation analyses were
not undertaken due to the small sample size.

Sample characteristics and child and parent adiposity

Parents reported their own and their child’s demographic information (e.g., date of birth,
parent education, parent employment status) and their child’s usual sleep duration (including
day time naps). Parents self-reported their height and weight, while children’s height and
weight were measured pre-intervention by trained researchers using a Wedderburn portable
rigid stadiometer, Wedderburn Tanita portable digital scales, and standardised measurement
procedures [37, 38]. Body mass index (BMI) was calculated by standard formula (weight in
kilograms divided by height in meters squared); BMI categories (healthy weight, overweight,
obese) were determined using age- and sex-specific international cut-off points for children
[39] and WHO classifications for parents [40].

Statistical analysis

All analyses were conducted using Stata 14 (StataCorp, College Station, TX, USA).
Descriptive statistics were used to describe the baseline characteristics of the sample.
Feasibility and acceptability were assessed using percentages and by analysing qualitative
data, as appropriate. Qualitative interviews were recorded, transcribed verbatim and analysed
using NVivo (QSR International, 2002) qualitative software package. Participants’ responses
to questions were coded to identify key themes. Linear mixed models were used to determine
the effect of the intervention on the secondary outcomes (including children’s sedentary
behaviour and potential mediators), controlling for child sex, child age and clustering by



playgroup. Given the small sample size, effect sizes (Cohen’s d) were calculated. Values
around 0.20 represent small, 0.50 moderate, and >0.80 large effect sizes [41].

Results

Primary outcome

Recruitment and retention

Recruitment was undertaken from June to October 2016. Figure 1 presents the flow of
participants through the study. A total of 39 playgroup leaders were contacted initially. Of
these, 10 leaders (25.6%) agreed to have a researcher visit the playgroup to talk to parents or
put up flyers, five leaders (12.8%) declined participation, and the remainder (61.5%) did not
respond (after a maximum of two emails and two phone calls). Seven of the 10 playgroups
that received a recruitment visit had parents consent to participate in the study (mean number
of consenting parents per group = 3.6, range = 2 to 7; n=23 parents in total). A further 34
parents were recruited via Facebook and snowball sampling, resulting in a final sample of 57
participants who provided written, informed consent to participate in the study. Due to study
time constraints, recruitment was planned for a set period of time (5 months) and was closed
as planned, despite the recruitment target of 100 participants not being met.

All of the 57 consenting participants provided baseline data and were randomised to the
intervention (n=30) or wait-list control (n=27) groups. One participant in the intervention
group was uncontactable post-baseline measures and hence did not receive the intervention.
One participant from the intervention and two from the wait-list control group were
uncontactable post-intervention and hence did not provide follow-up data (93% retention).
Twenty intervention participants completed the acceptability questions post-intervention.
Eighteen intervention (60%) and 20 (74%) control participants had complete proxy-reported
child screen time data at both time points, while 19 participants from each group (63% and
70%, respectively) had valid activPAL™ data at both time points and were included in
efficacy analyses.

Child and parent characteristics are presented in Table 1. The average age of children was 3

years and just under half the sample were boys. One parent was the father of the child in the

study and the remainder were mothers. The majority of parents were born in Australia, had a
University degree, and were married/in a de facto relationship.
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Table 1. Participant baseline characteristics (% unless otherwise noted)

Intervention (n=30) Control (n=27)
Child characteristics

Sex (male) 50.0 40.8
Age (mean (SD) years) 3.2(0.8) 2.9 (0.7)
Sleep duration (mean (SD) h/day) 11.8 (1.1) 11.9 (1.0)
BMI category

Healthy weight 80.0 74.1

Overweight 20.0 22.2

Obese 0.0 3.7
Siblings (yes) 76.9 66.7

Parent characteristics

Relation to child

Mother 100.0 95.8

Father 0.0 4.2
Age (mean (SD) years) 36.1 (3.9) 34.1 (3.7)
BMI category

Healthy weight 56.0 78.3

Overweight 24.0 13.0

Obese 20.0 8.7
Born in Australia 76.9 78.3
Education level

Year 12 or equivalent 3.9 0.0

Trade/certificate/diploma 3.9 26.1

University degree/post-graduate 92.3 73.9
Marital status

Never married 0.0 4.4

Married/de facto 100.0 95.6
Work status

Maternity/paternity leave 34.6 304

Student 3.9 0.0

Home duties full time 154 304

Part-time work 46.2 26.1

Full-time work 0.0 13.0

Abbreviations: BMI = body mass index; h = hours; SD = standard deviation

Intervention delivery and fidelity

The goal-setting discussions were all delivered; just over half (59%) were conducted in
person with the remainder conducted over the phone. All of the standard text messages (i.e.,
one welcome text message plus two behavioural and one goal monitoring text message per
participant per week; 19 text messages in total per participant) were also successfully
delivered (n=551 text messages in total).

Engagement in the intervention and acceptability

Of the 174 goal monitoring text messages sent in total, 145 (83%) received a response.
Results of the self-reported usage of and engagement with the text messages, as well as
perceived usefulness and relevance of different components of the intervention are presented
in Multimedia Appendix 2. The majority of participants (95%) reported reading at least nine
of the 12 behavioural text messages. In terms of the two behavioural text messages that
contained links to videos, 25% of participants reported watching none in full, 45% reported
watching one of them in full, and 30% reported watching both in full. One quarter of
participants reported watching at least one of the videos more than once. In terms of the five
behaviour text messages containing links to images or other websites, one participant (5%)



clicked through to none, 55% of participants clicked through to at least three, and 25%
clicked through to all five links. The majority of participants reported that the overall
information, the goal planning, the booklet and the text messages were very or extremely
useful (50-65%) and very or extremely relevant (50-60%). Slightly fewer participants
reported that the links to videos or other websites were very or extremely useful or relevant
(47% each).

Of the 25 intervention participants invited to participate in the qualitative interviews, 10
participants provided written, informed consent (40% response). Interviews lasted on average
17 minutes. Overall, parents were very positive about the program:

“I thought it was fantastic. We (the playgroup) were all really keen to participate, for
the children... for their awareness and for our learning and | don't have a criticism - |
just thought it was lovely to promote... (an) active lifestyle and I think it's really good
that those things start young for children.”

“l thought it was a really great program. | think it had a lot of potential to really
educate parents just about being aware of their kids’ activity and the consequences of
inactivity... And it was very simple, like it wasn't incredibly... complex or anything.”

When asked about what components of the program they enjoyed specifically, many parents
commented that the goal-setting was their favourite part. Parents thought that the goal-setting
was particularly useful to keep them on track:

“| think the thing that was most useful and | enjoyed the most was the goal-setting. So
we had some goals around more physical activity in our day and also switching off
the TV [television]... and so | liked being able to check off the goals and make sure
that we met them every day.”

Parents were also positive about the text messages, reporting that they were an easy and
convenient way to receive the information. All parents reported that the frequency of
receiving the text messages was acceptable; one suggested that they would have been happy
to receive more (i.e., one text message per day). Parents also like the practical ideas and
suggestions received in the text messages:

“The information you gave around very practical ideas... rather than just sort of
saying you know, they shouldn't be sedentary and they shouldn't be sitting and
watching TV and screen time and things like that. You actually then provided
alternatives... which I think sometimes as a parent, it's not that you run out of ideas,
but you do get stuck in old ways.”

When prompted about the links in the text messages, some parents reported that they only
clicked through a few of them. All parents were positive about the content of the links, but
some reported that they often did not have time to click through and then would forgot to go
back:

“A couple of times I couldn't (click through) at the time, on my phone, for whatever
reason... but they were all quite good actually... the ones that | saw. There was a
couple I certainly didn't delve into “cos | either forgot to go back to it... or at the time
I couldn't access it so I'd sort of put it on the backburner and then... the next week
evolved | suppose.”

When asked whether they thought the program had changed the way they do things in their
family, parents commented that the program had made them more conscious of screen and



sedentary time, and in some cases had other flow-on effects such as spending more time with
their children:

“l do tend to spend more time with the kids... because one of the goals was to reduce
TV time, | have found that | do spend more time with them. So | will try and keep the
TV reduced as much as possible, like switched off as long as | possibly can. And
yeah, | do end up spending more time playing with them because you know, | want
him to stand and | want him to move around and things like that.”

“It definitely made me re-think TV time... and use it a bit more sparingly | guess,
instead of a babysitter.”

“We've definitely increased physical activity levels in our kids and we're walking to
kinder, and we're walking to the shops a lot more and we're relying on the car a lot
less... And... we kind of had iPads, but we've pretty much decommissioned our iPads
now so they're not existing in our house anymore and we just switch off the TV a lot
more. So that's definitely been a sustained effect of the program.”

There were also some suggestions from parents on how to improve the program. Some
parents suggested that a website or Facebook page would be beneficial as a central place for
all of the information provided. One parent also suggested that Facebook would be useful for
allowing parents in the program to chat to each other. Some parents also thought that re-
visiting their goals half-way through the program may have been beneficial:

“Maybe... for the first few weeks start off with a more lenient goal and then make
your way to a more... a stricter goal to yourself.”

Finally, some parents reported that while they liked the premise of the program, they found
that the information provided was not necessarily new to them and that they already did many
of the things suggested:

“The text messages, maybe for people who weren't active, would be a good reminder
to be active... (but) the suggestions weren't particularly relevant for me... like we
already did a lot of that stuff.”

“l walk the dogs 7 days, every morning... she walks with me or she's in the trike, we
can be gone for half an hour or an hour each morning. And then she'll come with me
to the gym and then we'll do... another gym training class where mums and the kids
are there in a big hall, and the kids just jump around the whole time. And then we do
swimming another day... so | guess that | feel like over the week, there's activity
every day... um, there's play with other children, there's awareness... there's a focus
on us being out. So, | didn't feel our lives were very sedentary before the program.”

Secondary outcomes

Children’s sedentary behaviour

Table 2 presents the mean minutes per day parents reported their children spent in each of the
individual screen behaviours, total screen time, and time spent restrained and sitting, as well
as activPAL™ assessed sitting time, at baseline and post-intervention. Adjusted mean
differences between intervention and control groups were all in the expected direction
(favouring the intervention group). Intervention participants reduced their total screen time by
30.6 mins/day (from 109.7 to 79.2 mins/day), while screen time for control participants
increased by 7.5 mins/day (from 92.0 to 99.5 mins/day; d = 0.82). Reductions in individual
screen behaviours resulted in small to medium effect sizes (ranging from d = 0.21 to 0.61).



Time spent restrained was reduced in the intervention group by 17.2 mins/day (from 74.7 to
57.5 mins/day) and increased in the control group by 1.0 min/day (from 63.2 to 64.3
mins/day; d = 0.48). Parent-reported sitting time was reduced in both the intervention and
control groups, by 20.6 mins/day (from 126.7 to 106.1 mins/day) and 8.8 mins/day (from
127.3 to 118.5 mins/day), respectively (d = 0.15). Sitting time, as measured by activPAL™,
was reduced in the intervention group by 25.8 mins/day (from 281.7 to 256.0 mins/day) and
in the control group by 3.7 mins/day (from 265.8 to 262.1 mins/day; d = 0.26).



Table 2. Baseline and post-intervention values, adjusted differences and effect sizes for sedentary behaviour

outcomes
Outcome variable Baseline mean Post-intervention mean Adjusted  Effect size
(all mins/day unless (95% CI) (95% CI) mean (Cohen’s d)
otherwise specified) Control Intervention Control Intervention  difference
(95% CI)?
Parent-reported
Total screen time® 92.0 109.7 99.5 79.2 -35.0 0.82
(68.1,115.9) (78.2,141.3) (69.2,129.8) (53.2,105.1) (-64.1,-5.9)
TV/DVD viewing 775 88.1 78.0 69.2 -15.0 0.61
(57.5,97.5) (54.9,121.2) (57.4,98.6) (43.1,95.2) (-34.3,4.3)
Computer/e-game use 0.0 0.6 0.0 0.0 - -
(0.0, 0.0) (-0.6,1.7) (0.0, 0.0) (0.0, 0.0)
Handheld e-game use 0.0 0.0 0.0 0.0 - -
(0.0, 0.0) (0.0, 0.0) (0.0, 0.0) (0.0, 0.0)
Smartphone use 4.8 5.9 5.8 3.5 -1.9 0.38
(0.1,9.4) (1.3,10.4) (-1.0,12.5) (-0.5,7.6) (-7.2,3.4)
Tablet use 10.3 15.0 7.1 6.7 -8.2 0.21
(0.02, 20.5) (2.8,27.2) (-2.0,16.2) (15,119  (-23.0,6.6)
Time restrained 63.2 74.7 64.3 57.5 -16.2 0.48
(39.6,86.9) (46.2,103.2) (49.7,78.8)  (37.3,77.7) (-39.3,7.0)
Time sitting 127.3 126.7 1185 106.1 -13.5 0.15
(82.5,172.0) (97.8,155.5) (83.3,153.7) (75.2,137.0) (-63.4,36.4)
Days/week days child 35 3.6 3.6 3.4 -0.1 0.11
has <1h screen time (2.4, 4.6) (2.3,4.9) (2.6, 4.6) (2.2,4.7) (-1.7,1.4)
activPAL™
Sitting time 265.8 281.7 262.1 256.0 -22.3 0.26

(212.4,319.2) (223.6,339.9) (209.6,314.6) (205.6,306.3) (-80.8, 36.3)

3 Adjusted for child sex, child age and clustering by playgroup; ® Sum of individual screen behaviours
Abbreviations: Cl = confidence interval; d = day; e-game = electronic game; h = hour; mins = minutes; no. =

number; TV = television



Potential mediators
Changes in potential mediators from baseline to post-intervention for the intervention and

control groups are reported in Table 3. The largest effect (d = 0.93) was seen for parental
logistic support for their child’s screen time (e.g., putting the television on for their child,
buying DVDs). Moderate effects were also seen for parent MVPA (not in the expected
direction; d = 0.66), parental views about the use of screen time for occupying children (d =
0.61) and parental self-efficacy to limit their child’s sedentary behaviour (d = 0.43).



Table 3. Baseline and post-intervention values, adjusted differences and effect sizes for potential mediators

Outcome variable Baseline mean Post-intervention mean  Adjusted mean Effect size
(95% ClI) (95% CI) difference  (Cohen’s d)
Control Intervention  Control  Intervention (95% CI)?
Child preferences for SB (e.g. 35 3.8 3.4 3.2 -0.5 0.26
more likely to watch TV than (2.4, 4.5) (3.0,4.6) (2.6,4.1) (2.4,4.2) (-1.6, 0.6)
be active); possible range 0
to 12
Parental concerns about -4.8 -4.0 -5.4 -5.4 -0.9 0.40
child’s screen time (e.g. child (-6.1,-3.5) (-5.2,-2.8) (-6.5,-4.3) (-6.3,-4.6) (-2.4,0.5)
watches too much TV);
possible range -8 to 8°
Parent use of screens to 3.5 4.4 3.0 3.4 -0.8 0.23
distract or occupy child (e.g. (2.2, 4.8) (2.6,6.1) (1.7,4.3) (1.6,5.3) (-2.1,0.4)
uses TV to distract child
when he/she is being
difficult); possible range 0 to
18
Parental views about screen -4.5 -3.2 -4.7 -4.8 -1.3 0.61
time occupying children (e.g. (-6.1,-2.8) (-5.3,-1.0) (-6.2,-3.1) (-6.7,-2.9) (-2.8,0.2)
has difficulty getting child to
eat without screens as
distraction); possible range 8
to 8°
Parental self-efficacy to limit 14.8 12.9 14.8 14.2 1.2 0.43
child’s SB; possible range 0 (13.6, 15.9) (11.0, 14.9) (13.5,16.0) (12.6, 15.7) (-0.5, 2.9)
to 20
Parental logistic support of 5.3 5.8 5.3 3.9 -1.7 0.93
screen time (e.g. number of (3.8,6.7) (4.1, 7.6) (35,7.2) (2.3,5.5) (-3.0, -0.4)
times in the last week parent
put the TV on for child);
possible range 0 to 20°
Parental beliefs/knowledge of 2.6 2.3 1.7 3.1 3.0 0.27
child screen time (e.g. TVis  (-3.0, 8.2) (-2.3,6.8) (-3.1,6.5) (-2.2,84) (-0.7,6.8)
educational for children);
possible range -24 to 24¢
Parent MVPA (mins/day) 27.1 38.2 43.2 41.2 -16.6 0.66
(12.0,42.2) (-20.3,96.6) (25.4,61.1) (-4.6,87.0) (-35.7, 2.6)
Parent TV viewing (mins/day) 70.3 91.8 64.1 83.2 6.8 0.05
(38.4,102.1) (52.1,131.5) (44.9,83.3) (57.5,108.9) (-21.5,35.2)

a Adjusted for child sex, child age and clustering by playgroup; ® Lower score indicates fewer concerns; ¢ Lower
score indicates more favourable outcome; ¢ Lower score indicates parental beliefs/lknowledge consistent with

evidence

Abbreviations: Cl = confidence interval; mins = minutes; MVPA = moderate- to vigorous-intensity physical

activity; SB = sedentary behaviour; TV = television



Discussion

This study aimed to test the feasibility and efficacy of a parent-focused, predominantly text
message delivered intervention to support parents to minimise the amount of time their
children spend in sedentary behaviour. Results show that the intervention was largely feasible
and acceptable to parents of young children. The study also showed a statistically significant
and meaningful reduction in children’s total screen time in the intervention group compared
with the control group, with promising results for the other secondary outcomes.

Recruitment was particularly difficult through playgroups compared with the other
recruitment strategies utilised in this study (e.g., social media). Initial contact with playgroup
leaders was challenging; many did not reply to multiple phone calls or emails. Leaders who
declined participation (n=5) cited reasons including participation in other research, their
playgroup potentially disbanding, or simply that they were not interested. Within playgroups,
there was also evidence of peer influence, whereby if one or two parents were very interested
initially it would often prompt other parents to read the information and potentially consent to
participating. Conversely, if no-one initially expressed interest, then other parents would not
consent. Future studies may benefit from exploring other recruitment avenues in this
population. In particular, Facebook seemed to be a useful platform for recruiting parents in
this study. An mHealth intervention delivered to parents of infants (<3 months) targeting
infant feeding practices recruited more than 50% of the intervention group online (compared
to around 30% recruited by practitioners and 7% recruited face-to-face by researchers) [42].
This suggests that online methods may be more appealing to parents of young children,
perhaps given that they are able to read about the study and consent in their own time. Despite
these difficulties, and although recruitment targets were not met, a sufficient sample was
recruited for a pilot study. Previous feasibility studies targeting screen time in this population
have included similar or smaller samples [31, 43]. Moreover, despite the small sample, a
significant reduction in total screen time was observed and effect sizes showed favourable
effects.

The acceptability of the intervention overall was high. In both the quantitative process
evaluation and the qualitative phone interviews, parents reported that the goal setting and the
text messages were very useful and relevant. Many parents noted that the goal planning
magnet was useful to help keep them on track. It has been suggested that higher parental
compliance with behaviour change techniques such as goal setting and self-monitoring results
in better child outcomes [44]. It was encouraging that a number of parents reported in the
qualitative interviews that they had continued to try to meet their goals, and that the changes
in their families were sustained once the intervention ended. However, parents reported using
the text messages containing links to images and other websites less frequently, and also
reported finding them less useful and relevant, compared with the goal setting and
behavioural text messages. Parents of young children are likely to be time poor and, as some
parents noted in qualitative interviews, if they were not able to click through immediately
they would often forget to go back. A pilot text message intervention focusing on healthy
lifestyle behaviours for parents of overweight and obese preschoolers reported that parents
wanted a short, easy to read, and strong message [23]. It may be that providing links to more
information or to videos may not be necessary or feasible in this population.

The efficacy results are also encouraging. In addition to the statistically significant reduction
and large effect in total screen time in the intervention group compared to the control group, a
moderate effect was seen for television viewing. Given that television viewing constitutes
around 80% of total screen time in this sample and in previous studies [15], it is important
that interventions target this behaviour. An intervention conducted in preschools reported
very similar results, with a significant reduction in total screen time of almost 30 mins a day,
but no effect on television viewing [45]. A home-based intervention reported a significant
reduction in television viewing in the intervention compared to control group of 37 mins a



day; however, that intervention specifically targeted television viewing rather than total
screen time [46]. Small effects were seen for smartphone use and tablet use in the current
study; however, use of these screens was relatively low compared to television viewing,
leaving little scope to reduce those behaviours. It may be that specific strategies are needed to
target children’s use of these newer devices. While the effect size was small, it was promising
to see a reduction in objectively-assessed sitting time of more than 20 minutes per day in the
intervention group compared with the control group. A previous intervention targeting only
screen time use found no effect on objectively-assessed sitting time [31], and suggested that
specific strategies should be included to target reductions in sitting time. Results from the
current study support this, showing that by providing parents with strategies to reduce sitting
time, potentially positive outcomes can be observed.

There was a statistically significant reduction in parental logistic support for screen time (e.g.,
putting the television on for the child) in the intervention group compared to the control
group. This suggests that the strategies used in the intervention were effective at changing
parents’ behaviour around their child’s screen time. Potentially the practical strategies around
alternatives to screen time may have resulted in this change; in qualitative interviews some
parents reported that they switched off the television more and used it less as a babysitter.
Moderate effects were also seen for parental views about screen time occupying children and
parental self-efficacy to limit their child’s sedentary behaviour. This is particularly promising
given that the intervention was theoretically based on Social Cognitive Theory [28], in which
there is a strong focus on self-efficacy. Previous cross-sectional studies have reported that
higher parental self-efficacy is associated with lower amounts of screen time in preschool-
aged children [47-49], suggesting that future interventions would benefit from continuing to
target self-efficacy as a mediator of children’s screen time.

There was also a moderate effect on parent’s self-reported MVPA; however, the adjusted
mean difference was in the unexpected direction, in that parents in the intervention group
reduced their MVPA by almost 17 mins per day compared to the control group. A possible
explanation for this is that many parents set their overall sedentary behaviour goal as walking
to local destinations without the pram (i.e., to decrease their child’s time spent restrained). As
aresult, in trying to achieve this goal by having their child walk more, the parents themselves
may have ended up walking more slowly than usual. Future research should consider
objectively measuring parent’s physical activity to examine potential changes in sedentary
time and light-intensity physical activity, in addition to MVPA.

Strengths and limitations

Limitations of the current study include the small sample size and the number of participants
without full outcome data. This is mostly due to parents not completing, or only partially
completing, online surveys, despite reminders to do so. It may be that online surveys are not
practical for parents of young children, as there is more opportunity for them to be distracted
or forget to come back to it. Additionally, a number of children did not have valid
activPAL™ data. While the activPAL™ accelerometers (sewn into a pouch and affixed to
leggings) were predominantly acceptable for the children and parents, many parents noted
that they often forgot to put the leggings back on after naps or bathing. This may have
resulted in fewer valid hours of wear time on particular days, potentially excluding them from
analyses.

It was a reasonably homogenous sample with a high percentage being very highly educated
(>75% with a university degree or higher). While over-representation of higher-educated
women in research is common [50, 51], the outcomes observed in this study may not have
been observed in a sample of parents with lower educational attainment. Finally, intervention
fidelity may have been somewhat compromised as a number of parents reported, both
quantitatively and qualitatively, that they did not click through to all of the links provided in



the text messages. Many parents also reported that they did not watch the videos provided in
these links in full, suggesting that different strategies may be needed for some parents to
increase compliance. However, given that a significant intervention effect was seen for
children’s screen time, the text messages alone may have been sufficient to elicit behaviour
change and the links may not have been necessary.

There are also a number of strengths of the current study. Comprehensive measures of
sedentary behaviour were included, including parent proxy-report of specific screen-based
behaviours, time spent restrained and sitting time, in addition to children’s objectively
assessed sitting time. The intervention was developed based on Social Cognitive Theory [28]
and targeted specific behaviour change mediators from the CALO-RE taxonomy of behaviour
change techniques [27]. Interventions are more likely to be effective if they are theory-based
[52] and are closely aligned with behaviour change techniques [53].

Conclusions

Mini Movers was found to be a feasible and acceptable intervention for parents of 2- to 4-
year-old children. Moreover, child sedentary behaviour was reduced, suggesting that the
intervention was efficacious. It will be important for future studies to measure individual
screen behaviours; results from this study support previous findings that although at this age
screen time consists largely of television viewing, there is some evidence of use of
smartphones and tablets and thus targeting these behaviours specifically in interventions may
be efficacious. The findings and learnings from this pilot study show sufficient promise to
inform the development of a future large-scale trial adequately powered to determine impacts
on children’s sedentary behaviour and explore the mediators of behaviour change. If
effective, the main delivery mode (i.e., text messages) means that this intervention has the
ability to be scaled up and widely disseminated.

Acknowledgements

KLD conceived the study, composed the content for the intervention, drafted the manuscript
and was the project manager/interventionist. JS, TH, JAH and KDH provided substantial
contributions to the conception, design and content of the study and reviewed and critically
appraised the manuscript. All authors read and approved the final manuscript. KLD is
supported by a National Health and Medical Research Council (NHMRC) Postgraduate
Scholarship (GNT1092876); Mini Movers is supported by project funding provided as part of
this scholarship. At the time of this trial, JS was supported by a NHMRC Principal Research
Fellowship (APP1026216). TH is supported by a NHMRC Early Career Fellowship
(APP1070571). KDH is supported by an Australian Research Council Future Fellowship
(FT130100637) and an Honorary Heart Foundation Future Leader Fellowship (100370). The
funding bodies had no role in the study design, data collection, analyses, and interpretation of
the findings or decision to submit this manuscript for publication. The authors would like to
thank Playgroup Victoria for their support in recruiting through playgroups, Jane Willcox for
her advice on the intervention mode and delivery, and Emily Denniss for conducting the
qualitative interviews.

Conflicts of Interest
None declared

Abbreviations

BMI - body mass index

Cl - confidence interval

E-games — electronic games

MVPA - moderate- to vigorous-intensity physical activity



RCT - randomised controlled trial
SD - standard deviation
TV —television

Appendices

Multimedia Appendix 1. Examples of text messages

Multimedia Appendix 2. Parent self-reported usage of and engagement with text messages
and perceived usefulness and relevance of the intervention

References

1. Certain LK, Kahn RS. Prevalence, correlates, and trajectory of television viewing among
infants and toddlers. Pediatrics 2002;109(4):634-42. doi:10.1542/peds.109.4.634

2. Jones RA, Hinkley T, Okely AD, Salmon J. Tracking physical activity and sedentary
behavior in childhood: a systematic review. Am J Prev Med 2013;44(6):651-8.
doi:10.1016/j.amepre.2013.03.001

3. Johansson E, Hagstromer M, Svensson V, Ek A, Forssén M, Nero H, Marcus C.
Obijectively measured physical activity in two-year-old children — levels, patterns and
correlates. Int J Behav Nutr Phys Act 2015;12(1):3. d0i:10.1186/s12966-015-0161-0

4. Wijtzes Al, Kooijman MN, Kiefte-de Jong JC, de Vries Sl, Henrichs J, Jansen W,
Jaddoe VW, Hofman A, Moll HA, Raat H. Correlates of physical activity in 2-year-old
toddlers: the generation R study. J Pediatr 2013;163(3):791-9 el-2.
d0i:10.1016/j.jpeds.2013.02.029

5.  Irwin JD, Johnson AM, Vanderloo LM, Burke SM, Tucker P. Temperament and
Obijectively Measured Physical Activity and Sedentary Time among Canadian
Preschoolers. Prev Med Rep 2015;2:598-601. doi:10.1016/j.pmedr.2015.07.007

6. Hesketh KD, Crawford DA, Abbott G, Campbell KJ, Salmon J. Prevalence and stability
of active play, restricted movement and television viewing in infants. Early Child Dev
Care 2014:1-12. doi:10.1080/03004430.2014.963066

7. Espana-Romero V, Mitchell JA, Dowda M, O'Neill JR, Pate RR. Objectively measured
sedentary time, physical activity and markers of body fat in preschool children. Pediatr
Exerc Sci 2013;25(1):154-63.

8. Williams HG, Pfeiffer KA, O'Neill JR, Dowda M, Mclver KL, Brown WH, Pate RR.
Motor skill performance and physical activity in preschool children. Obesity
2008;16(6):1421-6. doi:10.1038/0by.2008.214

9. LeBlanc AG, Spence JC, Carson V, Connor Gorber S, Dillman C, Janssen I, Kho ME,
Stearns JA, Timmons BW, Tremblay MS. Systematic review of sedentary behaviour and
health indicators in the early years (aged 0-4 years). Appl Physiol Nutr Metab
2012;37(4):753-72. d0i:10.1139/h2012-063

10. Carson V, Kuzik N, Hunter S, Wiebe SA, Spence JC, Friedman A, Tremblay MS, Slater
LG, Hinkley T. Systematic review of sedentary behavior and cognitive development in
early childhood. Prev Med 2015. doi:10.1016/j.ypmed.2015.07.016

11. Hinkley T, Teychenne M, Downing KL, Ball K, Salmon J, Hesketh KD. Early childhood
physical activity, sedentary behaviors and psychosocial well-being: a systematic review.
Prev Med 2014;62:182-92. doi:10.1016/j.ypmed.2014.02.007

12. Australian Government Department of Health. Move and Play Every Day: National
Physical Activity Recommendations for Children 0-5 Years. Canberra: Commonwealth
of Australia; 2014.

13. Tremblay MS, Leblanc AG, Carson V, Choquette L, Connor Gorber S, Dillman C,
Duggan M, Gordon MJ, Hicks A, Janssen I, Kho ME, Latimer-Cheung AE, Leblanc C,
Murumets K, Okely AD, Reilly JJ, Stearns JA, Timmons BW, Spence JC, Canadian
Society for Exercise P. Canadian sedentary behaviour guidelines for the early years
(aged 0-4 years). Appl Physiol Nutr Metab 2012;37(2):370-91. doi:10.1139/h2012-019



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

UK Department of Health. Start Active, Stay Active. London: UK Department of Health;
2011.

Hinkley T, Salmon J, Okely AD, Crawford D, Hesketh K. Preschoolers’ physical
activity, screen time, and compliance with recommendations. Med Sci Sports Exerc
2012;44(3):458-65. doi:10.1249/MSS.0b013e318233763b

Colley RC, Garriguet D, Adamo KB, Carson V, Janssen I, Timmons BW, Tremblay MS.
Physical activity and sedentary behavior during the early years in Canada: a cross-
sectional study. Int J Behav Nutr Phys Act 2013;10:54. doi:10.1186/1479-5868-10-54
Loprinzi PD, Cardinal BJ, Kane C, Lee H, Beets MW. Association of active play-related
parenting behaviors, orientations, and practices with preschool sedentary behavior. Am J
Health Educ 2014;45(4):229-38. d0i:10.1080/19325037.2014.916636

Veldhuis L, van Grieken A, Renders CM, Hirasing RA, Raat H. Parenting style, the
home environment, and screen time of 5-year-old children; the 'Be active, eat right'
study. PLOS ONE 2014;9(2):e88486. doi:10.1371/journal.pone.0088486

Downing KL, Hnatiuk JA, Hinkley T, Salmon J, Hesketh KD. Interventions to reduce
sedentary behaviour in 0-5-year-olds: a systematic review and meta-analysis of
randomised controlled trials. Br J Sports Med 2016. doi:10.1136/bjsports-2016-096634
World Health Organization. New horizons for health through mobile technologies.
Geneva: World Health Organization; 2011.

Fjeldsoe BS, Marshall AL, Miller YD. Behavior change interventions delivered by
mobile telephone short-message service. Am J Prev Med 2009;36(2):165-73.
doi:10.1016/j.amepre.2008.09.040

Militello LK, Kelly SA, Melnyk BM. Systematic review of text-messaging interventions
to promote healthy behaviors in pediatric and adolescent populations: implications for
clinical practice and research. Worldviews Evid Based Nurs 2012;9(2):66-77.
d0i:10.1111/j.1741-6787.2011.00239.x

Militello L, Melnyk BM, Hekler EB, Small L, Jacobson D. Automated Behavioral Text
Messaging and Face-to-Face Intervention for Parents of Overweight or Obese Preschool
Children: Results From a Pilot Study. JIMIR mHealth uHealth 2016;4(1):e21.
d0i:10.2196/mhealth.4398

Downing KL, Salmon J, Hinkley T, Hnatiuk JA, Hesketh KD. A mobile technology
intervention to reduce sedentary behaviour in 2- to 4-year-old children (Mini Movers):
study protocol for a randomised controlled trial. Trials 2017;18(1):97.
d0i:10.1186/s13063-017-1841-7

Eysenbach G. CONSORT-EHEALTH: implementation of a checklist for authors and
editors to improve reporting of web-based and mobile randomized controlled trials. Stud
Health Technol Inform 2013;192:657-61. doi:10.3233/978-1-61499-289-9-657

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, Lancaster
GA. CONSORT 2010 statement: extension to randomised pilot and feasibility trials.
BMJ 2016;355. doi:10.1136/bmj.i5239

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined
taxonomy of behaviour change techniques to help people change their physical activity
and healthy eating behaviours: the CALO-RE taxonomy. Psychol Health
2011;26(11):1479-98. doi:10.1080/08870446.2010.540664

Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory.
Englewood Cliffs, NJ: Prentice Hall, Inc; 1986.

Davies G, Reilly JJ, McGowan AJ, Dall PM, Granat MH, Paton JY. Validity, practical
utility, and reliability of the activPAL in preschool children. Med Sci Sports Exerc
2012;44(4):761-8. d0i:10.1249/MSS.0b013e31823b1dc7

Hinkley T, O'Connell E, Okely AD, Crawford D, Hesketh K, Salmon J. Assessing
volume of accelerometry data for reliability in preschool children. Med Sci Sports Exerc
2012;44(12):2436-41. doi:10.1249/MSS.0b013e3182661478

Hinkley T, Cliff DP, Okely AD. Reducing electronic media use in 2-3 year-old children:
feasibility and efficacy of the Family@play pilot randomised controlled trial. BMC
Public Health 2015;15(1):779. doi:10.1186/s12889-015-2126-2



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Campbell KJ, Lioret S, McNaughton SA, Crawford DA, Salmon J, Ball K, McCallum Z,
Gerner BE, Spence AC, Cameron AJ, Hnatiuk JA, Ukoumunne OC, Gold L, Abbott G,
Hesketh KD. A parent-focused intervention to reduce infant obesity risk behaviors: a
randomized trial. Pediatrics 2013;131(4):652-60. doi:10.1542/peds.2012-2576

Hinkley T, Salmon J, Okely AD, Crawford D, Hesketh K. The HAPPY study:
development and reliability of a parent survey to assess correlates of preschool children's
physical activity. J Sci Med Sport 2012;15(5):407-17. doi:10.1016/j.jsams.2011.12.009
Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, Bouter LM,
de Vet HC. Quality criteria were proposed for measurement properties of health status
questionnaires. J Clin Epidemiol 2007;60(1):34-42. doi:10.1016/j.jclinepi.2006.03.012
Australian Institute of Health and Welfare (AIHW). The Active Australia Survey: a
guide and manual for implementation, analysis and reporting. Canberra: AIHW; 2003.
Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity and sedentary
behavior: A population-based study of barriers, enjoyment, and preference. Health
Psychol 2003;22(2):178-88. do0i:10.1037/0278-6133.22.2.178

Wake M, Salmon L, Waters E, Wright M, Hesketh K. Parent-reported health status of
overweight and obese Australian primary school children: a cross-sectional population
survey. Int J Obes Relat Metab Disord 2002;26(5):717-24. doi:10.1038/sj.ij0.0801974
Australian Council for Health Physical Education and Recreation. Australian health and
fitness survey 1985. Adelaide: ACHPER Publications; 1985.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child
overweight and obesity worldwide: international survey. BMJ 2000;320(7244):1240-3.
d0i:10.1136/bm;j.320.7244.1240

World Health Organization. Obesity: Preventing and managing the global epidemic.
Geneva: World Health Organization; 2000.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York: Academic
Press; 1969.

Laws RA, Litterbach EK, Denney-Wilson EA, Russell CG, Taki S, Ong KL, Elliott RM,
Lymer SJ, Campbell KJ. A Comparison of Recruitment Methods for an mHealth
Intervention Targeting Mothers: Lessons from the Growing Healthy Program. J Med
Internet Res 2016;18(9):e248. doi:10.2196/jmir.5691

Knowlden AP, Sharma M, Cottrell RR, Wilson BRA, Johnson ML. Impact Evaluation of
Enabling Mothers to Prevent Pediatric Obesity Through Web-Based Education and
Reciprocal Determinism (EMPOWER) Randomized Control Trial. Health Educ Behav
2015;42(2):171-84. do0i:10.1177/1090198114547816

Faith MS, Van Horn L, Appel LJ, Burke LE, Carson JAS, Franch HA, Jakicic JM, Kral
TVE, Odoms-Young A, Wansink B, Wylie-Rosett J. Evaluating Parents and Adult
Caregivers as “Agents of Change” for Treating Obese Children: Evidence for Parent
Behavior Change Strategies and Research Gaps. A Scientific Statement From the
American Heart Association 2012;125(9):1186-207.
doi:10.1161/CIR.0b013e31824607ee

Fitzgibbon ML, Stolley MR, Schiffer LA, Braunschweig CL, Gomez SL, Van Horn L,
Dyer AR. Hip-hop to Health Jr. Obesity Prevention Effectiveness Trial: postintervention
results. Obesity 2011;19(5):994-1003. doi:10.1038/0by.2010.314

Zimmerman FJ, Ortiz SE, Christakis DA, Elkun D. The value of social-cognitive theory
to reducing preschool TV viewing: a pilot randomized trial. Prev Med 2012;54(3/4):212-
8. d0i:10.1016/j.ypmed.2012.02.004

Campbell K, Hesketh K, Silverii A, Abbott G. Maternal self-efficacy regarding children's
eating and sedentary behaviours in the early years: associations with children's food
intake and sedentary behaviours. Int J Pediatr Obes 2010;5(6):501-8.
d0i:10.3109/17477161003777425

Downing KL, Hinkley T, Salmon J, Hnatiuk JA, Hesketh KD. Do the correlates of
screen time and sedentary time differ in preschool children? BMC Public Health
2017;17(1):285. doi:10.1186/s12889-017-4195-x



49.

50.

ol.

52.

53.

Jago R, Sebire SJ, Edwards MJ, Thompson JL. Parental TV viewing, parental self-
efficacy, media equipment and TV viewing among preschool children. Eur J Pediatr
2013;172(11):1543-5. d0i:10.1007/s00431-013-2077-5

Chinn DJ, White M, Howel D, Harland JO, Drinkwater CK. Factors associated with non-
participation in a physical activity promotion trial. Pub Health 2006;120(4):309-19.
d0i:10.1016/j.puhe.2005.11.003

Lakerveld J, ljzelenberg W, van Tulder MW, Hellemans IM, Rauwerda JA, van Rossum
AC, Seidell JC. Motives for (not) participating in a lifestyle intervention trial. BMC Med
Res Methodol 2008;8:17-. d0i:10.1186/1471-2288-8-17

King AC, Stokols D, Talen E, Brassington GS, Killingsworth R. Theoretical approaches
to the promotion of physical activity: forging a transdisciplinary paradigm. Am J Prev
Med 2002;23(2 Suppl):15-25. d0i:10.1016/S0749-3797(02)00470-1

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, Eccles MP,
Cane J, Wood CE. The Behavior Change Technique Taxonomy (v1) of 93 Hierarchically
Clustered Techniques: Building an International Consensus for the Reporting of
Behavior Change Interventions. Ann Behav Med 2013;46(1):81-95. doi:10.1007/s12160-
013-9486-6



Appendix 1. Examples of text messages

Type of text message

Example content?

Behavioural

Goal-checking

Goal-checking — response to
YES reply

Goal-checking — response to
NO reply

Annie, get Josh to help make some playdough! Here’s a great
recipe with no cooking required: <link to recipe>. Remember,
encourage Josh to stand up while playing with it! Katherine — Mini
Movers

Hi Carolyn, how did you go sticking with your goals to limit
Sienna’s screen time to 60 mins a day and to do puzzles standing
up instead of sitting 2 days this week? Text me back YES if you
achieved them or NO if you weren’t able to this week. Katherine —
Mini Movers

Great to hear! Remember how good you feel achieving your goals
— bottle that feeling & use it as motivation on tough days. Keep it
up! Katherine — Mini Movers

It’s common to slip up sometimes Julia. The important thing is
trying again next week! Use your Mini Movers Goal Checker
magnet to keep you on track. Katherine — Mini Movers

2 Names have been changed for anonymity
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CHAPTER EIGHT

Thesis Discussion

This thesis makes a unique contribution to the body of literature relating to
sedentary behaviour in early childhood. Following the Medical Research Council
(MRC) framework (Craig et al. 2008) for developing and evaluating complex
interventions (described in Chapter Four, Figure 4.1), this thesis describes the
development phases of an intervention to reduce sedentary behaviour in young
children. It comprises: 1) a comprehensive literature review (Chapter Two); 2) a
systematic review and meta-analysis of published sedentary behaviour
interventions targeting early childhood to date (Chapter Three, Paper One); 3)
investigation of correlates of sedentary time and screen time across multiple
domains of the ecological model to target in future behaviour change
interventions (Chapter Five, Paper Two); and, 4) combining this information, the
development, implementation and pilot testing of a novel intervention targeting
reductions in young children’s sedentary behaviour (Chapters Six and Seven,

Papers Three and Four).

Early childhood (i.e., birth through 5 years) is a period of rapid growth and

development, and has long been considered a time in which long-term lifestyle
behaviours, including sedentary behaviour, are established (Dietz 1997; Reilly
2008). As identified in Chapter Two, a number of potential adverse health and
developmental outcomes are shown to be associated with sedentary behaviour,
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including increased risk of overweight/obesity, poor psychosocial health and
decreased cognitive development (Carson et al. 2015; Hinkley et al. 2014a;
LeBlanc et al. 2012). Further, sedentary behaviour habits tend to track from early
childhood into later childhood, adolescence and adulthood (Biddle et al. 2010;
Jones et al. 2013). Despite government guidelines recommending limits to
children’s sedentary behaviour, many young children are engaging in high levels
of sedentary behaviour. This suggests that it is important to investigate
opportunities to reduce sedentary behaviour in early childhood, to ensure that

fewer children establish detrimental sedentary behaviour habits.

Each paper included in this thesis contains a discussion of the findings related
specifically to that chapter. Therefore, this chapter summarises the main findings
of the thesis as a whole, considers the findings in light of existing literature, and
discusses the strengths and limitations of the research. Finally, future research
directions and practical implications from this thesis are discussed and an overall

conclusion is provided.

8.1 Overview and discussion of findings

8.1.1  Correlates of screen time and sedentary time

An important step in intervention development is identifying factors associated
with the outcome of interest, which can then be targeted as mediators of change.
Previous research investigating the correlates of sedentary behaviour in preschool

aged children is limited, with many studies focusing on screen time alone (Cillero
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& Jago 2010; De Craemer et al. 2012; Hinkley et al. 2010) and few investigating
correlates across multiple levels of the ecological model (Bronfenbrenner 1979).
Additionally, no studies have comprehensively investigated correlates of screen
and sedentary time across multiple levels of the ecological model in the same
sample of preschool children. Building on this limited literature, Chapter Five
used an ecological framework to examine correlates of screen time and sedentary
time in the individual, social and physical environment level. Of the 67 variables
examined, two were associated with sedentary time and 10 were associated with
screen time, and many of these associations differed by sex. It is important to note
that although using the ecological model allows for investigation of correlates
across different levels of influence, it does not allow for understanding of the
interplay (e.g., direct and indirect effects) between the different levels. Future
research should aim to investigate this interplay to better understand the correlates

of sedentary behaviour.

There was only one correlate common to both screen time and sedentary time,
which was in the individual level of the ecological model. This was that children
who slept for longer durations had lower levels of both behaviours. The
association between sleep duration and screen time is consistent with previous
research (Magee, Lee & Vella 2014; Marinelli et al. 2014; Miller et al. 2008; Xu
et al. 2016b). However, research investigating the association between sleep and
sedentary time in this population is scarce (Schmutz et al. 2017). A growing body
of evidence supports the idea that sleep, physical activity and sedentary behaviour
are mutually exclusive, i.e., they occur on a single continuum from no conscious

movement (sleep) through to vigorous-intensity physical activity (Pedisi¢,
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Dumuid & Olds 2017). For example, if sleep increases, this time has to replace
either physical activity or sedentary time. In this instance, replacing screen time
would be the desirable substitution. Given that many parents are concerned about
their child’s sleep (Milan, Snow & Belay 2007), suggesting that they may be
amenable to strategies to improve it, sleep became a focus of the intervention

developed later in this thesis.

The only other correlate of sedentary time, also in the individual level, was
paternal age: boys with older fathers spent more time sedentary. Previous studies
have not examined the association between paternal age and sedentary time.
Evidence suggests that there is no association between maternal age and sedentary
time in preschool children (Dolinsky et al. 2011) or toddlers (Wijtzes et al.
2013b); however, those studies did not stratify by child sex, and associations may
be different for maternal and paternal age. Given that paternal age is a non-
modifiable correlate, it was not targeted as a potential mediator in the intervention
developed in this thesis. However, further research is required to confirm whether
there is an association between paternal age and boys’ sedentary time. If there is
an association, this may suggest that older fathers require additional support to

reduce their sons’ time in sedentary behaviour.

There were many more factors associated with screen time than sedentary time,
including four in the individual level (paternal education, maternal country of
birth, child preferences for sedentary behaviours, and frequency of active

transport) and five in the social level of the ecological model (parental concern
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about child’s physical activity and screen time, parents reporting that they get
bored watching their child playing in outdoor space, parental self-efficacy to limit
screen time, screen time rules, and maternal television viewing). In this study,
paternal education was positively associated with girls’ screen time. Parental
education is consistently associated with young children’s television viewing
(Burgi et al. 2010; Manios et al. 2009; Miller et al. 2008; Proctor et al. 2003;
Truglio et al. 1996; van Rossem et al. 2012; Veldhuis et al. 2014; Yalcin et al.
2002) and total screen time (Carson & Janssen 2012; Carson, Rosu & Janssen
2014; Downing, Hinkley & Hesketh 2014; Garriguet et al. 2016; Tandon et al.
2011), but many studies have not examined correlates separately for boys and
girls and have not examined maternal and paternal education separately. One
study has found that paternal education (but not maternal education) is associated
with preschool children’s television viewing (Yalcin et al. 2002), supporting the
findings from the current study. Given that maternal education is often used as a
proxy for socioeconomic position, these findings suggest that paternal education
should also be included in future studies. Conversely, maternal country of birth
(found to be inversely associated with girls’ screen time in this study) has not
previously been investigated as a correlate of screen time in preschool children.
However, parent race/ethnicity has been reported to have no association with
television viewing (Bleakley, Jordan & Hennessy 2013) or with total screen time

(Asplund et al. 2015).

Girls who preferred to watch television or play electronic games rather than be
active were found to have higher levels of screen time in this thesis. This has been

previously noted in preschool boys (Hinkley et al. 2013) and in school-aged
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children (Salmon et al. 2005). Although it is possible that preschool children may
have developed preferences for some behaviours over others, it is important to
note that only parent perception of children’s preferences, which may be
influenced by their own preferences, was measured in this study. Further, due to
the cross-sectional nature of this study, causality cannot be determined. However,
this finding does suggest that interventions could aim to support parents to
establish their child’s preferences for physical activity (over screen time) from a

young age.

In this study, usual frequency of active transport was found to be inversely
associated with screen time for preschool girls. Although this association has not
been previously found in preschool children, it is supported by evidence in older
children (Landsberg et al. 2008). Given this finding, active transport was targeted
in the intervention developed in this thesis (i.e., by encouraging parents to let their
children walk to local destinations). Consistent with previous research (Hinkley et
al. 2013), parents who reported that they were concerned that their child was not
active enough or was engaging in too much sedentary behaviour had girls with
higher levels of screen time. These findings are important as they suggest that
parents may be able to determine if their child is engaging in higher than
recommended levels of screen time, which may be beneficial when recruiting

participants for behaviour change interventions.

An important finding from this thesis for intervention development was that

parental self-efficacy to limit screen time and parental screen time rules were both
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inversely associated with screen time for preschool boys and girls. Both of these
correlates have consistently been shown to be inversely associated with screen
time in preschool children in previous literature (Barr-Anderson et al. 2011;
Campbell et al. 2010; Carson & Janssen 2012; Christakis et al. 2004; Jago et al.
2013; Kuepper-Nybelen et al. 2005; Smith et al. 2010; Spurrier et al. 2008;
Truglio et al. 1996; VVaughn, Hales & Ward 2013). Similar to the intervention
developed in this thesis, future interventions and public health strategies to reduce
sedentary behaviour could provide parents with strategies to implement screen
time rules, which may in turn increase their self-efficacy to limit screen time. The
positive association between maternal television viewing and preschool children’s
screen time is also supported by previous literature (Asplund et al. 2015; Barr-
Anderson et al. 2011; Bleakley, Jordan & Hennessy 2013; Carson & Janssen
2012; Carson, Stearns & Janssen 2015; Jago et al. 2013; Jago et al. 2012;
Kourlaba et al. 2009; Manios et al. 2009; Wijtzes et al. 2012; Xu et al. 2016a;
Yalcin et al. 2002), suggesting that encouraging parents to reduce their own
television viewing habits may have positive effects on their children’s screen

time.

Despite correlates of sedentary time from all three levels of the ecological model
being identified in the individual analytic models (five each for boys and girls),
few significant associations remained in the combined analytic models. This
suggests that further research examining other potential correlates of sedentary
time is required. The reasons for the lack of correlates identified are explored in
detail in the discussion section of Chapter Five. Briefly, many of the correlates

measured focused directly on screen time (e.g., parental rules for limiting screen
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time, self-efficacy to limit screen time), rather than on overall sedentary time
(e.g., limiting sitting time, breaking up long periods of sedentary time). Many
correlates are context and behaviour specific. Sedentary time is a measure of all
time spent in any sedentary behaviours; however, sedentary behaviours may not
all be “equal’. For example, there appears to be something unique about television
viewing which may be due to concurrent eating, often of highly energy dense
foods (Ford, Ward & White 2012). The correlates of television viewing would
likely be different to the correlates of sitting in a car seat or beneficial sedentary
behaviours such as reading. Therefore, attempting to determine correlates of the
total amount of sedentary time may be challenging. Additionally, it may be that
many parents are unaware of the total amount of time their children spend being
sedentary. Hence, parent-reported correlates may not be relevant to or associated
with total sedentary time. Evidence from qualitative interviews with parents in the
randomised controlled trial (RCT) in this thesis (reported in Chapter Seven and
Appendix Q) suggests that many parents believe their children are naturally
active, and so limiting or breaking up sitting time was not something they had
considered previously. Previous qualitative research with parents of infants and
preschool children shows that many mothers believe young children are naturally
active (Dwyer et al. 2008; Hesketh, Hinkley & Campbell 2012). Mothers have
also been shown to overestimate their young children’s actual levels of physical
activity (measured objectively) (Hesketh et al. 2013). This suggests that strategies
are needed to inform parents of their child’s activity levels, as parents may not be
receptive to intervention messages if they do not believe their child’s behaviour is

a concern.
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Importantly, correlates across multiple levels of the ecological model were
identified for screen time, which helped to inform the development of
intervention strategies targeting modifiable factors in the individual and social
levels. Additionally, results from this study suggest that correlates of screen time
and sedentary time differ in this population, and therefore behaviour-specific

strategies were developed to reduce time in each of the behaviours independently.

8.1.2  Developing an evidence-based intervention

The findings from Chapter Three show that, overall, previous interventions
(n=31) to reduce total sedentary time and screen time in early childhood have
been effective, albeit with modest results. Results show that interventions (n=24
included in the meta-analyses) produced a significant overall difference between
groups of 17 and 19 minutes per day for screen time and sedentary time,
respectively. However, the studies included in the review varied greatly in their
intervention objectives, settings, strategies and delivery modes, making it difficult
to compare findings and draw overall conclusions. This was further highlighted in
the meta-analysis by the considerable heterogeneity in the included studies, with
subgroup analyses shedding little light on the types of interventions that are most
effective in this population. This was likely due to the small number of studies
within subgroups. Results do show that few interventions have been conducted
outside the preschool setting, and emphasised the importance of parental

involvement for behaviour change in interventions with young children.,
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The findings from Chapters Three and Five helped to inform the development of
the innovative Mini Movers intervention (Chapters Six and Seven), which was
designed to support parents to reduce the amount of time their young children
spent in sedentary behaviour. Specifically, the intervention filled some of the gaps
identified in the systematic review (e.g., the dearth of interventions delivered
outside the preschool setting), and was informed by results from the meta-
analyses (e.g., the importance of high parental involvement) described in Chapter
Three. Although results from that meta-analysis also suggested that interventions
of longer duration were more effective than shorter-duration interventions, for
pragmatic reasons a six-week intervention was designed to pilot the strategies. A
longer duration intervention would be considered for a full-scale RCT. Findings
from the examination of preschool children’s sedentary behaviour correlates in
Chapter Five were utilised when designing the intervention strategies, as

described in Section 8.1.1.

Overall, Mini Movers was found to be largely feasible and acceptable for parents
of young children. Among a sample of 20, the vast majority of participants (at
least 94% on average) reported the different components of the intervention to be
useful and relevant to some degree, with at least half reporting the main
components (the booklet, goal planning and text messages) to be either “very” or
“extremely” useful or relevant. Further, despite being a pilot study and therefore
not powered to detect significant changes in outcomes, the Mini Movers
intervention showed an adjusted mean difference between groups in screen time
of more than 30 minutes per day. Although the meta-analysis conducted in this

thesis (Chapter Three) found that interventions to reduce screen time in this
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population have a significant overall effect (Downing et al. 2016b), only seven
(out of 17) of the individual studies included in that analysis reported significant
mean differences between groups (Campbell et al. 2013; Dennison et al. 2004;
Fitzgibbon et al. 2011; Puder et al. 2011; Taveras et al. 2011; Yilmaz, Demirli
Caylan & Karacan 2015; Zimmerman et al. 2012). Mean differences between
groups in the effective interventions ranged from 13 (Puder et al. 2011) to 47
minutes per day (Yilmaz, Demirli Caylan & Karacan 2015). Results from the
RCT presented in this thesis are especially encouraging in light of results from
these previous interventions, and suggest that the strategies could be used in

future interventions and public health campaigns.

There was also a significant intervention effect on one of the potential mediators
measured in the RCT, parental logistic support of screen time (e.g., putting the
television on for their child), which was reduced significantly in the intervention
group compared to the control group. Although this has not previously examined
in the literature, logistic support for physical activity has been shown to be
associated with less time watching television (but not with sedentary time)
(Vaughn, Hales & Ward 2013). This finding is important because parents are the
“gatekeeper” for their children’s physical activity and sedentary behaviour (Welk,
Wood & Morss 2003). Hence, reducing their logistic support for screen time, and
increasing their logistic support for physical activity, may have important
beneficial effects on their child’s time in those behaviours. However, as discussed
in Section 8.3, RCTs adequately powered to perform mediation analyses are

necessary to investigate this association.
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This study was the first intervention aiming to decrease time in a range of
sedentary behaviours to be delivered to parents of young children predominantly
via text message. To date, child and adolescent interventions utilising text
messaging have focused largely on older children/adolescents and clinical
populations (e.g., participants with type 1 diabetes) (Militello, Kelly & Melnyk
2012). Findings from this thesis build on the growing body of evidence regarding
feasible, acceptable and efficacious interventions in this population by providing a
remotely delivered, low cost and effective intervention strategy that has the

potential to be up-scaled into a large population level intervention.

The interviews undertaken with parents who participated in Mini Movers
(described in Chapters Six and Seven and Appendix Q) drew on qualitative
methodology to provide an extensive evaluation of the intervention as a whole.
Results show that all parents were positive about the aim and the key message of
the program. Many parents noted that they enjoyed the goal-setting component of
the intervention the most. The usefulness of goal-setting has been similarly noted
in a pilot online intervention focusing on dietary intake, physical activity and
sedentary behaviours, with 80% of parents in that study reporting that the goal-
setting was helpful (Jones et al. 2011). Parents in the RCT in this thesis were also
happy to receive the information via text message. This is useful for future
interventions as it could reduce the need for face-to-face contact, thereby reducing
the cost and increasing potential for scalability. The high acceptability of the text
messages may also highlight that this is an appropriate and ideal mode of delivery
for potentially busy parents with young children. Recent evidence supports this,

with findings suggesting that text message delivery in parent-focused
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interventions are acceptable for parents of preschool (Militello et al. 2016) and
school-aged (Newton et al. 2014) children. Parents also reported that they liked
that practical strategies and ideas were provided, rather than simply educational
content. Parents also provided suggestions to improve the program, such as a
central location for all of the materials being provided (e.g., a website), and
strategies that focus on the whole family. These qualitative data provide important
information for the design of future parent-focused interventions to reduce

sedentary behaviour in young children.

Recruitment learnings from the intervention

Recruitment through Facebook and snowball sampling was more effective than
recruitment through playgroups in the RCT, with 60% of the sample recruited
through these methods. Recruitment via Facebook requires much less researcher
time, and hence is also potentially more cost-effective. Further, online recruitment
may be appealing to parents of young children who can read about the study and
consent in their own time. Recruitment results for the RCT were similar to those
observed in an mHealth (mobile-delivered) intervention targeting infant feeding
practices, whereby more than 50% of the intervention group were recruited online
(compared to around 30% recruited by practitioners and 7% recruited face-to-face
by researchers) (Laws et al. 2016). It is important to note that in the RCT in this
thesis, parents recruited via Facebook were more highly educated than parents
recruited via playgroups (94% compared to 60% with a university degree or
higher level of education, respectively). However, parents recruited via Facebook

were more compliant in terms of completing surveys. All parents recruited via
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Facebook completed their baseline survey and 82% completed their post-
intervention survey, compared to 70% and 61% of parents recruited via
playgroups completing their baseline and post-intervention surveys, respectively.
Potentially parents recruited online were more compliant as they had seen the
advertisement on Facebook and had elected to participate. On the other hand,
parents recruited through playgroups were approached in person and, as discussed
in Chapter Seven, were potentially influenced by peers to take part. Future
interventions will need to weigh up the benefits and limitations of recruitment via
these differing methods. Recruiting parents through a range of methods may be

most appropriate.

This thesis adds to the body of evidence relating to correlates of preschool
children’s sedentary time and screen time, which contributed to the development
of an intervention aiming to reduce sedentary behaviour in this population. There
are a number of considerations for future research and practical implications
based on the findings from both the correlates study and the RCT, which are
described in Sections 8.3 and 8.4. Strengths and limitations of the current research

are discussed in the following section.

8.2 Strengths and limitations

There are a number of strengths and limitations of studies presented in this thesis
that should be acknowledged. A limitation of both the correlates study (Chapter

Five) and the RCT (Chapter Seven) was the relatively high proportion of parents
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who were highly educated. In the correlates study, despite purposeful over-
sampling in low socioeconomic areas, only 13% of the sample were classified as
low socioeconomic position (SEP) based on maternal education. While the RCT
predominantly used convenience sampling (i.e., playgroups within a certain
radius of the university, social media, snowball sampling) and hence did not
specifically aim to recruit low SEP parents, the sample was very highly educated
(only 2% classified as low SEP). Although over-representation of women with
higher levels of education is common in research (Chinn et al. 2006; Lakerveld et
al. 2008), findings from both of these studies should be considered in light of this;
results may not be generalisable to the wider population. Further, in both of these
studies, and particularly in the RCT, it is possible that consenting parents already
had a particular interest in their child’s sedentary behaviour or physical activity.
Results may have differed for parents without such an interest in their children’s
sedentary behaviours. Specifically, the RCT as delivered may not be effective in

families from low socioeconomic backgrounds.

Recruiting parents for the RCT (Chapter Seven) through the playgroup setting
was more difficult than anticipated. Recruitment difficulties and low response
rates have been previously documented in studies with parents of young children
(Carson, Rosu & Janssen 2014; Hardy et al. 2010; Oliver, Schofield & Schluter
2010). In fact, in the correlates study of this thesis (Chapter Five) the response
rate was 11%. Nevertheless, a large, sociodemographically diverse sample was
recruited in that study and characteristics of participating children were similar to
the wider Australian population, e.g., 22% of the sample were classified as

overweight/obese compared with 23% nationally (Australian Government
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Department of Families Housing Community Services and Indigenous Affairs
2009). As mentioned in Section 8.1.2, recruitment through Facebook and
snowball sampling seemed to be more effective than recruitment through
playgroups in the intervention study, with 60% of the sample recruited through
these sources. Similar to the correlates study, characteristics of participating
children in the intervention were comparable to the Australian population: 23% of
children in both the intervention and nationally (Australian Bureau of Statistics
2013) were classified as overweight/obese, suggesting that the sample was

somewhat representative of the general population.

A major strength of the studies within this thesis was the objective measurement
of sedentary behaviour in the correlates study and the RCT. However, a limitation
of the correlates study is that just over 25% of the sample did not have valid
accelerometry data and were therefore not included in analyses for sedentary
time. Differences in associations may partially be explained by differences in the
sample and reduced power for the sedentary time analyses. There are also a
number of broader issues relating to the objective measurement of sedentary time
in young children that warrant further investigation. A key issue is the
operationalisation of young children’s physical activity as any intensity (i.e.,
anything other than sedentary time). While sedentary behaviour is discussed in
the literature as being distinct from physical inactivity (i.e., insufficient physical
activity to meet recommendations), that distinction is less clear in young children
given the movement continuum from sedentary time to light-intensity physical
activity (LPA), particularly when measured by accelerometry. The ActiGraph

accelerometer (used in the correlates study in this thesis) does not measure
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posture (i.e., sitting versus standing) and hence, as discussed in Section 2.5.3,
sedentary time may have been misclassified as LPA in that study. Related to this,
subgroup analyses in the systematic review in this thesis showed that
interventions utilising a high cut point to classify sedentary time had a significant
overall effect, whereas those using a low cut point did not. As discussed above,
the studies using a high cut point likely included some LPA in their measure of

sedentary time, which may explain the significant effect.

These limitations were overcome in the RCT by using activPAL™
accelerometers, which are posture-based devices containing inclinometers and
hence provide a valid and reliable measure of time spent sitting/lying (Davies et
al. 2012; Janssen et al. 2013b). It is important to note that ActiGraph and
activPAL™ estimates of sedentary behaviour in preschool children have been
shown to be similar at a group level (75% compared to 79% of waking hours
spent sedentary as measured by the ActiGraph and activPAL™, respectively)
(Martin et al. 2011). Hence, the use of both of these tools in this thesis is
appropriate. An additional strength of the RCT is that a wide range of parent-
reported measures of sedentary behaviour were also assessed to provide
information on the context and the different types of sedentary behaviours young
children perform. These included time spent sitting down, time spent in situations
that restrict movement, and time in a number of individual screen behaviours,
which provides information unattainable from objective measurement tools. The
inclusion of these subjective measures, in addition to an objective assessment of
sitting time, means that children’s sedentary behaviour was measured

comprehensively in this thesis.
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A further limitation of the use of objective measures of sedentary behaviour in
young children is that, as discussed in Section 2.5.3, they do not distinguish
between types of sedentary behaviours or provide contextual information. Many
sedentary behaviours, such as reading, drawing, and quiet play, are of crucial
importance to young children’s development (Carson et al. 2015; De Temple &
Snow 2003; Tunks 2009) and should be encouraged. Switching from “non-
productive’ sedentary behaviours (such as television viewing) to more productive
ones (such as reading) may have beneficial developmental outcomes, but result in
a negligible change in total sedentary time. This will be important for future

research of young children’s sedentary behaviour to consider.

It is also important to acknowledge that the importance of total sedentary time in
young children is unclear. In addition, although evidence suggests that there are
detrimental health outcomes associated with television viewing, the mechanisms
through with television impacts health are unknown. The majority of sedentary
behaviour research in early childhood to date has focused on television viewing as
a proxy for sedentary behaviour; however, it is possible that the detrimental effect
of television viewing may have little to do with its sedentary nature. Some
research suggests that the dietary outcomes associated with television viewing
(Ford, Ward & White 2012), or television food advertising exposure (Andreyeva,
Kelly & Harris 2011), could be the mechanism to poor health. Despite this, it is
still important to understand young children’s sedentary behaviour (including
total sedentary time). Given that sedentary behaviours have been shown to track,
and are associated with numerous detrimental health outcomes later in life, it is
essential to help children establish healthy habits from a young age.
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A major strength of the RCT in this thesis is that the Mini Movers intervention
was developed based on a comprehensive review of existing sedentary behaviour
interventions (Chapter Three) and incorporated factors found to be associated
with young children’s sedentary behaviour from Chapter Five. Additionally, the
intervention strategies were developed based on social cognitive theory (Bandura
1986) and specific behaviour change mediators from the CALO-RE taxonomy of
behaviour change techniques (Michie et al. 2011) were targeted. Evidence
suggests that interventions are more likely to be effective if they are theoretically
grounded (King et al. 2002) and are closely aligned with behaviour change
techniques (Michie et al. 2013). However, interventions in the early childhood
population mostly neglect to use theory to inform their strategies (Hesketh &
Campbell 2010). Thus, this study addresses an important gap in the existing

literature.

A further strength of this thesis is the comprehensive process evaluation of the
Mini Movers intervention. Process evaluation can help to understand how specific
program elements may have impacted on outcomes (Saunders, Evans & Joshi
2005). A wide range of measures were included, covering recruitment and
retention, intervention delivery and fidelity, participant engagement in the
intervention, and acceptability. Qualitative interviews were undertaken to provide
a more comprehensive understanding of parents’ views of the intervention, some

of which would not have been elicited from quantitative questions alone.
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The development of a potentially scalable, wide-reaching intervention is an
additional strength of the RCT. Traditionally, health promotion programs have
tended to focus primarily on efficacy, with little thought given to the long term
sustainability of interventions (Shediac-Rizkallah & Bone 1998). It is important
for researchers to focus on designing and implementing interventions that are
feasible, efficacious, and scalable in the long-term. Text messages are a wide-
reaching, low-cost channel for the delivery of health behaviour programs,
particularly given the rapid and wide adoption of mobile phones across most adult
age and demographic groups (Atun & Sittampalam 2006). Although one-on-one
goal-setting was provided in person or over the phone in this intervention, future
interventions (including future iterations of this intervention) could include an
online goal-setting component to minimise researcher time and cost. Online goal-
setting has been used successfully in a pilot online healthy lifestyles program
delivered to parents of preschool children (Jones et al. 2011). Scalability and
sustainability were considered from the outset when planning and designing the
intervention (e.g., by utilising mobile telephone technology), making the potential

translation to a larger-scale program possible.

8.3 Future research recommendations and directions

This thesis has identified a number of key opportunities for future research in the

field of early childhood sedentary behaviour, which are discussed below:

e Additional research examining sedentary behaviour other than screen time in
early childhood is needed. Limiting the amount of time spent restrained is

included in sedentary behaviour guidelines in a number of countries
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(Australian Government Department of Health 2014; New Zealand Ministry
of Health 2017; Tremblay et al. 2012b; UK Department of Health 2011) and
included in the recent sedentary behaviour terminology paper (Tremblay et
al. 2017). Therefore, it is necessary for future research to develop and include
a validated measure of this behaviour in studies undertaken during early
childhood to explore the prevalence and compliance with guidelines.
Investigating potential correlates of time spent restrained that could be

targeted in interventions should also be a focus of future research.

A number of behaviours that may be performed whilst sedentary are
important for children’s overall cognitive development, e.qg., sitting and
reading (Carson et al. 2015). These should also be considered in future
research of sedentary behaviours. It may be that there are different correlates
of these types of sedentary behaviour, and interventions could include
strategies to promote time in these behaviours which may potentially displace

time spent in less beneficial sedentary behaviours.

Future research should focus on including a wider range of potential
correlates specifically related to sedentary time. Extending research and
identifying additional correlates of young children’s sedentary/sitting time
would help improve the ability to effectively target children’s sedentary time

in future interventions.

Devices available for children to engage in screen time evolve and change
quickly. There will be a need for future research to ensure that measures of
screen time capture this frequent change to ensure knowledge keeps pace
with technology. Further, it will be important for future research to consider

new technologies and their place in children’s lives (e.g., in early childhood
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curriculum or for video calling). Making the distinction between harmful
screen time (e.g., “passive” television viewing) versus more interactive and
potentially beneficial screen time (e.g., using tablet computers for reading or
social interaction) will be necessary to determine the impact of specific types
of uses on outcomes of interest. Future research should aim to determine the
health impacts of using screens in diverse ways, to help identify which

behaviours are detrimental and should be targeted in interventions.

A full scale RCT is warranted in future. There are a number of suggestions

for future interventions identified in this thesis that should be considered:

o Future interventions should recruit larger samples and stratify
recruitment across sociodemographic areas to ensure that a
heterogeneous sample is recruited, to determine whether the
intervention is effective for parents across a range of

sociodemographic characteristics.

0 There is the need for an adequately powered RCT that allows
mediation analyses to confirm which strategies explain behaviour
change. Moderation analyses should also be considered to

determine for whom the intervention is or is not effective.

o Future research should include longer term follow-up to determine
whether changes in behaviour are sustained (e.g., one to two years
post-intervention). The impact on child health and developmental
outcomes should also be considered, as well as potential broader

impacts on the parents or the family as a whole.
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o It will be important for future studies to consider different
strategies to increase compliance with intervention strategies

among varying samples.

o Future interventions could consider tailoring strategies to
individual families. For example, strategies could be tailored
depending on the number of children in the family (include
strategies that target the whole family), or parent employment

status (sending text messages when parents are not at work).

8.4 Practical implications from this thesis

The findings from this thesis may also be useful for parents and policy makers.
Although not a focus of this thesis, some of the findings may also be applicable to
early childhood practitioners (e.g., in child care centres, preschools, or other early
childhood groups such as playgroups). Suggestions and recommendations are

outlined below:

e Within the home environment, parents should have rules around the amount
of time their young children are allowed to use screens per day, and should
also consider implementing screen-free days. The amount of time their
children spend engaging in screen-based behaviours should be monitored

(e.g., using a chart) to ensure that the rules are adhered to.

e To increase opportunities for young children to reduce sitting time, parents
should encourage children to stand up whilst doing activities traditionally

done sitting down (e.g., arts and crafts, puzzles). Alternatively, making
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changes to the environment, such as taking chairs away from tables, could be

implemented to reduce sitting time.

Childcare centres, preschools and playgroups are an ideal avenue through
which to provide parents with educational content around screen time and
other sedentary behaviours, including the health outcomes, guidelines for
sedentary behaviour, and suggestions for alternative activities. Parents in the
RCT in this thesis reported high usefulness and relevance of the Mini Movers
booklet, suggesting that they are interested in and eager to receive this type of

information.

When safe to do so, parents of young children should minimise the use of
prams/strollers and encourage children to walk, ride a bike or use a scooter to
travel to local destinations as frequently as possible. In addition, other
situations that restrict movement should be minimised or broken up to reduce

prolonged periods of sitting.

8.5 Conclusion

The findings presented in this thesis provide insight into a growing area of

research investigating sedentary behaviour in early childhood. A novel

intervention was developed based on findings from previous interventions, a

cross-sectional examination of correlates of sedentary behaviour in preschool

children, and guided by appropriate theory. Findings from the intervention

suggest that the text message delivery mode was feasible and acceptable for

parents of young children, and efficacious in reducing screen time. Promising
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results were also demonstrated for other outcomes, including objectively-assessed
sitting time which has seldom been measured in this age group. Lastly, the
intervention has the ability to be scaled up and widely disseminated. There is a
continued need for future research to investigate feasible, effective and scalable
interventions to promote healthy sedentary behaviour habits in young children,
and a need for public health programs to target these behaviours in this population

at scale.
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Appendix A: Individual, social and
physical environment level correlates of
sedentary behaviour identified in

previous literature
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Appendix D: Internal reliability for

summed items included in Paper Two




Table D1. Internal reliability for summed items included in Paper Two

Variable Description Number  Cronbach’s
of items alpha
Child active co-participation preferences (e.g., child is active by 4 0.63*
him/herself, child is active with his/her friends)
Child prosocial physical activity behaviour (e.g., asks for opportunities 5 0.60*
to be active)
Child preferences for sedentary behaviour (e.g., more likely to watch 3 0.38*
TV than be active)
Child constraints to physical activity 10 0.77
Parental concerns about physical activity and sedentary behaviour 4 0.80
Parental constraints to child’s physical activity 6 0.70
Parental self-efficacy to support physical activity 2 0.83
Parental self-efficacy to limit sedentary behaviour 3 0.73
Parental health knowledge/beliefs of child's physical activity 3 0.77
Parental rules to limit screen time 2 0.76
Parental rules about games inside (e.g., no throwing balls inside) 2 0.73
Parental rules about physical activity for stranger danger, traffic, injury 2 0.41*
Parent allows child to play freely in backyard/street 2 0.09*
Child is active at social gatherings 3 0.12*
Neighbourhood playground suitability (e.g., equipment, shade, safety) 6 0.90
Neighbourhood constraints to active transport (e.g., busy roads) 7 0.75

Notes: *for these variables with low internal reliability, a decision was made to still include them in
analyses as the constructs made sense conceptually



Appendix E: HAPPY Study questionnaire




The HAPPY Study

Healthy Active
Preschool Years

2009

Parent/Carer name;

Child name:

If you have any questions contact Janina Chapman or Dejan Mrkic on 9244 5019




IMPORTANT INSTRUCTIONS -
PLEASE READ

Thank you for taking the time to complete this survey. We would like the main carer of the child named on the
front of this survey complete it. It will take you approximately 30 minutes to complete, although this may vary
depending on your answers. Once you have finished your survey, please place it in the envelope provided and
return it with your preschool child to the centre you collected it from by the date shown in the enclosed
information.

We will refer to your child who is participating in this study as ‘your preschool child’. This does not mean that your
child has to attend preschool to be included in the study. In fact, we would like to include as many children as
possible who do not attend preschool. We use this term to refer to children aged three to five years who have not
yet started school.

Throughout this survey, we will refer to some terms that you will need to understand. These terms are:

® ‘physical activity’ — by this we mean when your preschool child is participating in active play, walking or
cycling to places, sport or exercise. This includes time at playgrounds or other play spaces (including
beaches and indoor play spaces), time outdoors in the backyard, and any other time inside when your
preschool child is being active.

® ‘your local neighbourhood’ - by this we mean your suburb or the local area in which you live.

® ‘preschool’ — by this we mean either the preschool or kindergarten that your preschool child attends.
Preschool generally has a structured program where children attend on specific days of the week for a
set period. Preschool is often considered to help children get ready for formal schooling, and usually
only caters for children aged three to five years. This is quite different from ‘childcare’.

® ‘childcare’ — by this we mean regular child care in a centre or family day care environment, which might
be where your preschool child attends while you work or study, or do other activities without your
preschool child. Childcare is often available from early morning until early evening. Childcare can cater
for children from around six weeks of age until school age. Even if your child's childcare centre runs a
preschool program, we still consider this to be childcare.

® ‘playgroup’ — by this we mean an informal session where mums, dads, grand parents, caregivers,
children and babies meet together in a relaxed environment. Activities at playgroup are generally either
free or low cost, and parents and caregivers stay to interact with the other adults and to play with the
children. Playgroups cater for children from 0-5 years of age.

Please answer each question by ticking or circling the most suitable option. Where you are asked to write an
answer please read the question carefully and answer the best you can in the space provided. If you are unsure
about how to answer a question, please choose the answer that best reflects how you feel.




When marking your answers on the survey, please clearly tick or circle your response so we can easily see
which answer you chose. For example:

When asked to tick your answer, please do so like this:

O] Yes M No

When asked to circle your answer, please do so like this:

Strongly
disagree4

Neither agree
nor disagrees

Strongly Not

Disagreey Agrees Don't knowg applicable;

Agreey

If you make an error, please clearly cross out the incorrect answer and choose the correct answer. For example:

Strongly
disagree4

Strongly , Not
Agrees selifiuens applicabley




Section A: About you

Please write today’s date: __1__1200_

Al. How old are you? years

A2. What is your sex? (Please tick ONE)

|:|1 Male |:|2 Female

A3. What country were you born in? (Please tick ONE)

|:|1 Australia |:|2 UK or Ireland
|:|3 Italy |:|4 Greece
Cd 5 Netherlands DG Germany
|:|7 New Zealand |:|3 Vietnam
I:lg Poland |:|10 Other (please specify)
A4, How tall are you without shoes? (provide your best guess if you are not sure)
centimetres OR feet and inches
Ab. How much do you weigh without clothes or shoes? (Provide your best guess if you are not sure. If you

are currently pregnant, please provide your pre-pregnancy weight))

kilograms OR stone and

AG. What is your highest level of schooling? (Please tick ONE)

D1 No formal qualifications

O 2 Year 10 or equivalent (e.g. School Certificate)

| 3 Year 12 or equivalent (e.g. Higher School Certificate)

D4 Trade/apprenticeship/certificate (e.g. hairdresser, chef, plumber)
O] 5 Diploma (e.g. Business/Accounting)

D6 University degree

D7 Post-graduate qualification (e.g. Graduate Diploma, Masters,PhD)

pounds




AT.

AS8.

A9.

A10.

All.

Al2.

Are you currently: (Please tick the ONE you spend most time in)

[, Employed full time
|:|2 Employed part time
|:|3 Home-duties full time
|:|4 A student

Cd 5 Retired

|:|6 Unemployed

|:|7 Other (please state)

What is your current marital status? (Please tick ONE)

|:|1 Married |:|2 De factolliving together
] 3 Separated |:|4 Divorced
Cd 5 Widowed |:|6 Never married

Do you own a dog? (Please tick ONE)
|:|1 Yes |:|2 No

How many cars are there in your household? (Please write the number)

cars

Do you have a disability or suffer from poor health? (Please tick ONE)
D1 Yes |:|2 No

If yes, please describe:

Do you or your partner have a Health Care Card or Pension Card (from Centrelink)? (Please tick
ONE)

D1 Yes Dz No



Your free time

In this section we want you to think about the physical activities you do in your free time in a typical
week. These questions are about that time when you are NOT WORKING OR DOING CHORES.

A13. Ina TYPICAL WEEK HOW MANY TIMES do you usually do vigorous physical activity which makes
you breathe harder or puff and pant, for at least 10 minutes continuously? (eg tennis, jogging, cycling)
(Please write the number)

times

Al4. Please estimate the TOTAL AMOUNT OF TIME that you usually spend doing vigorous physical
activity in a TYPICAL WEEK (Please write the number)

hours and minutes

A15. Ina TYPICAL WEEK, HOW MANY TIMES do you usually walk or do other moderate physical activity,
for at least 10 minutes continuously? (eg gardening, walking the dog, golf, lap swimming) (Please
write the number)

times

A16. Please estimate the TOTAL AMOUNT OF TIME that you usually spend doing moderate physical
activity in a TYPICAL WEEK (Please write the number)

hours and minutes

Al7. Please estimate the TOTAL AMOUNT OF TIME you usually spend watching TV and DVDs/videos
during a TYPICAL WEEK. This is when it is the main activity you are doing (eg you would not include
time when the TV was switched on and you were preparing a meal) (Please write the number)

hours and minutes




Section B: Your partner

B1.

Do you have a partner (husband/wife or de facto) who you live with? (Please tick ONE)

|:|1 Yes O 2 No - Please go to Section C

If you are not sure of the answers to any of these questions, you can ask your partner to help you.

B2.

B3.

B4.

B5.

B6.

B7.

How old is your partner? years

What is your partner's sex? (Please tick ONE)

|:|1 Male |:|2 Female

Where was your partner born? (Please tick ONE)

|:|1 Australia |:|2 UK or Ireland

|:|3 Italy |:|4 Greece

|:|5 Netherlands DG Germany

D7 New Zealand Dg Vietnam

Dg Poland |:|10 Other (please specify)

How tall is your partner without shoes? (provide your best guess if you are not sure)
centimetres OR feetand inches

How much does your partner weigh without clothes or shoes? (Provide your best guess if you are not
sure. If your partner is currently pregnant, please provide her pre-pregnancy weight.)

kilograms OR stone and pounds

What is your partner’s highest level of schooling? (Please tick ONE)

D1 No formal qualifications

O 2 Year 10 or equivalent (e.g. School Certificate)

| 3 Year 12 or equivalent (e.g. Higher School Certificate)

D4 Trade/apprenticeship/certificate (e.g. hairdresser, chef, plumber)
O] 5 Diploma (e.g. Business/Accounting)

|:|6 University degree

|:|7 Post-graduate qualification (e.g. Graduate Diploma, Masters,PhD)




BS. Is your partner currently: (Please tick the ONE they spend most time in)

[, Employed full time
|:|2 Employed part time
|:|3 Home-duties full time
|:|4 A student

Cd 5 Retired

|:|6 Unemployed

|:|7 Other (please state)

B9. Does your partner have a disability or suffer from poor health? (Please tick ONE)
|:|1 Yes |:|2 No

If yes, please describe:




Your partner's free time

In this section we want you to think about the physical activities that your partner does in his/her free
time in a typical week. These questions are about that time when he/she is NOT WORKING OR DOING
CHORES.

B10. In a TYPICAL WEEK how many times does your partner usually do vigorous physical activity which
makes him/her breathe harder or puff and pant, for at least 10 minutes continuously? (eg tennis,
jogging, cycling) (Please write the number)

times

B11. Please estimate the total time that he/she usually spends doing vigorous physical activity in a
TYPICAL WEEK (Please write the number)

hours and minutes

B12. In a TYPICAL WEEK, how many times does your partner usually walk or do other moderate physical
activity, for at least 10 minutes continuously? (eg gardening, walking the dog, golf, lap swimming)
(Please write the number)

times

B13. Please estimate the total time that he/she usually spends doing these activities in a TYPICAL WEEK
(Please write the number)

hours and minutes

B14. Please estimate the total time your partner usually spends watching TV and DVDs/videos during a
TYPICAL WEEK. This is when it is the main activity he/she is doing (eg you would not include time
when the TV was switched on and he/she was preparing a meal) (Please write the number)

hours and minutes




Section C: Your preschool child

Please think about your preschool child
as you answer these questions.

C1.

C2.

C3.

C4.

C5.

Co.

What is your preschool child’s date of birth?

(day/month/year) / /120

What is the sex of your preschool child? (Please tick ONE)

|:|1 Male |:|2 Female

How many hours per night does your preschool child usually sleep at the moment? (Please write the
number)

Write the number here: hours

How many hours does your preschool child usually sleep/nap for during the day at the moment?
(Please write the number. If your preschool child does not usually have a daytime nap, please write
0)

Write the number here: hours

Does your preschool child have a disability or suffer from poor health (including asthma)? (Please tick
ONE)

D1 Yes D2 No

If yes, please describe:

What relation are you to the preschool child involved in this study? (Please tick ONE)

D1 Mother |:|2 Father
O] 3 Stepmother D4 Stepfather
D5 Grandparent D6 Guardian

D7 Other (please specify):




Thinking about your preschool child, which of the following applies to their family situation? (Please
tick ONE)

|:|1 Both the child’s birth parents live together
|:|2 The child’s birth parents live apart
|:|3 Other family situation. Please describe:

Which of the following best describes your preschool child’s living arrangements? (Please tick ONE)

My preschool child lives with me:
|:|1 All or most of the time

|:|2 About half of the time
|:|3 Less than half of the time

How many other children aged under 18 years currently live in your house? (NOT including the child
in this study.)

Write the number here:

What are their ages and sex?
Age (years) Sex (M/F)

M/F
M/F
M/F
M/F
M/F
M/F



Being a child

C1o0. Please tell us how much you agree or disagree with these statements. (Please circle ONE response

on each line)
Strongly . NEHES Strongly

a. My preschool child is active by him/herself disagree, Disagree, B Q) Agree, agrees

disagree;

b. My preschool child is active with his/her Strongly . Neither Strongly
siblings (e.g. outdoor play, rough-and- disagree Disagree, agree or Agree, agreeg
tumble) 1 disagree,

G Neither

c. My preschool child is active with his/her Strongly Disagree agree or Agree Strongly

friends(e.g. outdoor play, rough-and-tumble) ~ disagree, 2 disagree, 4 agrees
Strong| Neither Strong|

d. My preschool child is active with his/her pets disagreéq Disagree, ~ agreeor  Agree, agree5y

disagree;

e. My preschool child is active for longer when | Neither |
with someone else than when on his/her d?st:;r;gg Disagree, agree or Agree, S;g;gg y
own 1 disagree, 5

S L Neither
f. My preschool child is competitive with other Strongly Disagree agree or Agree Strongly
children when being physically active disagree, 2 disagres 4 agrees
3
. ease tell us how often your preschool child might do the following things. (Please circle
C11 Pl tell us how oft hool child might do the following thi Pl rcle ONE
response on each line)
. Alot or

a. My preschool child asks for me/my partnerto ngyqr, Rarely,  Sometimes; mostofthe Alwayss

be active with him/her i
4
. . o Alotor

b. My prgschqol Ch"d asks histher siblings to Nevery Rarely, Sometimesg mostof the ~ Alwayss
be active with him/her fime,

c. My preschool child asks people outside our . Alotor
immediate family to be active with him/her Never, Rarely, ~ Sometimes3 mostofthe  Alwaysg
(e.g. uncles, parents’ friends) timey

d. My preschool child asks for opportunities to . Alotor
be active (eg going to the park/indoor play Nevery Rarely, ~ Sometimes3 mostofthe  Alwaysg
centre) timey

oo . Alot or

G LPIRECIREl Gl IS ElEIITD Never, Rarely, ~ Sometimess mostofthe  Alwaysg
active things around the home like gardening fimey

. My preschool child is more kel hTV Alot or

My preschool child is more fikely to watc Nevery Rarely,  Sometimes3 mostofthe  Alwayss
than be active fime,
I . Alot or

& Wpieeante) @l BB ILEY D i) Never, Rarely, ~ Sometimes3 mostofthe  Alwayss
electronic games than be active fimey

h. My preschool child is more likely to pl A lot or

- Y Preschool Child IS more Tikely 10 play Never, Rarely,  Sometimes3 mostofthe  Alwayss

inside/draw/do craft than be active time,

My child
has no
siblingsg

We have
no petsg

| do not
have a
partnerg

My child
has no
siblingsg

We don'’t
have a TVg

We don'’t
have e-
gamesg



C12. Below are some reasons that might stop your preschool child from doing more physical activity than

he/she already does. How much do you agree or disagree with each of the following statements?

(Please circle ONE response on each line)

a. My preschool child already does a lot of physical activity

b. My preschool child doesn’t have enough energy to do more
physical activity

¢. My preschool child doesn’t have enough time to do
physical activity

d. My preschool child doesn't have anyone to be physically
active with

e. My preschool child just doesn’t enjoy being physically
active

f. The right facilities are not available for my preschool child
to do more physical activity

g. My preschool child is too overweight to participate in
physical activity

h. My preschool child feels uncomfortable with groups of
children

i. My preschool child doesn’t have good enough skills (eg
kicking, throwing, catching) to do more physical activity

j- My preschool child will have more freedom and
opportunities to be active when he/she is older and more
mature

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree

Strongly
disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Neither
agree or
disagree;
Neither
agree or
disagree,
Neither
agree or
disagree,
Neither
agree or
disagree;
Neither
agree or
disagree;
Neither
agree or
disagree;
Neither
agree or
disagree,
Neither
agree or
disagree;
Neither
agree or
disagree,
Neither
agree or
disagree;

Agree,

Agree,

Agree,

Agree,

Agree,

Agree,

Agreey

Agree,

Agree,

Agree,

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees



Things your preschool child does

C13.

THINKING ABOUT THE LAST MONTH, how often does your preschool child USUALLY do the following

This question is about some of the physical activities that your preschool child might do.

physical activities during a typical WEEK? (Please circle one response for each item)

. Walk to kinder/school

. Walk to other destinations

. Walk for exercise, fun or
pleasure

. Ride a bike/scooter to
kinder/school

. Ride a bike/scooter to other
destinations

. Ride a bike/scooter for fun

. Walk the dog

. Play with the dog

i. Play in the backyard

j. Play on a trampoline, swings or

other equipment

. Use toys/ equipment such as
bats & balls in his/her play

. Swim in a pool

m. Dance to the television or music

Never/
Rarely

Never/
Rarely

Never/
Rarely

Never/
Rarely,

Never/
Rarely

Never/
Rarely4

Never/
Rarely

Never/
Rarely,

Never/
Rarely4

Never/
Rarely4

Never/
Rarely

Never/
Rarely,

Never/
Rarely4

Less than
once a
weeks

Less than
once a
week2

Less than
once a
weeks

Less than
once a
weeko

Less than
once a
week2

Less than
once a
week2

Less than
once a
weeks

Less than
once a
weeko

Less than
once a
week2

Less than
once a
week2

Less than
once a
weeko

Less than
once a
week2

Less than
once a
week2

1-2 times a
weeks

1-2 times a
week3

1-2 times a
week3

1-2 times a
weeks

1-2 times a
week3

1-2 times a
week3

1-2 times a
weeks

1-2 times a
weeks

1-2 times a
week3

1-2 times a
week3

1-2 times a
weeks

1-2 times a
weeks

1-2 times a
week3

3-4 times
aweeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
aweeky

3-4 times
aweeky

3-4 times
aweeky

3-4 times
aweeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
aweeky

3-4 times
aweeky

5-6 times a
weeks

5-6 times a
week5

5-6 times a
week5

5-6 times a
weeks

5-6 times a
week5

5-6 times a
week5

5-6 times a
weeks

5-6 times a
weeks

5-6 times a
week5

5-6 times a
week5

5-6 times a
weeks

5-6 times a
weeks

5-6 times a
week5

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

We don'’t
have a

dogy
We don't

have a

dogy



The following questions are about ORGANISED sports, games or activities that your preschool child
does during the week and on weekends. Please think about a normal week. By organised sports or
activities, we mean attending a session at a particular time with a coach, teacher, or trainer. Organised sports or
activities may or may not involve competition.

C14. THINKING ABOUT THE LAST MONTH, has your preschool child participated in any of the following
structured activities? Please tick ‘Yes’ or ‘No’ for each activity. Please also complete how many times
a week your child participates in this activity.

a. Swimming |:|1 Yes O > No times per week
b. Kindy gym/gymbaroo |:|1 Yes |:|2 No times per week
c. Dancelcallisthenics |:|1 Yes O 2> No times per week
d.  Auskick/football |:|1 Yes O > No times per week
e. Soccer |:|1 Yes O 2> No times per week

f.  Other (please specify below)

times per week

times per week

C15. During a typical week does your preschool child attend playgroup? (please tick one response)

D1 Yes DZ No - please go to question C16

If yes, how many times per week does your preschool child attend playgroup?

times




C16. Thinking about the last month, which of the following indoor LEISURE activities does your
preschool child USUALLY do during a typical WEEK?

For this question, please think about the time your child is not at preschool or childcare.

Please circle either ‘Yes’ or ‘No’ for each item.

For items you have circled ‘Yes’, please write the TOTAL time your preschool child participates in the activity
for the WHOLE working/school week (that is, Monday to Friday). Please also write the TOTAL time your
preschool child participates in the activity for the WHOLE weekend (that is, Saturday & Sunday).

If you circle ‘Yes’ for an activity and your child only participates in that activity during either the working/
school week or the weekend, please write ‘0’ in the TOTAL hours column for the period they do not do that

activity.

Here is an example

imitating TV characters)

During a typical WEEK what leisure Does your preschool child TOTAL TOTAL
activities does your preschool child usually do this activity? hours/minutes hours/minutes
usually do? (please circle ONE answer Monday-Friday Saturday & Sunday
for each)
TVivideos/DVDs @ No, 15hrs 6hrs 30mins
Playstation©® / Nintendo©/ X-Box®©/ No, 0 2hrs Omins
Gameboy©/ computer games
During a typical WEEK what leisure Does your preschool child TOTAL TOTAL
activities does your preschool child usually do this activity? hours/minutes hours/minutes
usually do? (please circle ONE answer Monday-Friday Saturday & Sunday
for each)

a. TV/videos/DVDs Yes; Nop
b. Playstation®© / Nintendo®©/ X-Box©/

Gameboy®©/ computer games Yesy No,
c. Wii™/Eye Toy Yes;  Nop
d. Computer / internet (excluding Yes;  No,

games)
e. Quiet play (e.g. Lego™, books,

train set, dolls, board games, craft) Yesy No,
f. Imaginary games (e.g. dress ups, Yes, No,




Your preschool child's outdoor playtime

Please think about a typical week for your preschool child. This might be different to today or any other
days this week, for instance, if your preschool child has been ill or you have been on holidays.

C17. Think for a moment about a TYPICAL WEEKDAY (Monday — Friday) for your preschool child IN THE
LAST MONTH. How much time would you say your preschool child spends playing outdoors on a
typical weekday? (Please write how much time in total)

Hours Minutes

C18. Now think about a TYPICAL WEEKEND DAY (Saturday — Sunday) for your preschool child IN THE
LAST MONTH. How much time would you say your preschool child spends playing outdoors on a
typical weekend day? (Please write how much time in total)

Hours Minutes

You're about half-way through and doing well.

This might be a good time to have a cuppa . . ..

)




Section D: Being a parent

Please answer these questions with your preschool child in mind.

D1. This question is about concerns you might have for your preschool child. Please indicate how much
you agree or disagree with the following concerns. (Please circle one response on each line)

. , Strongly , Neither agree Strongly
a. | am concerned that my preschool child is overweight disagree Disagree, or disagree; Agreey agrees
b. Iam concerned about my preschool child becoming Strongly Disagree, Neither agree Agree Strongly
overweight in the future disagree4 or disagree; agrees
c¢. |'am concerned about my preschool child having a Stron :

: . e . o gly , Neither agree Strongly
traffic gcmdent when he/she is being physically active in disagree Disagrees or disagree; Agreey agrees
our neighbourhood

d. I am concerned about stranger danger when my Stron :

S ) o gly . Neither agree Strongly
prgschool child is being physically active in our disagree Disagree, or disagree; Agreey agrees
neighbourhood

e. | am concerned about my preschool child getting hurt Stron ;
. e gly . Neither agree Strongly
(e.q. .fallmg ogt of a tree) when he/she is being disagree Disagreey or disagree; Agreey agrees
physically active
f. Iam concerned about my preschool child not getting Strongly Disagree, Neither agree Agree, Strongly
enough physical activity disagree/ or disagrees agrees
g. | am concerned that my preschool child watches too Strongly . Neither agree Strongly
much TV/videos/DVDs disagree Disagreez o disagrees Agreey agrees,
h. 1 am concemed that my preschool child spends too Strongly Disagree, Neither agree Agree, Strongly
much time on the computer disagree4 or disagrees agrees
i. lam concerned that my preschool child spends too Stronal Neither saree Stronal
much time playing electronic games (such as X-Box, disag?e)tle Disagree; - disagrege Agreey agreeg ’
Playstation, GameBoy) 1 3 5
D2. Please state how often the following statements apply to you and your family situation.
(Please circle one response on each line)
a. | am too tired to support my preschool child to be A lot of most
active (e.g. play outside with him/her, take Never; Rarely, Sometimes, of the time Alwaysg
him/her to park) 4
b. | have enough money to support my preschool A lot or most
child to be active (e.g. take him/her places, pay Never;  Rarely,  Sometimes; : Alwaysg
- of the time,
for activities)
c. The time | spend doing housework stops me from  \ovar. Rarel Sometimes A lot or most Alwavs
supporting my preschool child to be active 1 Y2 3 ofthe time, ¥Ss
d. The time I spend working stops me from N Rarel Someti A lot or most Al | don't
supporting my preschool child to be active SVeTy  Tarelp  SOMEAMESs ot thetime, U5 workg
e. Looking after my other child/ren stops me from A lot or most | dont
' g y P Never; Rarely, Sometimes, Always;  have other

supporting my preschool child to be active of the time,

childreng



f. lalways have a car available when | want to take A lot or most

Neve Rarel Sometimes , Always

my preschool child somewhere to be active ver Y2 ME3 ofthe time, " oYo5

g igizgi;fgs;to get to places for my preschool child Never, Rarely, Sometimes; A(\)flct)rt]grtinr:]zst Alwaysg
4

h. | feel confident that | have the skills to supportmy Rarel Somet Alot or most Al

preschool child to be active GVery  harelyy  SOMEIMESs o the time, " 05
i. No matter how | feel, | always make sure | give N Rarel i Alotormost

my preschool child opportunities to be active overy  Rarely,  Sometimes; ¢ ne time, oY%
D3. This question is about some of your preferences for the types of physical activities your preschool

child does. (Please circle one response on each line)
. : Neither

a. | prefer to take my preschool child to indoor play centres Strongly Disagree, agreeor Agree STl

than to outdoor play spaces disagree, 2 disagree, 4 agrees
b. | take my preschool child to different places for him/her to Strongly Neither Strongly

be active in because | like the variety even if he/she is Disagree, agreeor  Agree,

disagree . agree
happy to go to the same place all the time gree disagree, grees
c. | am happy to sit and watch my preschool child play in Stronal Neither Stronal
outdoor play spaces for as long as he/she wants to be disagrgg Disagree, agree or  Agreey agreg g
there 1 disagree, 5
Neither
d. | like to participate with my preschool child when he/she Strongly Disagree agrée or  Agree Strongly
is playing in outdoor play spaces disagree, 2 disagree, 4 agrees
Neither
e. | prefer to be social with other parents when my Strongly Disagree, agreeor  Agree Strongly
preschool child is playing in outdoor play spaces disagree, & disagree, 4 agree;
Neith
f. I get bored watching my preschool child play in outdoor Strongly Disagree ag?(laeec:r Agree Strongly
play spaces if there is nothing else for me to do disagree, 2 disagree, 4 agree;
Neith
g. | like my preschool child to do the activities my older Strongly Disagree ag?cla,eeorr Agree Strongly Not
children do/did disagree, 2 disagree 4 agree; applicableg
Neither
h. I like my preschool child to do the activities | did as a Strongly Disagree agr;,e or  Agree Strongly
child disagree, 2 disagree 4 agrees
Neither
i. |getbored going to the same place for my preschool Strongly Disagree agrtlee or  Agree Strongly
child to be active disagree, 2 disagrees 4 agrees
Neither
j. Itis important to me that we spend time being physically Strongly Disagree agnlee or  Agree Strongly
active together as a family disagree, 2 4 agree;

disagree,



D4. How confident are you that you could do the following over the next year? (Please circle one response
in each line):

a. Getmy preschoql child t.o.participate in at least Not at all Slightly Moderately Very Extremely
902 eV G AL ] EC I e CE @i e confident;  confident,  confident;  confident,  confidents
next year

b. Get my preschool child to participate in a range of ~ Not at all Slightly Moderately Very Extremely
physical activities over the next year confident;  confident,  confident;  confident,  confidents

c. Get my preschool child to be active when he/she Not at all Si
) . , ghtly Moderately Very Extremely
;erfk'ng DURED IR DT [ confident; ~ confident,  confident;  confident,  confidents

d. Get my preschool child to be active when he/she Not at all Slightly Moderately Very Extremely

wants to play on the computer or play electronic

games over the next year confident; ~ confident,  confident;  confident,  confidentg

e. Limit my preschool child’s screen-based .
entertainment (TV/video/DVD/computer/electronic ~ Not at all Slightly ~ Moderately Very Extremely
games) to less than 2 hours on any day over the confident;  confident,  confident;  confident,  confidents
next year

f.  Say no to my preschool child's requests to play Not at all Slightly
on the computer or electronic games over the
next year

Moderately Very Extremely
confident; ~ confident,  confident;  confident,  confidents



Your beliefs and behaviours

D5.

Do.

response in each line):

. | think that my preschool child should do at least one
hour of activity every day

. | am satisfied with the amount of physical activity my
preschool child does

. | would like my preschool child to do more physical
activity

. My preschool child does enough physical activity to
keep him/her healthy

. My preschool child does enough physical activity from
preschool/kinder/childcare for the whole day on days
when he/she attends, even if he/she is only there for a
few hours

. The amount of TV my preschool child watches would
not affect his/her health

(Please circle one response on each line)

. | limit how much time my preschool child is allowed to
spend watching TV

. I limit how much time my preschool child is allowed to
spend using computer and electronic games

. My preschool child is not allowed to throw balls or play
ball-games inside the house

. My preschool child is not allowed to play rough games,
like rough-and-tumble or running, inside the house

. | have rules about physical activity to protect my
preschool child from other people (eg not allowed
outside the home yard on his/her own)

. | have rules about physical activity to stop my
preschool child from hurting him/herself (eg no
climbing trees)

. | have rules about physical activity to protect my
preschool child from accidents with traffic (eg always
holding adult hand near roads)

Strongly
disagree;

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree;

Strongly
disagree,

Strongly
disagree;

Strongly
disagree,

Strongly
disagree;

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Neither
agree or
disagree;

Neither
agree or
disagree,

Neither
agree or
disagree,

Neither
agree or
disagree;

Neither
agree or
disagree,

Neither
agree or
disagree;

Neither
agree or
disagree;
Neither
agree or
disagree;
Neither
agree or
disagree;
Neither
agree or
disagree,
Neither
agree or
disagree;
Neither
agree or
disagree,
Neither

agree or
disagree;

Agree,

Agree,

Agree,

Agree,

Agree,

Agree,

This question is about some of the boundaries that you might have for your preschool child.

Agree,

Agree,

Agree,

Agree,

Agree,

Agree,

Agree,

Please tell us how much you agree or disagree with the following statements. (Please circle one

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees




Neither

h. My preschool child is able to play freely in the Strongly Di A Strongly
backyard whenever he/she wants to disagree, 15a0ree2 d?g;;?e(;; orees agrees

. - . Neither

i. My preschool child is able to play freely in the street Strongly Disagree agreeor  Agree Strongly
whenever he/she wants to disagree, 2 disagrees 4 agrees

: . . - Neither

j. 1 take my preschool child outside to play if I think Strongly Disagree agree or Agree Strongly
he/she has been inside for too long disagree, 2 disagree, 4 agrees

D7. This question is about how much you let your preschool child choose their own activities. Please think

about the types of things you might do or the things you might let your preschool child do, when
answering this question. (Please circle one response on each line)

QO

. | switch off the TV if I think my preschool child
is watching too much

b. | switch off the computer/internet if | think my
preschool child is using it too much

c. | switch off electronic games if | think my
preschool child is playing too much

d. If I did not guide or regulate my preschool
child’s activity levels, he/she would not be as
active as he/she should be

e. If1did not guide or regulate my preschool
child’s TV watching, he/she would watch too
much

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree,

Strongly
disagree;

Disagree,

Disagree,

Disagree,

Disagree,

Disagree,

Neither
agree or
disagrees

Neither
agree or
disagree,

Neither
agree or
disagrees

Neither
agree or
disagree;

Neither
agree or
disagrees

Agreey

Agree,

Agree,

Agree,

Agree,

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Strongly
agrees

Not
necessary
for my
childg

Not
necessary
for my
childg

Not
necessary
for my
childg



Section E: Friends and family

El. How often do you attend social gatherings where other adults and children (in addition to those in your
immediate family) are present? These may be at your home, someone else’s home, in a park or
playground or other venue. (Please tick one response)

|:|1 Never (go to question E3)

[ 20Once a month or less

O] 30nce every fortnight

|:|4 Once a week

|:|5Two or more times a week

E2. This question is about what happens at social gatherings you attend. (Please circle one response on
each line)
a. When we are at social gatherings (friends, family) Never/ : Alot or most Al
children and adults are usually active together rarely, SOMEAIMeS of he times "arSy

b. When we are at social gatherings (friends, family)

Never/ . A lot or most
children are usually active with each other while rarel Sometimes, , Always,
. 2 of the time,
adults are not active
c. When we are at socigl gatherings (friends, family) Never/ Sometimes, A lot or.most Always,
no one is usually active rarely, of the time
E3. How often are the following people physically active with your preschool child?
(Please circle one response on each line.)
Person How often the person plays with your preschool child
a You Never/ Liiscéh:n 1-2timesa  3-4times 5-Gtimesa Dailyg
' Rarely4 week weeks a weeky weeks
b Y " Never/ L((e;sc(teh:n 1-2timesa  3-4tmes 5-Gtimesa Dail | do not have
- vourpariner Rarely week;  aweek;  weeks Y a partner;
week2
- Never/ CEINIE 1-2timesa  3-4tmes  5-Gtimesa . MY TR
c. Siblings once a Dailyg child does not
Rarely4 weeks a weeky weeks o
weeko have siblings;
Never/ Less than 1-2timesa  3-4tmes  5-6timesa
d. Whole family together Rarely once a weeks a week, weeks Dailyg
weeky
. Never/ Less than 1-2timesa  3-4times 5-6timesa . MY ACEEZ]
e. Cousins once a Dailyg child does not
Rarely4 weeks a weeky weeks ]
weeko have cousinsy
My preschool
t Undl Jl Never/ Lizsé;h:n 1-2timesa  3-4tmes  5-6timesa Dai child does not
- Uncles and/or aunts Rarely, week weeks aweeky weeks Y6 have uncles

or auntsy



E4.

. Grandparents

. Your or your partner’s
friends

i. Children of your or your

partner's friends

j. Children in the

neighbourhood/ your
preschool child’s friends
(when not at preschool/
kinder/childcare)

. Other (please state
relationship to your
preschool child

)

. Other (please state
relationship to your
preschool child

)

Never/
Rarely4

Never/
Rarely,

Never/
Rarely

Never/
Rarely4

Never/
Rarely

Never/
Rarely

Less than
once a
weeks

Less than
once a
week2

Less than
once a
week2

Less than
once a
weeky

Less than
once a
week2

Less than
once a
week2

1-2 times a
weeks

1-2 times a
weeks

1-2 times a
week3

1-2 times a
weeks

1-2 times a
week3

1-2 times a
week3

3-4 times
a weeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
a weeky

5-6 times a
weeks

5-6 times a
weeks

5-6 times a
week5

5-6 times a
weeks

5-6 times a
week5

5-6 times a
week5

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

Dailyg

active? (e.g. take him/her to places to be active, provide money for participation, buy sports

clothing/equipment/toys). (Please circle one response on each line.)

Person

a. You

. Your partner

. Other (please state
relationship to your
preschool child

)

. Other (please state
relationship to your
preschool child

)

How often the person provides practical support to your preschool child

Never/
Rarely4

Never/
Rarely,

Never/
Rarely4

Never/
Rarely,

Less than
once a
week2

Less than
once a
weeky

Less than
once a
weeky

Less than
once a
weeky

1-2 times a
week3

1-2 times a
weeks

1-2 times a
weeks

1-2 times a
weeks

3-4 times
a weeky

3-4 times
aweeky

3-4 times
a weeky

3-4 times
aweeky

5-6 times a
week5

5-6 times a
weeks

5-6 times a
weeks

5-6 times a
weeks

Dailyg

Dailyg

Dailyg

Dailyg

My preschool
child does not
have
grandparents;

My and my
partner’s
friends do not
have
childreny

How often do the following people provide practical support for your preschool child to be physically

| do not have
a partnery



E5. How often do the following people provide praise or encouragement to your preschool child for being
physically active? (e.g. say positive or encouraging things to him/her, seem happy that he/she does
something active). (Please circle one response on each line.)

Person How often the person provides praise or encouragement to your preschool child
Less
v Never/ than 1-2timesa 3-4timesa 5-6times Dai
a. You Rarely once a weeks weeky a weeks, Y
week2
Less
b Y rt Never/ than 1-2timesa 3-4timesa  5-6times Dai I do not have
- yourpartner Rarely, once a weeks weeky a weeks Y6 a partnery
weeky
her (pl lationshi Less
c. Other (please state re ationship Never/ than 1-2timesa 3-4timesa  5-6 times Dai
0 7o o) il Rarely once a weeks weeky a weeks Y
) week2
0 . , Less
d. Other (pIeasehstaltehrltle(;anonshlp Never/ than 1-2timesa 3-4timesa 5-6times Dai
to your preschool chi Rarely4 once a weeks weeky a weeks Y
) weeky
Eo. Please tell us how your preschool child sees other people being physically active. (Please circle one
response on each line)
) ) Once a . : 6 or more
a. My preschool child sees me being Never/ fortnight or Oncea 2-3times 4-5timesa ",
active rarely, less, weeks  aweek, weeks week
) Once a . . 6 or more | don't
b. My preschool child sees my partner Never/ fortnight or Oncea 2-3times 4-5timesa times a have a
bemg active rarely1 |€SSZ week3 a Week4 Week5 week6 partner7
, : Once a . . 6 or more Ly Ch",d
¢. My preschool child sees his/her older ~ Never/ fortnight or Oncea 2-3times 4-5timesa “ doesn't
siblings being active rarely, less weeks aweek, weeks week have older
2 6 siblings;
d. My preschool child sees other Never/ Once a Oncea 2-3times 4-5tmesa 0.0 More
children (e.g. friends, cousins) being 5oy fortnightor k4 week week times a
active f less, 3 4 5 weekg
e. My preschool child sees other adults  \ayer/ On.ce a Oncea 2-3times 4-5times a 6 or more
(e.g. uncles/ aunts, teachers) being 5rg)y. fortnight or week;  aweek,  weeks times a
active less, weekg
f. My preschool child sees people Never/ Once a 0 2.3 1i 45 6 or more
being active on the TV/video/DVD ra?ZK/r fortnight or Wr;ceia 4 Wérgke S we”:I? 58 fimesa
(e.g. dancing, sport) f less, 3 4 5 weekg

You're doing really well . . . just a few more questions . . .



Section F: Your home

F1. Please think about the types of toys and equipment that your preschool child has available at home to
be physically active with. (Please circle ONE response for each item.)

a. Balls (footballs, basketballs,

tennis balls, baseballs) yess
b. Basketball ring yes,
c. Bats, racquets, golf clubs yes,
d. Billy cart yes,
e. Bowls (ten pin, skittles) yes,
f. Climbing equipment/trees

suitable for climbing yes1
g. Cubby house yes,
h. Frisbee yes,
i. Gardening tools (appropriate

for child to use) yess
j. Pool or beach toys yes,
k. Roller blades or roller skates yes,
|. Safety equipment for activities

(eg bike helmet, knee guards, yes4

etc)
m. Sand pit yes,

(o))

No9
1[0))

No9

[0

Noy

(o)

Noy
(o)

Noy

(o))

NO9

1[0))

. Scooter

. Skateboard
. Skipping rope
. Slide

. Soft balls and other toys for active

indoor play

. Swimming/wading pool

. Swings

. Table tennis table, bats & balls
. Trampoline

. Tricycle/bicycle

. Volleyball/badminton net

. Other (Please specify

. Other (Please specify

yesy

yesy
yesy

yesy

yesy

yesy

yesy

yesy
yesy

yesy

yesy

yesy

yesy

no,

no,
no,

noy

no,

noy

No,

noy
No,

noy

No,

no,

no,

Please tell us about your yard where your preschool child is able to play. This may be your front yard,
your back yard, or your combined front and back yards.

F2. How big is your yard? (Please tick ONE)

4 novyard atall
Oy no private yard

O3 asmall yard (eg unit or courtyard)
Oy amedium yard (eg standard block of land)
U5 alarge yard (eg s acre block or larger)

F3. Which of the following do you have at your home? (Please tick as many as apply)

04 front fence

O, covered area outdoors (eg patio, decked area, garage, carport)
L5 indoor play areas (eg rumpus room, family room)
4 none of the above




F4. Do you live on a cul-de-sac, court or no-through road? (Please tick ONE)

Oy yes Oy no

Please think about the electronic equipment you have in your home.

F5. Which of the following do you have in your home? (please circle one response for each item)
. Do you have this toy/ . Do you have this toy/
Equipment/toy squipment Equipment/toy equipment
a. Video/DVD player yes, no, e. Internet access yes, noy
b. TV yes;  noy f. Wiileye-toy yes;  no,
¢. Desktop (PC or g. Playstation©/X-Box©/
Macintosh) computer yesy o Gameboy©/Nintendo® yesy o
h. Other electronic equipment

d. Laptop computer yes, no, (please specify) yes, noy

Fo. How many functioning TVs do you have in your house? (Please write the number.)

F7. Does your preschool child have a TV in his/her bedroom? (Please tick ONE)

D1 Yes D2 No
F8. Does your preschool child have a computer or electronic games (e.g. Playstation©/X-box©) in his/her

bedroom? (Please tick ONE)

D1 Yes D2 No



Section G: Your local neighbourhood

For this section, please think about
your suburb or the local area where you live

Gl1. Think about the playgrounds in your local neighbourhood. How much do you agree or disagree with
the following statements? (Please circle ONE response on each line.)

a. There are many playgrounds in our local Strondl Neither Strondl
neighbourhood that are suitable for my preschool child disagrgg Disagree, ~ agreeor  Agree, agreg 4
to play in 1 disagree, 5
b. The playgrounds in our local neighbourhood haveya Strongly . Neither Strongly
variety of equipment so my preschool child doesn’t get disagree Disagree,  agreeor  Agree, agree
bored 1 disagree, 5
¢. The playgrounds in our local neighbourhood have Strondl Neither Stronal
equipment suitable for my preschool child’s age and dis!aogr;gg Disagree,  agreeor  Agree, agr;?(ra]g y
abilities ! disagree; >
d. The playgrounds in our local neighbourhood have play gy Neither Stronal
equipment that is safe for my preschool child to play dis;c;r:gg Disagree,  agreeor  Agree, agrg?gg y
on L disagree, 5
Neith
e. The playgroupqs in our local neighbourhood have Strongly Disagree, ag?claeec:r Agree, Strongly
adequate facilities (such as shade, seating, fences) disagree, disagree, agrees
f.  The playgrounds in our local neighbourhood are free Stronal Neither Stronal
from things such as litter, graffiti, vandalism and dog disagrgg/ Disagree, ~ agreeor  Agree, agreg /
droppings 1 disagree; 5
Neither
g. The playgrounds.in our local neighbourhood are well Strongly Disagree, agr«lee or  Agree, Strongly
used by other children disagree, disagree, agrees
Neither
h. My preschoo! child is gafe from strangers in Strongly Disagree, agrtlee or  Agree, Strongly
playgrounds in our neighbourhood disagree, agrees

disagree,




G2. This question is about moving around your local neighbourhood. How much do you agree or disagree
with the following statements? (Please circle one response on each line.)

a. There are major barriers to walking/ cycling that make it tronal Neither ronal
hard for my preschool child and | to get from place to dSiS;c;r:gg Disagree, ~ agreeor  Agree, Sa;;]g y
place (eg major roads, steep hills) 1 disagrees 5

b. My preschool child and | would have to cross a busy Strondl Neither Stronal
road/major highway to get to areas where he/she can dis;%r;gg Disagree,  agreeor  Agreey agr;?gg y

la 1 disagree 5
play 3
Neith

c. There are no lights/crossings/ pedestrian overpasses for Strongly Disagree ag?laeeorr Agree Strongly

my preschool child and | to use disagree, 2 disagrees 4 agrees
Neith

d. There are no footpaths in our neighbourhood for my Strongly Disagree ag?tleeec:r Agree Strongly

preschool child and | to use disagree, 2 disagree, 4 agrees
Neith

e. My neighbourhood has walking/cycling trails suitable for Strongly Disagree ager}:ae%rr Agree Strongly

my preschool child and | to use disagree, 2 disagrees 4 agrees
Neith

f. My neighbourhood is safe for children to walk/cycle Strongly Disagree ag?tlae%rr Agree Strongly
around in the daytime disagree, 2 disagree 4 agrees
My neighbourhood is safe for child SUTelly Disagree aN(:gg(ec:r Agree STl

g. My neighbourhood is safe for children disagree, gree, g greey agrees

disagree;



G3. This question is about places your preschool child might go to be physically active. For each place
listed, please tell us how often your preschool child would usually go there. If your preschool child
never visits a particular place, please circle “never" on that line. (Please circle one response on each

line.)

Here is an example

Venue

Please circle how often your preschool child-visits this type of venue

Local playground

Playground in another area

Venue

Once a : Twice a . 5 or more
Twicea Oncea 3-4 times .
Never  month or week times a
month week a week
less week

Once a . . . 5 or more
Twicea Oncea Twicea  3-4 times .
Never ( month or times a
month week week a week
less week

Please circle how often your preschool child visits this type of venue

a. Local playground

b. Playground in another area

c. Parks/ovals (no play equipment)

d. Sports venue (eg swimming
pool)

e. Specialist outdoor activity
venues (eg Traffic School, Zoo)

f. Indoor play centre

g. Family restaurant with play area

h. Shopping centre

i. Other venue (please specify)

j- Other venue (please specify)

Oncea . , , 5 or more
Twicea Oncea  Twicea  3-4times .
Never, month or times a
monthy  week, weeks  aweekg
less, week;
Once a : , : 5 or more
Twicca Oncea  Twicea 3-4times .
Never; month or times a
monthy  week, weeks  aweekg
less, week;
n , , , r mor
Once a Twicea Oncea Twicea 3-4tmes -0 More
Never; month or times a
month, week, weeks;  aweekg
less, week;
n : , , r mor
Once a Twicea Oncea Twicea 3-4tmes °OrMore
Never; month or times a
month;  week, weeks;  aweekg
less, week;
n , , , r mor
Once a Twicea Oncea Twicea 3-4tmes -0 More
Never,;  month or times a
months week, weeks;  aweekg
less, week;
Once a , . , 5 or more
Twicea Oncea  Twicea 3-4times .
Never;  month or times a
month;  week, weeks;  aweekg
less, weeky
Once a . , , 5 or more
Twicea Oncea  Twicea  3-4times .
Never, month or times a
month;  week, weeks;  aweekg
less, weeky
Once a . . . 5 or more
Twicea Oncea  Twicea 3-4times .
Never; month or times a
month;  week, weeks;  aweekg
less, weeky
Once a . . : 5 or more
Twicca Oncea  Twicea  3-4times .
Never; month or times a
month;  week, weeks;  aweekg
less, week;
n : , , r mor
Once a Twicea Oncea Twicea 3-4times >0 Mor®
Never; month or times a
monthy  week, weeks;  aweekg
less, week;



ID

Thank you for your time

We hope to conduct similar research to this in the future, examining children’s physical activity patterns.

If you agree to us contacting you in the future, please provide your details below, and the contact details of two close
friends or relatives, not living with you, who we can contact in the event that you move house. By providing these details
you are not agreeing to participate in future research; you are giving permission for us to contact you to inform you
about future research and invite you to participate.

O Yes | agree to have my details recorded for future research, and give permission for Deakin research staff to
contact me or the nominated person below to inform me about future research. (Please tick)

My name:
My address:
Unit/House number Street name
Suburb Postcode
My phone number:
Home: Business:

Mobile:

Email:

Primary school/centre your child will attend (if known):

Suburb:
Name of two close friends or relatives (in the event | move and cannot be contacted):
1) Name: 2) Name:
Address: Address:
Phone: Phone:
Email: Email:
Relationship to you: Relationship to you:
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®
DEAKIN

UNIVERSITY AUSTRALIA

Worldly

Human Research Ethics

Deakin Research Integrity
Burwood Campus

Postal; 221 Burwood Highway
Burwood Victoria 3125 Australia
Telephone 03 9251 7123
research-ethics@deakin.edu.au

Memorandum

To: A/Prof Kylie Hesketh

School of Exercise and Nutrition Sciences

B cc: Miss Katherine Downing
From: Deakin University Human Research Ethics Committee (DUHREC)
Date: 02 June, 2016
Subiject: 2016-103

Pilot testing a program to reduce young children's sedentary behaviour

Please quote this project number in all future communications

The application for this project was considered at the DU-HREC meeting held on 18/04/2016.

Approval has been given for Miss Katherine Downing, under the supervision of A/Prof Kylie Hesketh, School of
Exercise and Nutrition Sciences, to undertake this project from 2/06/2016 to 2/06/2020.

The approval given by the Deakin University Human Research Ethics Committee is given only for the project and
for the period as stated in the approval. It is your responsibility to contact the Human Research Ethics Unit
immediately should any of the following occur:

. Serious or unexpected adverse effects on the participants

. Any proposed changes in the protocol, including extensions of time.

. Any events which might affect the continuing ethical acceptability of the project.
. The project is discontinued before the expected date of completion.

. Modifications are requested by other HRECs.

In addition you will be required to report on the progress of your project at least once every year and at the
conclusion of the project. Failure to report as required will result in suspension of your approval to proceed with
the project.

DUHREC may need to audit this project as part of the requirements for monitoring set out in the National
Statement on Ethical Conduct in Human Research (2007).

Human Research Ethics Unit
research-ethics@deakin.edu.au
Telephone: 03 9251 7123
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(e IPAN

We are seeking parents to take partin an
exciting new program!

MmN MOVErS

What is the Mini Movers program?

This program aims to support parents to reduce the amount of time their
young children spend in sedentary behaviour (e.g. TV viewing) and
increase active play.

Who can join the program?
Any parent with a child aged 2 to 4 years.

What are we asking you to do?

e Complete an online survey at the start and the end of the study

e Your child would be weighed and measured at the start of the study
and would wear an activity monitor (similar to a pedometer) for a
week at the start and the end of the study

e You would receive a booklet and text messages with simple, practical
ideas for reducing sedentary behaviour and engaging your child in
active play

You will receive a report of your child’s activity and a $20 voucher

For more information please contact Katherine on 9244 6088 or
k.downing@deakin.edu.au

Institute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences g

Deakin University, 221 Burwood Highway, Burwood, VIC 3125 ]
. DEAKIN

Tel 03 9244 6613 email ipan@deakin.edu.au www.deakin.edu.au/research/ipan L UNIVERSITY i
Deakin University CRICOS Provider Code: 00113B : ;
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2IPAN (.,

‘ ' INSTITUTE FOR PHYSICAL UNIVERSITY
— ACTIVITY AND NUTRITION

PLAIN LANGUAGE STATEMENT AND CONSENT FORM

Plain Language Statement

Date: 2016

Full Project Title: Mini Movers Program
Principal Researcher: Assoc Prof Kylie Hesketh
Student Researcher: Ms Katherine Downing

Associate Researchers: Prof Jo Salmon, Dr Trina Hinkley, Dr Jill Hnatiuk

Dear Parent,

We would like to invite you take part in our Mini Movers program which aims to support you to
help your child develop healthy habits such as active play. This program will help us to
understand how we can best support parents to learn skills that will promote children’s health. It
is being conducted by Ms Katherine Downing (PhD Candidate), Assoc Prof Kylie Hesketh, Prof Jo
Salmon, Dr Trina Hinkley (all from Deakin University) and Dr Jill Hnatiuk (from Western Sydney
University). This research will contribute towards Ms Downing achieving her PhD qualification.

What can | expect if | agree to participate?

At the start of the program we will measure your child’s height and weight. We will ask you to
complete an online survey at the start of the program, and again about 6 weeks later. The survey
will take around 20-30 minutes to complete, and will ask for background information (e.g., your
age), and about your and your child’s physical activity and sedentary behaviour (e.g., sitting,
watching TV). At both times we will also ask your child to wear an activity monitor for one week.
Activity monitors are small devices, about the size of a matchbox, sewn into a pocket on the leg
of a pair of bike shorts. They help us to measure when your child is sitting or lying down and are
completely harmless.

After completing the first survey and other measures, you will be randomly (i.e., you can’t
choose) assigned to one of two groups. Group One will take part in the Mini Movers program
immediately, while Group Two will participate in the same program, starting about 8 weeks later.
At the start of the program you will receive your printed program materials and have a brief (5
minute) one-on-one discussion with a researcher during your usual playgroup time. Following
this initial discussion, the program will be completely online and via text messages. You can
expect to receive about 3 text messages per week over the 6 week program. The printed
materials, online content and text messages will focus on strategies and tips to help decrease
sedentary behaviour and increase active play time for your child.

Has this program been approved? Will it be monitored?

The program has been approved by the Deakin University Human Research Ethics Committee
(DUHREC; 2016-103) and has the consent of Playgroup Victoria. The researchers will monitor the
program’s progress and will report to the DUHREC and Playgroup Victoria.

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103 Page 1 of 3
Deakin University CRICOS Provider Code 00113B



Who will see the information that | provide?

All aspects of the program, including results, will be strictly confidential and only the researchers
will have access to information on participants. To maintain confidentiality, identifying
information such as your name and address will be kept separately from the completed survey
and activity monitor data. Only a number will identify these data. All of this information will be
stored at Deakin University in a locked filing cabinet and all electronic information will be
password protected and stored on a secure server. Storage of collected data will adhere to
University regulations; it will be kept in secure storage for at least 6 years, after which time it will
be securely destroyed.

Where will the results be published?

The results of this program will be published in Ms Downing’s thesis. Results may also be
published in research journals and presented at research conferences. However, individual
participants or playgroups will never be identified and only aggregate data will be reported (that
is, information from all parents in the program will be combined and reported as a group).

Are there any risks for my child or me if we agree to take part in this program?
We do not anticipate any risk or discomfort will be experienced by taking part in this research.

What are the possible benefits for my child or me from taking part in this program?

You will gain some simple and practical ideas about how you can reduce sedentary time and
increase physical activity in your family. As thanks for your time in taking part, you will receive a
$20 gift card at the end of the program. You can also request to receive a summary of your
child’s physical activity and sedentary behaviour levels as recorded by the activity monitor at the
end of the program.

What if | decide not to consent to take part in this program?

This program is completely voluntary and you are under no obligation to participate. If you do
agree to take part and later change your mind, you may withdraw at any stage, for any reason,
without consequence.

If you have any questions about this program or require further information, please contact
Katherine Downing on 9244 6088 or k.downing@deakin.edu.au.

Kind regards,

[ Signature Redacted by Library ] [ Signature Redacted by Library ]
Katherine Downing Kylie Hesketh
PhD Candidate Associate Professor
Institute for Physical Activity and Nutrition Institute for Physical Activity and Nutrition
School of Exercise and Nutrition Sciences School of Exercise and Nutrition Sciences
Deakin University Deakin University

Complaints

If you have any complaints about any aspect of the project, the way it is being conducted or any
guestions about your rights as a research participant, then you may contact:

The Manager, Ethics and Biosafety, Deakin University, 221 Burwood Highway, Burwood Victoria
3125, Telephone: 9251 7129, research-ethics@deakin.edu.au
Please quote project number [2016-103].

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103 Page 2 of 3
Deakin University CRICOS Provider Code 00113B


lswan
Redacted stamp

lswan
Redacted stamp


2IPAN (.,

‘ ' INSTITUTE FOR PHYSICAL UNIVERSITY
a ACTIVITY AND NUTRITION

Consent Form

Full Project Title: Mini Movers Program
Reference Number: 2016-103

| agree to take part in the Deakin University research program specified in the Plain Language
Statement.

I have had the program explained to me, and | have read and understand the Plain Language
Statement, which | will keep for my records.

The researcher has agreed not to reveal my identity and personal details, including where
information about this program is published, or presented in any public form.

By checking this box | indicate my consent for me and my child to participate in the Mini
Movers Program.

Today’s date: /[ ]/

My full name: MyDOB:__ /[

My child’s full name: My child’sDOB: ___ /__ /_

Postal address:

Suburb: Postcode:

Email address:

Mobile phone number:

Home phone number:

| would like to receive my child’s physical activity/sedentary behaviour results: D Yes D No

If you have any questions or concerns, please contact Katherine Downing on 9244 6088 or
k.downing@deakin.edu.au.

Please complete this consent form and return it in to the research team in person,
via post, or save it and email to k.downing@deakin.edu.au.

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103 Page 3 of 3
Deakin University CRICOS Provider Code 00113B



Appendix I: Mini Movers intervention

materials

e Mini Movers booklet

e Mini Movers goal checker magnet

e Australian Physical Activity and Sedentary Behaviour Recommendations
brochure
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The following are recommendations for children up to 5 years:

1) 3 hours; see p. 4. 2) 0 hours (i.e., no screen time); see p. 4.

3) 1 hour; see p. 4. 4) False. It’s still important to limit screen time no
matter how active they are; see p. 8. 5) True. Time spent restrained
should be limited to less than 1 hour at a time; see p. 4.
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Default Question Block

MINI MOVArS

Parent Survey 1

IMPORTANT INSTRUCTIONS - PLEASE READ

Thank you for taking the time to complete this survey. It will take you approximately 30 minutes to
complete, although this might vary depending on your answers.

Throughout this survey, we will refer to your “child”. By this we mean your child who is aged between
2 and 4 years and is participating in this study. Although you may have other children, it is important
that you answer these questions in relation to that child only.

Please answer each question by choosing the most suitable option. Where you are asked to write an

answer please read the question carefully and answer as best you can. If you are unsure about how
to answer a question, please choose the answer that best reflects how you feel.

SECTION A: ABOUT YOUR CHILD

A1. Today's date (automatic)

(dd/mmlyyyy)

A2. What is your child's date of birth?

(dd/mmlyyyy)

A3. Is your child a boy or a girl?
Boy

Girl

A4. What relation are you to the child involved in this program?

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview 1/16
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Mother/stepmother
Father/stepfather
Grandparent
Guardian

Other (please specify):

A5. Does your child have a disability or suffer from poor health (including asthma)?

No

Yes (please describe):

A6. How many other children aged under 18 years currently live in your house? (NOT including the child in this study. If there

Qualtrics Survey Software

are no other children please choose "0".)

v

What are their ages and sex?

Age
(years)

Child 1

What are their ages and sex?

Age

(years)

Child 1

Child 2

What are their ages and sex?

Age
(years)
Child 1
Child 2
Child 3

What are their ages and sex?

Age
(years)

Child 1

Sex

Male Female

Sex

Male Female

Sex

Male Female

Sex

Male Female

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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Child 2

Child 3

Child 4

What are their ages and sex?

Child 1

Child 2

Child 3

Child 4

Child 5

What are their ages and sex?

Child 1

Child 2

Child 3

Child 4

Child 5

Child 6

What are their ages and sex?

Child 1

Child 2

Child 3

Child 4

Child 5

Child 6

Child 7

Age

(years)

Age

(years)

Age

(years)

Age

(years)

SECTION B: YOUR CHILD'S BEHAVIOUR & ACTIVITIES

Sex

Male Female

Sex

Male Female

Sex

Male Female
Sex

Male Female

Qualtrics Survey Software
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B1. On an average day in the last week, about how many hours and minutes did your child sleep in total during the NIGHT?
Hours v

Minutes | ¥

B2. On an average day in the last week, about how many hours and minutes did your child sleep in total during the DAY?
Hours v

Minutes | ¥

B3. The following statements are about your child’s sleep habits. Please think about the past week when you answer the
questions. If last week was unusual for a specific reason (such as your child had an ear infection and did not sleep well),
choose the most recent typical week.

Answer USUALLY if something occurs 5 or more times in a week.
Answer SOMETIMES if something occurs 2-4 times in a week.
Answer RARELY if something occurs never or 1 time in a week.

Usually (5-7) Sometimes (2-4) Rarely (0-1)
a. Child goes to bed at the same time at night
b. Child falls asleep within 20 minutes after going to bed
c. Child falls asleep alone in own bed
d. Child falls asleep in parent’s or sibling’s bed
e. Child needs parent in the room to fall asleep
f. Child struggles at bedtime (cries, refuses to stay in bed, etc)

g. Child is afraid of sleeping alone

We are interested in finding out how your child spends a usual day (24 hour period).

The following questions ask you to tell us how much time your child usually spends doing a range of activities on
an average day. We understand that this will vary from day to day, but ask you to give your best guess of what your
child usually does.

An hour and a half would be recorded as 1 hour and 30 minutes. If your child DOES NOT do an activity, please choose '0’
(zero) in both hours and minutes.

B4. On an average day in the last week, how much time did your child spend doing the following?

a. Being physically active (any time moving around and not sitting or standing still)
Hours v

Minutes | ¥

b. Playing active games with an adult (e.g. catch, chasey)
Hours v

Minutes | ¥
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c. In a stroller or pram
Hours v

Minutes | ¥

d. In a car seat
Hours v

Minutes | ¥

e. Sitting down on a chair or on the floor doing activities (reading, drawing, arts and crafts, etc.)

Hours v
Minutes | ¥

f. Outside
Hours v
Minutes | ¥

g. Watching or in front of the TV
Hours v

Minutes | ¥

h. Playing on a computer (desktop or laptop) or game player that hooks up to a TV (e.g. PlayStation/Nintendo/XBox)
Hours v

Minutes | ¥

i. Playing on hand held electronic devices (e.g. GameBoy/Nintendo DS)
Hours v

Minutes | ¥

j- Playing active electronic games (e.g. Wii/Eye Toy/XBox Kinect)
Hours v

Minutes | ¥

k. Using/playing on a smart phone (e.g. iPhone, Android)
Hours v

Minutes | ¥
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I. Using/playing on a digital tablet (e.g. iPad, Samsung Galaxy)
Hours v

Minutes | ¥

B5. The following questions ask about your child's physical activity and screen time behaviours.

On how many of the past 7 days did your child:

Odays 1day 2days 3days 4days 5days 6days 7days

a. Engage in physical activity or active play for a
total of at least 3 hours across the day? Some
examples include playing outside, walking or
running around, dancing or any activity in which
they were moving

b. Watch TV/DVDs, play video or computer games
or other electronic devices for entertainment for
less than 1 hour?

B6. The following statements ask about how often your asks certain people to be active with him/her.

Alotor
most of the
Never Rarely Sometimes time Always N/A

a. My child asks for me/my partner to be active
with him/her

b. My child asks his/her siblings to be active
with him/her

c. My child asks people outside our immediate
family to be active with him/her (e.g. uncles,
parents’ friends)

B7. The following statements ask about how often your child does certain things.

A lot or most
Never Rarely Sometimes of the time Always

a. My child asks for opportunities to be active (e.g.
going to the park/indoor play centre)

b. My child likes to help out with active things
around the home (e.g. gardening, cleaning, etc)

c. My child is more likely to watch TV than be
active

d. My child is more likely to play electronic games
than be active

e. My child is more likely to play inside/draw/do
craft than be active

B8. The following statements ask about your child’s general well-being and behaviour. Please think about how your child has
been feeling and behaving during the past week.

In the past week:
Never Seldom Sometimes Often All the time

a. My child was moody and whined a lot

b. My child had a healthy appetite
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Never Seldom Sometimes Often All the time
c. | managed to show patience and
understanding towards my child o o o e o
d. My child felt under pressure O O O O @)
e. My child slept soundly O O @) O @)
f. My child romped around and was very active O O O O @)
g. My child kept bursting into tears O O O @) O
h. My child was cheerful and in a good mood @) @) O O O
i. My child was alert and able to concentrate
well ) &) ) &) &)
j.- My child was easily distracted and absent-
minded © © © © o
k. My child enjoyed being with other children O O O @) @)
I. I had to give my child a telling-off O O O O @)
m. | praised my child O O @) @) @)
n. My child had problems with teachers,
kindergarten staff of other child-minders o o o o o
o. My child was nervous and fidgety O O O @) @)
p. My child was lively and energetic @) @) O @) O
g. My child complained of being in pain @] O O O @)
r. My child was sociable and out-going O O O O @)
s. My child succeeded at everything he/she set
out to do o o o o o
t. My child became dissatisfied easily O O O @) @)
u. My child cried bitterly @) @) O O @)
v. My child lost his/her temper quickly O @) @) @) @)

SECTION C: YOUR BELIEFS/BEHAVIOURS

C1. The following statements ask about concerns you might have for your child. Please indicate how much you agree or
disagree with the following concerns.

Strongly Strongly
disagree Disagree Agree agree
a. | am concerned that my child is overweight @) O O @)
b. | am concerned about my child having a traffic accident when
he/she is being physically active in our neighbourhood e o o o
c. | am concerned about stranger danger when my child is being
physically active in our neighbourhood o o o o
d. | am concerned about my child getting hurt (e.g. falling out of a tree)
when he/she is being physically active e o o o
e. | am concerned about my child not getting enough physical activity @) @) @) @)
f.  am concerned that my child watches too much TV/DVDs O O @) O
g. | am concerned that my child spends too much time on the
computer o o o o
h. | am concerned that my child spends too much time playing
electronic games (e.g. X-Box, PlayStation, GameBoy) e o o o
i. | am concerned that my child spends too much time using
smartphones and tablets o o o o
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C2. The following statements ask about your behaviours with your child.

Never/ All the
rarely Sometimes Often time

a. | use TV to distract my child when he/she is being difficult

b. | use a computer/tablet/smartphone to distract my child when he/she is
being difficult

c. | use TV to keep my child occupied so that | can get things done

d. | use a computer/tablet/smartphone to keep my child occupied so that |
can get things done

e. | have the TV on while my child is eating

f. | allow my child to use a computer/tablet/smartphone while eating

C3. The following statements ask about some of the activities that you might limit for your child.

We understand that this will vary from day to day, but ask you to give your best guess of what you usually do.

a. | limit how much time my child is allowed to spend watching TV
Yes

No

What is the MAXIMUM time your child spends watching TV per day?
Hours v

Minutes | ¥

b. | limit how much time my child is allowed to spend using computer and electronic games
Yes

No

What is the MAXIMUM time your child spends using computer and electronic games per day?
Hours v

Minutes | ¥

c. | limit how much time my child is allowed to spend using smartphones/tablets
Yes

No

What is the MAXIMUM time your child spends using smartphones/tablets per day?
Hours v
Minutes | v
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24/07/2017 Qualtrics Survey Software

d. I limit how much time my child spends sitting down
Yes

No

What is the MAXIMUM time your child spends sitting down per day?
Hours v

Minutes | ¥

e. | limit how much time my child spends in situations that restrict his/her movement (e.g. in a car seat, stroller, shopping

trolley seat)
Yes

No

What is the MAXIMUM time your child spends in situations that restrict his/her movement per day?
Hours v

Minutes | ¥

C4. The following statements ask about your views on a number of things around children’s activities.

Strongly
disagree Disagree Agree

a. | have difficulty getting my child to eat if | don’t use the
TV/computer/tablet/smartphone to distract him/her

b. | don’t know what activities and games | should play with my child to
help his/her development

c. An active child is difficult for me to manage

d. | think it's safer for my child to be in a stroller/pram than free to
move about

e. A placid and inactive child is easier to look after than an active one

f. | wouldn’t know how to keep my child entertained if | didn’t use the
TV/computer/tablet/smartphone

g. | don’t think | will be able to get anything done if | don’t use the
TV/computer/tablet/smartphone to keep my child entertained

h. The toys and games | give my child to play with will affect his/her
motor development and activity levels in the future

i. Having a TV in my child’s bedroom affects how much TV he/she
watches

j. Children are more likely to enjoy sports and active play if they see
their parents doing them

k. Children need help and encouragement to be active

C5. How confident are you that you could do the following over the next 2 months?

Not at all Slightly Moderately Very
confident confident confident confident

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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a. Get my child to participate in at least 3 hours of physical
activity/active play every day © o o o o
b. Get my child to participate in a range of physical activities O O O @) O
c. Get my child to be active when he/she is asking to watch
TV @) O O O O
d. Get my child to be active when he/she wants to play on
the computer or play electronic games o o o o o
e. Get my child to be active when he/she wants to play a
smartphone/tablet © o o o o
f. Limit my child’s screen-time to less than 1 hour every day O O O O O
g. Limit the amount of time my child spends sitting down O @) @) @) @)
h. Limit the amount of time my child spends in situations
that restrict movement (e.g. in a car seat, stroller, shopping @) O O @) O
trolley seat)
i. Say no to my child’s requests to play on the computer or
electronic games © o o o o
j- Say no to my child’s requests to play on a
smartphone/tablet o o o o o
C6. Thinking about the LAST WEEK, how often did you do the following things?
Less
than Several
oncea 1-2days 3-4days 5-6days times per
week  perweek perweek perweek Everyday day
a. Put the TV/DVD on for my child to watch @) @) @) @) @) @)
b. Give my child a smartphone/tablet to play with O @) O O @) O
c. Have the TV/DVD on in the room, even if my child wasn’t
watching it © © © © © ©
d. Have the TV/DVD on during dinner @) O O @] O @)
e. Engage in active play with my child (e.g. dancing, chasing,
playing with a ball, tickling games) © © © © © ©
f. Take my child for a walk in the pram/pusher/stroller O @) O O @) @)
g. Take my child for a walk: child walking, NOT in the
pram/pusher/stroller o © o o © o
h. Encourage my child to do something active (e.g. dance, run,
ride on their bike/push-along) o © o o © ©
i. Encourage my child to go outside to play O @) O O @) O
j. Do an activity to help my child’s skill development (e.g. kick a
ball, play catch) o © o o © o
k. Encourage my child to stand up while doing craft activities
(e.g. painting, drawing, playdough) o © o o o o
C7. The following statements ask about your views regarding young children’s (0-5 years of age) physical activity.
Strongly Strongly
disagree Disagree Agree agree
a. Children get all the activity they need naturally O @) @) @)
b. Parents need to encourage their children to be physically active O O @) @)
c. Children need at least 3 hours of active play every day O O @) @)
d. Children need some planned active play every day (e.g. rolling a ball
to each other) o © o ©
e. Except when sleeping, children should not spend prolonged periods
of time in restrained seating (like highchairs, pushers & car seats) © © © ©
f. Children need help to learn skills like jumping and throwing a ball O @) @) @)
g. TV/DVDs are educational for children @) @) @) @)
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Strongly Strongly
disagree Disagree Agree agree

h. Children should be allowed to watch TV/DVDs

i. TV/DVDs are helpful for children’s development (e.g. language skills)
j- TV/DVDs are useful for keeping children occupied

k. Computer/electronic games are educational for children

I. Children should be allowed to use computer/electronic games

m. Computer/electronic games are helpful for children’s development
(e.g. language skills)

n. Computer/electronic games are useful for keeping children occupied
o. Tablets (e.g. iPad) are educational for children

p- Children should be allowed to use tablets

q. Tablets are helpful for children’s development (e.g. language skills)

r. Tablets are useful for keeping children occupied

SECTION D: ABOUT YOU

D1. What is your date of birth?

(dd/mml/yyyy)

D2. What is your sex?

Male

Female

D3. How tall are you without shoes?

(Please select ONE height measurement and type your answer. Please provide your best guess if you are not sure.)
Centimetres (cm) (e.g. 167cm)

Feet and inches (e.g. 5 feet 6 inches)

D4. How much do you weigh without clothes or shoes?

(Please select ONE weight measurement and type your answer. Please provide your best guess if you are not sure. If you
are currently pregnant, please provide your pre-pregnancy weight.)

Kilograms (kg) (e.g. 68kg)

Stone and pounds (e.g. 10 stones 9
pounds)
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DS.

O O OO OOOOO0C

O

O

In what country were you born?
Australia

UK

Italy

Greece

Netherlands

Germany

New Zealand

Vietnam

Poland

Other (please specify):

. What is the main language you usually speak at home?

English

Other (please specify):

. What is the highest level of schooling you have completed?

No formal qualifications

Year 10 or equivalent (e.g. School Certificate)

Year 12 or equivalent (e.g. Higher School Certificate)
Trade/apprenticeship/certificate (e.g. hairdresser, chef, plumber)
Diploma (e.g. business/accounting)

University degree

Postgraduate qualification (e.g. Graduate Diploma, Masters, PhD)

. What is your current marital status?

Married

De facto/living together
Separated

Divorced

Widowed

Never married

. Are you currently (please choose the one that you spend the MOST time in):

On maternity/paternity leave
In paid work full-time

In paid work part-time

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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Unemployed

A student
Retired
Home duties full time

Other

D10. How many days and hours did you spend in a paid job(s) in the last week?
a) Approximately how many DAYS did you work in paid employment?

v

b) How many HOURS did you work on an average day?

A\

SECTION E: YOUR OWN ACTIVITIES

E1. On a usual weekday (Monday through to Friday), about how many hours do you usually spend sitting down and
watching TV/DVDs?

Hours v

Minutes | ¥

E2. On a usual weekend day (Saturday or Sunday), about how many hours do you usually spend sitting down and watching

TV/DVDs?
Hours v
Minutes | ¥

In the following questions we want you to think about the physical activities that you have done in the last week.

E3. In the last week, how many times have you walked continuously, for at least 10 minutes, for recreation, exercise or to get
to or from places?

(If you did not do any walking, please choose “0 times”.)

v

E4. What do you estimate was the total time that you spent walking in this way in the last week?
Hours v

Minutes | ¥
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ES. In the last week, how many times did you do any vigorous gardening or heavy work around the yard, which made you

breathe harder or puff and pant?

(If you did not do any vigorous gardening, please choose “0” times.)

v

E6. What do you estimate was the total time that you spent doing vigorous gardening or heavy work around the yard in the

last week?
Hours v
Minutes | ¥

The next questions exclude household chores, gardening or yard work:

E7. In the last week, how many times did you do any vigorous physical activity which made you breathe harder or puff and

pant? (e.g. jogging, cycling, aerobics, competitive tennis).
(If you did not do any vigorous physical activity, please choose “0 times”.)

v

E8. What do you estimate was the total time that you spent doing this vigorous physical activity in the last week?

Hours v

Minutes | ¥

E9. In the last week, how many times did you do any other more moderate physical activities that you have not already
mentioned? (e.g. gentle swimming, social tennis, golf).

(If you did not do any moderate physical activity, please choose “0 times”.)

v

E10. What do you estimate was the total time that you spent doing these activities in the last week?

Hours v

Minutes | ¥

SECTION F: YOUR HOME

F1. The following question asks about TV, electronic games and computer equipment you may have in your home.

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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Yes
a.TVv
b. DVD player
c. Hard disk recorder
d. Pay TV (e.g. Foxtel, Optus)
e. Nintendo Wii
f. Nintendo (any other variety)
g. XBox
h. Sega
i. Gameboy
j- PlayStation
k. Laptop computer

I. Desktop (PC or Apple Mac)
computer

m. Internet access
n. Tablet computer (iPad or similar)

0. Smart phone (iPhone or similar)

F2. The following question asks about the types of toys and equipment that your child has available at home to be

physically active with.
Yes

a. Balls (footballs, basketballs, tennis
balls, etc.)

b. Basketball/netball ring
c. Bats, racquets, golf clubs
d. Bicycle/tricycle

e. Climbing equipment/trees suitable for
climbing

f. Cubby house

g. Hover board

h. Roller blades/skates

i. Sand pit

j. Scooter/skateboard

k. Skipping rope

I. Soft balls and other toys for indoor use
m. Swimming/wading pool

n. Slide

0. Swing

p. Trampoline

F3. The following question asks about TV, electronic games and computer equipment your child may have in his/her

bedroom PERMANENTLY.

Yes
a. TV
b. Laptop computer

c. Desktop (PC or Macintosh) computer

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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Yes No

d. Electronic games (e.g. XBox,
PlayStation)

F4. The following question asks about portable electronic games and computer equipment your child may TAKE in to
his/her bedroom.

Yes No
a. Laptop computer

b. Portable electronic games (e.g.
Gameboy, PlayStation Portable)

c. Electronic games (e.g. XBox,
PlayStation)

d. Tablet computer (iPad or similar)

e. Smart phone (iPhone or similar)
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Default Question Block

MINI MOVArS

Parent Survey 2

IMPORTANT INSTRUCTIONS - PLEASE READ

Thank you for taking the time to complete this second survey. It will take you approximately 30
minutes to complete, although this might vary depending on your answers.

Throughout this survey, we will refer to your “child”. By this we mean your child who is aged between
2 and 4 years and is participating in this study (the child who you answered the first survey about).
Although you may have other children, it is important that you answer these questions in relation to

that child only.

Please answer each question by choosing the most suitable option. Where you are asked to write an

answer please read the question carefully and answer as best you can. If you are unsure about how
to answer a question, please choose the answer that best reflects how you feel.

Are you the person who completed the first Mini Movers survey (approximately 7 weeks ago)?

Yes

No (if possible, please ask the person who completed the first survey to complete this one)

SECTION A: ABOUT YOUR CHILD

A1. Today's date (automatic)

(dd/mmlyyyy)

A2. What is your child's date of birth?

(dd/mml/yyyy)

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview
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A3. What relation are you to the child involved in this program?
Mother/stepmother
Father/stepfather
Grandparent
Guardian

Other (please specify):

SECTION B: YOUR CHILD'S BEHAVIOUR & ACTIVITIES

B1. On an average day in the last week, about how many hours and minutes did your child sleep in total during the NIGHT?
Hours v

Minutes | ¥

B2. On an average day in the last week, about how many hours and minutes did your child sleep in total during the DAY?
Hours v

Minutes | ¥

B3. The following statements are about your child’s sleep habits. Please think about the past week when you answer the
questions. If last week was unusual for a specific reason (such as your child had an ear infection and did not sleep well),
choose the most recent typical week.

Answer USUALLY if something occurs 5 or more times in a week.
Answer SOMETIMES if something occurs 2-4 times in a week.
Answer RARELY if something occurs never or 1 time in a week.

Usually (5-7) Sometimes (2-4) Rarely (0-1)
a. Child goes to bed at the same time at night
b. Child falls asleep within 20 minutes after going to bed
c. Child falls asleep alone in own bed
d. Child falls asleep in parent’s or sibling’s bed
e. Child needs parent in the room to fall asleep
f. Child struggles at bedtime (cries, refuses to stay in bed, etc)

g. Child is afraid of sleeping alone

We are interested in finding out how your child spends a usual day (24 hour period).
The following questions ask you to tell us how much time your child usually spends doing a range of activities on

an average day. We understand that this will vary from day to day, but ask you to give your best guess of what your
child usually does.

An hour and a half would be recorded as 1 hour and 30 minutes. If your child DOES NOT do an activity, please choose '0’
(zero) in both hours and minutes.
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B3. On an average day in the last week, how much time did your child spend doing the following?

a. Being physically active (any time moving around and not sitting or standing still)
Hours v

Minutes | ¥

b. Playing active games with an adult (e.g. catch, chasey)
Hours v

Minutes | ¥

c. In a stroller or pram
Hours v

Minutes | ¥

d. In a car seat
Hours v

Minutes | ¥

e. Sitting down on a chair or on the floor doing activities (reading, drawing, arts and crafts, etc.)
Hours v

Minutes | ¥

f. Outside
Hours v

Minutes | ¥

g. Watching or in front of the TV
Hours v

Minutes | ¥

h. Playing on a computer (desktop or laptop) or game player that hooks up to a TV (e.g. PlayStation/Nintendo/XBox)
Hours v

Minutes | ¥

i. Playing on hand held electronic devices (e.g. GameBoy/Nintendo DS)
https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview 3/14
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Hours v

Minutes | ¥

j- Playing active electronic games (e.g. Wii/Eye Toy/XBox Kinect)
Hours v

Minutes | ¥

k. Using/playing on a smart phone (e.g. iPhone, Android)
Hours v

Minutes | ¥

l. Using/playing on a digital tablet (e.g. iPad, Samsung Galaxy)
Hours v

Minutes | ¥

B5. The following questions ask about your child's physical activity and screen time behaviours.

On how many of the past 7 days did your child:

Odays 1day 2days 3days 4days 5days 6days

a. Engage in physical activity or active play for a
total of at least 3 hours across the day? Some
examples include playing outside, walking or
running around, dancing or any activity in which
they were moving

b. Watch TV/DVDs, play video or computer games
or other electronic devices for entertainment for
less than 1 hour?

B6. The following statements ask about how often your asks certain people to be active with him/her.

A lot or
most of the
Never Rarely Sometimes time Always

a. My child asks for me/my partner to be active
with him/her

b. My child asks his/her siblings to be active
with him/her

c. My child asks people outside our immediate
family to be active with him/her (e.g. uncles,
parents’ friends)

B7. The following statements ask about how often your child does certain things.

A lot or most
Never Rarely Sometimes of the time

a. My child asks for opportunities to be active (e.g.
going to the park/indoor play centre)
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A lot or most
Never Rarely Sometimes of the time Always
b. My child likes to help out with active things
around the home (e.g. gardening, cleaning, etc) o o o o o
c. My child is more likely to watch TV than be
active o o o o o
d. My child is more likely to play electronic games
than be active o o o o o
e. My child is more likely to play inside/draw/do
craft than be active o o o o o

B8. The following statements ask about your child’s general well-being and behaviour. Please think about how your child has
been feeling and behaving during the past week.

In the past week:
Never Seldom Sometimes Often All the time

a. My child was moody and whined a lot O O O @] @)
b. My child had a healthy appetite O (@) @) @) @)

c. | managed to show patience and
understanding towards my child © o o o o
d. My child felt under pressure @) @) O @) @)
e. My child slept soundly (@) (@) O @) @)
f. My child romped around and was very active O O O @) @)
g. My child kept bursting into tears O O @) @) O
h. My child was cheerful and in a good mood O O @) @] @)

i. My child was alert and able to concentrate
well @) @) @) o @)

j- My child was easily distracted and absent-
minded i b i i et
k. My child enjoyed being with other children @) @) @) O @)
I. I had to give my child a telling-off O @) @) @) @)
m. | praised my child (@) O @) &) o

n. My child had problems with teachers,
kindergarten staff of other child-minders o © © © o
o. My child was nervous and fidgety O O O @] @)
p. My child was lively and energetic O O O @) @)
g. My child complained of being in pain @) O @) @) @)
r. My child was sociable and out-going O O O @) Q

s. My child succeeded at everything he/she set
out to do i b i i it
t. My child became dissatisfied easily @) O @) @] @)
u. My child cried bitterly O O O O @)
v. My child lost his/her temper quickly O (@) @) @) O

SECTION C: YOUR BELIEFS/BEHAVIOURS

C1. The following statements ask about concerns you might have for your child. Please indicate how much you agree or
disagree with the following concerns.

Strongly Strongly
disagree Disagree Agree agree
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a. | am concerned that my child is overweight

b. | am concerned about my child having a traffic accident when
he/she is being physically active in our neighbourhood

c. | am concerned about stranger danger when my child is being
physically active in our neighbourhood

d. | am concerned about my child getting hurt (e.g. falling out of a tree)
when he/she is being physically active

e. | am concerned about my child not getting enough physical activity
f. | am concerned that my child watches too much TV/DVDs

g. | am concerned that my child spends too much time on the
computer

h. I am concerned that my child spends too much time playing
electronic games (e.g. X-Box, PlayStation, GameBoy)

i. | am concerned that my child spends too much time using
smartphones and tablets

C2. The following statements ask about your behaviours with your child.

Never/ All the
rarely Sometimes Often time

a. | use TV to distract my child when he/she is being difficult

b. | use a computer/tablet/smartphone to distract my child when he/she is
being difficult

c. luse TV to keep my child occupied so that | can get things done

d. | use a computer/tablet/smartphone to keep my child occupied so that |
can get things done

e. | have the TV on while my child is eating

f. | allow my child to use a computer/tablet/ smartphone while eating

C3. The following statements ask about some of the activities that you might limit for your child.

We understand that this will vary from day to day, but ask you to give your best guess of what you usually do.

a. | limit how much time my child is allowed to spend watching TV
Yes

No

What is the MAXIMUM time your child spends watching TV per day?
Hours v

Minutes | ¥

b. | limit how much time my child is allowed to spend using computer and electronic games
Yes

No
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What is the MAXIMUM time your child spends using computer and electronic games per day?
Hours v

Minutes | ¥

c. | limit how much time my child is allowed to spend using smartphones/tablets
Yes

No

What is the MAXIMUM time your child spends using smartphones/tablets per day?
Hours v

Minutes | ¥

d. I limit how much time my child spends sitting down
Yes

No

What is the MAXIMUM time your child spends sitting down per day?
Hours v

Minutes | ¥

e. | limit how much time my child spends in situations that restrict his/her movement (e.g. in a car seat, stroller, shopping
trolley seat)

Yes

No

What is the MAXIMUM time your child spends in situations that restrict his/her movement per day?

Hours v

Minutes | ¥

C4. The following statements ask about your views on a number of things around children’s activities.

Strongly Strongly
disagree Disagree Agree agree

a. | have difficulty getting my child to eat if | don’t use the
TV/computer/tablet/smartphone to distract him/her

b. | don’t know what activities and games | should play with my child to
help his/her development

c. An active child is difficult for me to manage
d. | think it's safer for my child to be in a stroller/pram than free to

move about
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Strongly Strongly
disagree Disagree Agree agree
e. A placid and inactive child is easier to look after than an active one O O @) O
f. | wouldn’t know how to keep my child entertained if | didn’t use the
TV/computer/tablet/smartphone o o o ©
g. | don’t think | will be able to get anything done if | don’t use the
TV/computer/tablet/smartphone to keep my child entertained o o o ©
h. The toys and games | give my child to play with will affect his/her
motor development and activity levels in the future o o © ©
i. Having a TV in my child’s bedroom affects how much TV he/she
watches © © © ©
j. Children are more likely to enjoy sports and active play if they see
their parents doing them © © © ©
k. Children need help and encouragement to be active O O O @)

C5. How confident are you that you could do the following over the next 2 months?

Not at all Slightly Moderately Very Extremely
confident confident confident confident confident

a. Get my child to participate in at least 3 hours of physical
activity/active play every day o o o o o
b. Get my child to participate in a range of physical activities @) O @) @) @)

c. Get my child to be active when he/she is asking to watch
TV ©) ©) ©) ©) ©)

d. Get my child to be active when he/she wants to play on
the computer or play electronic games © o o o o

e. Get my child to be active when he/she wants to play a
smartphone/tablet o o o o o
f. Limit my child’s screen-time to less than 1 hour every day O O O O O
g. Limit the amount of time my child spends sitting down O O O O O

h. Limit the amount of time my child spends in situations
that restrict movement (e.g. in a car seat, stroller, shopping O O O O O

trolley seat)

i. Say no to my child’s requests to play on the computer or
electronic games o o o o o

j- Say no to my child’s requests to play on a
smartphone/tablet o o o o o

C6. Thinking about the LAST WEEK, how often did you do the following things?

Less
than Several
oncea 1-2days 3-4days 5-6days times per
week  perweek perweek perweek Everyday day
a. Put the TV/DVD on for my child to watch O @) O @) @) @)
b. Give my child a smartphone/tablet to play with O @) O @] @) @)
c. Have the TV/DVD on in the room, even if my child wasn’t
watching it o © o o © ©
d. Have the TV/DVD on during dinner O @) O O @) O
e. Engage in active play with my child (e.g. dancing, chasing,
playing with a ball, tickling games) o © o o © ©
f. Take my child for a walk in the pram/pusher/stroller O @) O @) @) O
g. Take my child for a walk: child walking, NOT in the
pram/pusher/stroller O © o o © o
h. Encourage my child to do something active (e.g. dance, run,
ride on their bike/push-along) o o o o o o
i. Encourage my child to go outside to play @) @) O O @) @)
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Less
than Several
oncea 1-2days 3-4days 5-6days times per
week  perweek perweek perweek Everyday day
j. Do an activity to help my child’s skill development (e.g. kick a
ball, play catch) o o o o o o
k. Encourage my child to stand up while doing craft activities
(e.g. painting, drawing, playdough) o e o o e o

C7. The following statements ask about your views regarding young children’s (0-5 years of age) physical activity.

Strongly Strongly
disagree Disagree Agree agree
a. Children get all the activity they need naturally O O @) @)
b. Parents need to encourage their children to be physically active O O @) @)
c. Children need at least 3 hours of active play every day @) @) @) @)
d. Children need some planned active play every day (e.gt.orggg?;r?:rl)l o) 9] o) o)
e. Except when sleeping, children should not spend prolonged periods
of time in restrained seating (like highchairs, pushers & car seats) o © o o
f. Children need help to learn skills like jumping and throwing a ball @) O @) O
g. TV/DVDs are educational for children O @) @) @)
h. Children should be allowed to watch TV/DVDs @) @) O @)
i. TV/DVDs are helpful for children’s development (e.g. language skills) @) @) @) @)
j- TV/IDVDs are useful for keeping children occupied @) @) @) @)
k. Computer/electronic games are educational for children O O @) @)
I. Children should be allowed to use computer/electronic games O O O O
m. Computer/electronic games are helpful for children’s development
(e.g. language skills) o o o o
n. Computer/electronic games are useful for keeping children occupied O O O O
o. Tablets (e.g. iPad) are educational for children @) @) @) @)
p. Children should be allowed to use tablets O O @) @)
q. Tablets are helpful for children’s development (e.g. language skills) @) @) @) @)
r. Tablets are useful for keeping children occupied @) O O O

SECTION D: ABOUT YOU

D1. What is your date of birth?

(dd/mml/yyyy)

D2. Are you currently (please choose the one that you spend the MOST time in):
() On maternity/paternity leave

() In paid work full-time

() In paid work part-time

() Unemployed
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A student
Retired
Home duties full time

Other

D3. How many days and hours did you spend in a paid job(s) in the last week?
a) Approximately how many DAYS did you work in paid employment?

v

b) How many HOURS did you work on an average day?

A\

SECTION E: YOUR OWN ACTIVITIES

E1. On a usual weekday (Monday through to Friday), about how many hours do you usually spend sitting down and

watching TV/DVDs?
Hours v
Minutes | v

E2. On a usual weekend day (Saturday or Sunday), about how many hours do you usually spend sitting down and watching

TV/DVDs?
Hours v
Minutes | ¥

In the following questions we want you to think about the physical activities that you have done in the last week.

E3. In the last week, how many times have you walked continuously, for at least 10 minutes, for recreation, exercise or to get
to or from places?

(If you did not do any walking, please choose “0 times”.)

v

E4. What do you estimate was the total time that you spent walking in this way in the last week?

Hours v

Minutes | ¥

https://login.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview 10/14



24/07/2017 Qualtrics Survey Software

ES5. In the last week, how many times did you do any vigorous gardening or heavy work around the yard, which made you
breathe harder or puff and pant?

(If you did not do any vigorous gardening, please choose “0” times.)

v

E6. What do you estimate was the total time that you spent doing vigorous gardening or heavy work around the yard in the

last week?
Hours v
Minutes | ¥

The next questions exclude household chores, gardening or yard work:

E7. In the last week, how many times did you do any vigorous physical activity which made you breathe harder or puff and
pant? (e.g. jogging, cycling, aerobics, competitive tennis).

(If you did not do any vigorous physical activity, please choose “0 times”.)

v

E8. What do you estimate was the total time that you spent doing this vigorous physical activity in the last week?
Hours v

Minutes | ¥

E9. In the last week, how many times did you do any other more moderate physical activities that you have not already
mentioned? (e.g. gentle swimming, social tennis, golf).

(If you did not do any moderate physical activity, please choose “O times”.)

v

E10. What do you estimate was the total time that you spent doing these activities in the last week?

Hours v

Minutes | ¥

SECTION F: YOUR HOME

F1. The following question asks about TV, electronic games and computer equipment you may have in your home.

Yes No
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a.TVv
b. DVD player
c. Hard disk recorder
d. Pay TV (e.g. Foxtel, Optus)
e. Nintendo Wii
f. Nintendo (any other variety)
g. XBox
h. Sega
i. Gameboy
j. PlayStation
k. Laptop computer
I. Desktop (PC or Apple Mac) computer
m. Internet access
n. Tablet computer (iPad or similar)

0. Smart phone (iPhone or similar)

F2. The following question asks about the types of toys and equipment that your child has available at home to be
physically active with.

Yes No

a. Balls (footballs, basketballs, tennis
balls, etc.)

b. Basketball/netball ring
c. Bats, racquets, golf clubs
d. Bicycle/tricycle

e. Climbing equipment/trees suitable for
climbing

f. Cubby house

g. Hover board

h. Roller blades/skates

i. Sand pit

j- Scooter/skateboard

k. Skipping rope

I. Soft balls and other toys for indoor use
m. Swimming/wading pool

n. Slide

0. Swing

p. Trampoline

F3. The following question asks about TV, electronic games and computer equipment your child may have in his/her
bedroom PERMANENTLY.

Yes No
a.TVv
b. Laptop computer
c. Desktop (PC or Macintosh) computer

d. Electronic games (e.g. XBox,
PlayStation)
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F4. The following question asks about portable electronic games and computer equipment your child may TAKE in to
his/her bedroom.

Yes No
a. Laptop computer

b. Portable electronic games (e.g.
Gameboy, PlayStation Portable)

c. Electronic games (e.g. XBox,
PlayStation)

d. Tablet computer (iPad or similar)

e. Smart phone (iPhone or similar)

SECTION G: YOUR FEEDBACK

This section asks for your feedback on different components of the Mini Movers program. Your feedback will help
us to make the program resources as useful as they can be to parents in the future. Thank you for taking the time to
complete this; your input is valuable.

G1. Thinking about the Mini Movers program overall, what do you think the main messages of the program were?

G2. Thinking about the information you received in the Mini Movers program, how USEFUL did you find each of the
following?

Not at all useful Slightly useful Moderately useful Very useful Extremely useful
a. The information overall
b. The goal planning
c. The booklet
d. The text messages

e. The YouTube videos (links in
text messages)

f. The other websites (links in
text messages)

G3. Thinking about the information you received in the Mini Movers program, how RELEVANT to your family did you find
each of the following?

Moderately
Not at all relevant  Slightly relevant relevant Very relevant Extremely relevant

a. The information overall
b. The goal planning
c. The booklet
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Moderately
Not at all relevant  Slightly relevant relevant Very relevant Extremely relevant

d. The text messages

e. The YouTube videos (links in
text messages)

f. The other websites (links in
text messages)

G4. Considering the 12 informative text messages (that is, the text messages with play ideas or tips for reducing screen time)
you received during the 6 weeks this study:

None 1-2 texts 3-4 texts 5-6 texts 7-8 texts 9-10 texts 11-12 texts

a. How many did you read?

b. How many gave you ideas
that you used with your child?

G5. Considering the 2 text messages we sent you with links to the YouTube videos:
None 1 video 2 videos

a. How many did you watch in
full?

b. How many did you watch in
part?

c. How many did you watch
more than once?

d. How many gave you ideas
that you used with your child?

G6. Considering the 5 text messages we sent you with links to images or other websites:
None 1 text 2 texts 3 texts 4 texts 5 texts

a. How many did you click
through to the links?

b. How many did you click
through to more than once?

c. How many gave you ideas
that you used with your child?
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Mini Movers: Test-retest study to assess reliability of purpose

developed questionnaire items

Introduction

The baseline and post-intervention questionnaires utilised in the Mini Movers
program (described in Chapters Five and Six) were largely based on existing
questionnaires with previously established reliability (1, 2). However, some items
in the questionnaires were purpose-developed for this study. The reliability of
these items was tested in a separate sample of participants; methods and results

for this test-retest study are described below.

Methods

Recruitment and participants

Participants were recruited via a number of convenience sampling methods. A
university-wide email was sent to all staff at Deakin University and flyers were
posted around campus. Staff members were also asked to forward the information
to friends or acquaintances who had children of the appropriate age for the study.
Finally, notices were posted on websites and Facebook pages providing
information for parents (with approval from the owners of the websites/pages as
appropriate). Potential participants were asked to express interest via email.
Information about the study was then emailed back to participants, including a
link to the baseline survey (delivered online via Qualtrics), which included
consent. The follow-up survey was emailed directly to participants two weeks

after completing the first survey.



Measures

The items included in the test-retest questionnaire are described below in Table
L2.

Statistical analyses

Analyses were undertaken in Stata 14 (StataCorp, College Station, TX, USA).
Descriptive statistics were used to describe the sample. Test-retest reliability of
items was determined by comparing the agreement between responses from the
first and second surveys. Levels of agreement for categorical variables were
determined using Kappa coefficients and percent agreement; Kappa coefficients
were defined as poor/slight (k = 0.00-0.20), fair (x = 0.21-0.40), moderate (x =
0.41-0.60), substantial (x = 0.61-0.80) and almost perfect (x = 0.81-1.00). Some
items had negative or very low Kappa values despite showing high percent
agreement, which can occur when items have a high percent of responses in one
category, creating instability in the Kappa statistic. Therefore, an item with k >
0.60 and/or percent agreement >60% was considered to have acceptable
reliability. Reliability of continuous variables (including any summed scores) was
assessed using intra-class correlations (ICC). An ICC value of less than 0.50
indicated poor reliability; ICC values of 0.50-0.74 indicated moderate reliability;
and an ICC of 0.75 or higher indicated a good level of agreement. In addition to
test-retest reliability, internal reliability of all summed scores was tested using

Cronbach’s alpha. Scores with reliability >0.70 were included (3).



Results

Participant characteristics

Fifty parents were recruited to take part in the test-retest study and completed the
first survey; 44 of those parents (88%) completed the second survey two weeks

later. Characteristics of participating parents and their children are presented in

Table L1.

Table L1. Participant characteristics

Characteristic Mean (SD) or %
Parent characteristics
Age, mean (SD) years 35.2 (3.9)
Sex, %
Male 4.0%
Female 96.0%
Child characteristics
Age, mean (SD) years 2.9 (1.1)
Reliability

Test-retest reliability results for individual items and test-retest and internal

reliability for summed scores (where applicable) are presented in Table L2 below.



¥S3DIABP 21U0JID3]8 PIay puey

10 - lz9 BuiAe|d Juads awn Ajrep abelony

«/A\L € 0} dn s3ooy Jey}

960 = 92| Jake|d aweb 10 J18Indwod e uo
‘alUN U83195 (€101 SAID 1000 - 129 Buife|d juads awiy Ajrep abelony

0] pswwins |¢g pue uzg »/\1 3y} JO juoli} ul 1o
- ‘weg ‘feg 129 ‘uyzg TL0 - yzg Buiyorem uads swil Ajrep abelany

M 1EETS
22°0 = 90| :paurensal 910 - azg Jed e ur juads awin Ajrep abelany

1uads awn [e101 aAIb 0} xwelad/s|jons
- pawuwns azg pue pzg 190 - pzg e ul Juads awn Ajrep abeleny

(a1geordde 1) (e1geondde S9|gelJeA
$8400S pawIwins 10} J1) $8102S pawiwins sa|gelden [earaobared oy Jaguinu

eydje s,yoequoa) 10} DD pue sjielag  snonunuod 40y DD (uswsaabe op) eddey  uonsand swiall [enpIAIpuU|

swiall padojanap-asodind 1oy s)ynsas Alljiger]al 1s8181-1s8] "z 9|qel



¢60 - (9°€9) 69°0 beg UsJp[1yd 10} [euoneanps st AL
xINOY T > J0J JUsWIUIBLIBIUD
10} S3JIABP 21U0J109]3 Jay10
10 saweb 1a1ndwod 10 03PIA
pake|d 10 SQAQ/AL paydrem
- - (L've) o arg PI1UD X9am Jse| 8y} ul skeq
xSaNIANoe Bulop
100]} 3Y} UO 0 J1eyd & UO UMOp
- 100 - r4s Bumis wads sawn Ajrep sbelany
x19]qE]
[eubip e uo buikejd/Buisn
9.0 - uzg 1uads awn Ajrep abelany
souoyd urews e uo Bulkejd/Bbuisn
¢80 - weg wuads awn Ajrep abesany
(ajgeardde 1) (s1qeondde sa|qelden
$9400S pawIWins 10} J1) $8103S pawiwins sa|qelden [eara106a1ed 10y Jaquinu
eydje s,yoequoid 10} DD pue sjielag  snonunuod 40y DD (uswsaabe op) eddey  uonsand swiall [enpIAIpuU|




S uaJpiyo Joy [nydjay
- (009) zg0 ugg are saweb 21u0.1993/181ndwWwo)

saweb 21u04199]9/181NdWOod

- (T'¥G) G50 weg 9sn Pamo|[e aq pInoys uaJpjiyo

UaJp[Iyd J0J [euoIRINPa

; (€729) L¥0 I€d aJe saweh 21u01199]38/18INdWo)

paldnaoo

6.°0 = D2l :8|qeLieA . .
- (918) 80 ed  ualp|iyo buidesy Joj [njasn st AL
,OWI1 UsaIas pJIyo

J0 aBpajmou /sjalaq (shpis

[eJUsIRd, 818910 0) abenbue| "B a) uswdo|anap
pawwns seg ‘1eg ‘beg - (L'89) TG0 [eqg S, UBIp|1yd Joj [nyd|ay st AL

‘deg ‘ogg ‘ugg ‘wigg AL Yorem
leg Meg ‘feq 'ieg ‘beg - (1'82) 68°0 led 0} Pamo|[e 8q PINoys uaipjiyo

(ajgeardde 1) (s1qeondde sa|qelden
$9400S pawIWins 10} J1) $8103S pawiwins sa|qelden [eara106a1ed 10y Jaquinu

eydje s,yoequol)d 10} DD pue sjiela@  snonunuod 10) DD (1uswsaabe op) eddey  uonsand WYl [eNpIAIpU|




paIdna20 ualp|iyd Buidssy
- (529) 2.0 seg 10} |nyasn aJe siaindwiod 19|qe.L

(s11s abenbuey
'6°8) Juswdojansp s, ualp|Iyd

- (§29) L¥0 Ieg Jo} [nydjay aure sisndwiod 18|qe L
sJa1ndwod 13|ge1

- (€69) 2,0 beg  asn o) pamoj[e aq pINoys uaip|iyd
UaJp|Iyd o} euoieInpa

- (#'19) 650 deg ale (pedi ‘68) s1eIndwod 18|qe L
paidnaoo

uaJip|iyo Buidsay J0) |nyasn

- (¥'19) 6G°0 ogg ale sawel o1uonoa|s/IsINdwo)

(s1nis
abenbue| '68) Juswdojanap

(ajgeardde 1) (s1qeondde sa|qelden
$9400S pawIWins 10} J1) $8103S pawiwins sa|qelden [eara106a1ed 10y Jaquinu

eydje s,yoequol)d 10} DD pue sjiela@  snonunuod 10) DD (1uswsaabe op) eddey  uonsand WYl [eNpIAIpU|




3y asn 1,uop | 41 auop BuiyiAue

QDI :3|qelieA .cmﬁhﬂ_ﬁ_vco N (€02) 6€°0 294 186 03 81qe 8 |[IM | YUy} . uop |

Bu1Adnaoo awin usalas auoydurews

1NOQR SMBIA [eludled, N13]1qey/49IndWOod/A L 8y}

918319 0] pawwns asn 1,upIp | J1 paurensius pJIyo
€L0 999 ‘pog ‘094 ‘099 - (2'26) 00'0 q9g  Aw desx 0} Moy MOU 3, UPINOM |

Bunes ajiym suoydirews,s|gel
- (€'68) G8°0 8Gg  /48Indwod & asn 01 PI1Yyo Aw Moj[e |

auop sBuiyy 186 ued | 1ey)

(acejene 0S paldnaoo piyd Aw dasy 01
10U 91) AnpieIas - (2'€9) 19°0 pGg suoydurews/ns|gel/iaindwod e asn |

paysi|qelss Ajsnoinaid 1Ino1Ip Bulaq

(818Y paisi| Jou swiall YHM Swiall yum S1 8y/s uaym p[1ya Aw 10easip 0
Jayjo Buipnjour) 2°0  pawwns agg ‘psg ‘059 - (7°€9) 0 0Gg  suoydirews/ia|qel/1andwod e asn |

(ajgeardde 1) (s1qeondde sa|qelden
$9400S pawIWins 10} J1) $8103S pawiwins sa|qelden [eara106a1ed 10y Jaquinu

eydje s,yoequoid 10} DD pue sjielag  snonunuod 40y DD (uswsaabe op) eddey  uonsand swiall [enpIAIpuU|




(818 passi| 1ou way

Ajsnoinaid yum weal

13410 BUO L)IM pawiwns

Aep A1ana

Inoy T uey ssa| 01 aWI-UdaJos

Jayjo Buipnjour) g0 320 '820 ‘P 920 - (€9¢) 220 920 S.PI1Yd Aw ywi| 01 JUSPIIUOD
Jsy/wiy 1oensip
01 auoydyrews,1a|gey/481ndwod
/AL 3y} esniuop |} yes
- (€'G8) G8°0 999 01 p[1yd Aw Bumab Aynouyip aney |
S19| el pue sauoydyrews
Buisn awin yoanw 00} spuads
- (8'vL)€L0 pod PI1Yd Aw Jey) pauIaduod we |
paurensus pliyd Aw dssy 01
auoydyrews,1a|gey/18Indwod/A L
(ajgeardde 1) (s1qeondde sa|qelden
$3409S pawiwins 10} J1) S8100S pawiwins sa|gelJen [ear106a1ed 10j Jaguinu
eydje s,yoequoid 10§ DD pue sjielda@  snonuiuod o) D1 (1uswsauabe op) eddey  uonssnd Swiall [enpIAIpU|




9]eald 0] psawwins

Uo1eM

€90 PED €D ‘agD "BED - (7'€€) 99°0 BED 01 pJIyd Aw Joj uo AAQ/AL dyrInd
19]gel/auoyduews
e uo Aejd 03 sysanbal
- (8°29) 9€0 120 s.pyd Aw 0y ou Aes 03 Juspyuod
(yeas Asjjoay buiddoys
‘19]]041S ‘189S Jed B UI B°9)
JUBWIBAOW 10143S8J ey} SUOIeNn)s
ul spuads pjiyo Aw awn
- (T'S6) 6€°0 9¢) J0 Junowre sy} Jiwij 01 Juspyuod
umop
(81qejreAR J0U DDI) Bumis spuads pjiyo Aw swn
Avliger|a) paystjqelss - (9¥S) 0¥°0 J4e) JO Junowe sy} JWi| 0] JUspyuod
(ajgeardde 1) (s1qeondde sa|qelden
$9409S PaLIWINS 10} J1) $8403S pawiwins sa|qelden [eoriobared Joy  Jsquuinu

eydje s,yoequol)d

10} DD pue sj1elad

snonunuod 10y DD (Quswsaabe o4) eddedy

uonsand WYl [eNpIAIpU|




SI1 A11S80 JuRJUI 3oNPaJ 0] UOIUBAIBIUI Pasnaoj-luaied v '[e 18 M |[eg ‘T uowes ‘v pioimeld ‘S UolyBneNoIA ‘S 184017 ‘r¥ [19qduwe)

ssasse 01 AaAuns Juaied e Jo Aljigelal pue Juswdojanap :Apnis AddVH aUL "M Y1edseH ‘a pioimeld ‘v AI9X0 ‘¢ uowes ‘1 AspjuiH

"2r-v€:(1)09: 2002 "|olwapid3 ullD [ 'saireuuonsanb snyels yijeay
J0 sanJadoud Juswalinseaw o) pasodoid atam elia1d Aljeng) “Je 18 ‘r Jaxyad ‘1a |ouM ‘WA IPUIAN Jap UeA ‘YAl Jaog ap ‘ds 10g ‘9D 9amia] -
'09-259:(V)TET'ETOZ "SOLIBIPA "[eli} PSZIWOpUEI € SI0INRY3(

'/ T-,0v-(S)GT:2T0Z "H0dS pal 10S [ *AnAnoe [eaisAyd s,usip[1yo jooyosaid JO sa1e|a1iod

T

Soduo.J3)o Yy

'syulod awil yioq 1e AllAanoe
SIy3 ul swnl ou pauodal syuedionted Jo (9528~) Aiolew syl | jeam Aq Alea 0] paroadxa aq pjnom sasuodsal 0S ‘,X8aM 1se|, 8yl Ul SINOIABYS(Q SSISSE SW)l Sy | « :SSI0N

lauuip
- (€'55) 08°0 PED Bulinp uo AAQ/AL 8y} aneH

1 Buryorem

1.USsem pJIyo Aw JI usns
88'0 = DO :9|qeLEA - (r'28) TL°0 9D ‘W00J 8Y) Ul U0 AAQ/AL Yy 8AeH

.8W11 uaalos Jo uoddns yum Aejd 01
onsifo| ejusied, - (6°29) €20 ged  18]qey/auoydirews e pliyo Aw aA19

(ajgeardde 1) (s1qeondde sa|qelden
$9409S pawiwins 10} J1) S3103S pawiwins sa|gelden [ear106a1e9 Joy Jaquinu

eydje s,yoequoid 10J DD pue sjieleg  shonunuod 4oj DD1  (uswsaabe o) eddey  uonssnd swia1l [enpIAIpuU|




Appendix M: Design of pouch and

leggings for activPAL™ accelerometers




Design of pouch and leggings for activPAL™ accelerometers

Introduction

The activPAL™ accelerometer and inclinometer is a posture-based device, worn
on the midline anterior aspect of the upper thigh, that measures sitting/lying,
standing and stepping (PAL Technologies Ltd, Glasgow, Scotland). In adults,
activPAL™ monitors are commonly affixed to the thigh using adhesive pads
(e.g., PALstickies™ available from the manufacturer), and either removed for
water-based activities or waterproofed (e.g., with Tegaderm™ tape) (1). Few
studies have measured habitual sedentary behaviour in children using activPAL™
accelerometers. De Decker et al. (2) compared the activPAL™ and the hip-worn
ActiGraph for measuring sedentary time in preschoolers. Fifty-two children wore
an activPAL™, affixed to the thigh with hypoallergenic Tegaderm™ tape, for
five consecutive days (three weekdays and two weekend days). Although 70% of
parents reported that their child found wearing both devices (i.e., the activPAL™
and ActiGraph) either ‘pleasant’ or ‘very pleasant’, 10% reported that their child
found wearing the activPAL™ *“very unpleasant’ and 38% reported that that their
child experienced skin irritation due to wearing the waterproof activPAL™ (2).
Davies et al. (3) examined the practical utility of the activPAL™ in 20 preschool
children. The monitor was attached to the thigh with a PALstickie™ and parents
were provided with Tegaderm™ tape for additional security if required. Children
wore the monitors for seven consecutive days, but parents were instructed to
remove the monitor each day for bathing and to reattach it afterwards. While the

overall practical utility was reported to be acceptable, some parents reported that



their child found it somewhat uncomfortable or painful to wear, and that input

was required to ensure that it was kept on correctly (3).

Ridgers et al. (4) examined the agreement between the activPAL™ and
ActiGraph accelerometers for assessing sedentary time school-aged children (8-
12 years). Children wore both monitors for two consecutive school days; the
activPAL™ monitor was enclosed in a small pocket in an adjustable, elasticised
belt, worn on the child’s thigh. Acceptability of this method was not measured,;
however, the authors reported 100% compliance with the inclusion criteria (two
complete school days, i.e., 9am to 3:30pm), suggesting that acceptability was
likely high. Within our research group, this method of enclosing the monitor in a
pocket in an elasticised belt has been utilised with young children (aged 3 years)
(5). However, parents of children in that study reported anecdotally that the belts
were uncomfortable or would constantly slip down. As a result of this, only
around 50% of the sample had valid activPAL™ data (unpublished data).
Potentially this method is practical for use in older children, but not in younger
children given the small size of their legs (which may cause the belt to slip down).
Therefore, for the purposes of the Mini Movers intervention in this thesis, we
aimed to develop a method for wearing the activPAL™ that would increase wear

compliance in young children.

Methods
The design for the leggings with a detachable pouch for the activPAL™ monitor

was conceived because we wanted something that could be worn underneath the



child’s clothing so that they were not visible (to others or to the child). The
detachable pouch was designed so that parents were able to wash the leggings

after each wear, without damaging the monitor.

Firstly, pouches slightly larger than the activPAL™ (~40cm x 55cm) were sewn,

with one side of Velcro® sewn onto the back (see Image 1).

Image 1. Front and back view of activPAL™ pouch

The other side of the Velcro® was sewn onto leggings in sizes ranging from 1 to
6 (i.e., for children aged 1 through 6 years) and in a range of colours. The
leggings were cut so that they would be knee length, to enable them to be worn
under most items of clothing. Prior to data collection, the initialised activPAL™
monitors were sewn into the pouches (to ensure children were not able to remove
them) and the pouches were then affixed to leggings (see Images 2 and 3). Parents
were given two or three pairs of leggings to allow for washing during the week.
Approximately 100 pouches were sewn and 100 leggings were altered by the

candidate for use in the Mini Movers study.



Image 2. ActivPAL™ sewn into pouch

Image 3. Child wearing activPAL™ leggings

Although parents were not specifically asked for their feedback on the leggings,
the majority commented that their children enjoyed wearing them. Additionally,
some parents commented on the leggings unprompted during the qualitative

interviews (see Appendices O and P). The feedback received from these parents

was predominantly positive:

“My daughter liked wearing her "monster leggings" and it was nice to go to our

mothers group where everybody else was wearing them.”



“My son was extremely enthusiastic ‘cos | think he thought that these, um, robot
things he got to stick on his leg made him go faster. He was very enthusiastic in
terms of being, you know, there was no issue in terms of putting on leggings and
stuff underneath. He was actually quite excited by all of that... | was unsure with
him, just being a boy, if he'd actually put leggings on... but he did. And it wasn't

too much hassle from my end, in terms of putting on the clothes.”

“It was very easy to participate in... my daughter's first problem was that she
didn't get pink leggings! Um, so if there was more variety in colours of leggings,
maybe... that was the only thing, we had a little breakdown for it. But, other than

that it was extremely easy to put the leggings on and go.”

“I think the way you measured with the legging thing that was all appropriate
and | mean, for his age, he was happy to sort of wear them, it wasn't a battle for

his to get them on. He was convinced they made him jump higher!”

One mother commented that it was difficult initially, but that her son eventually

got used to it:

“The only thing that was slightly difficult was... keeping that monitor on my son.
Like he was a bit resistant to it. He didn't really enjoy wearing it, um, sometimes.
So that was, you know, it was the start of the program and he eventually like,

towards the end of the week got used to it.”



It appears that this method for wearing the activPAL™ is feasible and acceptable

for both parents and children, suggesting that future research may benefit from

similar methods.
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Activity Monitor Instructions

The activity monitor leggings need to be worn during all waking
hours, except for water activities (e.g. baths, showers, swimming),
for the next 7 days.

e The monitor has been sewn into the pouch. It is important that it
is not taken out of the pouch at any time.

e  Your child can wear the leggings under their usual clothes or by
themselves. We recommend under usual clothes so they are less
tempted to play with or remove the pouch.

e You have received 2 pairs of leggings with Velcro on the right leg.
This is so you can wash the leggings if needed (we know how
messy kids can be!). Please make sure you remove the pouch
before putting the leggings in the machine. /t is very important
that the monitors do not get wet. Remember to re-attach the
pouch to the next, clean pair of leggings.

e Please ensure the pouch is not submerged in water (take leggings
off for baths, showers, swimming). Don’t worry if the pouch gets
dirty. If needed you can wipe it with a damp cloth.

PLEASE REMEMBER THE MONITORS ARE EXPENSIVE TO REPLACE.

If you have any questions about the monitor please contact
Katherine: 9244 6088 or 0473 361 897

k.downing@deakin.edu.au




Activity Record Sheet

If the activity monitor is removed during the day FOR 10 MINUTES OR
MORE for any reason (including if you forget to put the leggings on),
we need to know what your child was doing during that time. Please
write below WHAT your child was doing (e.g. having a shower), WHEN
he/she did it (e.g. 7.30 am) and for HOW LONG (e.g. 15 minutes).

Date

What was your child doing?

Time removed

Duration

Eg.
23/9/16

Swimming lesson

4.30 pm

45 mins




Date What was your child doing? Time removed Duration

Childcare/Preschool Attendance

Please also tell us which days and times your child attended childcare
or preschool during the week that he/she wore the activity monitor.
This might be different from any other week, for instance, if your child
was sick or you had other activities to do.

Day of Type of care Start time Finish time

attendance

Eg.
23/9/16 Childcare 8.30am 4.30 pm




Please ensure your child wears the leggings as shown in the picture
below. The pouch should sit on the front of the right thigh, with the
smiley faces facing the right way up for other people looking at them.
Please ensure the leggings are always on the right way.

Tips and tricks for getting your child to wear the activity monitor...

Put the leggings on every morning as part of getting dressed so they
become just another item of clothing.

Make the leggings into ‘superhero’ leggings.

Excite them with a favourite character: “You're like a transformer!”,
“Dora the explorer would love to wear these!”

Make them feel like one of a kind: “You’re only one of just a few kids
who gets to wear these cool leggings!”

At the end of the day, we understand that getting kids to do some
things can be almost impossible! We just ask that you try your best to
get them to wear the leggings as much as possible for the 7 days ©

Deakin University CRICOS Provider Code 001138
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[Parent first name] [Parent surname]
[Street address]
[Suburb] [Postcode]

[Date]

Dear [Parent first name],

We would like to take this opportunity to thank you again for your participation in the Mini

Movers Program. The research team is extremely grateful to all the families who have been
involved. As you know, the program is now finished, however, we are keen to find out more
about parents’ experiences of Mini Movers.

You are invited to participate in a telephone interview which will take about 30 minutes.
During the interview you will be asked about: your thoughts on the program generally;
aspects of the program that you enjoyed; and things that you feel could have been
improved. The interview will be scheduled at a time convenient to you.

If you would like to participate, please read the enclosed Plain Language Statement,
complete the consent form, and return the consent form either via post in the reply-paid
envelope enclosed or via email to k.downing@deakin.edu.au.

If you do not wish to participate, please tick the ‘no’ box on the consent form and return it
via post or email as above.

If you have any questions about this study, please contact Katherine on 9244 6088. Thank
you for your consideration, and we look forward to hearing from you.

Kind regards,

[ Signature Redacted by Library ]

Katherine Downing
Project Manager/PhD Candidate
Mini Movers Program

Deakin University CRICOS Provider Code: 00113B

Institute for Physical Activity and Nutrition, School of Exercise and Nutrition Sciences

Melbourne Burwood Campus, 221 Burwood Highway, Burwood, VIC 3125
Tel 03 9244 6613 email ipan@deakin.edu.au www.deakin.edu.au/research/ipan
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM

Plain Language Statement

Date: 2016
Full Project Title: Parent perceptions of the Mini Movers Program
Principal Researcher: Assoc Prof Kylie Hesketh

Student Researcher: Ms Katherine Downing

Dear Parent,

As you know, we have recently finished delivering the Mini Movers program to parents
around Melbourne. Now that the formal program is finished, the research team is keen to
find out more about parents’ experiences of this program.

In the next 2 months, we will be conducting a study with a small number of parents who
participated in Mini Movers. The aim of this study is to learn about parents’ views of the
program. We will ask you about aspects of Mini Movers that you enjoyed, things that you
feel could have been improved and what you learnt about promoting healthy habits such as
active play for your child.

What can | expect if | agree to participate?

Participation in this study will involve one telephone interview that will take about 30
minutes. Interviews will be scheduled at a time convenient for you. With your permission,
the interview will be audio-taped, and the key points recorded in writing. Please be assured
that all the information you provide will be de-identified, will remain completely confidential
and will be used for research purposes only.

Who will see the information that | provide?

The results of this program will be published in Ms Downing’s thesis. Results may also be
published in research journals and presented at research conferences. However, individual
participants or playgroups will never be identified and only aggregate data will be reported
(that is, information from all parents in the program will be combined and reported as a
group). Data will be used for no other purposes and will not be released to other parties.
Storage of the data collected will adhere to the University regulations. Data will be kept in
secure storage for at least 6 years.

Are there any risks for me if | agree to take part in this study?

We do not anticipate any risk or discomfort will be experienced by participating in this
research.

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103
Deakin University CRICOS Provider Code 00113B

DEAKIN

UNIVERSITY
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What are the possible benefits for me from taking part in this program?

As thanks for your time in taking part, you will receive a $10 gift card after participating in
the telephone interview. This is in addition to the $20 gift card you have already received for
your participation in the program.

What if | decide not to consent to take part in this program?

As this study is completely voluntary, you are under no obligation to consent to participation
and you may withdraw at any stage, for any reason. If you withdraw from the study, any
information obtained from you will not be used and will be destroyed. You are also free to
avoid answering questions that you feel are too personal or intrusive. If you have any
questions about participating in this project, please feel free to contact the researchers at
any time.

If you agree to participate in this study, please complete the consent form, and return the
consent form either via post in the reply-paid envelope enclosed or via email to
k.downing@deakin.edu.au. If you do not wish to participate in this study, please tick ‘no’ on
the enclosed consent form, and return via post or email as above.

Kind regards,

[ Signature Redacted by Library ] [ Signature Redacted by Library ]
Katherine Downing Kylie Hesketh

PhD Candidate Associate Professor

School of Exercise and Nutrition Sciences School of Exercise and Nutrition Sciences
Deakin University Deakin University

Complaints

If you have any complaints about any aspect of the project, the way it is being conducted or any
questions about your rights as a research participant, then you may contact:

The Manager, Ethics and Biosafety, Deakin University, 221 Burwood Highway, Burwood Victoria
3125, Telephone: 9251 7129, research-ethics@deakin.edu.au

Please quote project number [2016-103].

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103
Deakin University CRICOS Provider Code 00113B

DEAKIN

UNIVERSITY
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Consent Form

Full Project Title: Parent perceptions of the Mini Movers Program
Reference Number: 2016-103

| agree to take part in the Deakin University research project specified in the Plain Language
Statement.

| have had the project explained to me, and | have read and understand the Plain Language
Statement, which | will keep for my records.

The researcher has agreed not to reveal my identity and personal details, including where
information about this project is published, or presented in any public form.

| agree to participate in a telephone interview asking me about
my experience of the Mini Movers program. D YES D NO

Today’s date:

My full name:

Email address:

Mobile phone number:

If you ticked “YES” above:
Times | am available to be contacted: please tick as many as possible

DEAKIN

UNIVERSITY

Day/Time Monday Tuesday Wednesday | Thursday Friday

Early morning 7-9am

Morning 9am-12pm

Afternoon 12-5pm

Evening 5-7pm

Other time (e.g. weekend), please specify:

We will contact you once we receive this form to confirm your interview time.

If you have any questions or concerns, please contact Katherine Downing on 9244 6088 or
k.downing@deakin.edu.au.

Please complete this consent form and return it in to the research team in person,
via post, or save it and email to k.downing@deakin.edu.au.

Plain Language Statement & Consent Form to Parents

Project ID: 2016-103
Deakin University CRICOS Provider Code 00113B
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Introduction:

Hi <parent>, this is <researcher> calling from the Mini Movers Program at
Deakin University. I’m calling today as arranged to ask you a few questions about
your participation in Mini Movers. Is now still a good time to chat?

If NO - arrange another time to call back

If YES - Great! Just a reminder that this phone call will be recorded and later
transcribed. Is that still ok with you? We won’t store your name with the
recording or transcription so anything you say will be completely anonymous. I’ll
also be taking some notes during our talk. We are keen to find out about your
experiences as part of this program, things you liked, things you didn’t like and
any suggestions you have for improving the program or making it easier for
parents to participate. We would really value your honest opinions about both
positive and negative aspects of the program so that we can improve the program.
There are no right or wrong answers to the questions | am about to ask you, we
just want to know what you think.

Ok, I’m just going to turn the recorder on now...

START RECORDING

... for administrative purposes this is interview number <participant 1D>.
1a) Tell me what you thought about the Mini Movers program overall.

1b) What things did you enjoy about participating in Mini Movers? Prompts: the
goal-setting, the booklet, the text messages...

1c) What things did you not enjoy about participating in Mini Movers? Prompts
as above

2a) What did you find useful or most relevant to you about Mini Movers?
How/why was that useful for you? (Asking about CONTENT)

(repeat until no more responses) What else about Mini Movers did you
find useful/relevant? How was that useful for you?

2b) What information provided in Mini Movers did you think was not useful or
relevant? Why/how was that not useful? (Asking about CONTENT)

(repeat until no more responses) What else about Mini Movers did you
think was not useful? Why was that not useful?

2¢) In what ways could we have made Mini Movers more relevant or useful to
you and your family?

I’m going to ask you some more specific questions about the program now, so
apologies if we’ve already covered some of this!



3a) What did you think about receiving the text messages from Mini Movers?
3b) What did you think about the frequency of the text messages you received?
(Should the frequency have been more/less often?)

3c) What did you think about the links we included in the text messages? Did you
click through to these links?

4a) What did you think about the goal setting component of Mini Movers?

4b) Did you find the goal setting useful?

4c) Did you find it difficult to set goals?

4d) Did you find it difficult to stick to your goals?

5a) Which of the Mini Movers resources/materials (the things we’ve given you as
part of the program, including the booklet and the videos and infographic you

received via text), have you used?

5b) Which, if any, of these resources/materials do you think you would use in the
future, as your child (who has participated in Mini Movers) gets older?

5¢) Which, if any, of these resources/materials do you think you would use in the
future, with other children?

5d) How would you suggest we could improve the resources/materials so parents
might be more likely to use them?

6) Do you think the program overall was useful for your family? Do you think it
made you change the way you do things?

7) Do you have any other thoughts about Mini Movers that you’d like to share?
Prompt: Have you talked to anyone else about Mini Movers? What sort of things
have you told them?

Conclusion:

Thank you very much for your time today, we really appreciate your input! You
should receive your additional $10 voucher in the post in the next couple of
weeks.
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Additional methods and results for Mini Movers qualitative

interviews

Methods

A subsample of randomly selected participants in the intervention group were
invited to participate in qualitative telephone interviews. These participants were
contacted after the program had concluded via mail and asked to return a separate
consent form (see Appendix O). Participants were sent a maximum of one
reminder email and one text message to return their consent form if interested.
Once consent was received, telephone interviews were scheduled for days and

times convenient to the parents. Interview questions are presented in Appendix P.

As the candidate was responsible for delivering the intervention, the interviews
were conducted by a trained research assistant to minimise participant social
desirability. All interviews were digitally recorded and brief notes were taken by
the interviewer. The recordings were transcribed verbatim by the candidate, using
IngScribe digital media transcription software (Inquirium, Chicago, Illinois,
USA). Transcripts were analysed using NVivo (QSR International, 2002)
qualitative software package. Participants’ responses to questions were coded to

identify key themes.



Results

Of the 25 intervention participants invited to participate in the qualitative
interviews, 10 participants provided written, informed consent (40% response).
All participants were mothers, with a mean age of 36.6 years (SD 4.6). All were
highly educated (university degree or higher) and married/living in a de facto
relationship. Fewer than half (40%) were classified as healthy weight, 70% were
born in Australia, and 70% were in either part- or full-time paid employment.
There was an even split (50% each) of mothers of boys and girls. Additional
results from the interviews not reported in Chapter Seven (Paper Four) are

described below.

When asked about their thoughts on the program overall, parents commented that
they liked tips and ideas for new activities and reminders to do activities that they

may have forgotten about:

“It was a really good idea... | enjoyed knowing what [child’s] activity level was
and then finding... new ways to increase it. Like | hadn't really thought about her
walking places, | always just put her in the push chair, so that was good for me

realising her capability... of what she was actually able to do.”

“I think some of the strategies were really great, that you offered, | mean it was
things that perhaps you sort of know already as a parent, but it was just that little
reminder... sometimes | was sort of like "yeah, you know... that's a good thing to

do".”



This was reiterated when parents were asked what they found most useful or
relevant from the program. The two most common responses to this question were

related to the reminders for activities to do with children and the goal-setting:

“I think that I knew a lot of the information, but I think as you kind of get busy
with kids, you forget it a little bit, so it was useful in terms of reminding me of
some useful activities to do with the kids. Like | remember... a prompt about you
know, getting them involved in cooking and I think over time, cos it was my third
child that participated, you kind of forget. You just kind of go "it's easy to cook
without them". But actually, when you stop and get reminded to do that kind of
thing, then you involve them again and they really do enjoy it. So it was kind of
useful in that way to remind me and get me back to kind of, my roots of parenting

| think.”

“Having clear goals that you work towards as a team, like that kind of is very
useful as well... it keeps you in check as well. Like "did we meet our goals this
week?", if we didn't, "why didn't we? And how can we fix that next time?". So it's
kind of a... visual thing as well. It's on the fridge so the kids would tick it off and

stuff so... it was useful in that sense.”

When asked what they enjoyed specifically about the program, in addition to the
goal-setting (reported in Chapter Seven), many parents commented that they

enjoyed receiving the text messages:

“It was great to have those encouraging text messages as well, that sort of, |

guess, just reinforced that there was someone there... you know, supporting you.



And yeah it was, it was just simple, like it wasn't something difficult. And it wasn't
something that you had to spend a lot of time on. It was just something you could

incorporate into what you were doing each day.”

Parents were also asked what components of the program they did not enjoy,
more than half of the parents (60%) reported that there was nothing they did not
enjoy. Other parents reported that the one thing they did not enjoy was that it was

sometimes difficult to stick to their goals:

“There were times that it was difficult as well to keep the goals going. Especially
because I've got two kids, one has just turned 1 so... it was hard to manage trying
to keep, trying to do all the activities that they recommended and trying to keep

my toddler busy and you know, away from the things that he's used to.”

The same proportion of parents (60%) reported that there was nothing they did
not find useful or relevant. Other parents thought that some of the ideas provided

were not practical or relevant for them:

“I have to say | found a lot of the text messages with activity ideas were just
impractical... she's my third (child)... I just found it quite impractical lots of the
suggestions and particularly ones like ""go to the park with a friend" and we didn't
really have anyone nearby, and kind of to... follow through with some of the

suggestions, it just didn't work for our family.”



An interesting theme that emerged when asked how the program could be
improved to make it more useful or relevant was to focus on the whole family

(rather than just an individual child):

““I guess the only thing is because the intervention only focussed on my youngest,
I mean we did involve the kids, but if you could have a more holistic program
where you're not just targeting the youngest child but your goals centre around
everyone in the family. That probably would have been a bit more relevant. |
mean we did that anyway. But if you did that from the outset, like made it family
goal rather than just an individual child goal — that would work. Particularly
because | think that the goals that we set around physical activity are useful to
everyone in the family, not just the one child... we've sustained some of the goals
because of that. And the kids kind of became our change champions... my oldest
son he would often say, you know we would have friends over and they would

want to watch TV and he would say ""no, it's a screen-free day today".”

When asked specifically what they thought about the goal-setting component of
the study, all parents were positive about it overall. One parent suggested that it
would have been useful to re-visit the goals half way through the program. All but

one parent reported that they found the goal-setting useful:

“Yeah I think so, cos it was something that basically kept you... focused on
something and you know, you could have been all over the place trying to do lots
of different things but it kept you sort of focused on one area of improvement

and... I did. | found it useful.”



The majority of parents (80%) reported that they did not find it difficult to set
goals; however, some parents reported that they (or others in the family) found it

difficult to stick to them:

“It was easy to set goals, difficult to achieve them... like one was watching TV
and the other was walking to kinder, we only managed to walk to kinder once, so

I think I should have maybe thought about that goal a bit more.”

“Certain family members found it more difficult than others. | personally didn't
find it difficult, because I'm at home more with the kids. But certainly my
husband... particularly around switching off the TV, he found it very difficult to
stick to because quite often, he just... goes to do that on the weekend. And he can

kind of get some stuff done. But | didn't have trouble.”

When asked which of the Mini Movers resources or materials they had used, the

two most common response were the booklet and the goal-checking magnet:

“I think I've used all of it. | read through the booklet... the things that they

recommended there.”

“The tick box, to say whether we achieved the goal or not, that's still on my

fridge. And still something that we will look at.”



The goal-checking magnet was also noted to be the thing that many parents would
continue to use in the future. Additionally, some parents commented that it was
more the concepts and principles from the program rather than resources that they

would continue to use:

““I think more just the concepts and ideas that came out of it... the way you
approach your activities or you know, how you might balance it out, or even the
goal-setting I think... doing it sort of more consciously, doing that with my 2-
year-old... getting her to do things, standing up and... she's at the other end of my
spectrum now with the others at school at kinder, | can probably take her on

walks or do those things. I've got more time on my hands.”

Parents were asked whether the program overall was useful for their family and
had made them change the way they do things. All parents reported that it was

useful overall, even if just to make them more aware:

“I think it's very useful and I think in this day and age... it's almost essential for
many families. | thought that I had a lot of that knowledge because of the area
that | work, but it did sort of surprise me that I did get more out of it than |
thought | would and it made me realise what | needed to do in our life to change
that. There's definitely things in place to try and improve those outcomes... which
I think has probably stemmed from doing the Mini Movers (program). I'm
certainly much more aware, even though I thought | was aware previously, but |

think it made me even more aware.”



However, some parents commented that it may only be useful in the short-term:

“In terms of trying to do it on a daily basis, or on a long period of time, like on
every day... that is where | find it difficult. So if it was just like a short program,
like how we had it, like a 6 week program, maybe we can do it... but I personally

would find it difficult to keep doing it every day.”

Finally, when asked if they had any final thoughts on the program, no clear
themes emerged. However, one parent had an interesting suggestion for the up-

scaling of the program:

“I think if the program were to continue, like be rolled out in the real world, it is
really good to get that feedback around how much activity your child is doing.
And | don't know whether that's just going to be a short-term research thing but it
Is nice to know that your child is tracking better on certain things. So if that can
still be incorporated as it gets rolled out, that would be ideal. | mean, they don't
necessarily need to wear a monitor, but if you're able to give feedback to parents
that "you walked an hour today with your child, that's equivalent to this much
activity or this many steps”, just knowing that is quite useful.”” n you can find on

the web, these days.

In summary, parents (n=10) who participated in the qualitative interviews were
positive about many aspects of the program. In particular, the goal-setting, in
conjunction with the goal-checking magnet, was reported to be very useful and
relevant. Parents also provided some insightful suggestions that may be useful in

the development of future interventions.
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