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Abstract

Increasing physical activity (PA) and reducing the time spent sedentary can
favourably impact the health and wellbeing of preschool aged children. Despite the
importance of regular PA, objective monitoring studies suggest that young children
do not accumulate enough PA to benefit their health. Furthermore, relatively few
interventions to promote PA in children under 5 have been rigorously evaluated and
intervention studies to date have generated mixed results. The aims of this thesis
were to a) assess within-day variability of objectively measured moderate-to-
vigorous physical activity (MVPA) during weekdays and weekend days among
preschool children; b) investigate the effect of a curricular Active Play intervention
on children's sedentary and PA behaviours; and, c) investigate the effect of a family
focused Active Play intervention on children's weekday and weekend day sedentary
time and total PA.

Study 1

Background: Identifying periods of the day which are susceptible to varying levels
of PA may help identify key times to intervene and potentially change preschool
children's PA behaviours. This study assessed variability of objectively measured
MVPA during weekdays and weekend days among preschool children.

Method: One hundred and eighty-eight children (aged 3-5 years; 53.2% boys) from a
northwest English city wore uni-axial accelerometers for 7 consecutive days.

Results: Higher levels of MVPA were recorded in boys, particularly those who
attended preschool for a half day. Children who attended preschool for a full day
engaged in 11.1 minutes less MVPA than children who attended for a half day.
After-school hours were characterised by a decrease in activity for all groups.
Patterns of activity during the weekend were smoother with less variability.

Conclusion: This study identified discrete segments of the week, specifically
afterschool and during the weekend, when preschoolers engage in low levels of PA.
Higher levels of MVPA among children who attended preschool for less time each
day suggests that the structured preschool environment is related to decreased
activity. Consequently, there is a need for interventions in young children to focus on
school and home environments.

Study 2

Background: Early childhood is a critical time for the promotion of healthy lifestyle
behaviours such as physical activity. Cross-sectional studies suggest that preschool
children are not sufficiently active to benefit their health. Few studies have
investigated the effect of interventions on physical activity levels and time spent
being sedentary in this population. The aim of this study was to investigate the effect
of a school-based active play intervention on preschool children's physical activity
and sedentary time.

Method: Two hundred and forty children were recruited from 12 randomly selected
preschools in the North West of England. Six schools were randomly assigned to-
either an intervention (n=6) or a current practice comparison group (n=6). One
teacher in each intervention school received training in the delivery of a 6-week
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active play programme including active play resources. The training programme was
delivered by experienced active play professionals. Comparison schools received the
active play resources (but not the training) and were asked to deliver their usual
active play provision. Children wore a uni-axial accelerometer for 7 days at baseline,
post-test and at 6 months follow up. Whole week sedentary time and physical
activity adjusted for pupil- and school- level covariates were analysed using
multilevel analyses.

Results: No significant intervention effects were observed for sedentary time or
physical activity. Sex and hours spent at school were significant predictors of
physical activity in this age group, with boys engaging in less sedentary time and
more light intensity activity than girls. Children who spent fewer hours at school
were significantly more active than those who spent more time at school. BMI,
maternal education, child's ethnicity and accelerometer wear time were not
associated with activity levels.

Conclusion: Physical activity during intervention classes was high. However the six
teacher training intervention sessions did not increase physical activity or decrease
sedentary time over a week. Specific covariates were identified as having a
significant effect on the outcome measures. Moreover, children who spend more
time at pre-school were less active suggesting that this setting was not as conducive
to physical activity engagement as other environments.

Study 3
Background: Early childhood provides a window of opportunity for the promotion of
physical activity. Given the limited effectiveness of interventions to date, new
approaches are needed. Socio-ecological models suggest that involving parents as
intervention targets may be effective in fostering healthier lifestyles in children. This
study describes the effectiveness ofa family-focused 'Active Play' intervention in
decreasing sedentary time and increasing total physical activity in preschool
children.

Method: Seventy-seven families were recruited from 8 randomly selected SureStart
children's centres in the North West of England. Centres were randomly assigned to
either an intervention (n=4) or a comparison group (n=4). Parents and children in the
intervention group received a 10-week active play programme delivered by trained
active play professionals; this included an activity and educational component.
Families in the comparison group were asked to maintain their usual routine. Each
participating parent and child wore a uni-axial accelerometer for 7 days at baseline
and post-test. Week and weekend day sedentary time and total physical activity
adjusted for child- and home- level covariates were analysed using multilevel
analyses.

Results: Significant intervention effects were observed for sedentary time and
physical activity for both week and weekend days. Children in the intervention group
engaged in 1.5% and 4.3% less sedentary time during week and weekend days,
respectively and 4.5% and 13.1% more physical activity during week and weekend
days, respectively than children in the comparison group. Parent's participation in
sport and their physical activity levels, child's sex, availability of media in the home
and attendance at organised activities were significant predictors of sedentary time
and physical activity in this age group.
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Conclusion: A 10-week family focused active play intervention produced positive
changes in sedentary time and total physical activity levels in preschool children.
Specific covariates were identified as having a significant effect on the outcome
measures. Moreover, children whose parents were active engaged in less sedentary
time and more physical activity suggesting that parent's activity habits are mediators
of physical activity engagement in this age group.
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Infants

Toddlers

Preschoolers

Sedentary behaviour

Physical activity

Play

Active play

Light intensity
physical activity

Moderate intensity
physical activity

Vigorous intensity
physical activity

Glossary of Terms

Children aged between birth and 1 year.

Children aged between 1 and 3 years.

Children aged between 3 and 5 years.

No unanimous definition exists for sedentary behaviour. It
has been described as the absence of physical activity and
involves the intentional engagement in mostly seated
activities that require minimal and low energy expenditure
(Biddle, 2010, Reilly and McDowell, 2003).
Within this thesis, sedentary behaviour will be objectively
quantified using age specific accelerometer cut-points
(Sirard, 2005).

Defined as 'any bodily movement produced by skeletal
muscles resulting in energy expenditure' (Casperson et at.
1985, p.126).

No common definition exists for play. It has been defined
as activity done for its own sake, characterised by means
rather than ends (the process is more important than any
end point or goal), flexibility (objects are put in new
combinations or roles are acted out in new ways), and
positive affect (children often smile, laugh, and say they
enjoy it) (pellegrini and Smith, 1998).

Active play may involve symbolic activity or games with
rules; children may participate in active play in a group or
by themselves, but the unique characteristics of the
activity are its playful context, combined with activity that
is significantly above resting metabolic rate (Simons-
Morton et al., 1990a).

Corresponds to energy expenditure between 1 and 3 times
that used at rest, or 1 and 3 metabolic equivalents
(Freedson et al., 1998).

Activity usually equivalent to brisk walking, which might
be expected to leave the participant feeling warm and
slightly out of breath. Corresponds to energy expenditure
between 3 and 6 metabolic equivalents (Freedson et aI.,
1998).

Defined as 'activity usually equivalent to at least slow
jogging, which might be expected to leave the participant
feeling out of breath and sweaty'. Corresponds to energy
expenditure between 6 and 9 metabolic equivalents

x



Very vigorous
intensity physical
activity

Moderate to vigorous
intensity physical
activity

Total physical activity

(Freedson et aI., 1998).

Corresponds to energy expenditure 9 metabolic
equivalents or greater.

Physical activity of intensity equivalent to or greater than
moderate intensity ~ 3 metabolic equivalents} (Freedson
et aI., 1998).

Physical activity of intensity equivalent to or greater than
moderate intensity (2': 1metabolic equivalent) (Freedson et
aI., 1998).
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Chapter 1

Introduction
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1.1 The research problem

The prevalence of obesity is high and increasing in all age groups and most countries

worldwide (World Health Organisation, 1999), with these trends being observed

from early in life (Wang and Lobstein, 2006). Obesity is a serious problem that

affects children from both industrialised and developing countries. In recent years its

prevalence has reached epidemic proportions and it is estimated that 10% of the

world's children are currently overweight or obese (Lobstein et al., 2004). The

problem is not confined to school-age children; twenty-two million children <5 years

of age are now estimated to be overweight or obese (World Health Organisation,

2004). Recent evidence suggests that in obese children most of their excess weight is

gained before the age of 5 years (Gardner et al., 2009) and that adiposity tracks into

later childhood (Nader et al., 2006). This situation is a major concern for public

health because weight gained before puberty has a strong association with risk

factors for cardiovascular disease, which are typically seen in adulthood but are

becoming apparent in children as young as 4 years of age (Cali and Caprio, 2008).

These risk factors are also known to track to adulthood (Berenson, 2002) with major

implications for long-term health. Early childhood is therefore a key period for the

development of obesity and an important target for intervention (Flynn et al., 2006).

Evidence suggests that increased physical activity (PA) reduces the risk of obesity in

preschool children (Mo-suwan et al., 1998, Metallinos-Katsaras et al., 2007, Klesges

et al., 1995, Jago et al., 2005). One cross-sectional study has shown that children

with lower PA are approximately four times (3.8 [95% CI: 1.4, 10.6] ) more likely to

have increased body fat (Moore et al., 1995). The effect size of PA on obesity could

possibly be substantial. For example, in Thailand preschool children reported to have

low exercise levels have been shown to have >2-fold risk of obesity compared with
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children with a normal exercise level (Mo-suwan and Geater, 1996). The intensity of

PA may be principally important in influencing obesity risk. For example, one study

has shown that overweight children spend approximately 9 min less time (22.9 min

v. 32.1 min, P<0.05) in vigorous PA daily compared with normal weight children

(Metallinos-Katsaras et aI., 2007). Although the extent of the contribution of PA to

preschool obesity is unclear, adopting a physically active lifestyle is crucial for long-

term health promotion. Aside from obesity prevention and treatment; participation in

PA has other important health benefits. Regular PA among young children can

contribute to social, psychological and fundamental movement skill development

and maintain bone health (Timmons et aI., 2007, Oliver et aI., 2007, Reilly et aI.,

2008, Ward et aI., 2010, Okely et aI., 2009). Despite these benefits and an increasing

awareness of the importance of PA, research suggests that preschool children are not

sufficiently active to benefit their health (Finn et aI., 2002, Reilly, 2010, Taylor et aI.,

2009, Okely et al., 2009). A systematic review of studies found that 54% of

preschool children were sufficiently active to positively impact their health (Tucker,

2008) A similar story exists for the PA levels of children attending childcare, a

recent review of the evidence on volume of PA and amount of moderate- to

vigorous-intensity PA (MVPA) in preschool children within child care centers,

(Reilly, 2010) concluded that levels of objectively measured PA were low within

childcare, and most studies also reported very high levels of objectively measured

sedentary behaviour. However, there is scant evidence of successful trials to increase

PAin children. This is supported by PA intervention reviews (Kriemler et aI., 2011,

van Sluijs et aI., 2007, Salmon et al., 2007) which also report that the evidence base

within this age group is preliminary. Furthermore, few studies have investigated the

patterns of preschool children PA levels. Now that there is a growing evidence base
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surrounding the prevalence and rates of PA in preschool children, evidence

surrounding patterns of PA would inform the potential timing of PA interventions in

this age group.

Childcare settings (centre based care and preschools) have been identified as a

promising setting for the delivery of interventions to increase PA among children

during early childhood (Trost et aI., 2010, Dowda et aI., 2009, Finn et aI., 2002).

First, childcare services provide access to a large and growing number of children for

prolonged periods each day (Ward et aI., 2010). Second, childcare services have

existing infrastructure which can be used to facilitate child PA (Story et at, 2006).

Third, childcare service staff appear amenable to interventions which aim to enhance

children's activity (British Heart Foundation National Centre, 2011). Lastly,

descriptive research suggests that service policies and practices and the physical

environment of childcare services are important influences on children's PA

behaviours (Bower et aI., 2008, Trost et at, 2010). Working with staff within

childcare settings may provide a sustainable solution for the low levels of PA

reported during childcare. Additionally, in terms of intervention design it has been

suggested that attempts to increase children's PA should target the whole family

(Gortmaker et at, 1999, Timperio et at, 2004, Norton et at, 2003). Parents can

strongly influence children's PA behaviours through role-modeling and direct

involvement, and these influences may last beyond adolescence (Oliver et at, 2010,

Norton et at, 2003). Given their potential as an agent of behaviour change, research

involving parents is required to investigate the effectiveness of directly involving

them in PA interventions.

It must be noted that there are important differences in PA between young children

and older children and adolescents. Firstly, the type and purpose of PA participated

4



in varies with age. During the preschool and early primary school years basic

movement patterns are developed which form the foundation for activity at later ages

(Strong et al., 2005). Secondly, children's PA rarely involves sustained activity but is

characterised by intermittent short duration «5 minutes) bursts of all-out activity

alternated with periods of rest and recovery (Pangrazi, 2000). Thirdly, the correlates

and determinants of PA differ between children and adolescents. The Health Survey

for England 2002 (Department of Health, 2003) found 'active play' to be the most

common type of activity reported by boys and girls on at least five days. Paradigm

examples of active play include running, climbing, chasing, and play fighting, the

latter being a component of rough-and-tumble play (Pellegrini and Smith, 1998).

These activities may occur in informal settings (e.g. gardens, public open spaces) or

as part of more formal settings (e.g. nurseries, play groups, pre-schools, school

recess time). There is little evidence surrounding the use of active playas a

component of PA interventions, and, the effects of active play on PA and sedentary

behaviour. In addition, few studies have investigated the PA levels of young children

whilst participating in active play. Quantifying PA during active play will inform

whether this type of activity contributes to daily PA recommendations of young

children.

1.2 Theoretical framework to increase preschooler's physical activity

PA behaviour and the factors influencing it are very complex. Theoretical

frameworks are used to provide a model to understand the numerous factors and

behaviours that enable or act as barriers to PA participation. They are used to

understand a specific problem in a particular setting or context. They help

researchers understand and identify factors related to PA participation therefore

enabling the design of more effective interventions. In the context of PA, the term
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intervention is used to describe a strategy, program or policy that is designed to have

an impact on PA participation (Marcus et al., 2006). Theories or conceptual models

can be used to drive the effective development and implementation of intervention

programmes to increase PA in young children. For PA promotion, a theory or

conceptual model should be created based on research identifying correlates or

determinants of behaviour change in a targeted population (paxton et aI., 2008).

Correlates of PAin young children have been identified across a number of settings

and contexts. For instance, characteristics of the child's demographic and biological

characteristics, social and physical environments have all been shown to be

associated with young children's sedentary time (ST) and PA (Hinkley et al., 2012,

Dolinsky et al., 20 11, Hinkley et aI., 2008). This will be discussed in more depth in

section 2.7 below. Findings from such studies support the use of ecological models

of behaviours that indicate personal, social and physical environmental factors

influence behaviour (Sallis, 1999). Human behaviour is difficult to change,

especially in an environment that does not support change. In order to increase PA,

efforts need to focus on the behaviour choices of each individual but also on factors

that influence those choices. Social ecological models help identify opportunities to

promote participation in PA by recognising the multiple factors that influence an

individual's behaviour. Efforts to change behaviour are more likely to be successful

when the multiple levels of influence are addressed at the same time and a coherent

theoretical basis is utilised to guide intervention development (Medical Research

Council, 2008, Stokols et aI., 1996).

Health behaviours, including PA participation, are thought to be improved when

environments and policies support healthy choices, and individuals are motivated

and educated to make those choices (World Health Organisation, 1996). Social
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ecological approaches acknowledge the multiple interrelated influences across social,

cultural, and environmental domains. One such theory is Bronfenbrenners theory of

ecological development (Bronfenbrenner, 1979) (Figure 1.1). For almost thirty years,

this has been one of the most generally used theories to analyse the phenomena of

early childhood education. This theoretical framework adopts a social-cognitive

approach to changing behaviours and attitudes of those with the greatest influence on

preschool children (i.e. the parents and children's centre staff). Further ecological

models provide a comprehensive framework within which to examine children's

active free-play (Sallis et al., 1997). Social ecological frameworks aim to influence

children's PA and sedentary behaviour through the manipulation of moderators and

mediators across their social environment (Golley et al., 2011, Oliver et al., 2010).

The studies within this thesis are based on Bronfenbrenners theory of ecological

development, which places emphasis on both the immediate and broader

environment as important for child development. In this conceptual framework the

family, school, community and broader society, as well as the children's own

attributes, are seen to contribute to the child's development in complex interacting

ways over time (Sanson, 2002). Bronfenbrenner's ecological model of human

development was adopted at the outset of this thesis to underpin the design and

development of the interventions. Bronfenbrenner's model emphasises the contexts

in which people develop as well as the ability for change. This model can be viewed

as well as differentiated and complete account of contextual influences on

development (Lerner, 2006). This theory (Bronfenbrenner, 1979, Bronfenbrenner,

1998, Bronfenbrenner, 2006) notes the bidirectional nature of interactions between

the individual and the context in which they develop. An individual's dispositions,

aptitudes, and demands on the environment all shape the course of their
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development. Changes in life events can be imposed on the child, or arise from the

child as they themselves select, create and modify their own experiences.

This ecological framework views development as influenced by five environmental

systems, ranging from proximal contexts of direct interaction with people to broad

based contexts of culture, all occurring over time. The five systems are the

microsystem, mesosystem, exosystem, macro system and chronosystem. Any

relations between a child and their immediate environment occur within microsystem

(Bronfenbrenner, 1979). This includes the child's family, peers, school, and

neighbourhood. The mesosystem refers to the interrelationships among two or more

microsystems in which an individual actively participates, for example the relation of

family experiences (a microsystem) to their school (another microsystem). A social

setting that affects a child but does not directly impinge on them is referred to as an

exosystem. Exosystems include parent's place of employment, parent's social

networks, and government and social policy. The macrosystem refers to the attitudes,

beliefs and ideologies of the child's culture (e.g. a culture's values concerning child-

rearing). The chronosystem refers to the pattern of the environmental events and

transitions over time (Bronfenbrenner, 1998, Bronfenbrenner, 2006). In essence the

model says that child development results from interactions between the child and

their families, schools, communities and their broader society over time. In the

model the historical time and place of an individual, the timing of transitions and

events occurring during their lives and historical events are all important in

determining a person's life course. All of these relationships and interactions

between individuals and their environments are viewed as "mutually shaping".

Brofenbrenner saw the individual's experience "as a set of nested structures, each

inside the next, like a set of Russian dolls" (Bronfenbrenner 1979, p. 22).
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1.3 Organisation of the thesis

The central theme of the thesis is to examine the effects of active play when

promoted within a school and family context, on ST and the PA levels of preschool

aged children. Chapter 2 provides a review of the literature. The key topics

addressed are the measurement and prevalence of PAin preschool children, the

relative contribution towards daily PA guidelines, and the effect of interventions on

children's PA levels and sedentary behaviour. Through this review, highlighted

limitations and gaps in the literature will provide a rationale for the one cross-

sectional study and two clustered randomised controlled trials designed for this

thesis. Few studies have investigated the patterns of PA. Chapter 3 examines this
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issue in preschool children. Little research exists on the promotion of physically

active play within a preschool context. Chapter 4 evaluates the short- and long term

effects of a curricular Active Play intervention on whole week ST and moderate-to-

vigorous PA. Involving parents as an agent of change in preschool PA interventions

has not been extensively studied. Chapter 5 evaluates the effect of a family focused

Active Play intervention on preschool children's weekday and weekend day ST and

total PA. To conclude, Chapter 6 synthesises results from the 3 empirical studies

and their implications in relation to the major themes in the thesis. Directions for

future research are also suggested.

1.4 Authors contribution to the research project

It is important to note that this PhD sits within a wider research project. The author

of this PhD was responsible for the design, data collection and analyses of all three

empirical studies. However, other researchers must be acknowledged for their

contribution throughout, namely Prof. Gareth Stratton, Prof. Stuart Fairclough, Dr.

Zoe Knowles, Dr. Lawrence Foweather and Dr. Nicola Ridgers.

10



Chapter 2

Literature Review
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"Our childrenfrom their earliest years must take part in all the more lawfulforms of
play, for if they are not surrounded with such an atmosphere they can never grow up

to be well conducted and virtuous citizens"

--Plato, 380 BC

2.1 Introduction

The purpose of this chapter is to review the literature associated with PA and

sedentary behaviours of preschool children, and to examine a range of evidence

surrounding the importance of participation in PA, specifically active play.

Specifically, guidelines for sedentary behaviour and PA, measurement procedures,

correlates of PA and intervention based research will be reviewed using evidence

from cross-sectional, longitudinal and experimental research to inform the basis of

rationale for each thesis study.

The purpose of the literature review is to: (i) define PA, active play and sedentary

behaviour, (ii) discuss how PA and sedentary behaviour impacts the health of

preschool children, (iii) identify the recommended guidelines for sedentary

behaviour and PA, (iv) review the methods for assessing sedentary behaviour and

PA, (v) describe the levels and patterns of PA for this age group, (vi) review the key

correlates of PA in preschool children, (vii) discuss interventions that have been

implemented with this age group. Finally, I will lead into the aims of the thesis and

the associated objective's.

2.2 Physical activity, active play and health in young children

PA is central to leading a healthy lifestyle and is defined as "any bodily movement

produced by skeletal muscles that result in caloric expenditure" (Casperson et al.

1985, p.126). Preventable lifestyle diseases continue to be major contributors to the
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burden of disease internationally, and physical inactivity is among the top five risk

factors contributing to global mortality. Interventions during the early years of

development are required to ensure health promoting behaviours, such as PA, are

established (Department of Health, 2011). Despite young children being seen as the

most active segment of the population, monitoring studies (Hinkley et al., 2010, Vale

et al., 2010, Pfeiffer et al., 2009, Reilly, 2010) suggest that a high proportion of this

population are insufficiently active to benefit their health.

PA is typically categorised into a range of intensities and measured in metabolic

equivalents (METs; where 1MET is equivalent to rest) (Sallis, 1999). Light intensity

physical activities (1.5 - 2.9 METs) for young children includes for example

dressing up in costumes, standing and painting and slow walking. Moderate-to-

vigorous physical activities (3-8 METs) include higher intensity activity, such as

running, jumping, and playing ball games. Sedentary behaviours «1.5 METs) are

characterised by sitting or lying down, and include watching television, using a

computer, reading and drawing (Ainsworth et al. 2011). Young children's natural

activity patterns are described as being intermittent, and are characterised by periods

of intense bursts of activity followed by periods of rest or lower intensity activity

(Reilly, 2010).

PAis one of a number of factors which influence the healthy growth and

development of children (Hills et al., 2007). The value of PA for young children is

now beyond doubt, and a lack of sufficient PA during the early years of life is

viewed as having negative consequences on children's health. Participating in

regular PA contributes to the prevention of obesity (Moore et al., 2003) and reduces

cardiovascular disease risk factors (Saakslahti et al., 2004, Alpert et al., 1990),

contributes to adequate bone health (Janz et al., 2010), motor development (Williams
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et al., 2008), and positive cognitive and social development (Burdette and Whitaker,

2005). Research also suggests that children's PA patterns also appear to track during

childhood (Pate et al., 1996), and from childhood and adolescence into adulthood

(Telama et aI., 2005) thus suggesting that early life experiences ofPA may influence

later behaviours and subsequent health. Given that early childhood is a critical period

for the establishment of both eating and activity behaviour (Trost et al., 2003);

prevention strategies to ensure that children develop healthy PA behaviour should

start as early in life as possible.

Participation in PA can provide important health benefits such as preventing

unhealthy weight gain, reducing blood pressure and enhancing mental health

(Boreham and Riddoch, 2001, Strong et aI., 2005). A moderate association between

PA and adiposity has been established with a number of cohort studies showing that

children who were more active at baseline had smaller gains in fatness at follow up

(Klesges et aI., 1995, Moore et al., 2003, Moore et aI., 1995, Jago et al., 2005). In a

series of cross-sectional studies a significant inverse relationship between adiposity

and PA was reported (Trost et aI., 2003, Janz et al., 2002, Jouret et aI., 2007). This

relationship was stronger when PA was quantified using an objective measurement

protocol. A limited association between PA and blood pressure, musculoskeletal

health and motor development has also been found. In a prospective cohort study

conducted by Shea et al. (1994), it was reported that participants with higher

increases in PA had smaller increases in systolic and diastolic blood pressure. Janz et

al. (2001); Litmanovitz et al. (2007) and Aly et al. (2004) have identified

associations between PA and musculoskeletal health however studies by both

Litmanovitz et al. (2007) and Aly et al. (2004) used a non-representative sample of

preschool children who were born pre-term and with a consequential low birth
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weight. A cross-sectional study conducted by Janz et at. (200 I) showed that

vigorous intensity PA was significantly associated with bone mineral density and

bone mineral health. Research also shows that there is a consistent relationship,

albeit cross-sectional, between PA and motor development (Williams et al., 2008,

Fisher et al., 2005). Other studies have reported positive associations between the PA

and motor development (Cliff et al., 2009a, Trevlas et al., 2003). Although these

studies have reported positive results in general, the absence of potential confounders

such as different assessment procedures and the individual child's developmental

status make it difficult to draw reliable and comparable conclusions from the

research. Evidence surrounding the relationship between PA and blood lipids

remains inconclusive for this age group. In terms of blood lipids, one study has

described an inverse relationship between PA and total cholesterol (SlUikslahti,

1999), whilst other studies have reported a positive association between PA and

high-density-lipoprotein cholesterol (SlUikslahti et at., 2004, Parfzkova et al., 1986).

The same inclusivity exists with the relationship between PA and emotional

development. Two studies; one cross-sectional and one experimental in design

investigated the relationship between PA and social competence. In these studies,

participation in a dance based intervention (Labo et al., 2005) or participating in

more time playing with peers of the same sex (Colwell and Lindsey, 2005) resulted

in increased social competence. Lindsey et al. (2005) investigated the relationship

between PA and emotional development and concluded that time spent in PA was

related to teacher-rated emotional competence in boys but not girls. Overall,

contrasting evidence for the positive association of PA with health benefits in

preschool children has been consistently presented in the literature. Challenges when

measuring PAin this age group, the inconsistency in global PA recommendations,
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small and underpowered samples in many studies; and the fact that young children

are often healthy and free froin risk factors for chronic disease are possible

explanations for the lack of compelling evidence. Although there is an agreement

that the more PA young children participate in, the better (Institute of Medicine,

2005, Strong et al., 2005), there is insufficient evidence of the precise dose and

intensity of PA required for adequate health and development for preschool children

(Reilly, 2010). Guidelines for the preschool years have recently been developed in

several countries, but there are notable inconsistencies in the amount of PA regarded

as sufficient for preschool children (Skouteris et al. 2010). PA recommendations for

this age group are discussed further on in the literature review.

Much of the data regarding children's PA is limited to active travel, before and after

school sports clubs, physical education classes and adult organised activities (Veitch

et a1., 2006) A somewhat neglected area of research, albeit recently gaining

popularity, is that of PA obtained through playing (Pellegrini and Smith, 1998). The

benefits of participating in play related activity go beyond the benefits of PA as

outlined earlier. Similar to the psychosocial benefits of participating in PA, playing

allows children to develop a sense of wellbeing (Lester, 2007), develop their

emotional responses (Pellis and Pellis, 2007) and improve their interpersonal skills

(Russ, 2004). Playing involves exploring and being creative (Howard-Jones et al.,

2002), which in tum assists children to think flexibly (Frederickson, 2006),

developing their creative process, language skills (Lewis et al., 2000) and learning

and problem solving skills (Rogers, 1988). Although there is a lack of agreement

within the literature on the definition of 'play' , descriptive words and phrases such as

'freely chosen', 'personally directed', 'intrinsically motivated' and 'spontaneous' are

often used to describe its characteristics (Garvey, 1990). Much of the PA that young
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children participate in takes the form of a more vigorous type of play, referred to as

'PA play', 'active play', 'locomotor play', or 'exercise play' (Pellegrini and Smith,

1998). This type of play involves large body activity and is generally thought to

support the physical training of muscles for strength, endurance and skill. This type

of play increases from toddlers to preschoolers and peaks at early primary school age

when the neural and muscular basis of physical coordination and healthy growth is

important and vigorous play obviously provides good opportunities for this (Byers

and Walker, 1995); as children grow older, this type of play declines. There is

evidence in the literature to support active playground type breaks which can help

young children concentrate better at subsequent inactive tasks (Pellegrini and Smith,

1998), consistent with the cognitive immaturity hypothesis that the need to exercise

helps young children to space out cognitive demands for which they have less mature

capacities (Bjorklund, 1992). Active play takes on many forms and is therefore

challenging to define per se. Active play may involve symbolic activity or games

with rules; children may participate in active play in a group or by themselves, but

the unique characteristics of the activity are its playful context, combined with

activity that is significantly above resting metabolic rate (Simons-Morton et aI.,

1990a). Active play tends to occur sporadically, with frequent rest periods (Bailey et

aI., 1995) which makes it difficult to capture and measure. Comparatively, in an

older group of UK children (10-11 year olds), recent research has found active play

to be associated with moderate to vigorous PA, particularly during the after school

period (Brockman et aI., 2010).

2.3 Sedentary behaviour and health in young children

Sedentary behaviour (from the Latin sedere - 'to sit') is the term now used to

describe activity for which energy expenditure is only marginally above resting
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levels and is typically characterised by sitting which can occur at school, in transit, at

home, and during leisure time. Hence, the terms 'sitting time' and 'sedentary time'

are often used interchangeably - each referring to the unit of time spent participating

in sedentary behaviour measured using objective measurement tools such as

accelerometers, which will be discussed further in section 2.4.

Early childhood has been identified as a critical time in the development of sedentary

behaviours as these behaviours track reliably into childhood and adolescence (Janz et

al., 2006, Zimmerman and Christakis, 2005). Certain activities which are categorised

as sedentary in nature are important for child development (e.g. play based activities;

making a puzzle or playing with dolls). Such activities are not the primary focus of

this thesis. An increasing amount of research exists concerned with screen based

entertainment and other electronic media. At this point it is important to note that

sedentary behaviour is not the "opposite" of PA; and just because a child is

physically active does not mean hel she doesn't spend excessive time being

sedentary (Marshall SJ, 2008). Sedentary behaviour researchers do not accept the

position that sedentary behaviour is simply that defined as a lack of PA. In fact

sedentary behaviour is defined in respect of individual behaviours associated with

sitting or lying as the dominant mode of posture and where energy expenditure is

very low (Biddle, 2010). Biddle and colleagues describes these behaviours as varied

ranging from screen time (television, watching DVDs, computers), motorised

transportation, and sitting to read or complete homework. The majority of sedentary

behaviour research has focused on television viewing (Hinkley et al., 2010,

Department of Health, 2010, Biddle, 2010) and while this is an important sedentary

behaviour in itself, it is only one of many that can be over used. It is becoming

increasingly apparent from the literature that it is the total time spent in sedentary
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behaviour, and the length and number of bouts spent being sedentary, that are

important risk factors in adults (Dunstan et al., 20 I0, Healy et al., 2008) and

adolescents (Eke lund et al., 2006, Ekelund et al., 2007). Research concerning the

correlates of sedentary behaviours during the early years of life is still very much in

its infancy with much of the findings being indeterminate (Hinkley et al., 2010).

Prior to 2010, Australia were the only developed country to have evidence based

national recommendations for sedentary behaviour for children under the age of 5

years within the United Kingdom and Canada drafting similar recommendations in

the last year. Although guidelines for time spent sedentary are not widespread

globally, a number of recommendations which have been endorsed by organisations

(American Academy of Pediatrics, 2001). However, these guidelines are based on

expert opinion rather than robust scientific evidence. Evidence is increasing across a

range of longitudinal studies, meta-analysis and cross sectional studies which

demonstrate that the amount of time children spend being sedentary is positively

associated with excess body fat (Hancox et al., Jago et al., 2005, Spinks et al., 2007).

More specifically, two studies have reported that preschool children who spent more

than 2 h·d-l watching television were more likely to become overweight as children

(Dennison et al., 2004, Viner and Cole, 2005). Research from the Avon Longitudinal

Study cohort found that children who watched more than 2 h'd-l of television were

almost twice as likely to develop asthma by 11 Y2years than those watching <2 hours

TV per day (1.8 [95% CI:1.2 to 2.6]) (Sherriff et al., 2009). Conversely, preschool

children who did not exceed 2 h-d" television viewing were shown to have more

bone accrual at age 7 years than their counterparts who exceeded 2 h-d" (Wosje et

al. 2009). Matheson and colleagues reported that 16.6 ± 16.4% of third grade

children's total daily energy was consumed during television viewing on weekdays,
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and 26.2 ± 30.6% of total daily energy was consumed during television viewing on

weekend days (Matheson et aI., 2004). These percentages were even higher for fifth

grade children (age 10-11). In terms of children's cognitive functioning, research has

shown that children's exposure to television during the preschool years is predictive

of academic outcomes during adolescence (Anderson et aI., 2001). Debate exists

surrounding the type of television parents allow their children to watch due to

proposed educational benefits associated with certain types of programmes or

channels (e.g. Brainy Babies or Baby Einstein). Studies of educational television

have however found benefits for young children. For example, Sesame Street

(probably the most studied and acclaimed children's television programme of all

time) has been shown to have a variety of benefits for preschool children, including

increases in vocabulary, ability to count, and general school readiness (Garrison,

2005). However, while television may capture the attention of preschool children

and aid development of some skills, there is little evidence to suggest it facilitates

meaningful learning and in contrast has been associated with lower levels of

language development in very young children (Zimmerman and Christakis, 2007).

reading difficulties (Vandewater et al., 2005) and attention disorders (Christakis et

aI., 2004). It has been noted that adults must make sensible, informed decisions about

the television viewing habits of the children in their care (choosing developmentally

appropriate programmes, removing televisions from bedrooms to family areas and

establishing family rules surround screen time) which can create a sense of balance

for all the family (Diehl and Toelle, 2011).

2.4 Measurement of physical activity in young children

To accurately assess PA levels and time spent engaging in sedentary behaviours in

children, it is necessary to use measures that are valid, reliable and appropriate for
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this population. Many measures of PA used with older populations are inappropriate

for preschool children given their age and inability to comply with the measurement

procedure (Pate et aI., 2010). PA is an infinite variable, which is both complex and

unstable (Harro, 2000) and no perfect criterion measure exists (Troiano, 2009). The

dimensions of PA include; frequency, intensity, duration and type. According to

Welk (Welk, 2002) over thirty different methods are available for measuring PA, but

no single method can capture all dimensions of activity behaviour. The difficulties

associated with the accurate measurement of PA and ST are often amplified in

children due to the cognitive, physiological, and biomechanical changes that they

undergo during growth and development (Corder et aI., 2008). Capturing sedentary

behaviour and PAis even more challenging with very young children. As noted

previously, PA in 0 - 5 year olds is sporadic, unstructured and intermittent in nature

(Cliff et aI., 2009b). In contrast to older children and adults, young children's PA

consists of short bursts of moderate-to-vigorous PA punctuated by periods of lower

intensity activity such as walking or resting with up to 96% of activity bouts

captured being shorter than 10 seconds in duration. (Bailey et aI., 1995, Baquet et aI.,

2007). Additionally, given their age preschool children tend to take periodic day time

naps which can range from 0.5 - 3.0 hours in duration (Acebo et aI., 2005). The

complexity of accurately measuring these unique PA patterns of preschool children

has stalled progress in this area. The most commonly used methods of quantifying

PA in this age group are direct observation, parent proxy self-report and motion

sensors e.g. accelerometers.

2.4.1 Direct observation

Two direct observation systems that have been used extensively with young children

are the Children's Activity Rating Scale (CARS) (puhl et aI., 1990) and the
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Children's Physical Activity Form (CPAF) (O'Hara et al. 1989). Both of these

systems solely record PA intensity across 4 and 5 categories, respectively. Other

systems of direct observation which record intensities as well as other PA domains

including environment, group sizes and interactions include Behaviours of Eating

and Activity for Child Health: Evaluation System (BEACHES) (McKenzie et al.,

1992), The Observational System for Recording Activity in Children - Preschool

Version (OSRAC-P) (Brown et al., 2006) and System for Observing Children's

Activity and Relationships during Play (SOCARP) (Ridgers et al., 201Ob). These

systems of observation have been validated against indirect calorimetry (Puhl et al.,

1990), heart rate and energy expenditure (McKenzie et al., 1992) and accelerometry

(Ridgers et al., 2010b). Such instruments can provide information on both the

intensity of the activity and the context surrounding the behaviour. These systems

can be used both in the home (McKenzie et al., 1992) but are more suitable in more

confined environments e.g. school and childcare settings (Ridgers et al., 2010b,

Oliver et al., 2007, Brown et al., 2006). However, the main disadvantage of direct

observation is the associated training required up skill those collecting data to

achieve acceptable levels of reliability. This process is both time intensive and

burdensome requiring extensive time in the field (pate et al., 2010)

2.4.2 Self report

Another form of subjectively monitoring PA and sedentary behaviour is through self-

report. Self-reports are inappropriate for preschool aged children to complete and

parent-proxy reports have inherent biases (Oliver et al., 2007, Trost et al., 2008) .

However, some PA studies in preschool children do not have the resources needed to

successfully implement direct observation or an objective measure of PA (Pate et al.,

2010). For these studies, proxy reports by adults serve as an alternative option.
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Burdette et al., (2004) designed a checklist allowing parents to log the amount of

time their children spent outdoors over two weekdays and one weekend day. When

compared with accelerometry, time spent outdoors was positively correlated with

total PA. More recently a questionnaire has been developed by as a parent proxy tool

which aimed to measure population estimates of activity in young children in their

home environment. The Preschool-age Children's Physical Activity Questionnaire'

(Pre-PAQ) (Dwyer et al., 2011) has been found to have generally good to very good

reliability and adequate validity. In contrast, young children's PA does not occur in

easily distinguishable non-discrete blocks of exercise those who complete these

types of tools are usually asked to recall 3 days of activity therefore the results

should be interpreted with care (pate et al., 2010). Interview-administered recall

affords higher validity than parent proxy questionnaires; however this approach

requires substantial training, is labour intensive and can only be conducted with a

limited number of participants (Harro, 2000).

2.4.3 Motion sensors

Motion sensors such as pedometers and accelerometers represent objective measures

of PA. The disadvantages of pedometers are their inability to record non-locomotor

activities e.g. riding a tricycle; are susceptible to child tampering; and are unable to

determine the intensity of the activity (Dale, 2002). As a result of these limitations,

pedometers have been superseded by accelerometers (Figure 2.1) which are used

widely as an objective monitor of PA in preschool children. Accelerometers are

small and unobtrusive devices, typically worn on an elastic belt on the right side of

the hip (Toschke et al., 2007, Kelly et aI., 2007, Pate et al., 2004). These instruments

can quantify the intensity and frequency of movement in a specific plane (uni-axial)

or in multiple dimensions (tri-axial) and are therefore capable of determining
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patterns and intensity of ST, PA as well as total volume of activity. Within the hard

plastic casing exists a piezoelectric sensor which detects accelerations, these

accelerations are converted from an analog signal to a digital signal, typically within

a range (0.1-3.6 Hz). This signal is integrated over a specific time sampling period

known as an epoch, then summed and stored as 'counts' in the units internal

memory. The epoch can be set to record from every second to several minutes, but

is typically set at 5 seconds in preschool research (Ward et aI., 2010, Corder et aI.,

2008) in an attempt to capture their sporadic activity (Cliff et aI., 2009b). A

disadvantage of accelerometers is that they do not provide information on the type of

activity being performed. In addition, accelerometers are limited in their ability to

measure non-weight-bearing activities, such as cycling and upper limb movements.

In studies of preschool children, the co-operation of preschool staff and parents is

required to ensure that accelerometers are worn correctly and finally, accelerometers

can inadvertently fail, leading to loss of data (Trost et aI., 2008). One limitation of

accelerometry is that variation exists surrounding cut-points or thresholds which are

used to reduce the raw activity counts into sedentary behaviour, light physical

activity (LPA) and moderate-to-vigorous physical activity (MVPA) (Cliff et aI.,

2009b), and the use of different thresholds can have significant effects on estimates

used to define the behaviour and activity level (Reilly et al., 2008).
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Figure 2.1 An Actigraph GTI M accelerometer and its positioning on the right hip

2.5 Levels and patterns of habitual physical activity in early childhood

Findings from studies using accelerometers continue to offer important insights into

young children's PA patterns. Studies conducted by (Hinkley et aI., 2010, Pfeiffer et

a1., 2009) indicate that preschool age children spend approximately 60 minutes

partaking in MYPA (range: 20 - 90 minutes), equating to approximately 8% (3% -

12%) of their dai ly waking hours (Iglowstein et ai., 2003). These studies suggest that

this age group accumulate a substantial amount of light intensity activity,

approximately 80 - ISO minutes per day, estimating that preschool children spend a

total of approximately 2 to 3.5 hours per day in PA. Given the increasing number and

range of childcare providers in England and the fact that virtually all preschool

children attend some sort of child care provision with the number steadily rising

since 2004 (Department for Education, 2010), it is plausible to assume that the

majority of this PA takes places during childcare or preschool attending hours. Many

parents when asked perceive their children to be active (Adamo et ai., 2010), and in

particular, there is a common societal belief that preschool children are, by nature,
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highly active. In contrast, the bulk of the evidence from studies that have directly

measured PAin preschool children has illustrated that very few children meet PA

recommendations set forth by national and international guidelines. For example,

findings from a recent meta-analysis (Bomstein et al., 2011) demonstrated the wide

variability that exists in reported accelerometer-derived MVPA levels of preschool-

aged children, with estimates indicating preschool-aged children accumulate

anywhere from 40 to 100 minutes ofMVPA daily. It is precisely this variability that

limits a true understanding of the prevalence of physical inactivity in this population

and, therefore, restricts the ability to make decisions related to promoting, tracking,

and reporting the PA of this population. This wide variation indicates that no clear

conclusions can be drawn regarding the typical PA levels in the preschool

population. In essence, this situation is disconcerting, especially with respect to the

numerous studies conducted to date that have employed one of the most

sophisticated means of measuring PA - accelerometry. Consequently, no definitive

statements related to the estimates of preschooler's daily MVPA levels can be made

at this time. Hence, caution needs to be exercised when interpreting the pooled

estimates of preschool children's MVPA. However, regardless of how PA in this age

group is measured or reported, minutest hours (pate et al., 2004, Trost et al., 2008),

minutes per/day (Cardon et al., 2008, Vale et al., 2009), percentage of time (Reilly,

2010, Hannon and Brown, 2008), levels ofMVPA in preschool children, have in the

majority of cases, been shown to be consistently low and levels of sedentary

behaviour are high (Goldfield 2012). Studies have reported that 3-5 year olds spend a

small proportion of their time (anywhere between 10 and 100 minutes/day depending

on sampling frame [epoch length] and accelerometer cut-off points) engaged in

MVPA accounting for only a small fraction of the day (Bomstein et al., 2011,
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Benham-Deal, 2005, Montgomery et al., 2004). A review of preschoolers attending

childcare also found remarkably low levels of MVPA (Reilly, 2010) , this study

reviewed 12 studies including 96 different childcare centres (including day care

centres and preschool settings), and > 1900 individual children using objective

measures of PA and concluded that young children's typical levels of PA within

child care centres were low and led to an accumulation of less than 60 minutes of

MVPA per day. The majority of evidence suggests that young children are

insufficiently active to accrue the health benefits of PA and may therefore be at risk

for adverse health consequences related to physical inactivity. However, caution is

advised when interpreting preschool children's activity levels in respect of the

heterogeneity of methods used when assessing this behaviour.

2.6 Physical activity and sedentary behaviour recommendations for early
childhood

As noted previously, PA is central to optimal growth and development in preschool

aged children. Accurate and reliable measurement of PA is also important for

determining whether children are sufficiently active to benefit health. The obesity

epidemic which has affected young children (Department of Health, 2010) was a

major driving force for the development of age specific PA and sedentary behaviour

recommendations in the United Kingdom (Department of Health, 2011). In the

United Kingdom, levels of PA and sedentary behaviour among young children are

obesogenic (Reilly et al., 2004, Reilly et al., 2006) and excess weight gain which has

taken place by the time of adolescence may often have occurred largely by the time

children enter primary school (Gardner et al., 2009). The recently released PA

guidelines in the United Kingdom (Department of Health, 2011) alongside the

Australian PA guidelines are the only government endorsed guidance that have

provided quantitative recommendations in age-appropriate categories.
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Recommendations from other countries (Canada, New Zealand and the United States

of America) are policy orientated statements providing guidance for parents, health

and educational professionals. Although this type of descriptive guidance is

potentially useful per se, they have several limitations, for example, the absence of a

specified amount of recommended daily PA. Quantitative prescriptive

recommendations offer a number of advantages over descriptive, qualitative

guidelines most importantly the facilitation of ongoing monitoring and surveillance

of PAin children (Department of Health, 2011).

Within the literature concern has been expressed that PA recommendations for older

children have a limited scientific basis (Anderson et al., 2008). The new PA

guidelines for the United Kingdom are supported by empirical research exploring

associations between activity and health outcomes (as detailed above in section 2.2.1

and 2.2.2) in this age group, data on the patterns of activity during the early years

and changes in activity patterns as children age. The recommendation specifically

states: children of pre-school age who are capable of walking unaided should be

physically active daily for at least 180 minutes (3 hours), spread throughout the day

(Department of Health, 2011, p. 20). The recommendation of three hours of activity

stems from both expert opinion and existing healthy outcome literature and

highlights a significant period of time during a child's waking day which should be

set aside daily for PA. Further, this allows for the decline in PA levels when young

children start primary school. It is also important to note that the recommendation

does not include PA intensity guidelines, which reflect children's natural,

intermittent and sporadic PA patterns. These recommendations are one of the first

mechanisms which attempt to change the activity levels and patterns of young

children by informing those in contact with this population about the importance of
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PA engagement from a young age. Future guidelines are likely to consider being

developmental-specific or gender-specific, target specific social or population

groups, or are likely to be more detailed and precise on the intensity and duration of

PA (Reilly, 2010).

As described previously, there is a wealth of evidence which illustrates the

detrimental effects that excessive time spent being sedentary can have on children's

health. The evidence appears strongest for excess body fat and poor cognitive

functioning. The findings surrounding body fatness are important given that data

from the National Child Measurement Programme which reports that 23.1% of

preschool children in the UK are overweight or obese (Department of Health, 2010),

locally these figures were similar with 23.6% of Liverpool preschool children being

classified as overweight or obese. However, on a national level preschool children

were less obese (9.8%) than their Liverpool counterparts (12.0%) (Merseyside

Intelligence Team, 2012). As the amount of time spent being sedentary (specifically

screen time) increases as young children move into formal schooling (Certain and

Kahn, 2002) and throughout childhood and adolescence (Hardy et al., 2006) it is

important to minimise time spent in these behaviours. Based on the research

surrounding ST and consensus from international expert groups, sedentary behaviour

recommendations have been established in recent years. Seven countries have issued

guidelines for ST and/or screen time, of which three set specified and quantified

limits. Many of the recommendations are in fact open to interpretation due to the

lack of detail, for example the United Kingdom guidelines state 'All under 5s should

minimise the amount of time spent being sedentary (being restrained or sitting) for

extended periods (except time spent sleeping)' (Department of Health, 2011, p.20).

Similarly, Ireland recommend that children should 'Increase physical activity by
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replacing sedentary time - watching TV, playing computer games, talking on the

phone - with active time' (Department of Health and Children, 2009, p.lO). On the

other hand, Australia has specific quantified guidelines for screen time and for time

spent being sedentary. Recommendations state: 'For children 2 to 5 years of age,

sitting and watching television and the use of other electronic media should be

limited to less than one hour per day' and 'Infants, toddlers and preschoolers should

not be sedentary, restrained or kept inactive for more than an hour at a time, with

the exception of sleeping' (Department of Health and Ageing, 2010, p.l). It is

suggested that the paucity of quantified guidelines is due to gaps in the research

about the amount of time spent being sedentary and how this impacts on body

weight, or the specific correlates of sedentary behaviour and screen viewing (Biddle,

2010).

2.7 Correlates of physical activity in early childhood

The promotion of physical activity during early childhood is a public health priority

(Department of Health, 2011, Department of Health, 2003). Examining key

correlates and determinants of PA in preschool children can inform interventions

seeking to prevent the age related decline as children approach older childhood and

adolescence (van Sluijs et aI., 2008). Research exploring the correlates of preschool

children's PA commenced in the early 1980's (Buss, 1981), however the majority of

the literature has evolved in the last 10 years given the low levels of PA among

preschool children (Reilly, 2010). Correlates of PA in young children have been

identified across a number of settings and contexts. For example, characteristics of

the child's demographic and biological characteristics (e.g. gender, family risk for

disease, ethnicity and age), social and cultural variables (play rules at home, parents

encouragement and teacher education), behavioural variables (requests from child)
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and physical environments (time outdoors, type of preschool attended) have all been

shown to be associated with young children's PA (Hinkley et aI., 2008).

Identification of such correlates is necessary so that interventions aimed at increasing

PA can specifically target such factors. Nowadays, preschool children spend their

time across a variety of different settings including their home, preschool, attending

organised activities in their community or at a relative's home (Hinkley et aI., 2012).

Within each of these environments children are exposed to different types of stimuli

and attitudes towards PA e.g. extra children to play with, more TVs and media

apparatus, extra space to play and support for PA from their parents. Identifying

correlates across settings is compounded by a child's inability/ inaccuracy associated

with self reports or a parent's lack of understanding to know what their child was

exposed to in their absence. The identification of PA correlates in the preschool

population is challenging due to the diversity of PA tools used to measure activity

(pate et at, 2010). Many of the instruments measure different aspects of the

behaviour and therefore differences in identified correlates may not be consistent

(Dolinsky et aI., 2011). A review of39 correlates ofPA was conducted by Hinkley et

aI., 2008 who reported that gender, parents levels of PA and time spent outdoor are

the main predictors of PA. The limited amount of published literature at this time

suggests many of the correlates have been investigated infrequently and thus

conclusive findings cannot be drawn. Other research has investigated the childcare

setting as an environment for promoting PA (Ward et aI., 2010). For example,

studies investigating the ground surface, play structures and open spaces in

educational settings have identified positive correlations with PA levels (Cosco et aI.,

2010). Fewer children per m2 of outdoor space, recess duration (Cardon et at, 2008),

active opportunities, play equipment, and staff training in physical education (Bower
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et aI., 2008) have also been found to have positive effects on PA levels. A review of

PA correlates in older children (Sallis et al. 2000) also implies that PAis a complex

behaviour with multiple determinants. Such findings supports the use of ecological

models of PA behaviour which considers determinants from multiple environments,

including intra-personal (e.g. psychological), inter-personal (e.g. social) and physical

environments (Sallis, 1999).

2.8 Interventions to promote physical activity in young children

Increasing opportunities for PAis acknowledged as an essential option for dealing

with the rising incidence of obesity and to support more young children to meet PA

guidelines (National Institute of Health and Clinical Excellence, 2006). There are

several evidence-based reasons for targeted interventions designed to increase PA

and decrease sedentary behaviour during preschool years, making it a potentially

critical window to intervene. The most notable advantage of targeting improvements

in healthy active living behaviours in the early years is that altering health

behaviours in young children is considerably easier than in older children,

adolescents, or adults (Goldfield et aI., 2001). This is likely due to the fact that young

children's health behaviour is more malleable as they have either not yet adopted an

unhealthy lifestyle or have not yet had one for a long period of time. Perhaps more

importantly, it is easier to promote PA in young children because they are

completely responsive to environmental (childcare/ parent) control and stimulation

of the activity environment. Moreover, care providers, including parents are the most

powerful role models and can therefore represent key agents of change and targets

for intervention to foster healthy habits in their young children.

32



As previously described, the majority of preschool children in England attend some

form of child care provision. Intervening with those working within childcare

settings, to equip them with knowledge and skills to promote healthy active living in

children under their care may therefore provide substantial health benefits for

children. This is also true for parents. Given that parents are the primary social force

influencing preschool child development, it has been suggested that attempts to

increase children's PA should target the whole family (Timperio et aI., 2004, Norton

et aI., 2003). Parents can influence children's PA behaviours through role modelling

and direct involvement and these influences may last beyond adolescence (Norton et

aI., 2003). Parental support, direct help from parents and opportunities to exercise

have consistently been associated with child PA (Oliver et aI., 2010, Moore et aI.,

1991, Gustafson and Rhodes, 2006). Table 2.1 identifies interventions which have

targeted both childcare settings and the home environment. The studies listed in table

2.1 and described below identifies that (a) PA has been quantified using a range of

measurement techniques, (b) interventions have predominantly been conducted in

North America, and (c) a variety of intervention strategies have been employed. No

studies have been conducted using a longitudinal design therefore the long term

effects and sustainability of the intervention strategies across time have not been

investigated. The variation in methodologies used complicates comparisons between

studies in the identification of effective intervention approaches in this age group.

2.8.1 Interventions within the childcare setting

Utilising the childcare environment as a setting for intervention delivery is

recommended as children spend a large proportion of their day in this environment.

In addition, rich, stimulating settings such as preschools with in-house

knowledgeable caregivers can facilitate preschoolers development (Ward et al.,
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2010). Interventions targeting the childcare setting have become more popular in

recent years, however very few still exist. The majority of interventions have

implemented a PA intervention into the pre-existing preschool curriculum (Binkley

and Specker, 2004, Eliakim et aI., 2007, Fitzgibbon et aI., 2005, Fitzgibbon et aI.,

2006, Reilly et aI., 2006), whereas others have used environmental or policy

strategies to increase PA (Cardon et aI., 2009, Alhassan et aI., 2007, Hannon and

Brown, 2008, Trost et aI., 2008). Studies manipulating the preschool curriculum

have implemented average-to-strong research designs, with one within-centre

randomisation (Binkley and Specker, 2004), one between centre randomisation

(Eliakim et al., 2007) and three cluster randomised controlled designs (Fitzgibbon et

aI., 2005, Fitzgibbon et al., 2006, Reilly et aI., 2006). However, only two of the

studies demonstrated positive changes to children's PA (Binkley and Specker, 2004,

Eliakim et aI., 2007). Binkley and colleagues implemented a 12 month intervention

(30 minutes per day/ 5 d-wk') which included gross motor activity (jumping,

hopping, and skipping) and fine motor activity activities designed to keep them

sitting quietly. In the other study, Eliakim and colleagues implemented a 14 week

intervention (45 minutes per day/ 6 d-wk') using a circuit training approach with a

focus on endurance activities whilst incorporating co-ordination and flexibility

activities. Support to limit sedentary activities and to engage children in more PA

after school was also offered. A unique element of this study was the mode of

delivery; two sessions per week were delivered by professional coaches, whereas on

other days, they were led by a member of staff within the school. From studies

reviewed which generated a null response, two were conducted in African American

(Fitzgibbon et al., 2005) and Latino populations (Fitzgibbon et al., 2006). Both of

these interventions were delivered by the preschool teacher and lasted for 14 weeks
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(45 minutes per day/ 3 d-wk"), with equal time devoted to nutrition and PA.

Although a positive reduction in children's weight was observed in the African

American sample, no changes in PA (as measured by self-report) were observed in

either of the trials. One of the most notable preschool interventions to date,

conducted in Scotland, was the Movement and Activity Glasgow Intervention in

Children (MAGIC) study (Reilly et at, 2006). Despite generating positive results in

a pilot study (Reilly and McDowell, 2003), the main trial lasting 24 weeks (30

minutes per day/ 3 d-wkl), delivered by childcare setting staff did not increase

children's PA levels but improved fundamental movement skills. The investigators

noted that insufficient staff training was a possible cause, although process data

showed good implementation of the PA programme during the full trial,

investigators perceived that quality of delivery in the pilot study was greater. Other

interventions which have manipulated preschool policies or the environment have

measured PA during the intervention delivery (Alhassan et al., 2007, Hannon and

Brown, 2008, Trost et at., 2008) rather than after the intervention. The type of

interventions delivered have varied from additional outdoor free play time (Alhassan

et at, 2007), provision of special portable equipment on the playground (Cardon et

at, 2009, Hannon and Brown, 2008) and the provision of specialised training to

classroom teachers on topics such as integrating PA into their usual classroom

lessons (Trost et al., 2008). None of these studies had robust research designs per se

and could, in most cases, be described as pilot or feasibility studies.

2.8.2 Family focused interventions

As opposed to childcare based interventions, an alternative approach for increasing

PA among children may be to encourage parent involvement (Salmon, 2010,

Timperio et al., 2004, Gortmaker et at, 1999). Parental support for PA, direct help
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from parents, and opportunities to exercise have consistently been associated with

adolescent PA (Sallis et al., 2000) and more recently with preschool children's PA

(Oliver et al., 2010). However, identifying family-focused intervention strategies for

reducing preschool children's ST and increasing PA levels is problematic as such

work remains in its infancy. Intervention studies to date have involved parents in a

variety of ways, through including direct role linked parent training, family

counselling, or preventive messages during family visits (Saakslahti et aI., 2004,

Harvey-Berino and Rourke, 2003, McGarvey et aI., 2004). McGarvey and colleagues

implemented a 12 month intervention where parents received 6 key messages

regarding PA and healthy eating every other month, an invalid questionnaire

reported mixed effects on the children's PA levels; the intervention group engaged in

more active play however there was no effect on family PA engagement. Similarly,

results from a 16 week parent education programme reported no effect on children's

PA measured using accelerometry, the authors concluded that it was likely that the

study was not sufficiently powered to detect PA differences (Harvey-Berino and

Rourke, 2003). More favourable results were reported in a Finnish intervention

(Saakslahti et al., 2004), who implemented a three year intervention with parents and

children aged 4-7. The intervention programme included an annual, intensive session

with intervention-group parents receiving information on how and where to be active

in their local area, important aspects of PA and consequences of physical inactivity.

Parents were also made aware of the results of previous PA intervention studies. The

discussion of previous intervention outcomes were intended to motivate parents to

encourage and train their children to be physically active. During the annual session,

parents were also provided with PA demonstrations by a trained physical educator.

After 3 years, children in the intervention group were recorded as spending more
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time playing outdoors, and playing in the high-activity category which increased

with age, whereas no change occurred in the control group. Conversely, a

randomised controlled trial (Fitzgibbon et aI., 2005) which attempted contact with

parents via organised activities such as family workshops or fun evenings resulted in

no effect on PA, however the authors reported that the measurement tool was that of

poor quality and a more objective way of capturing PA may have generated more

positive results. Distance based intervention strategies such as sending educational

material to the child's home in the form of letters or homework has resulted in mixed

or null effects on child PA. A 4-week randomised controlled trial was implemented

to evaluate the effectiveness of intervention approaches aimed at incorporating

parental participation and increasing parents' knowledge and practice when

delivering more opportunities for PA to their children (Cottrell et aI., 2005). The

intervention focused on accumulating more steps per day. Step counts were recorded

for the 4 weeks, with no differences between groups for weeks 1, 2 and 3, however

during week 4 children in the intervention group accumulated significantly more

steps than the comparison group. Caution must be taken when interpreting the results

of this study due to high attrition rates (>50% by week 4). Null findings in PA

measured by accelerometry were observed in two clustered randomised controlled

trials (Fitzgibbon et aI., 2006, Reilly et aI., 2006) , the details of which have been

outlined in Section 2.7.1. Both of these trials incorporated a home based element as

well as a childcare element. Intervention group families in both of these trials

received educational materials with guidance on how to link physical play at

childcare and at home. Additionally, parents in the MAGIC Study (Reilly et aI.,

2006) were encouraged to seek opportunities to reduce the amount of time they

spent watching television.
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To date, there is no obvious factor to identify which type of family focused

intervention strategy is most effective at decreasing ST or increasing PA. Given the

variability in study design and outcome variable reported; the measures used to

assess the outcome variables; and the lack of reporting intervention fidelity, dose and

exposure, it is not possible to draw any conclusions as to best involve parents to

yield the most promising outcomes for increasing PA in this age group at this time.

Systematic reviews have predominantly focused on older children (Kriemler et aI.,

2011, Thomas, 2006, van Sluijs et aI., 2007) and have also expressed concern over

the great heterogeneity of study design, study quality, and assessment tools used to

measure intervention effect. Although the majority of studies reviewed here have

notable methodological limitations, the collective information obtained provides an

overview of intervention strategies involving parents. Sending material home to

families in the form of newsletters or homework does not appear to be an effective

method of promoting PA engagement among children. However, there was stronger

evidence that making direct contact with parents (McGarvey et aI., 2004, Srutkslahti

et aI., 2004) via organised meetings and activities was a more effective way to

involve families in increasing PA among children.
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2.9 Ethical implications when working with families of young children

Ethical issues arise in all aspects of research, and are particularly salient when

studying vulnerable members of society, such as in the studies reported within this

thesis which looked at the physical activity of young children attending preschool

and whilst they were in their own homes. During the research process I emphasised

to the children that they could choose whether to take part or not, and that if they

decided to participate they were always free to change their minds - for a few

minutes, for a whole session or forever. Although this flexibility might appear

unnecessary to many experienced researchers, it enabled the children, parents and

staff to become increasingly familiar with the technical equipment, and this in turn

helped to demystify the research process, empowering the participants rather than

making them the objects of research. In addition, I asked parents to talk about the

research with their child without the researcher or staff present, and to inform staff

and researcher of the child's responses. This second process of consultation revealed

some clear child parameters. For example, one boy asked if the research would

interfere with his outside playtime, and one girl expressed concern that the study

might restrict her playing with her best friend. With regard to child consent, Article

12 of the United Nations Convention on the Rights of the Child (UNCRC, 1989)

clearly states children's rights to express their views on all matters that affect them.

Some researchers prefer to use the term 'assent' rather than 'consent', arguing that

minors are unable to give legal consent. However, as Alderson and Morrow point out

(2004:98-99), in English law, 'competent minors' under 16 can give valid consent,

with 'competence' defined as having sufficient understanding and intelligence to

understand what is proposed. Working with young children involves several ethical

considerations which include:
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• Have all parents and children who attend the preschool setting been made

aware of the planned research project?

• Have the researchers and/or gatekeepers made it clear to participants of all

ages that they are under no obligation to participate in the research?

• Have all participants been reassured that there will be no negative outcomes

if they choose not to participate?

• Have participants been given both informal and formal opportunities, over a

period 0 time, to accept or decline to participate in the research, e.g, through

informal discussions and opt-outlopt-in written agreements?

• Have participants been given the opportunity to ask the researcher/ research

team questions about the research?

• Have the participants had occasion to view/handle the equipment before the

onset of data collection?

• Have parents talked privately with their child/ren about the research and

reported back any child concerns?

• Have all participants been given researcher contact details, e.g, phone number

and address?

• Have all of the above negotiations been conducted in the participants' first

language/via an interpreter if necessary?
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2.10 Summary

This literature review has highlighted the health benefits of increased PA and

reduced ST in preschool children. Due to heterogeneity among studies related to

differences in methodological differences and variations in intervention protocol, the

precise prevalence of children meeting the current guidelines for health enhancing

PA is currently unknown. PA is, however, known to decline from childhood to

adolescence and many preschool children exceed screen time recommendations. The

high number of children classified as overweight or obese indicates that preventive

action against low levels of PA and excessive weight gain is necessary from an early

age. The counter intuitive results arising from the few interventions which have been

conducted in this population suggest that more intervention research is warranted in

this area. One such approach for promoting PA and reducing ST is through

developmentally appropriate active play within the childcare setting using teachers

and parents as agents of change. This type of activity is thought to appeal to

preschool children given their innate desire to be playful and move about.

Active play is difficult to define but typically encompasses playful activity that is

significantly above resting metabolic rate. Little evidence exists surrounding the

contribution of active play to the daily PA levels of preschool children; however in

older children active play is associated with mean daily activity levels, and more

interestingly MVPA in girls. Much more needs to be known about this relationship

in preschool children. Childcare provision and its access have changed dramatically

over the last two decades, with the vast majority young children attending some form

of childcare provision during their preschool years. This setting provides an ideal

opportunity to emphasise the adoption of a physically active lifestyle by facilitating

and enhancing the PA behaviours and movement skills of preschool children. In tum,

43



such behaviours may mitigate the decline in activity often observed during the

transition from childhood to adolescence. A collection of evidence exists suggesting

that preschool and childcare settings, policies and practices strongly influence

children's PA behaviours. Although interventions to modify PA in the childcare

setting are still in its infancy, research has identified the potential for structured PA

programmes to increase the amount and the intensity of PA and improve motor

skills. It has been recommended that both educators and researchers should be

involved in the implementation of an intervention and that parental involvement is

critical to ensuring transfer of knowledge from the intervention setting to the home

environment (Riethmuller et aI., 2009). As for high quality randomised controlled

trials testing lifestyle interventions in preschool-aged children, these remain scarce

with previous interventions in this age group limited by failing to assess intervention

effects relative to a comparison group over a long-term follow up period, and failing

to objectively assess changes in habitual PA or ST. High quality randomised

controlled trials are warranted to determine if intervening during the early years of

life is effective in changing the behaviours of preschool children and if so, what

techniques for behaviour change are most effective.
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2.11 Major aims of the thesis

A review of the discussed literature has led to the formation of the major aims of this

thesis. Aim I is to assess within-day variability of objectively measured moderate-to-

vigorous PA during weekdays and weekend days among preschool children. This

will provide original data on the patterns of PAin this age group and how sex and

time spent at school impacts on these patterns; this will allow findings to be

contextualised in relation to the development of interventions aimed at increasing PA

in this age group. Aim 2 is to investigate through a cluster randomised controlled

trial, the short-term effects (6 weeks) and the long-term effects (6 months) of a

curricular Active Play intervention on preschool children's sedentary and PA

behaviours and investigate the influence of specific confounding variables on ST and

PA. This investigation will provide an insight into the effectiveness an intervention

which is co-delivered by experienced Active Play workers and preschool teachers,

and whether this will result in a decrease in ST and an increase in PA. This

investigation will also investigate the differences in the intensity of the Active Play

sessions between the intervention and comparison group. Aim 3 is to investigate,

through a cluster randomised controlled trial, the short-term effects (10 weeks) of a

family focused Active Play intervention on children's weekday and weekend day ST

and total PA, whilst examining the influence of mediating and moderating variables

on ST and total PA. This will be one of the first investigations to provide an insight

into whether involving parents as a key agent of change can positively change the

PA behaviours of preschool children.

Aim 1: To assess within-day variability of objectively measured MVPA during

weekdays and weekend days among preschool children. A secondary aim was to

examine differences in these patterns by sex and enrolment at school- Chapter 3.
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Aim 2: To investigate the effect of a curricular Active Play intervention on

children's sedentary and PA behaviours, and investigate the influence of specific

confounding variables on ST and PA - Chapter 4.

Aim 3: To investigate the effect of a family focused Active Play intervention on

children's weekday and weekend day ST and total PA, and second to investigate the

influence of mediating and moderating variables on ST and total PA - Chapter 5.
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Thesis study map

A thesis study map appears at the beginning of each study chapter to demonstrate the

objectives and key findings of the studies, and demonstrate where each study fits in

to the overall thesis.

Study Objectives

Study 1: Patterns of
objectively measured
moderate-to-vigorous
physical activity in
preschool children

Objectives:
• To assess within-day variability of objectively

measured MVP A during weekdays and weekend
days among preschool children.

• To examine differences in these patterns by sex
and enrolment at school.

Study 2: Effect of a school-
based Active Play
intervention on sedentary
time and physical activity in
preschool children

Study 3: Effect ofa family
focused Active Play
intervention on sedentary
time and physical activity in
preschool children

It is also important to note the dates of data collection; briefly data was collected

between September 2009 and December 20 II. Two different samples were recruited

during the duration of the programme of research. The sample of children used in

study 1 (September 2009 and March 2010) and study 2 (September 2009 - June

20 10) were the same. The data presented in the cross-sectional study (study 1) was

also used as the baseline data for the school based intervention (study 2). A separate

sample was recruited for study 3 (September 2011 - December 20 II).
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Chapter 3

STUDYl

Patterns of objectively measured moderate-to-
vigorous physical activity in preschool children
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The main outcomes of this study are currently under review in the Journal of

Physical activity and Health: O'Dwyer, M.V., Fairclough, S.J., Knowles, Z.,

Foweather, L., Ridgers, N.D. and Stratton, G. Patterns of objectively measured

moderate-to-vigorous physical activity in preschool children.

3.1 Introduction

Sufficient PA during the early years offers protection against excess weight gain

(Jimenez-Pavon et aI., 2010), improves bone (Janz et aI., 2010) and cardiovascular

health (Burgi et aI., 2012), and assists with the development of fundamental

movement skills (Fisher et aI., 2005). Unfortunately, empirical research suggests that

preschool children are not active enough to benefit their health (Reilly, 2011, Tucker,

2008). Despite the urgency to increase preschoolers' PA, evidence regarding

successful approaches remains equivocal (van Sluijs et aI., 2008). Prior to

conducting intervention-based research, a comprehensive understanding of the target

behaviour is warranted as it maximises the potential for improvements. Identifying

periods of the day which are susceptible to high and low levels of PA will help to

identify key times to intervene and potentially change PA behaviours. Limited

information regarding preschool children's patterns of daily PA is reported, with

most studies investigating daily PA rather than focusing on specific intensities

(Verbestel et aI., 2011), elements of the school day (e.g. recess or physical education

classes) (McKenzie et aI., 1992) or specific discrete segments of the day (O'Connor

et aI., 2009). The majority of research has focused on the preschool population asa

whole or using gender specific analyses (Verbestel et al., 2011). Given the variety of

childcare alternatives available (Trost et aI., 2010, Ward et aI., 2010), little is known

about how different preschool environments, such as attending preschool for a half

day or a full day, effect children's PA levels.
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The primary aim of this study was to assess within-day variability of objectively

measured MVPA during weekdays and weekend days among preschool children. A

secondary aim was to examine differences in these patterns by sex and enrolment at

school.

This study hypothesises that:

• Children's weekday MVPA is more variable during weekdays than weekend

days

• Boys accumulate more MVPA than girls during weekdays and weekend days

• Children who attend school for 3 hours per day are more active than children

who attend school for 6 hours per day.

3.2 Method

3.2.1 Participants and settings

Children were recruited from twelve randomly selected preschools in a large urban

city in the northwest of England. Preschools were located in the same geographical

area of high social and economic deprivation (Department of Communities and

Local Government 2010). All children between 3 and 4.9 years attending the

preschool were invited to participate (n = 673). Informed parental consent (please

see appendix 1) was obtained from 240 children (36% response rate). In England all

three and four year olds are entitled to 15 hours free preschool education for 38

weeks of the year. This applies until children reach compulsory school age (the term

following their fifth birthday). Although not compulsory, virtually all preschool

children attend some form of childcare provision. Classes run from Monday to

Friday and start at 9:00 and finish at 15:00. Parents can opt to send their children to

preschool for a half day (3 hours) or a full day (6 hours) but must pay an additional
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fee for attendance exceeding 15 hours per week. The research protocol received

ethical approval from the University Ethics Committee (Reference 09/SPS/027).

3.2.2 Instrumentation

ActiGraph accelerometers (GTIM ActiGraph, Pensacola, FL.) measured PA every 5

seconds to capture the intermittent nature of children's MVPA.

Raw accelerometer counts are a unit-less, dimensionless outcome, and thus require

calibration in order to be translated and reported in ways that are biologically

meaningful, such as time spent at differing activity intensities (e.g. MVPA).

Definitions of activity intensity are subsequently derived from calibration with

energy expenditure or direct observation, providing a cut-point threshold that is

identified by a specific count value. In this study minutes of MVPA were determined

using age specific cut-points of 205-410, 272-412 and 298-418 counts per 5 s epoch

for children aged 3, 4 and 5 years, respectively (Sirard, 2005). These cut-points were

chosen over others given that they are the only preschool age specific cut-points

available and because plausible physiological and developmental reasons have been

outlined as to why the relationship between accelerometer activity counts and

activity intensity might differ with age. Although these cut-points have been

criticised for underestimating MVPA, the decision was made to utilise them and

underestimate rather than overestimate children's MVPA. Time spent in MVPA

(min) was the main outcome. MVPA levels per hour (minslhour) were calculated to

assess within-day variability. Patterns of weekday and weekend MVPA were

observed between 07:00 and 20:00 for the following time segments during

weekdays: preschool (07:00-9:00), during school (09:00-15:00) and after school
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(15.00-20.00) and during the weekend: morning (07:00-12.00), daytime (12:00-

17:00) and evening (17:00-20:00).

3.2.3 Procedure

PA was monitored on seven consecutive days (Wednesday through Tuesday) during

October 2009 and March 2010. Daylight hours and temperatures during both months

were very similar - 11.5 hours and -10.5°c, respectively (UK Met Office, 2012). A

previous study conducted in a similiar geographical area did not find any variation in

children's PA levels across seasons during recess (Ridgers et al., 2006a). Participants

were instructed to wear the accelerometers on an elastic belt on the right hip (anterior

to the iliac crest) during all waking hours except during water-based activities. Body

mass was measured to the nearest 0.1kg using digital Tanita scales (Model WB I00-

MA, Tanita Europe, The Netherlands). Stature was measured to the nearest 0.1 em

using a portable Leicester Height Measure (SECA, Birmingham, UK). BMI (mass

(kgj/stature'' (m)) was calculated and children were classified as underweight, normal

weight, overweight or obese using sex and age-specific cut-points (Cole et aI., 2000).

To examine potential school-related differences, participants were categorized in two

groups: those who attended school for three hours and those who attended school for

six hours.

3.2.4 Statistical analyses

Data were initially checked for compliance to the monitoring protocol using

MAHUffe (Analyser v 1.9.0.3). Firstly, the minimum number of hours per day that

the ActiGraphs were worn was determined. Twenty minutes of consecutive zeros

were considered periods of non-wear time (Catellier et aI., 2005). To be included as a
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valid measurement day, children were required to wear the accelerometer for 619

and 624 minutes during weekdays and weekend days, respectively. These wear times

were calculated by defining 80% of the total length of time during which 70% of the

sample wore the accelerometer (Catellier et aI., 2005). Children were finally

included in the analyses if they wore the monitor for a minimum of 3 days including

one weekend day. The final sample consisted of 188 children (100 boys and 88

girls). Reasons for missing data included non-compliance when wearing the

accelerometer (n=43), technical problems (n=6), and loss of accelerometers (n=3).

Independent samples t-tests revealed no significant differences between children

with complete and incomplete PA data (p > 0.05).

Descriptive statistics (mean (SD» were used to describe the study population.

Independent samples t-tests examined differences between boys and girls for age,

stature, body mass, body mass index (BMI), enrolment and MVPA. Three-way

repeated measures ANOVAs were used to test variability in PA across sex and

enrolment (three or six hour). A 13 (hour of the day) x 2 (sex: boys or girls) x 2

(enrolment: half or full day) repeated measures ANOVA was used to assess within-

day variability during weekdays and weekend days. A 2 (type of day: weekday or

weekend day) x 2 (sex: boys or girls) x 2 (enrollment: half or full day) repeated

measures ANOVA was used to assess between-day variability. Post hoc analyses

were conducted for significant main effects using Tukey's HSD. Data were analysed

using PASW Statistics v.l8, and the significance level was set atp ~ 0.05.

3.3 Results
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Participant characteristics and descriptive PA data (mean [SD]) are shown in Table

3.1. Overall, boys engaged in significantly more MVPA than girls during both week

and weekend days. The largest sex differences were observed during the school day

(09:00-15:00) and during the weekend day (12:00-17:00). No gender differences

existed for other segments of week days or weekend days.

A significant hour-by-enrolment interaction effect (F = 3.17, p < .001) revealed that

the overall weekday pattern of activity differed by enrolment classification (Figure

3.1). During weekdays children who attended school for a half day engaged in 6.4

minutes more MVPA during the school day (09:00-15 :00) (F = 14.34, P < .001) and

4.7 minutes more MVPA after school (15:00-20:00) (F = 6.34, P < .001) when

compared to children who attended school for a full day. This equates to a total

weekly gain of 41.3 minutes more MVPA per school week. There were no

differences between groups in the before school time period (07:00-09:00). Patterns

of MVPA in the full day children were characterised by a significant increase in

MVPA between 12:00 and 13:00 followed by a significant decrease from 13:00 and

14:00. During this period, the MVPA levels of children enrolled for a half day

remained stable.

Figure 3.2 shows the daily activity patterns of boys and girls attending school for a

half day and a full day. There was a significant hour by gender interaction (F =

3.681,p <.001), however there was no hour by gender by enrolment interaction (F=

1.08, P = .371). Marked differences in activity patterns were observed between boys

and girls who attended school for a half day. The activity patterns of children

enrolled for a full day demonstrate consistent peaks and troughs, representing the

typical school day, with children sitting in classrooms interspersed with periods of

free play and recreation. The activity patterns of boys and girls from each enrolment
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category were very similar, however boys consistently engaged in more MVPA than

girls. The period between the end of school and bed-time appeared to be the period

of the day where the largest variation occurred, particularly for half-day boys who

were significantly more active than the other groups.

Figure 3.3 shows weekend PA patterns for boys and girls during the weekend. No

hour main effects were observed (F = 1.12, p = .305). As before the PA patterns of

boys and girls were remarkably similar, differing only in the amount of intensity

achieved. Boys engaged in significantly more MVPA during daytime hours (12:00-

17:00) (F = 6.05, p = .04) accumulating on average 6.58 minutes more MVPA

during daytime hours than girls. Peaks during weekend days are less pronounced

than the peaks in MVPA during school attending days. After 11:00 a steady state of

activity was observed until 17:00 when both boys' and girls' levels of MVPA

decrease.

Table 3.1 Mean (SD) demographic and physical activity data for preschool children

Boys (n = 100) Girls (n = 88)
Age (year)
Stature (em)
Body mass (kg)
BMI (kg·m-2)
%OW/OB
Half day enrolment (n)
Full day enrolment (n)

4.6 (0.6)
106.4 (6.1)
18.9 (3.2)
16.6 (1.6)

22.2
27
68

MVPA(min)
Weekday

Before school
During school
After school

Weekend
Morning
Daytime
Evening

(07:00-09:00)
(09:00-15 :00)
(15:00-20:00)

(07:00-12:00)
(12:00-17:00)
(17:00-20:00)

2.8 (2.5)
26.5 (12.4)
13.9 (7.6)

13.1 (14.8)
23.9 (15.8)
7.5 (6.1)

4.5 (0.5)
107.2 (5.5)
19.4 (3.1)
16.7 (1.6)

24.5
29
64

2.3 (1.9)
22.2 (9.2) *
12.5 (6.3)

9.7 (5.9)
19.3 (9.9) **
6.8 (5.2)

Significant gender differences are highlighted in bold; OW/OS = overweight! obese • P < 0.001 "P
<0.05
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MVPA Levels Across the School Day
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Figure 3.1 Enrolment specific physical activity pattern (mins/hour) for weekdays

(*p< .05)
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MVPA Levels Across the School Day
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Figure 3.2 Enrolment and gender specific physical activity pattern (mins/hour) for

weekdays (*p < .05)
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MVPA Levels Across Weekend Days
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Figure 3.3 Physical activity patterns (mins/hour) on weekend days
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3.4 Discussion

The purpose of this study was to assess within-day variability of objectively

measured MVPA during weekdays and weekend days among preschool children. A

secondary aim was to examine differences in these patterns by sex and enrolment at

school, which has not been reported in the literature to date.

Children who were enrolled at school for half a day accumulated more MVPA than

children who attended school for the full day and engaged in a structured routine

encompassing a fixed classroom timetable and scheduled recess. In England,

children attending preschool for a half day have access to continual outdoor

provision, allowing them to move freely between indoors and outdoors throughout

the preschool day. This may afford them an increased opportunity to be active whilst

at school. Children attending preschool for a half day may also spend more time in

their parents company, and it is feasible that increased parent support and rules

inhibiting sedentary behaviours could be associated with increased PA in these

children (Oliver et aI., 2010). Children attending school for a full day demonstrated a

consistent pattern of activity during weekdays, with morning travel to school,

lunchtime (12:00-13:00) and the immediate after-school period being the key times

when children were most active.

Most studies show that recess and lunchtime are key times for MVPA during the

school day, though levels could be higher than they are (Cardon et aI., 2009, Hannon

and Brown, 2008, Ridgers et aI., 2006b), similarly this study indicates that girls and

particularly boys, maximised their opportunity to increase their MVPA during free

play time. Increased MVPA during this time period emphasises the importance of

recess in a preschooler's day. During weekdays boys and girls from each enrolment
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category demonstrated very similar patterns of activity, however consistent with

previous research in older children boys were significantly more active during the

lunch time hour (Riddoch et al., 2007). This may be due to their domination of the

playground space (Ridgers et al., 2006a). The before and after school segments of

the day appeared to be the most stable, possibly due to the routines that children are

accustomed to from the point of waking to going to school and from finishing school

to going to bed. Similar patterns have been demonstrated with older children

(Ridgers et aI., 2010a, Fairclough et aI., 2007, Riddoch et aI., 2007).

The preschool curriculum is likely to provide more opportunities for active play than

the primary school curriculum. However, patterns of activity for children attending

school for a full day were highly variable throughout the day, which is comparable to

other research in most young children (Verbestel et aI., 2011) and to older UK

children (Riddoch et aI., 2007). Sigmund and colleagues reported that as preschool

children make the transition into primary education their patterns of activity remain

the same but their activity levels decline (Sigmund et aI., 2009). This is demonstrated

in the current study where preschoolers accumulated more MVPA across the school

day than older children in the UK (Riddoch et aI., 2007). Moreover, there is a

remarkable similarity between preschool children's activity levels and their older

counterparts suggesting that blocks of inactivity are already apparent in the preschool

environment. Previous curricular based PA interventions have been effective

(Hannon and Brown, 2008, Trost et aI., 2008) although more intervention research is

warranted in this age group.

Consistent with findings from previous studies in this population (Verbestel et aI.,

2011, Benham-Deal, 2005), MVPA declined in the afterschool period except for in

the case of boys who spent a half day at school. Children in this group were younger
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than children enrolled for the full day and research suggests that daytime naps

decrease with age (Acebo et al., 2005). Half-day boys experienced significant

increases in MVPA from 17:00 to 18:00 which may be explained by increased

energy after a period of rest. The drop in activity in half day girls and full day boys

and girls may be linked with elements of the home environment preventing children

from participating in active play (e.g, increased screen time) (Burdette and Whitaker,

2005) or parents perceptions that preschool children are engaging in enough PA at

school (Irwin et al., 2005).

This study found that weekend patterns of PA demonstrated less variation than

school days, which is consistent with previous research (Burdette and Whitaker,

2005, Verbestel et al., 2011). Morning hours were characterised by a steady increase

in MVPA, possibly due to children waking up later. During the weekend, children

were most active during daytime hours (12 :00-17 :00), with boys engaging in

significantly more MVPA than girls. Despite children engaging in more activity

during this time period, intervening during the weekend may increase children's

MVPA. For example, parental support for PA has been identified as a significant

correlate in this age group (Gustafson and Rhodes, 2006), thus given the increased

time children spend with their parents during the weekend, this may hold significant

importance for the design of future interventions.

First, this study is limited by the absence of an activity diary for use after-school and

during the weekend which would provide more information about the context in

which children were physically active. Second, though current recommendations for

this age group focus on the accumulation of all intensities of activity, this study

investigated MVPA as this has the best evidence in relation to health in this age

group. Nevertheless, the present study adds to the dearth of literature on patterns of
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PAin this population. Strengths of this study include high compliance rates of

participants to the measurement protocol (78.3%) and the sex specific investigation

of both week and weekend day objectively monitored PA in a large sample size.

3.5 Conclusion and future research

Within-day variability in preschool children's PA was highlighted and discrete

periods of the day were identified which could be targeted to increase pre-schoolers'

PA levels. Boys displayed higher levels of MVPA than girls however; all children

did not accumulate enough PA for health benefits. Children who attended school for

a half day accumulated more MVPA than children who were present at school for a

full day, suggesting that the school environment is conducive to ST. Teachers should

incorporate more PA into their daily classroom activities. After-school hours and

weekends were also susceptible to low levels of PA. Future interventions in this age

group should target parents given the relationship between parental support for PA

and increased activity in this age group.
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Thesis Study Map

Study Objectives

Study 1: Patterns of
objectively measured
moderate-to-vigorous
physical activity in
preschool children

Objectives:
• To assess within-day variability of objectively

measured MYPA during weekdays and weekend days
among preschool children.

• To examine differences in these patterns by sex and
enrolment at school.

Key findings:
• Children who were enrolled at preschool for a

full day were less active than children enrolled
for a half day.

• Boys were significantly more active than girls.
• After school hours were significantly less active.
• Patterns of MYPA during the weekend were less

variable.

Study 2: Effect of a
school-based Active Play
intervention on sedentary
time and physical activity
in preschool children

Objectives:
• To investigate the effect of a curricular" Active

Play" intervention on children's sedentary and
physical activity behaviours.

• To investigate the influence of specific
confounding variables on sedentary time and
physical activity.

Study 3: Effect of a family
focused Active Play
intervention on sedentary
time and physical activity in
preschool children
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Chapter 4

STUDY 2

Effect of a school-based Active Play
intervention on sedentary time and physical

activity in preschool children
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The main outcomes of this study are currently under review in the International

Journal of Behaviour, Nutrition and Physical Activity: O'Dwyer, M.V., Fairclough,

S.1., Knowles, Z., Foweather, L., Ridgers, N.D. and Stratton, G. Effect of a school-

based Active Play intervention on sedentary time and physical activity in preschool

children.

4.1 Introduction

The preschool years have been identified as an important time for the development

of healthy behaviours, such as PA. (Ward et al., 2010). Moreover, play and the

mastery of fundamental movement skills are the substrate of PA during the early

years (Cliff et al., 2009a) which provides the foundation for lifelong engagement in

PA (Reilly et al., 2006, Telama et al., 2005, Malina, 1996). During early childhood

PA significantly contributes to the prevention of obesity (Jimenez-Pavon et al., 20 I0,

Moore et al., 2003) and cardiovascular disease (Burgi et al., 2012, Sruikslahti et al.,

2004) and it influences bone health, motor development (Janz et al., 2010, Hardy et

al., 2010) and promotes positive cognitive functioning and social development

(Burdette and Whitaker, 2005). Recent PA guidelines in the United Kingdom

recommend that children under the age of five years who are capable of walking

should participate in at least one hundred and eighty minutes of PA (light intensity

and above) and reduce the amount of time spent being sedentary (Department of

Health, 2011). Despite preschool children being the most active segment of the

population, a large proportion of young children are insufficiently active and spend a

substantial amount of time sedentary (Hinkley et aI., 2010, Reilly, 2010, Tucker,

2008).

The childcare environment provides one setting where interventions may be

delivered to increase PA (Waring et aI., 2007). Several reviews have identified
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interventions that have been conducted to increase PA in children and youth

(Kriemler et al., 2011, van Sluijs et al., 2007), but few have targeted preschool

settings (Campbell and Hesketh, 2007, Chau, 2007). The stable preschool

infrastructure (Story et aI., 2006) and willingness of staff to participate in PA

programmes (Cashmore and Jones, 2008) have prompted researchers to explore the

potential of this environment for increasing PA. Despite this not all staff working in

childcare settings feel confident to deliver PA programmes (Breslin et al., 2008). In

light of this, the need for preschool curriculum based interventions to implement

structured PA involving staff development are needed (Bundy et aI., 2011, Niederer

et aI., 2009).

Despite the importance of play on preschool children's physical, cognitive,

emotional and social development (Ginsburg, 2007), promoting active play has been

under researched (Brockman et al., 2010). During the early years of life, children

engage in 'active play' that is significantly above resting metabolic rate (Simons-

Morton et al., 1990b). Recent research has found that active play is positively

associated with MVPA levels (Brockman et al., 2010). Activity during play can be

increased, for example, by painting markings on playgrounds to promote active

games, with significant increases observed in the shorter and longer terms (Stratton

and Mullan, 2005, Stratton, 2000), respectively. Further, play equipment and activity

cards (Verstraete et al., 2006) and the use of portable equipment at day care facilities

(Bower et al., 2008) have also increased children's PA. Despite the encouraging

findings from active play interventions in school-age children, there is a paucity of

evidence on interventions that promote active play in preschool children. Therefore,

the aims of this study were to investigate the effect of a curricular "Active Play"
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intervention on children's sedentary and PA behaviours, and investigate the

influence of specific confounding variables on ST and PA.

4.2 Method

4.2.1 Participants and settings

Twelve schools from a large city in the North West of England were randomly

selected and invited to take part in the study. Randomisation, stratified by local ward

(5 in Liverpool), was accomplished by drawing folded sheets of paper, each marked

with a school's code, from a hat. Allocation alternated between groups, i.e. l ", 3rd,

5th participant into intervention group. While web or computer-based randomisation

techniques exist, this randomisation procedure remains acceptable for samples of n ~

60 (n ~ 30 per group) (Portney and Watkins, 2000). Participants and researchers

were not blinded to the experimental group. Schools were attached to a SureStart

children's centre, which provided a variety of advice and support for parents and

carers of children aged 5 years or under who resided in the most disadvantaged parts

of England (House of Commons Children Schools and Families Committee, 20 I0).

Schools were located in neighbourhoods in the highest 10% for national deprivation

(Department of Communities and Local Government, 2010). All 12 schools agreed

to take part in the research study.

Initially, all parents were invited to a meeting at their respective school where the

aims of the project were outlined. Parents who were unable to attend the meeting

were given an information pack via the school which detailed the same information.

All children from nursery and reception classes (aged 3-4.9 years) were invited to

participate in the project (n = 673) and asked to return informed written parental

consent, child assent, and medical forms. Please see appendix I. Two hundred and
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forty children (mean age 4.5 years, SD = 0.6 years; 51.7% male) agreed to

participate (36% response rate). Subsequently, schools were randomly allocated to

either the intervention (109 children) or comparison groups (139 children). The flow

of participants through the study is illustrated in Figure 4.3 (Schulz et al., 2010). The

study was approved by the University ethics committee. (Reference Number:

09/SPS/027).

4.2.2 Intervention design

This randomised controlled trial was conducted across two academic years (from

October 2009- November 2010). Of the 12 schools recruited, 6 were allocated into

time-phase 1 (academic year 1) and 6 were allocated into time-phase 2 (academic

year 2). This design aimed to maximise recruitment and control for the influence of

seasonal variation (Kolle et al., 2009). Each Active Play intervention was conducted

for 6 weeks to fit with the local authority school calendar. Assessments were

conducted at baseline, immediately following the 6-week intervention and again at 6-

months follow-up. The project time line is outlined in Table 4.1. Additionally, after

completion of all post-test data collection, children in both the intervention and

comparison group received a certificate and an Active Play goody bag including

some equipment to promote physically active play (Figure 4.1).

Table 4.1 Active Play Research Project Time Line

Data collection and intervention delivery

Phase 1
Phase 2

Design,planning Baseline 6week Post-test
& recruitment intervention

May - Sept 2009 Oct 2009 Oct - Nov 2009
Jan - Feb 2010 Mar 2010 Apr- May 2010

Follow-up

Dec 2009 July 2010
Jun 2010 Nov 2010
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Figure 4.1 Incentives for children in the intervention and comparison group

4.2.2.1 Active Play Intervention

PA provision in preschools in the UK is usually designed and led by classroom

teachers or assistants. Few preschools have specialist physical education teachers

(British Heart Foundation National Centre, 20 II). For this reason, the use of external

play practitioners for a period of time during a school term is becoming increasingly

popular with approximately 50% of SureStart centres in the UK using external

agencies (British Heart Foundation National Centre, 2011). Schools randomised to

the intervention (INT) group received the Active Play programme, which was

designed and implemented by highly qualified Active Play staff from the sport and

leisure directorate of the local authority. The Active Play programme is a 6-week

educational programme for staff and children in preschool settings. The programme

was delivered using a 2-2-2 delivery approach. Specifically, weeks I and 2 were led

by the Active Play delivery team and observed by the school staff, weeks 3 and 4

were co-delivered by the delivery team and the school staff, and in weeks 5 and 6,
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the school staff led the delivery whilst the Active Play staff supported. When the

Active Play team vacated the setting, the teacher continued to deliver the

programme. The Active Play programme aimed to increase PA, develop fundamental

movement skills, strength, agility, co-ordination and balance, and enhance children's

self-confidence to play actively and freely. The programme also aimed to empower

staff and increase their levels of self-efficacy in delivering an active play curriculum.

The content of the intervention was contained within a comprehensive resource pack

that included twenty activity cards (the description of example cards can be found in

Table 4.2), a user manual focusing on topics such as "Getting activity at the right

level", "Maximising moderate and vigorous activity levels" and "Including all

children", exemplar lesson plans, signposting information; recommending useful

resources and points of information, and a poster promoting Active Play (see Figure

4.2). The activity cards linked directly to the UK preschool curriculum (Department

of Education, 2012). Additionally, intervention schools received an on-demand help

service for additional support whilst the programme was on going. Examples of

support included ideas for extra games or assistance with active fun days.
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Figure 4.2 The Active Play resource pack

4.2.2.2 Comparison Schools

Comparison schools were asked to continue to deliver their usual PA provision.

They received an Active Play resource pack (Figure 4.2) and were informed to refer

to this for ideas.
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Table 4.2 Description of example Active Play cards

Card Content

Warming up:

Exploring bodies

Introduce children to warming their bodies up for activity
and explore body parts. Children move around like buzzing
bees, when the sound cue is given they touch a body part.

Dance: Explore dance and movement using stories, combining a
chorus where the group moves together and verses where
the children explore and express themselves.Free flow and motifs

Gym: Explore different ways of jumping. Children participate in
bunny hops and standing jumps. Introduce a rope on the
floor to make the activity more difficult.Jumping gym

Games: Explore precision and co-ordination. Practise target games
individually, in pairs, or as a group. e.g. draw targets on
walls and aim for your favourite e.g. different fruitsSending with

accura~~argets)

Cool down: Introduce children to positive touch through massage, whilst
cooling their bodies down after exercise

Child on child
massage

4.2.3 Instrumentation and procedure

4.2.3.1 Physical activity

PA was measured using an accelerometer set to record at 5-second epochs over 7

consecutive days (GTIM ActiGraph, Pensacola, FL.). Participants were instructed to

wear the accelerometers on an elastic belt on the right hip (anterior to the iliac crest)

during all waking hours except for water-based activities. Accelerometry has been

validated against direct observation in preschool aged children (pfeiffer et aI., 2009,

Sirard, 2005).
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4.2.3.2 Physical activity data management

MAHUffe (Analyser v 1.9.0.3) was used to analyse the collected data. Age specific

cut-points were used to determine time spent sedentary or participating in light,

moderate or vigorous PA (Sirard, 2005). Please see Table 4.3 for a description of PA

cut points used. Periods of 20 minutes of consecutive zeros were removed from the

data as these were considered periods of non-wear time (Esliger, 2005). To be

included as a valid measurement day, the accelerometer was required to be worn for

a 623 minutes at baseline, 565 minutes at post-test, and 563 minutes at follow-up per

day. These wear times were calculated by defining 80% of the total length of time

during which 70% of the sample wore the accelerometer (Catellier et aI., 2005).

Children were finally included if they wore the monitor for a minimum of 3 days

including one weekend day (de Meij et al. 2011).

Table 4.3 Age specific accelerometer cut points (60 second count per epoch)

Sedentary Light Moderate Vigorous

3 years old <1207 1208-2459 2460-4923 >4924

4 years old <1455 1456- 3247 3248-4939 >4940

5 years old <1595 1596- 3563 3564- 5019 >5020

4.2.3.3 Active Play session physical activity

PA during the Active Play sessions was measured during week 3 of the intervention

when the same session content was taking place in each school. Researchers visited 3

intervention and 3 comparison schools during an Active Play session. For

convenience, 60 children (30 intervention and 30 comparison) were randomly

selected from 6 schools and asked to wear an ActiGraph uniaxial accelerometer for
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the duration of the Active Play session. Data were reduced using the same protocol

as described for daily PA.

4.2.3.4 Anthropometries

Body mass was measured (to the nearest 0.01 kg) using digital scales (Tan ita

WBIOO-MA, Tanita Europe, The Netherlands). Stature was measured (to the nearest

0.1 em) using a portable stadiometer (Leicester Height Measure, SECA,

Birmingham, UK). BMI {mass (kgj/stature/ (m) was calculated and children were

classified as underweight, normal weight, overweight or obese using sex and age-

specific cut-points (Cole et aI., 2000).

4.2.3.5 Parental Characteristics Questionnaire

Parental and community characteristics were assessed using the Parental

Characteristics Questionnaire (please see appendix I). This questionnaire was

devised using a combination of ALSPAC questionnaires (Blair et al., 2004, Taylor

and Baker, 1997, Wildschut and Golding, 1997), which included question categories

such as 'Having a Baby', 'Your Environment', 'About Yourself, and 'Adult

Learning'. The questionnaire comprised of 8 items. Items 1-3 focused on general

information about the child and parent including sex, birth dates, adult's relationship

to the child and how many hours the child attended school each day (3 hours= half

day and 6 hours = full day). Items 4-6 focussed on the parents' backgrounds

including home postcode, ethnicity, and current marital status. Items 7-8 focussed on

the parent's level of education and current employment status. All answers required a

'tick the box' response with the exception of postcode where the full postcode was

supplied and used to obtain an index of multiple deprivation (IMD). For each

participant, socio-economic status (total deprivation rank) was derived from home
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postcodes entered into the Office for National Statistics online application

(Department of Communities and Local Government, 20 I0). Two hundred and thirty

eight children's homes (99.2%) were located in the highest 10% for deprivation

nationally. The remaining two children's homes were in neighbourhoods in the top

30% for national deprivation.

4.2.4 Statistical analysis

Full data were obtained for 86 boys [35 intervention, 51 comparison] and 70 girls [35

intervention, 35 comparison) for use in the analyses. Reasons for missing data

included non-compliance when wearing the accelerometer (n=65), technical

problems (n=12), sickness (n=3), loss of accelerometers (n=3) and participants

moving schools (n= 1). Descriptive statistics were calculated to describe the final

sample (Table 4.4). Independent t-tests were conducted to examine any differences

in sex, socio economic status (SES), ethnicity, weight status, group allocation and

enrolment at school, between children who were excluded and included in the PA

analyses. In addition, independent-samples t-tests were performed to determine

whether there were any significant differences in the percentage of time spent

participating in MVPA between the intervention and comparison groups during the

Active Play session. These data were analysed using PASW Statistics v.l8, and the

significance level was set at p ~ 0.05.

The main analysis used to estimate the effect of the intervention on children's PA

levels and ST was multilevel modelling, which is considered to be the most

appropriate data analysis technique for nested data (Goldstein, 1995). Data were

analysed using MLwiN v.2.23 software. A three-level multilevel data structure was

used to determine the effects of the Active Play intervention. The three levels of
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analysis were time point (6-weeks, 6 months; level I), child (level 2) and school

(level 3). An association model was used to determine the effects of the intervention

after being corrected for confounding variables (Twisk, 2006). Time spent in ST,

LPA and MVPA were defined as the outcome variables. Baseline values for ST,

LPA, MVPA, BMI and accelerometer wear time (continuous variables) and time-

point, sex, time spent at school, parents levels of education and ethnicity

(categorical variables) were used as covariates. Dummy variables were created for

time point enabling analyses of a 6 week and 6 month intervention effect. Two

analyses were conducted on all three outcome variables (ST, LPA and MVPA) to

examine the intervention effect over time points. The first analysis (crude analysis)

determined the effect of the intervention over time whilst controlling for baseline

PA, whilst the second analysis (adjusted analysis) determined the intervention effect

when the covariates were added to the model (Twisk, 2006). In addition, potential

effect modification was assessed by constructing interaction terms between the

intervention group and all covariates. Constructing interaction terms allowed me to

investigate whether the intervention effect was different for different sub-groups

(e.g. boys and girls or different ethnicities). Separate analyses were conducted for

ST, LPA and MVPA. Regression coefficients in the model were assessed for

significance using the Wald statistic (Twisk, 2006). Statistical significance was set at

p< 0.05, with the exception of p < 0.1 which was used for interaction terms (Twisk,

2006).

4.3 Results

4.3.1 Exploratory analysis
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Independent samples t-tests revealed no statistically significant differences in PA

variables (ST, LPA, and MVPA) between boys and girls, between those who

remained in the study and those who dropped out or between children with complete

and incomplete PA data (p > 0.05). The descriptive (mean, SD) anthropometric

characteristics at baseline and ethnic background of the children are displayed in

Table 4.4. Independent-samples t-tests revealed that there were no significant

differences between boys and girls in the intervention and comparison groups for age

and anthropometric data (p > 0.05). Eighty-four per cent and 75% of the

intervention and comparison group were White British, respectively.

Table 4.5 summarises the raw, unadjusted scores for the children's PA levels.

Percentages of time spent in different intensities of PA during the Active Play

sessions are reported in Table 4.6. Children in intervention sessions were

significantly more active than those in comparison sessions (p < 0.001). There were

no differences by sex within sessions (p>0.05).

4.3.2 Main analyses

Table 4.7 shows the effect of the intervention on ST, LPA and MVPA at 6 weeks

and 6 months post intervention. No intervention effect was found for ST, LPA or

MVPA at 6 weeks or 6 months. When the correction for potential confounders was

performed (adjusted analysis), sex and the amount of hours children spend at school

were significant predictors of ST, LPA and MVPA. The results indicated that girls

engaged in 11.3 minutes more ST (CI: 4.6 to 17.9) and 3.2 minutes less LPA (CI: -

5.2 to 1.2) than boys. Additionally, children who attended school for six hours

(whole school day) engaged in 11.4 minutes more ST (CI: 3.8 to 19.0) and 6.2

minutes less (CI: -9.3 to -3.1) MVPA than children who attended school for three
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hours (half day). Analysis also revealed that accelerometer wear time was a

significant predictor of ST with children who wore the accelerometer for longer

accumulating more ST.

Table 4.8 shows the intervention interaction terms with covariates investigating

potential effect modification. Positive interaction terms were found between the

intervention and baseline ST and LPA (both p<O.OOI). There were no other

significant interactions.
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Figure 4.3 School and participant flow through the project (study 2)
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Table 4.4 Baseline unadjusted descriptive data for the sample (mean (SD»

Intervention Comparison

Boy SO Girl SO Total SO Boy SO Girl SO Total SO
Mean Mean Mean Mean Mean Mean

Age (y) 4.6 0.6 4.7 0.5 4.7 0.5 4.7 0.6 4.4 0.6 4.5 0.6

Stature(cm) 105.4 6.4 108.6 5.1 107.0 6.3 107.0 5.9 106.4 5.0 106.8 5.5

Mass (kg) 18.5 3.2 19.8 3.2 19.1 3.3 19.2 3.2 19.0 3.1 19.1 3.2

BMI(kgm2) 16.7 1.8 16.6 1.7 16.7 1.7 16.7 1.8 16.8 1.9 16.7 1.9

O/oOW/OB 22.6 25.2 23.9 21.7 25.7 23.7

Ethnicity § 85.0 82.9 84.3 70.6 80 75.3

Notes: BMI standardised by age and sex (Cole, 2000), OW - overweight; OB - obese, § - reference: %white
British, Values are mean (SO)

Table 4.5 Uncorrected mean minutes (SD) for time spent sedentary and being
physically active

Baseline 6 weeks 6 months
INT COM INT COM INT COM

(n=109! (n=131! (n=108~ (n=129} (n=103! (n=115!

Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO

ST Boy 649.5 54.3 636.3 55.7 581.7 88.0 605.5 68.4 536.8 52.8 560.5 58.0
Girl 645.5 56.1 625.2 60.8 608.1 77.6 585.9 76.1 525.7 56.5 557.5 55.5

LPA Boy 69.1 13.9 70.8 11.0 68.5 16.5 70.3 13.0 59.9 15.1 58.7 15.1
Girl 75.4 14.5 73.6 15.1 70.9 14.5 69.4 15.8 67.9 15.6 64.4 12.6

MVPA Boy 45.2 17.7 40.3 15.2 46.5 19.2 37.5 15.1 35.8 16.6 32.4 12.6
Girl 40.5 17.1 42.4 17.1 39.2 17.7 40.6 13.6 35.4 14.4 35.9 14.8

Data collected in North West England between September 2009 and December 2010. All values reported are in
minutes.
Key: Int = intervention group; Com = comparison group; ST = sedentary time; LPA = light physical activity;
MVPA = moderate-to-vigorous I2hrsical activi!,r

Table 4.6 Percentages (SD) of time spent participating in MVPA and Total PA
during the Active Play session

Intervention Sessions Comparison Sessions
(n=30) (n=30)

Mean SD Mean SD
%MVPA 31.3 (8.5) 8.5 15.9 (6.3) 6.3

% Total PA 45.2 (8.4) 8.4 27.8 (8.8) 8.8

Data collected during week 3 of Active Play intervention. All values reported are in
percentages.
Key: Int = intervention group; Com = comparison group; MVPA = moderate-to-vigorous
physical activity; PA = physical activity. Bold faced text = P< .001
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Table 4.8 Intervention interaction terms with covariates investigating potential effect
modification

Interaction term p SE P-value
Sedentary time
Intervention x ST baseline 0.81 0.05 0.00 *
Light physical activity
Intervention x LPA baseline 0.76 0.04 0.00 *

* < 0.001
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4.4 Discussion

The aim of this study was to investigate the effects of an Active Play intervention on

children's whole week ST and PA levels. A secondary aim of the study was to

investigate the influence of specific confounding variables on the outcome measures.

The inclusion of 6 structured Active Play sessions, co-delivered by experienced

Active Play professionals and school teachers, was not effective in decreasing

children's ST or increasing PA over time. However there were positive interactions

found between the intervention and baseline ST and LPA indicating that the

intervention effect was stronger for children who engaged in more ST and LPA at

baseline. Moreover, children did not meet PA recommendations. Pre-schoolers in

this study were sedentary for 10.8 hours of their total waking day similar to other

studies (Cardon et al., 2009, Dowda et al., 2009, Alhassan et al., 2007). On one hand

the high levels of ST that children engaged in was worrying, on the other hand these

provide a strong rationale for interventions that aim to decrease ST time. Converse to

our findings increasing provision of outdoor play equipment (Hannon and Brown,

2008) or creating a more active curriculum (Trost et al., 2008) significantly increased

MVPA. However, in both of these studies the interventions were limited to one

setting with small numbers of participants. When our 6-week intervention (one

session per week) was implemented with a larger sample size and within more

settings, the results were not as favourable as those reported in other studies (Hannon

and Brown, 2008, Trost et al., 2008). It is most likely that the lack of change in PA

was a result of the low frequency of sessions (once a week) and the short length of

the intervention (6 weeks). Although this investigation examined the effects of

simply adding a structured active play session during preschool time, other forms of

preschool interventions have been investigated. Reilly and colleagues used
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accelerometers to measure the effects of adding 3 x 30 minutes sessions per week for

24 weeks into the preschool day (Reilly et aI., 2006). Similar to our results, this

intervention did not significantly increase children's activity levels and the

investigators concluded that they did not deliver an adequate dose of PA, despite

rigorous implementation of the intervention and promising results in a pilot study

(Reilly and McDowell, 2003). Another PA intervention implemented in 40

preschools in Belgium, found that using playground markings and equipment did not

significantly increase PA levels of children (Cardon et aI., 2009). In contrast to our

findings, interventions have been conducted which have resulted in increases in PA

(Specker and Binkley, 2003, Eliakim et aI., 2007). These studies were not "play

oriented", but were controlled in design with well structured, repetitive exercise

regimes delivered frequently (5-6 times per week for 4-12 months). It is questionable

whether these approaches were as developmentally appropriate as other studies that

focus on active play (Ginsburg, 2007). One of the aims of the Active Play

programme was to increase levels of MVPA during Active Play lessons. Children in

the intervention group sessions were significantly more active than those in the

comparison group, suggesting that the activities delivered were appropriately intense,

but were not of sufficient duration or frequency to affect overall PA. It is estimated

that during a 39-week school year, children in the Active Play specialist led sessions

spent approximately 8 more hours in MVPA than children in the comparison

sessions. Without the use of direct observation during the session it was not possible

to determine the precise activities that best promoted PA. It is recommended that

future studies include an observational measure to contextualise the activity within

the session (Ridgers et aI., 2010a). Failure to increase PA out of school is generally

consistent with previous studies (Sallis et aI., 1992) although some interventions
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have been successful (Kriemler et aI., 2011). Programs that increased children's PA

relied mainly on external control such as parental reinforcement (Chen et aI., 2009,

Saakslahti et aI., 2004) or PA at home (Loprinzi and Trost, 20 I0). Although limited

by parent recall, using an activity diary in the future may capture this information.

Another possibility for the lack of increase in MVPA may be attributed to the

displacement of PA or the 'activitystat' hypothesis (Baggett et aI., 2010, Reilly,

2011, Metcalf et aI., 2010). For example, on days when the children accumulated

extra MVPA, they may have increased the amount of time spent being sedentary;

whereas on a day where the children did not partake in moderate-to-vigorous

activities, they might increase the amount of LPA they accumulated and decrease the

amount of time in sedentary activities. Future studies should investigate total PA

rather than specific intensities, particularly given the PA recommendations for this

age group.

Despite observing no intervention effect, this study contributes to the limited

intervention literature in this population. Firstly, levels of PA were very low and

levels of ST were very high, which was consistent with findings reported by Reilly

and colleagues (Reilly, 2010). High levels ofST have been associated with excessive

use of screen based entertainment in this population (Hinkley et aI., 2012). However,

we did not record information in relation to electronic media use and it was therefore

difficult to state with confidence the reason for the high recordings of ST. Although

the prevalence of screen-based entertainment and media that are accessible by the

current generation of children may be related to this (Council on Communications

and Media, 2011). It is also worth noting that accelerometer wear time decreased

across time points. From discussions with parents and teachers, many children did

not want to wear their activity monitor for the seven days period. Future research
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should acknowledge this challenge and try to establish a solution which maximises

monitor wear time and improves compliance in such studies.

Secondly, preschool boys were more active than their female counterparts which is

consistent across the literature (Hinkley et al., 2008, Montgomery et al., 2004, Hands

and Larkin, 2006). When potential pupil and school level confounding variables

were investigated, girls spent significantly more time sedentary and less time in

LPA. Over 6 months this accumulates to approximately 34 hours more ST for girls

and 10 hours more LPA for boys. Girls also accumulated less MYPA than boys,

though this was not significant. These sex differences have been consistently

demonstrated in the literature with boys often being observed playing in larger

groups, partaking in play which involves increased risk, and engaging in more

'rough and tumble' play often involving expansive body movements, thus expending

more energy (Pate et al., 2004, Yan et al., 2002, DiPietro, 1981). Another

explanation for these sex differences may be that girls receive less encouragement

from teachers and peers to engage in energetic play. However, a previous study

examining PA behaviour among preschool children found no significant sex

differences in prompts to be active (Jackson et al., 2003). Whatever the underlying

reason for the observed sex difference, our observation that 3 to 5 year old girls

engaged in significantly more ST and less LPA supports the recommendations that

girls require additional support to achieve optimal levels of PA, even at preschool

age. This in tum may drive the acquisition of fundamental movement skills which

are key correlates of PAin this age group (Burgi et al., 2012, Orsega-Smith et al.,

2007).

Thirdly, children who attended school for fewer hours each day (i.e. the younger

children in the sample) were more active than their older counterparts (Hinkley et al.,
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20 I0). One explanation for this may be the greater opportunity that younger children

have to be more active outside of the classroom setting. This differs to their older

counterparts who at the age of 4- to 5- years were part of formal education and spend

more time each day in a classroom based learning environment, typically involving

extended periods of time sitting down. This finding may also be attributed to the age-

specific cut-points used to interpret the PA data, which increase with age, (Sirard,

2005), though other studies have shown that age is not associated with activity levels

in the preschool population and that differences may be related to the environmental

factors (Montgomery et at, 2004, Jackson et aI., 2003).

Interestingly, our results show that 8M I, maternal education and child's ethnicity

had no effect on ST and PA levels corresponding with other research investigating

8MI (Finn et at, 2002) and SES (Sallis et at, 1988) but not with ethnicity (Pate et

aI., 2004). In summary, these findings are important as they highlight the influence

of school, home and child level confounding variables on children's activity levels

and the complexity of the process associated with changing behaviours, even during

this early stage of life. The limitations of the current study include: (i) the inclusion

of the primary care giver (directly or indirectly) during the intervention may have

benefitted the results (ii) the non-completion of an activity log book during the time

the children wore the accelerometer may have helped explain the types of activity the

children engaged in outside of the sessions, (iii) a very low response rate during

recruitment, with only 36% of the children targeted signing up for the research, (iv)

the choice of accelerometer cut-points used have been criticised as being too high,

specifically the MVPA thresholds (Reilly et at, 2008) and (v) the sample used is not

representative of all preschool children.
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The strengths of this intervention lie in the delivery of the Active Play programme by

experienced professionals and school personnel, and its flexible design which

respected the autonomy of teachers to use the material outside of the weekly

structured sessions. These features coincide with the need for sustainable

programmes of PA. Important strengths of the current research are: (i) the research

design; the inclusion of a randomised controlled trial with a large sample size and the

inclusion of a 6 month follow up, (ii) both groups were matched for SES (iii) the use

of an objective measure of ST and PA (iv) the use of multilevel analyses taking into

accounting of children within preschools.

4.5 Conclusion and future research

Although the intervention was sufficiently intense, a 6 week Active Play programme

was too short to accrue any changes in ST and PA engagement in the short and

longer-term. Teachers and practitioners should be cautious when adopting structured

PA programmes for use with preschool children. However, programmes such as

Active Play are not likely to impart negative effects on young children's activity

levels, when delivered in a developmentally-appropriate way. To achieve public

health goals, physical education programs should promote PA during school time as

well as outside of school.
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Thesis Study Map

Study Objectives

Study 1: Patterns of objectively
measured moderate-to-vigorous
physical activity in preschool
children

Objectives:
• To assess within-day variability of objectively

measured MYPA during weekdays and
weekend days among preschool children.

• To examine differences in these patterns by sex
and enrolment at school.

Key findings:
• Children who were enrolled at preschool

for a full day were less active than children
enrolled for a half day.

• Boys were significantly more active than
girls.

• After school hours were significantly less
active.

• Patterns of MVPA during the weekend
were less variable.

Study 2: Effect of a school-based
Active Play intervention on
sedentary time and physical
activity in preschool children

Objectives:
• To investigate the effect of a curricular "Active

Play" intervention on children's sedentary and
physical activity behaviours.

• To investigate the influence of specific
confounding variables on sedentary time and
physical activity.

Key findings:
• The intervention had no effect on ST or PA

at 6-weeks or 6-months.
• Children in the intervention sessions

engaged in significantly more MYPA than
children in the comparison sessions.

• Boys engaged in more ST and LPA than
girls.

• Children who were enrolled at preschool
for half a day were significantly more
active than children who were enrolled for
a full day.

Study 3: Effect of a family
focused Active Play intervention
on sedentary time and physical
activity in preschool children

Objectives:
• To investigate the effect of a family focused

"Active Play" intervention on children's
weekday and weekend day sedentary time
and total physical activity.

• To investigate the influence of mediating and
moderating variables on sedentary time and
total physical activity.
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Chapter 5

STUDY 3

Effect of a family focused Active Play
intervention on sedentary time and physical

activity in preschool children
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The main outcomes of this study are currently under review in the International

Journal of Behaviour, Nutrition and Physical Activity: O'Dwyer, M.V., Fairclough,

S.1., Knowles, Z., and Stratton, G. Effect of a family focused Active Play

intervention on sedentary time and total physical activity in preschool children.

5.1 Introduction

PA and sedentary behaviour in early childhood have significant effects on health

parameters. Sufficiently active preschool children have increased protection against

obesity (Jimenez-Pavon et al., 2010) and cardiovascular disease (Srutkslahti et al.,

2004, Wilkinson, 2008). PA during the preschool day and limited outdoor playtime

are related to BMI in young children (Trost et al., 2003, Takahashi et al., 1999). Also

insufficient PA can have a negative impact on psychosocial factors such as self-

esteem (Eke land et al., 2004) and are associated with poor fundamental movement

skill acquisition during childhood (Williams et al., 2008). The early years are an

ideal window to promote PA, as motor development at this life stage is more

malleable than in later childhood and adolescence (Matusik and Malecka- Tendera,

2011, Skouteris et al., 2010), and risk factors for overweight can be more easily

modified (parsons et al., 1999). Furthermore PA levels during the early years of

childhood are predictive of activity levels later in adulthood (Telama et al., 2005).

Studies investigating the correlates of PA in children have found parent attitudes,

behaviours, parenting styles and practices to have a profound influence on children's

health behaviours (Hinkley et al., 2008, Sruikslahti et al., 2004, Sallis et al., 2000).

For example, one study (Sruikslahti et al., 2004) found that children whose parents

received information on how, when, and where to encourage their child's PA, spent

more time playing outdoors in comparison to children whose parents received no
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information. Additionally, studies investigating the correlates of sedentary behaviour

in this age group have reported indeterminate associations between variables such as

television viewing, age, gender and BMI, however a significant negative association

between parental rules and sedentary behaviours was reported (Hinkley et aI., 2010).

There is a need to explore both feasibility and efficacy of parent targeted lifestyle

interventions that aim to influence the health behaviours of children. For such

interventions to be effective, the active involvement of parents is particularly

important (Golan, 2006). Interventions have previously been conducted where

parents contribute in a low to medium capacity e.g. consenting to participation,

through home tasks, or receiving letters (Manios, 2006, Fitzgibbon et aI., 2005,

Saakslahti et aI., 2004). According to De Bock and colleauges, (De Bock et aI.,

2010) the effects of directly exposing parents to an intervention have been

understudied yet parents' participation in interventions is essential given the

evidence to suggest significant correlations that exist between parental support and

child PA level (Gustafson and Rhodes, 2006). Parent's playa vital role in the

facilitation of their child's PA. They are knowledgeable about the barriers to PA and

have a sense for opportunities that are consistent with their child's preferences

(Dwyer et aI., 2009). Furthermore, parental behaviour is noted as one of the strongest

determinants of both child PA (Oliver et aI., 2010) and BMI (Watson et aI., 2011,

Kleiser et al., 2009). They can provide an environment which affords their children

playful opportunities, allowing them to practice different motor activities and

improve their skills (Pellegrini and Smith, 1998). The role of parents within a PA

intervention may therefore foster more active lifestyles during the preschool years

and beyond. However, few interventions targeting preschool children have

investigated the effectiveness of directly involving parents within PA interventions
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and little is known about how to successfully engage and motivate parents and other

caregivers to promote and support children's PA at home. Moreover, the evidence

related to PA interventions in child care settings is not definitive and given that

parents playa significant role in shaping and supporting their children's PA

behaviour further research is warranted regarding their involvement (Loprinzi and

Trost, 20 I0, Hinkley et al., 2008). Due to the limited intervention based research

targeting child care settings, parents must be willing to take responsibility for

encouraging and supporting their children's PA behaviour. Consequently, the

development of programs to educate and support parents in this endeavour should be

a priority.

Therefore, the aims of this study were first to investigate the effect of a family

focused "Active Play" intervention on children's weekday and weekend day ST and

total PA, and second to investigate the influence of mediating and moderating

variables on ST and total PA.

This study hypothesises that:

• A 10-week family focused Active Play intervention will positively impact on

young children's total PA and ST

• A lO-week family focused Active Play intervention will identify specific

mediating and moderating variables which affect preschool children's total

PAand ST

• Parent's participation in sport and their physical activity levels will have an

effect on preschool children total PA and ST.
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5.2 Method

5.2.1 Participants and settings

Twenty-four SureStart children's centres from a large city in the North West of

England were invited to take part in this study. SureStart children's centres are a free

service for families with children aged 5 years or under and are situated in the most

disadvantaged parts of England. They provide a variety of advice and support for

parents/carers and services are targeted from pregnancy through to entry into

compulsory education (House of Commons Children Schools and Families

Committee, 2010). All children's centres were located in neighbourhoods in the

highest 10% for national deprivation (Department of Communities and Local

Government, 2010). Of the 24 children's centres invited, 15 agreed and 8 were

randomly selected to take part in the study.

Initially, the research team organised a meeting with a member of staff from the

children's centre, typically a health promotion worker or alternate professional. The

aim of this meeting was to describe the project and outline the aims of the research.

The children's centre staff received information packs and distributed them to

eligible families. Information packs contained a participant information letter,

consent form, assent form, medical questionnaire and preschool-age PA

questionnaire (Pre-PAQ) (Dwyer et aI., 2011). Please see appendix 1. To be eligible

to take part children had to be registered at the participating children's centre, be

aged between three and 4.9 years, and not have any significant physical or

intellectual disability which restricted them from participating in the intervention or

impair the accuracy of PA measurement. Families meeting the inclusion criteria in

each participating children's centre were invited to take part in the project (n=182).

The final recruited sample consisted of seventy-seven families and seventy-nine
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children (mean age 3.7years, SD = 0.6; 51.9% male), equating to a 42% response

rate. Subsequently, children's centres were randomly allocated to either the

intervention (n=4) or comparison group (n=4). Once the children's centres were

randomly allocated to their group, schedules for data collection and intervention

delivery were devised. At post-test, the intervention and comparison group lost I and

2 families, respectively. Reasons for losses included moving house (n=l) and time

constraints (n=2). The flow of children's centres and families through the study is

illustrated in Figure 5.1 (Schulz et aI., 2010). The study was approved by the

University ethics committee (Reference: 09/SPS/027).

5.2.2 Intervention design

This cluster randomised controlled trial was conducted for 10 weeks during the

school autumn term (September to December 2011). The research design was

implemented to avoid contamination across settings (Bland, 2004). The 10 week

duration was selected to fit the local authority school calendar and represented a

significant period for observing short-term experimental effects. Assessments were

conducted at baseline and immediately following the intervention.

5.2.2.1 A family focused Active Play intervention

5.2.2.1.1 Theoretical model

The intervention was designed using a socio-ecological model (Bronfenbrenner,

1979) and aimed to influence children's total PA and time spent in sedentary

behaviour. This was achieved by manipulating known mediators and moderators in

the social environment (Golley et aI., 2011, Oliver et al., 2010). Specifically, the

intervention targeted parents as a key agent for PA promotion. The Foresight report
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(Butland et aI., 2007) and the World Health Organisation (Branca et aI., 2007) have

indicated that a whole system approach to tackling behaviour change is critical, and

have stressed the importance of considering behaviour change alongside

environmental, policy and community approaches.

5.2.2.1.2 Physical activity and parent's educational workshops

The intervention followed the model recommended for developing and evaluating

complex interventions (Medical Research Council, 2008). Firstly, a user group was

consulted on both the content and duration of the intervention. The use of such a

group has been endorsed as it likely to result in better, more relevant science and a

higher chance of producing implementable data (Medical Research Council, 2008).

The user group (n=12) consisted of a convenience sample of parents, play workers,

teachers and health promotion workers from within the children's centre setting.

Informal discussions were held with each user group member separately and notes

were taken by the lead researcher. Once meetings with user group members were

completed notes were shared with participants to check for accuracy. A draft

intervention programme was then written using evidence from the literature

combined with user group views. Specifically user group members suggested that

intervention sessions lasting no longer than 1 hour would be most suitable and that

parents should be consulted on a delivery time that works best for them.

Additionally, user group members unanimously voted that text messages were the

most appropriate way to engage parents and maintain contact with them during non-

contact weeks. Finally, the members of the user group felt that parents would benefit

from the provision of information regarding free activities in their local area. These

views were then supplemented by resources from programmes that targeted

preschool children such as; Munch and Move (Hardy et al., 2010). Unplug and Play
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(Australian Heart Foundation) Change for Life (National Health Service, UK), Free

Range Kids (Sustrans, UK), and Lets Get Kids on the Go! (British Heart

Foundation). The first draft of the intervention was then shared with an expert group

(n=5) including PA experts, paediatric exercise science researchers, a chartered

sports psychologist and researchers working with parents on a local childhood

obesity treatment programme. An overview of intervention content and associated

components can be found in the Table 5.1.

The intervention occurred every other week and comprised of 5 contact sessions over

a 10 week period. Each session lasted approximately 70 minutes which consisted of

10 minutes registration and checking home activity completion and 60 minutes

delivery time. Parents and children were separated for the first 20 of the 60 minutes.

During this time the children participated in active play and the parents attended an

educational workshop. The remaining 40 minutes of delivery was spent as one group

participating in active play. The active play element of the intervention was delivered

by team of professional play workers. The educational component of the parent's

workshops was delivered by the lead researcher and a research assistant who had

previously worked on interventions targeting family behaviour change.
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5.2.2.1.3 Intervention implementation strategies

On the first day of the intervention each family received a log book called the Move

It! Snap It! Log It! Diary. The log book was adapted from one developed with

families involved in a local child weight management programme (Watson et aI.,

2011). The log book was one of a number of behaviour change techniques used

within the intervention. Log books allowed families to self-monitor their home

activity; permitted the research team to set graded tasks and provide instruction for

these tasks; provide feedback on performance of the tasks; provide contingent

rewards and allowed the families to agree to a behavioural contract (Golley et aI.,

2011). Previous research supports the inclusion of self-monitoring of behaviour to

prompt intention formation specific goal setting, providing feedback on performance,

and prompting review of behavioural goals in interventions designed to promote PA

(Golley et aI., 2011, Michie et aI., 2009). Families were asked to bring their log book

to each intervention session where they were reviewed by a member of the delivery

team. Completed log books were linked to a progressive reward system. Rewards

were linked to PA promotion such as activity bags, an Active Play key fob and an

active dance DVD. Log books also contained contact details for additional support.

Additionally, after completion of all post-test data collection, families in both the

intervention and comparison group received a certificate, Active Play key fob, a

Liverpool's Little Stars activity song book and a £10 shopping voucher. The voucher

was only rewarded if the families complied with all measurements.

5.2.2.1.4 Provision of resources and instructional materials

Providing parents with instructional and educational material has been associated

with positive changes in PA within this age group (Manios et aI., 2002). All families
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received resources and instructional materials throughout the intervention to allow

them to implement the intervention at home and complete their home activities. The

resources included current UK PA guidelines for the early years, Munch and Move

fundamental movement skills teaching manual and accompanying games which

encourage the development of such skills, Play4Life indoor and outdoor games

ideas, Liverpool Active Parks map, British Heart Foundations 'Let's Get Kids on the

Go' activity booklet, local swimming pool schedules, 100 ways to Unplug n' Play,

Unplug n' Play electronic media tally template, and Unplug n' Play tips for setting

family rules around screen time At the first session, all families were instructed to

sign up for the Change4Life campaign.

5.2.2.1.5 Follow up support

Follow up support can contribute to the effectiveness of an intervention (Michie et

aI., 2009, Abraham and Michie, 2008). During discussions with user group members

it was evident that text messages were the most popular way (in comparison to phone

calls, social media websites or email) to communicate key messages and contact

families taking part in the intervention. Families received five text messages between

each intervention session. Families received five text messages during the non-

contact weeks. The first message thanked families for attending the session or

queried why they did not attend the session, the second, third and fourth messages

were key messages or prompts relating to the intervention content from the previous

week and the fifth text message reminded families of the next session. Text messages

were also used during the data collection weeks when families wore the

accelerometers.
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5.2.2.2 Comparison group

Children's centres allocated to the comparison group did not receive any intervention

or associated materials during the study period. They were asked to continue with

their usual PA provision and maintain their standard relationship with parents.

5.2.3 Instrumentation and procedure

At baseline (0 weeks) and post-intervention (10 weeks) child and parent habitual PA

was measured. At baseline the primary caregiver also completed the Pre-PAQ

(Dwyer et al., 2011), detailed below.

5.2.3.1 Children '5 habitual physical activity

PA was measured using 5 second epoch over 7 consecutive days (GTIM ActiGraph,

Pensacola, FL.). Participants were instructed to wear the accelerometers on an elastic

belt on the right hip (anterior to the iliac crest). Parents were provided with a chart to

document when the child put the monitor on and when it was taken off. This method

of quantifying ST and activity levels has been validated against direct observation in

preschool aged children (Pfeiffer et al., 2009, Sirard, 2005).

5.2.3.2 Physical activity data management

MAHUffe (Analyser v 1.9.0.3) was used to analyse accelerometer data. As in Study

2, age specific cut-points were used to determine time spent sedentary or

participating in light, moderate or vigorous PA (Sirard, 2005). Periods of 20 minutes

of consecutive zeros were removed from the data as these were considered periods of

non-wear time (Esliger, 2005). To be included as a valid measurement day, the

accelerometer was required to be worn for a minimum amount of time during

weekdays and weekend days. Wear times were calculated by defining 80% of the

total length of time during which 70% of the sample wore the accelerometer
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(Catellier et al., 2005). This cut-off at baseline was 521 and 483 minutes for

weekdays and weekend days, respectively and 466 and 448 minutes at post-test for

weekdays and weekend days, respectively. Children were finally included if they

wore the monitor for a minimum of 3 days including one weekend day (Jackson et

al.,2003).

5.2.3.3 Adults babitual pbysical activity

Parent's PA data was measured using the same accelerometer procedures as children.

ActiGraph count cut-points for ST (IOOcpm), light (~1952cpm), moderate

(~5724cpm), and vigorous (>5725cpm) intensity PA (Freedson et al., 1998) were

used to determine parental ST and PA levels. Periods of time greater than 60 minutes

of consecutive zeros were considered periods of non-wear time and were not

included in further analysis (Hawkins et al., 2009). Minimum accelerometer wear

time was calculated separately for weekdays and weekend days at baseline and post-

test. This minimum wear time at baseline was 541 and 563 minutes for weekdays

and weekend days, respectively and 602 and 500 minutes at post-test for weekdays

and weekend days, respectively. Days during which participants did not achieve the

minimal wear time were considered as non-compliant days and were not used in the

analyses. Parents were included if they had 4 valid days of data including one

weekend day (Hawkins et al., 2009).

5.2.3.4 Questionnaire

A shorter version of the Pre-PAQ (please see appendix 1) was administered to all

parents before the intervention commenced. This tool has acceptable validity and

reliability in this population (Dwyer et al., 2011). Questions in reference to the child

enrolled in the programme were completed by the parent. Parents were asked to

proxy-report general information about their family unit, home and community
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environment, specific information surrounding the PA habits of themselves and their

child participating in the programme. In section I (items 1-9) parents reported their

relationship to the child, their age (years and months), current marital status,

education level, ethnicity and the number of children living in the household. In

section 2 (items 10-17) parents reported their full home postcode which was used to

establish socio-econom ic status (Department of Communities and Local

Government, 2010), the size of the area within their home perimeter, the availability

of specific equipment within their home and backyard, the availability of specific

electronic media within their home, available internet connection and the presence of

a television in their child's bedroom. Parents reported the presence of specific

facilities in their neighbourhood, the amount of time their child spent in a car over

the previous week (for weekday and weekend days) and the number of days their

child actively travelled around their neighbourhood within the last week. In section 3

(items 19-25) parents reported the type of childcare and any organised activity their

child attended in the last week. Finally, parents reported if their child usually

consumed meals in front of the television. In section 4 (items 26 -27) parents

reported whether they had ever played sport at a competitive level and the nature of

this sport.

5.2.4 Statistical analysis

5.2.4.1 Exploratory analysis

Analyses were performed on an intention to treat basis. Full data (parent and child

PA and questionnaire) were obtained for 58 families (32 comparison and 26

intervention) and used in subsequent analysis. Reasons for missing data included

non-compliance with accelerometer procedure (n=14), withdrawal from the study

(n=3) and loss of accelerometers (n=4). Descriptive statistics were calculated to
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describe the final sample (Table 5.2). Independent t-tests were conducted to examine

differences between participants who were either included or excluded in the PA

analyses. The alpha level was set at p ~ 0.05.

5.2.4.2 Main analysis - identifying significant predictor variables

A Pearson product moment correlation matrix was generated to assess correlation

coefficients between the outcome variables and other confounding variables.

Additionally, a stepwise backward regression was performed for each of the outcome

variables to determine which variables best predicted the outcome. These data were

analysed using PASW Statistics v.18, and the significance level was set at p ~ 0.05.

To determine significant predictor variables multi-level modelling was conducted,

which was considered the most appropriate technique for nested data (Twisk, 2006).

A two-level data structure was used, where children were defined as the first level

and school as the second level (Twisk, 2006). Data were analysed using MLwiN

v.2.23 software (Centre for Multilevel Modelling, University of Bristol, UK). An

association model was used to assess the effects of the predictor variables on the

main outcome measures. Variables were added to the model in three stages (Van

Sluijs et aI., 2005) (1) significant variables identified in the backwards stepwise

regression, (2) significant variables identified from the Pearson product moment

correlation matrix, and (3) using empirical research to identify potentially

confounding variables (Dolinsky et aI., 2011, Hinkley et aI., 2008, Hinkley et aI.,

2010). The sequence in which the predictor variables were added to the model can be

found in the Table 5.3 and Table 5.4. The effect of the predictor variables on the

outcome variable was assessed for significance by comparing the -2 log likelihood
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(2*LL) for each model using the Chi-square distribution with 2 degrees of freedom

and the Wald statistic. Alpha was set at p < .05 for all analyses (Twisk, 2006).

5.2.4.3 Main analysis - testing the intervention effect

Once all significant predictor variables for each of the four outcome variables were

identified, the effect of the intervention was analysed using a three-level data

structure. The three levels of analysis were time point (level one), child (level 2) and

school (level 3). An association model was used to identify the effect of the

intervention after being corrected for significant confounding variables. Two

analyses were conducted on all four outcome variables (weekday ST and total PA

and weekend ST and total PA) to examine the intervention effect over two time

points. The first analysis (crude analysis) determined the effect of the intervention

over time whilst controlling for baseline ST or total PA, whilst the second analysis

(adjusted analysis) determined the intervention effect when the covariates previously

identified as significant predictor variables in the association model were added to

the model (Twisk, 2006). In addition, potential effect modification was assessed by

constructing interaction terms between the intervention group and all covariates.

Separate analyses were conducted for weekday and weekend ST and total PA.

Regression coefficients in the model were assessed for significance using the Wald

statistic (Twisk, 2006). Statistical significance was set at p < 0.05, with the exception

ofp < 0.1 which was used for interaction terms.

5.3 Results

5.3.1 Exploratory analysis

Independent samples t-tests revealed no statistically significant differences in ST and

total PA between boys and girls, between those who remained in the study and those
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who dropped out or between children with complete and incomplete PA data (p >

0.05). The accelerometer data showed that boys and girls engaged in 542.1 (64.7)

and 545.3 (74.5) minutes of ST during the weekday, respectively and 504.5 (99.1)

and 510.4 (45.9) minutes of ST during the weekend, respectively. Boys and girls

engaged in 115.9 (21.4) and 110.1 (28.1) minutes of total PA during the weekday,

respectively and 107.5 (29.7) and 97.0 (30.6) minutes of total PA during the

weekend, respectively. The descriptive data for parents and children at baseline are

displayed in Table 5.2. Independent-samples t-tests revealed that there were no

significant differences between boys and girls or mothers and fathers in the

intervention and comparison groups for age (p > 0.05). Ninety-one per cent of the

sample was White British.

5.3.2 Main analyses

Table 5.5 shows the effect of the intervention on ST during weekdays and weekend

days immediately after the intervention was delivered (10 weeks). A significant

intervention effect was found for weekday and weekend day ST. Children in the

intervention group participated in 8.76 minutes (CI: -12.32 to -5.2) and 23.11 (CI: -

29.17 to -17.06) less ST during weekday and weekend days, respectively. When the

correction for potential confounders was performed (adjusted analysis), the analysis

revealed that parents participation in sport and child's sex were significant predictors

of weekday ST. Further data indicated that children whose parents previously

participated in sport engaged in 7.12 minutes less ST (CI: -9.57 to -4.67) than

children whose parents were not regular sports participants and girls engaged in 9.48

minutes more ST (CI: 6.37 to 12.59) than boys. The number of television sets in the

home, parents achieving the PA recommendations and child's participation in

organised sport were significant predictors of weekend ST. Children who had less

106



than the average number of televisions (3.06) at home accumulated 9.65 minutes less

ST (-14.84 to -4.46), while children whose parents achieved the PA

recommendations accumulated 11.49 minutes less ST (-13.99 to -8.99) and children

who attended organised sport participated in 11.08 minutes less ST (-19.01 to -3.15).

All other covariates were not significant predictors of ST; however they did improve

the fit of the model and were therefore retained.

Table 5.6 shows the effect of the intervention on total PA during weekdays and

weekend days immediately after the intervention was delivered (10 weeks). A

significant intervention effect was found for weekday and weekend day total PA.

Children in the intervention group participated in 4.70 (CI: 2.96 to 9.44) and 10.24

(CI: 10.24 to 18.08) minutes more PA than children in the comparison group during

the weekday and weekend day, respectively. The results indicated that children of

parents who participate in sport accumulated 4.54 (CI: 1.32 to 7.13) minutes more

total PA than children whose parents do not. Parents who were sufficiently active

were significant predictors of weekend total PA; children of parents who were more

active participated in 9.08 (CI: 0.05 to 18.11) minutes more total activity than their

non-active counterparts. All other covariates were not significant predictors of total

PA; however they did improve the fit of the model and were therefore retained.

Potential effect modification resulted in a positive interaction term between the

intervention and parents participation in sport (p<0.10). There were no other

significant interactions (Table 5.7).
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I
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I n = 77
Families at baseline

(26.6% dads; 51.9 % boys)
n = 77

Children at baseline

n = 79
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I'

"""
/

"""Time 0 Time 0

COMPARISON INTERVENTION

n = 43 families n = 34 families

n = 45 children n= 34 children

'- ~

I \
I' --.... /

Time 1 Time 1

COMPARISON INTERVENTION

n = 41 families n = 33 families

n = 43 children n = 33 children, ~ '-
Figure 5.1 Children centre and flow of families through the project (study 3)
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Table 5.2 Baseline descriptive data (mean (SD»

Parents
Age (years)
% Male
% white British
Education

% High school or less 63.4
% Technical or trade school 3.3
% University 33.3

% Married 70.7%
% achieving PA recommendations" 31.6%

33.7 (5.3)
26.6
91.2

Children
Age (years) 3.8 (0.6)
% Male 51.9%
% achieving PA recommendations" 23.2 %
• based on whole week physical activity
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Table 5.3 Order of predictor variables entered into the sedentary time models

Weekday sedentary time Weekend sedentary time

Time spent in car during weekend

Attend organised activities

Parent's physical activity

Parent's play sport

Space to ride bike at home

Number of PC's at home

Neighbourhood natural space

Child's sex

Childs age

Number of sibling's

TV in bedroom

Time spent in car during week day

Number of day's active travel per week

Type of child care attended

Eat meals at TV

Parent's sex

Parent's age

Ethnicity

Parent's highest level of education

Neighbourhood playground

Neighbourhood green space

Neighbourhood park

Neighbourhood pool

Neighbourhood gym

Access to play equipment at home

Number of TV's at home

Internet access at home

Time spent in car during weekend

Number of TVs at home

Parent's physical activity

Parent's play sport

Child's sex

Number of sibling's

Child's age

Attend organised activities

TV in bedroom

Time spent in car during weekday

Number of day's active travel per week

Type of child care attended

Eat meals at TV

Parent's sex

Parent's age

Ethnicity

Parent's highest level of education

Neighbourhood playground

Neighbourhood green space

Neighbourhood park

Neighbourhood pool

Neighbourhood gym

Neighbourhood natural space

Access to play equipment at home

Space to ride bike at home

Number of PC's at home

Internet access at home

Significant predictor variables are indicated in bold and were retained for the final
association model
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Table 5.4 Order of predictor variables entered into the total physical activity time
models

Weekday total physical activity Weekend total physical activity

Child's age

Ethnicity

Parent's physical activity

Parent's play sport

Child's sex

Type of child care attended

Space to ride bike at home

Access to play equipment at home

Neighbourhood playground

Neighbourhood park

Neighbourhood green space

Neighbourhood pool

Neighbourhood natural space

Neighbourhood gym

Number of sibling's

TV in bedroom

Number ofTVs at home

Eat meals at TV

Time spent in car during weekday

Time spent in car during weekend

Number of day's active travel

Attend organised activities

Parent's age

Parent's sex

Parent's level of highest education

Number of PC's at home

Internet access at home

Internet access at home

Childs age

Ethnicity

Parent's physical activity

Parent's play sport

Child's sex

Type of childcare attended

Space to ride bike at home

Access to play equipment at home

Neighbourhood playground

Neighbourhood park

Neighbourhood green space

Neighbourhood pool

Neighbourhood natural space

Neighbourhood gym

Attend organised activities

TV in bedroom

Number of TV's at home

Eat meals at TV

Time spent in car during weekday

Time spent in car during weekend

Number of day's active travel

Parent's age

Parent's sex

Parent's level of highest education

Number of PC's at home

Number of sibling's

Significant predictor variables are indicated in bold and were retained for the final
association model
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Table 5.7 Intervention interaction terms with covariates investigating potential effect
modification

Interaction term p SE p- value
Weekday sedentary time
No significant interactions identified

N/A N/A N/A

Weekend sedentary time
No significant interactions identified

N/A N/A N/A

Weekday total physical activity
Intervention x parent's play sport 14.23 5.32 0.07 •

Weekend total physical activity
No significant interactions identified

N/A N/A N/A

• < 0.10

5.4 Discussion

The aim of this study was to investigate the effect of a 10-week family focused

'Active Play' intervention on children's weekday and weekend day ST and total PA.

Secondary objectives were to investigate the influence of specific confounding

variables on children's weekday and weekend day ST and total PA.

Compared with an age-matched comparison group, a family focused intervention

delivered in children's centres located in areas of high deprivation resulted in a

positive significant intervention effect on children's ST and total PA assessed using

accelerometry for weekday and weekend day. The, presence of a significant

intervention effect on children's ST and PA are similar to the findings from other

empirical family focused studies, which have demonstrated significant increases in

PA levels (Kriemler et at, 2010, Klohe-Lehman et at, 2007, Manios et at, 1999).

Furthermore these results suggest that children in the intervention group engaged in

1.5% and 4.3% less ST during weekdays and weekend days respectively, and 4.5%

and 13.1% more total PA during weekdays and weekend days respectively than
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children in the comparison group. Of interest is the change in ST and PA from

weekdays to weekend days. The results indicate that children in the intervention

group participated in 23.1 minutes less ST and 10.2 minutes more total PA than

children in the comparison group. If maintained, this equates to approximately 64

hours less ST and 16 hours more total PA over 6 months, which in tum may have

positive effects on children's BMI (Mo-suwan et aI., 1998), cardio metabolic disease

(Saakslahti et aI., 2004) and fundamental movement skills (Reilly et aI., 2006). A

possible reason for this may be that children were more exposed to support from

their parents at the weekend which is positively associated with children's PA at

home but not when attending childcare (Loprinzi and Trost, 2010). The positive

changes in children's ST and PA suggest that the intervention successfully convinced

parents about the importance of PA for their children. Further, our findings

confirmed that parents were motivated to encourage their children to spend more

time engaging in PA and less time in sedentary behaviours. The intervention

influenced factual and direct messages that matched the preferences of parents with

young children. The varied conveyance of key messages to parents during the

intervention allowed for differences between parents' knowledge base and their

ability to process information e.g. through practical tasks, group discussion,

supplementary information and text alerts (De Bock et aI., 2010).

Compared with other interventions varying in duration from six months to three

years (Kriemler et aI., 2010, Puder et aI., 2011, SlUlkslahti et aI., 2004, McGarvey et

aI., 2004, Anand et aI., 2007), this intervention was relatively short in duration, with

contact sessions occurring every other week. The significant reduction in ST and

increase in total PA may be attributed to the intense delivery style, continual

reinforcement of key messages and active involvement of parents over the 10 weeks
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(Manios et aI., 2002, Kriemler et aI., 2010, Saakslahti et aI., 2004). Parents and

children received high exposure (Nixon et al., 2012) to the intervention, for example

both participating in the Active Play sessions together, which has been found to

positively affect changes in behaviour over time (Adams et aI., 2009, Fitzgibbon et

al.,2006).

To maximise the chances of a long term intervention effect we employed a number

of behaviour change processes and techniques. Similar to other studies (Kriemler et

aI., 2010), these included building self-efficacy by setting home activities and

providing performance feedback, identifying and motivating readiness to change by

consistently providing general information on the importance of PA for young

children. Follow up prompts were also used in the prevention and management of

relapse, this included sending text alerts with key messages relating to home-based

activity. Parents were asked to log their home activity progress in the "Move It, Snap

It, Log It" diary. Anecdotal evidence at post-intervention implied that parents had

increased their awareness of the importance of PA and made behavioural changes.

While this is a promising indicator of the intervention effect, this information told us

little about the short or long-term changes made by the families and whether these

behaviours had become habitual (Wood et aI., 2002). Our intervention also placed a

strong emphasis on parental role-modelling, with parents encouraged to join in the

active play sessions; complete the home activity diary with their child and attend the

end of intervention celebration event together.

A review of the correlates of ST (Hinkley et aI., 2010) and PA (Hinkley et aI., 2008)

in preschool children highlight how these behaviours are influenced by individual

and environmental factors. In this study, a number of confounders for weekday and

weekend day ST and total PA were identified. These included parent's participation
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in sport and their PA levels, child's sex, availability of media in the home and

attendance at organised activities. Potential effect modification was assessed for all

covariates in order to investigate whether the intervention effect was different for

different subgroups (Twisk, 2006). The results revealed a significant interaction for

parent's participation in sport, but not for any other variables. The intervention effect

was stronger for weekday PA for children whose parents participated in sport. This

finding may be related to the positive relationship which exists between increased

child activity and parents own activity levels as well as their support for their child's

PA (Loprinzi and Trost, 2010).

Gustafson and colleagues (Gustafson and Rhodes, 2006) conducted a review on the

parental correlates of children's PA and despite a lack of existing studies to draw

finn conclusions from; unanimous results supported the importance of parents' PA

on their children's activity levels. In the current study parent's participation in sport

and PA were positively associated with children's PA levels and ST. Few studies

have investigated the relationship between parent and child activity levels among

children in this age group using an objective measure of PA; research using self-

report as a measure of PA for parents report conflicting results ranging from no

relationship with accelerometer-derived PA (Trost et al., 2003) to positive results

with directly observed PA (Spurrier et al., 2008, Sallis et al., 1988). Other studies

which have objectively monitored parent's PA have also reported a significant

positive association between parent and child levels of activity (Oliver et al., 2010,

Moore et al., 1991). This study adds objective evidence for a relationship between

parent's activity and child's ST, highlighting the importance of parental involvement

in preschool PA intervention design and promotion. It is difficult to state the precise
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nature of parental involvement required. Our results suggest that parents should be

encouraged to be physically active themselves to stimulate increased child PA.

Previous family focused studies have evaluated the effects that enable children to be

active, including providing a family orientated health education programme, as well

as the provision of extra PA (Hesketh and Campbell, 2010). While some empirical

research has compared intervention effects between boys and girls activity, to the

best of the authors knowledge, no family focused intervention studies have

considered the effect of the intervention effect or the differences in the intervention

effect when individual and environmental factors have been controlled for.

Consistent with most other studies boys accumulated less ST than girls during

weekdays (Dolinsky et al., 2011). In contrast to our findings, a review of ST

correlates concluded that there was an indeterminate association between child's sex

and sedentary behaviour as measured by accelerometry (Hinkley et al., 2010). The

contrasting findings are perhaps due to the multi-dimensional nature of children's

sedentary behaviours and the lack of consistent evidence surrounding ST and other

potential correlates (Hinkley et al., 2010). Other studies investigating the relationship

between child's sex and ST have found inconsistent results (Hinkley et al., 2008,

Hannon and Brown, 2008, Montgomery et al., 2004). We found no gender

differences for PA; however we did not investigate intensity specific PA such as

moderate and vigorous levels. The number of television sets in the child's home

significantly contributed to children's ST, no other studies report the number of

televisions in the home, however television viewing and the presence of a television

set in the home have been the most commonly examined sedentary behaviour, but a

lack of consistency within studies make it difficult to draw robust conclusions about

associations (Hinkley et al., 2010). Lastly, children who attended organised activities
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accumulated less ST at the weekend, this maybe also related to parents support for

PA and their likelihood to facilitate engagement by participation in active play at

home, by playing with their child, providing transportation to parks and other

activity-related facilities, and providing reinforcement for PA participation (Loprinzi

and Trost, 2010).

Our study has several unique elements. First, our intervention moves beyond an

educational focus by fostering a "learning by doing" approach evident within the

child and parent Active Play sessions. Second, we have designed and implemented a

multi-component intervention that incorporates an existing Active Play programme

to promote PAin this age group. Third, this intervention was inexpensive and

relatively straight forward to implement costing approximately £4.12 per family per

week to deliver. As a fourth element we use a multi-pronged strategy to change

behaviours. We chose to broaden our focus by including lifestyle-related activities

(e.g. encouraging active travel) that could be practiced daily. We also included 'non-

sport related' forms of PA (e.g. providing an interactive dance resource and a city

map of green spaces and playgrounds), which may appeal to the broader preschool

population and their families. Finally, the use of an objective measure of ST and PA

as well as the use of multilevel analyses adds to the rigour of our methodology.

Despite its strengths, we acknowledge the limitations of our study design. Our

intervention does not target all levels of the socio-ecological system, in which

preschoolers' behaviours develop. For example, the intervention has not been

developed with teachers and childcare staff in mind and is not anchored within the

early year's foundation stage national curriculum. Previous research suggests that

this might hinder the readiness of teachers to take ownership in the intervention

change process (Cargo and Mercer, 2008). Second, while a user group was formed
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and its members consulted individually on the intervention content initially, they

were not consulted on the planning of the intervention. Therefore, our study cannot

purely be characterised as community-based research. However, a systematic review

of community-based research found only 4 of 60 studies demonstrating community

participation across all research phases (Viswanathan et al., 2004). A further

limitation of our intervention is that due to time restraints the initial set of ideas was

not refined and discussed with input from parents of children enrolled at the

intervention preschools, but rather from parents involved in the user group. Our

intervention required a degree of parental time commitment at a level that might

exceed parental resources. This may, in turn, threaten sustainability through

fluctuations in parental time availability and as children progress from voluntary

childcare to mandatory formal preschool over the next 1-2 years. Future

interventions should consider including preschool teachers in elements of

interventions to assist with the adoption of key messages thus limiting potential

effects on the changing school process. Additionally, there was a low number of

fathers involved in the intervention, future studies should make an effort to involve

more fathers given how influential their parenting styles can be on preschool

children's makers of health (Wake et al., 2007). The inclusion of a large number of

predictor variables in analyses increases the risk of a significant finding occurring

simply due to chance, therefore any significant results from these analyses should be

treated with caution. Lastly, the absence of a long term follow-up does not allow us

to make concrete assumptions on the sustainability of the intervention.

S.S Conclusion and future research

This investigation contributed to the dearth of empirical literature investigating the

short-term effects of a family focused intervention on preschool children's ST and
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total PA. Our findings suggest that the effect of the intervention was significant in

decreasing children's ST and increasing their PA. These findings are important from

a health promotion perspective as they reiterate the importance of a family approach,

by directly involving parents in the intervention programme. In this study, a

significant interaction term indicated that the effects of the intervention were

stronger for children whose parents participated in sport. This study also identified a

number of confounding variables which have a significant effect on children's ST

and total PA, with the most frequent confounding variable being parents own PA

levels and their participation in sport. From an ecological perspective, the results

suggest that children whose parents are sufficiently active and participate in sport,

those with fewer televisions at home and attend organised activities are the children

who are most likely to habitually participate in health enhancing PA. There is need to

evaluate the longer-term effects of family focused PA interventions in this age group.
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Thesis Study Map

Study Objectives
Study I: Patterns of
objectively
measured moderate-
to-vigorous physical
activity in preschool
children

Objectives:
• To assess within-day variability of objectively measured

MVPA during weekdays and weekend days among
preschool children.

• To examine differences in these patterns by sex and
enrolment at school.

Key findings:
• Children who were enrolled at preschool for a full day

were less active than children enrolled for a half day.
• Boys were significantly more active than girls.
• After school hours were significantly less active.
• Patterns of MVPA during the weekend were less

variable.

Study 2: Effect of a
school-based Active
Play intervention on
sedentary time and
physical activity in
preschool children

Objectives:
• To investigate the effect ofa curricular "Active Play"

intervention on children's sedentary and physical activity
behaviours.

• To investigate the influence of specific confounding
variables on sedentary time and physical activity.

Key findings:
• A 6-week school-based Active Play intervention had no

effect on ST or PA at 6-weeks or 6-months.
• Children in the intervention sessions engaged in

significantly more MVPA than children in the
comparison sessions.

• Boys engaged in more ST and LPA than girls.
• Children who were enrolled at preschool for half a day

were significantly more active than children who were
enrolled for a full day.

Study 3: Effect of a
family focused
Active Play
intervention on
sedentary time and
physical activity in
preschool children

Objectives:
• To investigate the effect ofa family focused "Active Play"

intervention on children's weekday and weekend day ST and
total PA.

• To investigate the influence of mediating and moderating
variables on ST and total PA.

Key findings:
• A 10-week family-focused Active Play intervention had

positive effects on ST and total PA.
• Intervention children engaged in 1.5% and 4.3% less

sedentary time during weekdays and weekend days,
respectively, than children in the comparison group.

• Intervention children engaged in 4.5% and 13.1% more total
PA during weekdays and weekend days, respectively, than
children in the comparison group.

• Parent's participation in sport and their PA levels, child's
sex, availability of media in the home and attendance at
organised activities were significant predictors of ST and
total PA in this age group.
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Chapter 6

Synthesis
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6.1 Introduction

There is mounting evidence that PA levels across the life course are insufficient.

Insufficient levels of PA lead to earlier mortality and increased morbidity. The focus

of PA research is to reduce morbidity and increase age at mortality and to intervene

as soon as is practically possible. Children of preschool age are insufficiently active

and therefore the biggest impact is to develop effective PA interventions at an early

age. Whilst a number of reviews have demonstrated an improved understanding of

PA promotion in young children significant gaps still exist in the extant literature.

These gaps include robust data regarding the patterns of PA in UK preschool

children. Furthermore, there is little evidence documenting the effectiveness of PA

interventions in preschool children. The aim of this PhD thesis was to assess the

patterns of physical activity in preschool children and evaluate the effectiveness of

two different types of Active Play interventions on preschool children's ST and PA.

This was achieved through a series of empirical studies, each informed by the

findings of the previous study. Study 1 aimed to assess within-day variability of

objectively measured MVPA during weekdays and weekend days among preschool

children. A secondary aim of this study was to examine differences in these patterns

by sex and enrolment at school. Key findings from this study concluded that children

enrolled at preschool for a half day engaged in more MVPA than children enrolled at

preschool for a full day. Furthermore, boys who attended school for a half day

engaged in significantly more MVPA than any other group. From this study it is

recommedned that future interventions should target the afterschool period and

weekends as these were the segments of the week which were prone to low levels of

PA. Study 2 aimed to investigate the effect of a curricular Active Play intervention

on children's ST and PA, and investigate the influence of specific confounding
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variables on ST and PA. The findings from this study revealed that a 6-week school-

based Active Play intervention was not sufficient enough to decrease ST and

increase PA at post intervention and 6-month follow up. However, a promising result

from this study was the intensity level of the Active Play intervention group sessions

in which the children engaged in significantly more MYPA than the children in the

comparison group. The findings from this study also revealed that sex and school

enrolment were significant predictors of PA in this age group, whereby boys

engaged in less ST and more LPA than girls. Additionally, children who were

enrolled at preschool for a half day were significantly more active than their full day

counterparts. Following this study it was recommended that future interventions

should directly engage parents as agents of change. The final study (study 3) aimed

to investigate the effect of a family focused Active Play intervention on children's

weekday and weekend day ST and total PA, and investigate the influence of

mediating and moderating variables on ST and total PA. This study revealed that a

10-week family focused Active Play intervention prompted a significant decrease in

ST and increase in total PA at post intervention, suggesting that this type of

intervention promoted short term changes in children's PA behaviours. Overall, the

results suggest that including parents in intervention programmes is an effective way

to improve PAin this age group. The findings from this study recommended that

preschool activity interventions should engage parents; however a medium to long-

term follow up should be implemented to assess the effects of such interventions

over time.

The synthesis that follows will discuss the overarching findings and their

implications for practice, whilst outlining the limitations of the research and
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considering some of the recommendations for future research. The synthesis will

finish by discussing the challenges of measuring PAin the preschool populations.

6.2 Key findings and implications for practice and research

A major theme within the thesis was the assessment of patterns of MVPA In

preschool children. Identifying patterns of PA allowed for informed, targeted

interventions to be designed and delivered. Additionally, investigating the patterns of

PA in 3-5 year old UK children provided an insight into a day in the life of these

children, an area of PA research which has not been investigated prior to this study.

Interestingly, study 1 revealed that children who attended preschool for a half day

accumulated more MVPA than their counterparts who attended preschool for the full

day. This finding suggests that the structured school environment has already

impacted on preschool children's PA levels, a finding which informed the

development of the school based intervention (study 2). Interestingly, the most and

least active children had almost identical daily activity patterns, albeit at different

levels. Of particular note is the apparent importance during weekdays of the period

from the end of preschool to bedtime (15:00h onwards). It is during this period that

the active children seem to be substantially more active, particularly the boys. At the

weekends, inactive children exhibit extremely flat activity profiles min throughout

the day. Conversely, the more active children show peaks of activity during late

morning and mid-afternoon.

When investigating the patterns of PA (study 1), MVPA was used as the main

outcome measure. At the time of analysis no specific PA guidelines existed for

preschool children and the majority of literature assessing the prevalence of PA and

the health related benefits of PA in this age group used the guideline of 60 mins.d"

of MVPA as a comparison. This study in the thesis is therefore limited by the
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investigation of specific intensities (MVPA) rather than total PA (LPA, MPA and

VPA). Future studies should acknowledge the recent preschool PA guidelines

(Department of Health, 20 II) and investigate total PA rather than intensity specific

PA. This would advance the field of PA research in this age group, particularly if all

countries adhered to the same PA guidelines and if all research groups agreed on

investigating the same outcome measure, thus making comparisons across countries

and studies more straight-forward.

After investigating the PA patterns of preschool children, this thesis investigated

whether two different types of Active Play interventions reduced ST and increased

PA. Active play was used as a vehicle for PA promotion as this type of play

generally peaks during the preschool years (Pellegrini and Smith, 1998).

Additionally, if delivered at a moderate-vigorous intensity, active play has the

potential to positively impact on children's health (Simons-Morton et aI., 1990b).

Before discussing the intervention studies it is important to note that the studies were

based on a socio-ecological model (Bronfenbrenner, 1979). The model provided a

framework which comprised of complex systems of relationships affected by

multiple levels of the surrounding environment. In the curricular based intervention

(study 2), the child's microsystem was influenced, in that the individual child was

provided with an opportunity to participate in structured Active Play sessions and

their class teacher undertook Active Play training through observing, participating

and co-delivering the sessions. In the family focused intervention (study 3), the

child's microsystem, meso system and exosystem were influenced. This included

involving the child's immediate family, the children centre or school they attended

and elements of the community in which they lived. In both interventions the
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intervention effect on habitual ST and PA were objectively measured using uniaxial

accelerometers.

In all of the studies, characteristics about the child, their parents, their family

structure and their home and community environment were measured. Study I and 2

used a combination of ALSPAC questionnaires, while study 3 used a shorter, version

of the Pre-PAQ. These measures provided an indication of the mediators and

moderators of ST and PA in this age group, and provided a rationale for targeting

them in the intervention studies. This linked to the socio-ecological model as they

helped identify the layers of influence which interventions should target.

The overarching theme in the thesis was the effect of two different types of Active

Play interventions on ST and PA in preschool children. The cross-sectional study

(study I) revealed that boys were more active than girls and children who spent less

time at preschool were more active than children who attended preschool for the

whole day, although specific groups of children were identified as being more active

than others, all groups were insufficiently active to benefit their health. The study

investigating patterns of PA also revealed segments of the week prone to lower

levels of PA, specifically class time, the afterschool period and weekends.

Consequently, this study recommended that interventions should target the school

and home environment.

In response to the recommendations from study I, the first intervention (study 2)

targeted the school environment. The impact of providing teachers with Active Play

training led by Active Play specialists did not significantly change children's

habitual ST and PA. However, when compared to the comparison teacher-led

sessions, children within the intervention specialist-led Active Play sessions engaged
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in a significantly higher percentage of MVPA during the same amount of time. This

finding enforces the value of utilising trained Active Play specialists and supports the

need for improved teacher training in terms of PA and active play promotion within

preschool settings. Based on what is known about the impact of training for

preschool setting statT on children's PA and the need for more training opportunities

expressed by childcare providers, a recommendation on training for health and

education professionals on ways to increase children's PA is appropriate (British

Heart Foundation National Centre, 2011). Furthermore, this study was limited by an

insufficient amount of qualitative evidence. Future research should incorporate a

detailed assessment of the process of the intervention in an attempt to aid researchers

understanding of what worked well and what did not, and in what contexts.

Combining ditTerent qualitative and quantitative research methods to assess the PA

levels within the Active Play session would have helped the researchers understand

why the children in the intervention sessions engaged in more MVPA than the

children in the comparison sessions. This is important for policy development at a

school and children's centre level as well as at a local authority level. Moreover, in

terms of translational research, it is essential that the context of change is understood

to aid the translation of key message to practitioners working in the area of early

years PA promotion.

Similar to the findings in study 1, children in study 2 who were enrolled at school for

a half day engaged in more MVPA than their full day counterparts. This consistent

finding is worrying seeing as a growing number of young children spend substantial

amounts of time in childcare and early education programmes and infers that the 6

hour school day at this age can have a negative impact on children's PA. Returning

to the socio-ecological model used in this thesis, which proposes that preschool
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children's immediate family are the most influential layer in their life during these

developmental years raises a question regarding how many hours preschool children

should be spending in a childcare environment, away from their parents influence.

This finding from study 1 and 2 raises a concern about whether sending a child to

preschool for a full day may have a negative impact on their health. Future research

should investigate this finding in more depth.

For practical reasons and to fit with the school term the intervention in study 2 was

delivered each week for 6 weeks. This was a short intervention period and likely

responsible for the lack of change in habitual ST and PA, however it was practical

from a schools perspective and a research perspective. If the intervention programme

was any longer, monitoring ofPA would have commenced after the Christmas break

and any potential effect on ST and PA were likely to be lost. Regarding logistics of

delivering the intervention, one teacher commented that '6-weeks was good, if it was

any longer we would have had trouble with the hall and even still it was difficult

sorting out times and space availability, so if it [the sessions] ran across two terms,

I don't think we could have took part in the programme'. In relation to lesson

planning, one teacher stated 'this length of time was perfect, as a teacher I work in 6

week blocks, all of my planning concentrates on the 6-week cycle, I think teachers

are programmed that way - so for that reason, Active Play was a great length'.

Although this design was practical, it was not effective and did not achieve its

primary aim. Moving forward, future research should investigate the feasibility of

other intervention designs e.g. an intense intervention over a week or an intervention

which is longer in duration, but is delivered every other week, scheduling the non-

contact week around half-term holidays.
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The recommendations from Study 2 informed the design of Study 3. In Study 2 a 6-

week school-based Active Play intervention was not sufficient to decrease ST and

increase PA; however PA data from the Active Play sessions revealed that the

intervention was intense enough. Based on Bronfenbrenners socio-ecological model

(Bronfenbrenner, 1979), the new UK PA guidelines for preschool children, and

informed by findings from previous research (Sruikslahti et aI., 2004, Oliver et aI.,

2010, Loprinzi and Trost, 2010), a 10-week parent focused Active Play intervention

was designed and implemented which aimed to increase total PA and decrease ST.

As role models and providers of opportunities to be active, parents can shape

children's PA behaviours in powerful ways (Ventura and Birch, 2008). A period of

ten weeks was chosen for the intervention as it coincided with the Autumn-Winter

school term and feedback from the user-group agreed that 10-weeks, with contact

sessions every other week, was deemed appropriate to run a programme. At post-

intervention, one parent stated: "The 10 week programme really suited us, if the

sessions were every week it would have been too much, having the extra information;

the multi skills manual and the games ideas were enough to allow us to practice at

home". The intervention aimed to influence children's total PA and time spent in

sedentary behaviour. This was achieved by manipulating known mediators and

moderators in the child's social environment. The study found that the intervention,

consisting of Active Play sessions for children and their parents and parent

educational workshops, was effective in increasing children's total PA and

decreasing ST at post-test. This study also identified a number of confounders for

weekday and weekend day ST and total PA, with the most commonly reported

confounding variable associated with parents PA levels or their participation in sport.

This is an important finding, consistent with Oliver et al. 2010 and supports the
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inclusion of parents in future interventions aimed at changing preschool children's

PA behaviours. This study is limited by a number of factors. Firstly, this intervention

did not target all levels of the socio-ecological system. The intervention was not

developed with teachers and children centre staff in mind, which may threaten the

sustainability of the intervention. By involving staff and adopting a family-

partnership model, it allows those practitioners to work more effectively and

confidently with parents and young families. Within this model staff are encouraged

to reflect on their practice and, following from the extra knowledge, ideas and skills

gained during the intervention training, to identify any changes that they recognise as

being necessary within their setting. Additionally, due to time restraints, a long term

follow-up was not included in the study design. Moving forward, a medium (6-

month) to long-term (l year) follow up is recommended to assess the effects of the

intervention over time.

Alongside rigorous implementation of the intervention, the inclusion of parents in

this study was a key element of short-term success. Adults control where and how

children under the age of 5 spend their time. The decisions adults make influence the

variety, frequency, and intensity of children's movement experiences and thus their

motor development, energy expenditure, and body weight. For example, whether a

preschooler at home spends time watching television or playing outdoors may have

implications for that child's gross motor development, movement, and energy

expenditure. Thus it is the cumulative impact of decisions made by adults that can

shape the development of the bodies and minds of young children. During the early

years of a child's life there are many adults who make decisions surrounding the

activities that preschool children participate in e.g. parents, teachers, play

practitioners, children centre staff, etc. However, it is the parents (or guardians) who
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have the greatest influence primarily because children of this age spend the majority

of their time in their parents care, hence the inclusion of them in study 3 as a key

agent of change. Therefore, how children spend time with their parents and the

nature of the physical environment in the home are two key leverage points for

encouraging a healthy, active lifestyle from birth to the age of 5. Parents establish

household rules and establish social boundaries in these two areas. Therefore, for

recommendations and guidelines to affect these areas, they must reach parents.

Parents will inevitably seek advice on raising their children from who they trust.

Outside the confines of friends and family, the professionals they often trust include

health care providers, childcare providers and early childhood educators. These

professionals function within institutions, programs and professional organisations

that can develop effective practice and policy that influence the content and

frequency of professional's communication with parents on a number of issues

affecting children's PA. With this in mind, combining intervention elements from

study 2 and study 3 will have the optimal chance of success at changing children's

ST and PA. For example, developing an intervention combining all of the following

elements ensures that all levels of the child's socio-ecological system are influenced

thus providing the best opportunity for change; educating staff within childcare and

educational settings about how to effectively deliver PA to preschool children,

educating parents about the benefits of PA through the conveyance of key messages

and how to facilitate PAin the home, providing active play for children, parents and

childcare staff and at the end of the intervention providing outlets to PA

opportunities within the community. Future studies should also incorporate a

detailed process evaluation into their study design, in order to identify which factors

contribute to the intervention succeeding or failing.
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It is recommended that parents should be aided in their efforts to decrease ST and

increase total PA of their children by the professionals from whom they already seek

advice about parenting and through current, popular mediums of communication e.g.

social media. For parents to be receptive to this advice, they must feel encouraged by

these professionals, and the advice must be practical and compatible with individual

parent beliefs, which coincides with the theory of the socio-ecological framework.

Messages about PA and sedentary behaviour must be consistent across settings -

from the OP practice, to the government guidelines, to the children's centre and

education provider, this prevents parents from feeling confused about what they

should be doing with their children. For example, one method of conveying key

messages which worked well within study 3 was the use of text messages. Text

messages were used throughout the intervention to reinforce key messages, remind

parents to complete their home activity, fill out their log books, and to remind them

about the time and place of their next Active Play session. Families also received

text messages on a daily basis during the activity monitoring phase reminding them

to wear their monitor on that day. These text messages were well received by parents

and should be used in future studies to aid compliance to the intervention and

measurement protocol.

In the field of children's PA research, it is hypothesised that social-level factors,

such as those from family, peers, schools, and neighborhoods, interact with

individual-level factors to determine PA behaviour. For this reason, the intervention

studies within this thesis were underpinned by a socio-ecological model, which

specifies that personal and environmental factors interact to influence health

behaviour on many different levels. Despite increased recognition in recent years of

the potentially important role of social environmental factors on PA, as well as the
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potential interactive effects of these factors with other psychosocial variables

(Duncan et al., 2002, Giles-Corti et al., 2003) few studies have systematically

examined the effects of social environmental influences on youth PA. To address

this gap in the literature, both intervention studies within this thesis examined the

intervention effect on the primary outcome variable using multilevel modeling. This

was an appropriate technique to use as children in both studies were nested within

preschools or children's centres, and therefore a multilevel structure existed.

Multilevel modeling allowed for the data to be simultaneously analysed from

different levels of the social hierarchy, in essence this was a repeated measures

within the children, children within classes or families and classes or families within

preschools or children's centres. This technique allowed for the data to be analysed

in a more technically appropriate manner compared to traditional single level

methods e.g. general linear models, and to increase the complexity and contextual

richness of research questions from both intervention studies. Moreover, this analysis

technique is noted as being robust against missing data points (Quene and van den

Bergh, 2004). Studies should continue to apply this method of data analyses as this

approach is likely to shed light on the influences of ST and PA at different levels or

within different contexts, which can inform the development of practical and

effective interventions within different contexts and at multiple levels of the social

hierarchy.

6.3 Measuring and analysing PA and ST in preschool children

The decision to assess PA and ST using hip-mounted Actigraph accelerometers in

each of the 3 studies was supported by their previous validation for measuring free-

living PA in preschool children (Fairweather et al., 1999, Sirard, 2005).

Additionally, accelerometers allow for an objective measurement of movement and
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lend themselves to the sporadic and intermittent nature of young children's PA. In all

studies, accelerometers were programmed to monitor PAusing a short epoch length

(5 seconds), as shorter monitoring time periods may provide a more precise record of

the transient nature of preschool children's PA and more accurately detect short

bouts of children's PA (Baquet et al., 2007, Cliff et al., 2009a). The use of

accelerometers was met with resistance from some parents and teachers during the

initial information sessions. Some parents expressed concern that their child would

not wear the accelerometer for the whole day or that the elastic belt would be

uncomfortable and restrict the child from playing freely. Teachers expressed

concerns about loss or potential mix-up of accelerometers among children. Whilst

these are all valid concerns, every effort was made by the research team to ensure the

parent and child were given enough time to familiarise themselves with the

accelerometer and measurement protocol. In terms of loss or potential mix-up,

parents and teachers were made aware of how important the devices were to the

success of the research project, but were never made feel uncomfortable about what

would happen if an accelerometer was misplaced. The apprehension surrounding the

accelerometers is likely one of the reasons for the low response rate in both of the

intervention studies «40%). Going forward, future studies should develop

recruitment strategies which attempt to maximise the number of families

participating in the research programme. Effective recruitment strategies should be

shared within the literature to aid other researchers when working with similar

populations. Albeit noted as a valid and reliable way monitor PA in this age group.

The studies within this thesis are limited by the use of a uniaxial, non-waterproof

accelerometer, as levels of PA are likely to be underreported given the types of PA

that preschool children participate in, which uniaxial monitors are unable to detect
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(e.g. swimming, riding a bike, digging in a sand pit or pushing a doll's pram). If

possible, future studies should use omni-directional, waterproof accelerometers

which are likely to capture more PA in this population (e.g. Actigraph GT3X+).

The same PA intensity cut-points (Sirard, 2005) were utilised across all studies to

ensure consistency and aid comparisons. These cut-points were chosen as they were

the only age specific thresholds available and as recruitment was across the

preschool age range (3-5), these were deemed the most appropriate. However, there

are a number of contentious issues relating to how best to analyse accelerometer

data, which make comparisons across studies difficult (Masse et al., 2005). In

particular the identification of appropriate cut-off points for PA classifications is yet

to be determined for young children (Cliff et al., 2009b, Penpraze et al., 2006).

Further, the range of thresholds has influenced the understanding of the dose-

response relationship between PA and health outcomes as well as the effectiveness

of interventions (Corder et al., 2008).

An important issue relating to the measurement of PA data was encountered within

this thesis. For a day to be considered as a valid measurement day, researchers

typically set a minimum wear time for which the accelerometer must be worn. In the

literature, this ranges from 3 to 10 hours.day" (penpraze et al., 2006). If above the

minimum wear time the day is included in the analysis. Within this thesis however, a

alternative different approach was used. The minimum wear time was calculated by

defining 80% of the total length of time during which 70% of the sample wore the

accelerometer (Catellier et al., 2005). This was calculated separately for weekdays

and weekend days, and each of the days were assessed individually for acceptable

wear time. By using this approach, the number of children included in the analyses

was maximised. Within this thesis the minimum wear time varied from 541 to 623
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mins.day" with the baseline data collection phase always resulting in higher wear

times, possibly due to the novelty effect of wearing the accelerometer for the first

time. This was likely the case in study 2, where the participants wore the

accelerometer at 3 time points. Feedback from parents suggested that 7 days

monitoring at 3 time points within a 6 month period was a big commitment, which

may explain the decrease in wear time across time points. Although we adjusted for

wear time within the analysis to control for the influence of longer wear times on ST

and PA, future studies should investigate the influence of varying accepted wear

times (e.g. 9,10,11 hours) on children's ST and PA levels. Further, decision rules

used in data reduction should be explicitly described by researchers, and attempts

should be made to standardise criteria, based on the available evidence, in order to

allow comparison across studies. By agreeing on a minimum wear time, researchers

will be able to advise parents on how long their child should aim to wear the

accelerometer for each day, which in turn may aid compliance during data collection

and remove some reservations parents may have with regard to their child taking part

in a research project.

6.4 Recommendations for practice and research

Based on the findings from this thesis, the practical implications are as follows:

• Centre staff provide opportunities for light, moderate, and vigorous physical

activity for at least 15 minutes per hour while children are in care;

• Centre staff provide daily outdoor time for physical activity when possible;

• Provide a combination of developmentally appropriate structured and

unstructured physical activity experiences
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• Centre staff should act as positive role models by participating in physical

activity with children;

• Centre staff should integrate physical activity into activities designed to

promote children's cognitive and social development;

• Centre staff should provide an outdoor environment with a variety of

portable play equipment, a secure perimeter, some shade, natural elements,

an open grassy area, varying surfaces and terrain, and adequate space per

child;

• Centre staff should provide an indoor environment with a variety of portable

play equipment and adequate space per child;

• Centre staff should provide opportunities for children with disabilities to be

physically active, including equipment that meets the current standards for

accessible design under the Special Educational Needs and Disabilities Act

2001;

• Centre staff should avoid punishing children for being physically active;

• Centre staff should avoid withholding physical activity as punishment;

• Centre staff should implement activities for preschoolers that limit sitting to

no more than 30 minutes at a time; and

• Parents should limit the use of push-chairs for preschoolers and use only

when necessary.

• Childcare regulatory agencies should encourage childcare and early

childhood educators to seek consultation on an annual basis from an expert in

childhood physical activity;

• Childcare regulatory agencies requiring childcare providers and early

childhood educators should be trained in ways to encourage physical activity
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and decrease sedentary behaviour in young children through certification and

continuing education; and

• National organisations that provide certification and continuing education

should include content on how to counsel parents about children's physical

activity and sedentary behaviours.

Based on thefindings from this thesis, the research implications are as/allows:

• Incorporate a long-term follow-up to assess the sustainability of

interventions;

• Identify key behavioural settings for promoting physical activity in young

children;

• Investigate the effectiveness, feasibility and sustainability of structured

physical activity programmes led by physical education specialists or

community-based physical activity providers;

• Investigate ways in which childcare and education providers can engage and

motivate parents and other caregivers to promote and support physical

activity at home;

• Work with families to identify the most appropriate strategies to recruit,

engage and improve family lifestyle behaviors

• Identify and address reasons for low father participation in physical activity

interventions;

• Identify modifiable factors (e.g. parenting habits; environmental factors such

as the design of childcare facilities) to help inform intervention design; and

• Investigate non-modifiable factors (e.g. age and gender) to help inform how

to 'target' interventions.
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6.S Conclusion

A major theme within the thesis was the assessment of patterns of MVPA in

preschool children. Identifying patterns of PA allowed for informed, targeted

interventions to be designed and delivered. Additionally, investigating the patterns of

PA in 3-5 year old UK children provided an insight into a day in the life of these

children, an area of PA research which has not been investigated prior to this study.

Interestingly, study 1 revealed that children who attended preschool for a half day

accumulated more MVPA than their counterparts who attended preschool for the full

day. This finding suggests that the structured school environment has already

impacted on preschool children's PA levels, a finding which informed the

development of the school based intervention (study 2). Children spend a large

proportion of their day at school with their class teachers; therefore a school-based

intervention was subsequently implemented. Interestingly, consistent with the

findings from study 1, this study also identified children who attended school for a

half day were more active than children who attended for a full day.

When investigating the patterns of PA (study 1), MVPA was used as the main

outcome measure. At the time of analysis no specific PA guidelines existed for

preschool children and the majority of literature assessing the prevalence of PA and

the health related benefits of PA in this age group used the guideline of 60 mins.d·)

of MVPA as a comparison. The study in this thesis is therefore limited by the

investigation of specific intensities (MVPA) rather than total PA (LPA, MPA and

VPA). Future studies should acknowledge the recent preschool PA guidelines

(Department of Health, 2011) and investigate total PA rather than intensity specific

PA. This would advance the field of PA research in this age group. particularly if all

countries adhered to the same PA guidelines and if all research groups agreed on
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investigating the same outcome measure, thus making comparisons across countries

and studies more straight-forward.

143



Chapter 7

References

144



ABRAHAM, C. & MICHIE, S. 2008. A taxonomy of behaviour change techniques used in
interventions. Health Psychol, 27,379-87.

ACEBO,C., SADEH,A., SEIFER,R., TZISCHINSKY,0., HAFER,A. & CARSKADON,M. A. 2005.
Sleep/wake patterns derived from activity monitoring and maternal report for healthy 1- to
5-year-old children. Sleep, 28, 1568-77.

ADAMO, K. B., PAPADAKIS,S., DOJEIJI,l., TURNAU, M., SIMMONS, l., PARAMESWARAN,
M., CUNNINGHAM, J., PIPE,A. l. & REID,R. D. 2010. Using path analysis to understand
parents' perceptions of their children's weight, physical activity and eating habits in the
Champlain region of Ontario. Paediatr Child Health, 15, e33-41.

ADAMS, J., ZASK,A. & DIETRICH,U. 2009. Tooty Fruity Vegie in Preschools: an obesity
prevention intervention in preschools targeting children's movement skills and
eating behaviours. Health Promot J Austr, 20, 112-9.

AINSWORTH, B.E.,HASKEll. W.l., WHITT, M.C., IRWIN,M.l., SWARTZ,A.M., STRATH,S.J.,
O'BRIEN,W.l., BASSm, D.R., SCHMITZ, K.H., EMPLAINCOURT,P.O., JACOBS,D.R. & LEON,
A.S. 2011. Compendium of Physical Activities: A second update of codes and MET values.
Med SciSports Exer, 43, 1575- 1581.

ALHASSAN,S., SIRARD,J. R. & ROBINSON,T. N. 2007. The effects of increasing outdoor play
time on physical activity in Latino preschool children. Int J Pediatr Obes, 2, 153-8.

ALPERT,B., FiElD, T., GOLDSTEIN,S. & PERRY,S. 1990. Aerobics enhances cardiovascular
fitness and agility In preschoolers. Health Psychol, 9, 48-56.

ALY, H., MOUSTAFA, M.F., HASSANEIN,S.M., MASSARO,A.N., AMER, H.A. & PATEl K. 2004.
Physical activity combined with massage improves bone mineralization in premature
infants: a randomized trial. Journal of Perinatology, 24, 305-309.

AMERICAN ACADEMYOF PEDIATRICS2001. Children, adolescents, and television.
Pediatrics, 107,423-6.

ANAND, S.S., DAVIS,A. D., AHMED, R., JACOBS,R., XIE,C., HILL,A., SOWDEN,J., ATKINSON,
S., BLIMKIE, C., BROUWERS,M., MORRISON, K., DE KONING, L., GERSTEIN,H. & YUSUF,S.
2007. A family-based intervention to promote healthy lifestyles in an aboriginal community
in Canada. CanJ Public Health, 98,447-52.

ANDERSON,D. R., HUSTON,A. C., SCHMITT, K. l., LINEBARGER,D. l. & WRIGHT, J. C. 2001.
Early childhood television viewing and adolescent behaviour: the recontact study. Monogr
Soc ResChild Dev, 66, I-VIII, 1-147.

ANDERSON,S. E., ECONOMOS,C. D. & MUST, A. 2008. Active play and screen time in US
children aged 4 to 11 years In relation to sociodemographlc and welsht status
characteristics: a nationally representative cross-sectional analysis. 8MC Public Health, 8,
366.

BAGGm, C. D., STEVENS,J., CATElllER, D. J., EVENSON,K. R., MCMURRAY, R.G., HE, K.
&TREUTH,M. S. 2010. Compensation or displacement of physical activity in middle-school

145



girls: the Trial of Activity for Adolescent Girls. Int JObes (Lond), 34, 1193-9.

BAILEY,R. C., OLSON,J., PEPPER,S. l., PORSZASZ,J., BARSTOW,T. J. & COOPER,D. M. 1995.
The level and tempo of children's physical activities: an observational study. Med Sci Sports
Exerc, 27, 1033-41.

BAQUET,G., STRATTON,G., VAN PRAAGH,E.& BERTHOIN,S. 2007. Improving physical
activity assessment in prepubertal children with high-frequency accelerometry monitoring:
a methodological issue. Prey Med, 44, 143-7.

BENHAM-DEAL,T. 2005. Preschool children's accumulated and sustained physical activity.
Percept Mot Skills, 100, 443-50.

BERENSON,G. S. 2002. Childhood risk factors predict adult risk associated with subclinical
cardiovascular disease. The Bogalusa Heart Study. Am J Cardiol, 9O,3L-7l.

BIDDLE,S. 2010. Sedentary Behaviour and Obesity:Review of the Current Scientific
Evidence. Loughborough: Department of Health.

BINKLEY,T. & SPECKER,B. 2004. Increased periosteal circumference remains present 12
months after an exercise intervention in preschool children. Bone, 35, 1383-1388.

BJORKLUND,D. F. G., B.L 1992. The adaptive nature of cognitive immaturity. American
Psychologist, 47,46-54.

BLAIR,P., DREWETT,R., EMMETT, P., NESS,A., EMOND, A. & TEAM, T. A. S. 2004. Family,
socioeconomic and prenatal factors associated with failure to thrive in the Avon
Longitudinal Study of Parents and Children (ALSPAC).International Journal of Epidemiology,
33,839-847.

BLAND,J. M. 2004. Cluster randomised trials in the medical literature: two bibliometric
surveys. BMC Med ResMethodol, 4, 21.

BOREHAM, C. & RIDDOCH,C. 2001. The physical activity, fitness and health of children. J
Sports Sci, 19, 915-29.

BORNSTEIN,D. B., BEETS,M. W., BYUN,W. & MCIVER, K. 2011. Accelerometer-derived
physical activity levels of preschoolers: a meta-analysiS. J Sci Med Sport, 14, 504-11.

BOWER,J. K., HALES,D. P.,TATE, D. F., RUBIN, D. A., BENJAMIN, S. E.& WARD, D. S. 2008.
The Childcare Environment and Children's Physical Activity. American Journal of Preventive
Medicine, 34, 23-29.

BRANCA,F., NIKOGOSIAN,H. & LOBSTEIN,T. 2007. The challenge of obesity in the WHO
European Region and the strategies for response. Geneva: World Health Organisation.

BRESLIN,C., MORTON, J. & RUDISILL,M. 2008. Implementing a Physical Activity Curriculum
into the School Day: Helping Early Childhood Teachers Meet the Challenge. Early Childhood
Education Journal, 35,429-437.

146



BRITISHHEARTFOUNDATION NATIONAL CENTRE2011. National Physical Activity Audit of
Children's Centres and Nurseries. Loughborough: University of Loughborough.

BROCKMAN, R., JAGO, R.& FOX, K. R. 2010. The contribution of active play to the physical
activity of primary school children. Prev Med, 51, 144-7.
BRONFENBRENNER,U. 1979. The Ecology 0/Human Development: Experiments by Nature
and Design, Cambridge,MA, Harvard University Press.

BRONFENBRENNER,U. M., P. A.1998. The ecology of developmental processes. Handbook
0/ child psychology, Vol. 1: Theoretical models of human development. 5 ed. New York: John
Wiley and Sons, Inc.

BRONFENBRENNER,U. M., P. A. 2006. The bioecological model of human development.
Handbook of child psychology, Vol. 1:Theoretical models of human development. 6th ed.
New York: John Wiley.

BROWN, W. H., PFEIFFER,K.A., MCLVER, K. l., DOWDA, M., ALMEIDA, M. J. & PATE,R. R.
2006. Assessing preschool children's physical activity: the Observational System for
Recording Physical Activity in children-preschool version. ResQ ExercSport, 77, 167-76.

BUNDY, A. C., NAUGHTON, G., TRANTER, P., WYVER, S., BAUR, l., SCHILLER,W., BAUMAN,
A., ENGElEN, l., RAGEN, J., LUCKm, T., NIEHUES,A., STEWART,G., JESSUP,G. &

BRENTNALl, J. 2011. The Sydney playground project: popping the bubblewrap--unleashing
the power of play: a cluster randomized controlled trial of a primary school playground
based Intervention aiming to increase children's physical activity and social skills. BMC
Public Health, 11, 680.

BURDmE, H. l. & WHITAKER, R. C. 2005. Resurrecting free play in young children: looking
beyond fitness and fatness to attention, affiliation, and affect. Arch Pediatr Adolesc Med,
159,46-50.

BURDmE, H. l., WHITAKER, R. C. & DANIELS,S. R. 2004. Parental Report of Outdoor
Playtime as a Measure of Physical Activity in Preschool-aged Children. Arch Pediatr Adolesc
Med, 158, 353-357.

BURGI, F., NIEDERER,I., SCHINDLER,C., BODENMANN, P., MARQUES-VIDAL, P., KRIEMLER,
S. & PUDER,J. J. 2012. Effect of a lifestyle Intervention on adiposity and fitness in socially
disadvantaged subgroups of preschoolers: A cluster-randomized trial (Ballabeina). Prev
Med.

BUSS,D. 1981. Predicting pareet-chlld interactions from children's activity level.
Developmental Psychology, 17,59-65.

BUTLAND, B., JEBB,S., KOPelMAN, P., MCPHERSON, K., THOMAS,S., MARDELL, J. & PARRY,
V. 2007. Foresight. Tackling obesities: future choices. Project report. London, UK:
Government Office for Science.

BYERS,J. A. & WALKER, C. 1995. Refining the motor training hypothesis of play. Am Nat,
146,25-40.

147



CALI, A. M. G. & CAPRIO, S. 2008. Obesity in Children and Adolescents. Journal of Clinical
Endocrinology & Metabolism, 93, s31-s36.

CAMPBelL, K. J. & HESKETH, K. D. 2007. Strategies which aim to positively impact on
weight, physical activity, diet and sedentary behaviours in children from zero to five years.
A systematic review of the literature. Obes Rev, 8, 327-38.

CARDON, G., LABARQUE, V., SMITS, D. & BOURDEAUDHUU, I. D. 2009. Promoting physical
activity at the pre-school playground: The effects of providing markings and play
equipment. Preventive Medicine, 48, 335-340.

CARDON, G., VAN CAUWENBERGHE, E., LABARQUE, V., HAERENS, L. & DE
BOURDEAUDHUU, I. 2008. The contribution of preschool playground factors in explaining
children's physical activity during recess. Int J Behav Nutr Phys Act, 5, 11.

CARGO, M. & MERCER, S. L. 2008. The value and challenges of participatory research:
strengthening its practice. Annu Rev Public Health, 29, 325-50.

CASHMORE, A. W. & JONES, S. C. 2008. Growing Up Active: A Study Into Physical Activity In
Long Day Care Centers. Journal of Research in Childhood Education, 23, 179-191.

Casperson, C.J., Powell, K.E., & Christenson. 1985. Physical activity, exercise and physical
frtness: definitions and distinions fpr health realted research. Public Health Report,
100,2, 126-131

CATELlIER, D. J., HANNAN, P. J., MURRAY, D. M., ADDY, C. L., CONWAY, T. L., YANG, S. &
RICE, J. C. 2005. Imputation of missing data when measuring physical activity by
accelerometry. Med Sci Sports Exerc, 37, S555-62.

CERTAIN, L. K. & KAHN, R. S. 2002. Prevalence, correlates, and trajectory of television
viewing among infants and toddlers. PediatriCS, 109, 634-42.

CHAU, J. 2007. A Review of Physical Activity Interventions for Children from 2 to 5 Years of
Age. Sydney: North South Wales Centre for Physical Activity and Health.

CHEN, J.-L., WEISS, S., HEYMAN, M. B. & LUSTIG, R. H. 2009. Efficacy of a child-centred and
family-based program in promoting healthy weight and healthy behaviours In Chinese
American children: a randomized controlled study. Journal of Public Health.

CHRISTAKIS, D. A., ZIMMERMAN, F. J., DIGIUSEPPE, D. L. & MCCARTY, C. A. 2004. Early
Television Exposure and Subsequent Attentional Problems In Children. Pediatrics, 113, 708
713.

CLIFF, D. P., OKELY, A. D., SMITH, L. M. 8& MCKEEN, K. 2009a. Relationships between
fundamental movement skills and objectively measured physical activity In preschool
children. Pediatr ExercSci, 21,436-49.

CLIFF, D. P., REIUY, J. J. & OKElY, A. D. 2009b. Methodological considerations in using
accelerometers to assess habitual physical activity in children aged 0-5 years. Journal of
Science and Medicine in Sport, 12,557-567.

148



COLE,T. J., BELLIZZI,M. c., FLEGAL,K. M. & DIETZ,W. H. 2000. Establishing a standard
definition for child overweight and obesity worldwide: international survey. SMJ, 320,
1240-3.

COLWELL,M. J. & LINDSEY,E.W. 2005. Preschool Children's Pretend and Physical Play and
Sexof Play Partner: Connections to Peer Competence. Sex Roles, 52,497-509.

CORDER,K., EKELUND,U., STEELE,R. M., WAREHAM, N. J. & BRAGE,S. 2008. Assessment of
physical activity in youth. Journal 0/Applied Physiology, 105,977-987.
COSCO,N. G., MOORE, R. C.& ISLAM, M. Z. 2010. Behaviour mapping: a method for linking
preschool physical activity and outdoor design. Med Sci Sports Exerc, 42, 513-9.

COTTRELL,L., SPANGLER-MURPHY,E., MINOR, V., DOWNES,A., NICHOLSON,P. & NEAL,W.
A. 2005. A kindergarten cardiovascular risk surveillance study: CARDIAC-Kinder. Am } Health
Behov, 29, 595-606.

COUNCILON COMMUNICATIONS AND MEDIA 2011. Media Use by Children Younger Than 2
Years. Pediatrics.

DALE,D., WELK,G. J., MATHHEWS, C. E. 2002. Methods for Assessing Physical Activity and
Challenges for Research. In: WELK,G. J. (ed.) Physical activity assessments lor health related
research. Champaign, IL: Human Kinetics.

DEBOCK,F., FISCHER,J. E., HOFFMANN, K. & RENZ-POLSTER,H. 2010. A participatory
parent-focused intervention promoting physical activity in preschools: design of a cluster
randomized trial. SMC Public Health, 10, 49.

DEMEIJ, JSB.,CHINAPAW, MJM., VAN STRAlEN, M.A., VAN DERWAL, M.F., VAN DIEREN,L.,
VAN MECHELEN,W. 2011. Effectiveness of JUMP-in, a Dutch primary school based
community intervention aimed at the promotion of physical activity Br ! Sports Med, 45,
1052-1057.

DENNISON,B. A., RUSSO,T. J., BURDICK,P.A. & JENKINS,P. L. 2004. An Intervention to
Reduce Television Viewing by Preschool Children. Arch Pediatr Adolesc Med, 158, 170-176.

DEPARTMENTOF EDUCATION2010. Childcare and early years providers survey London,
UK.

DEPARTMENTOF HEALTHAND AGING, 2010, Australian Physical Activity Guidelines for 0-5
yearolds.

DEPARTMENTOF COMMUNITIES AND LOCALGOVERNMENT 2010. The English Indices of
Deprivation: Annual Report. London.

DEPARTMENTOF EDUCATION.2012. The Early Yeats foundation Stage National Curriculum
[Online]. Available:
http://www.education.gov.uk/chlldrenandyoungpeople/earlylearningandchildcare/deliver
/educatlon/a0068102/early-years-foundation-stage-eyfs

DEPARTMENTOF HEALTH2003. Health Survey for England 2002.london,UK: Department
of Health.

149

http://www.education.gov.uk/chlldrenandyoungpeople/earlylearningandchildcare/deliver


DEPARTMENTOF HEALTH2010. National Child Measurement Programme 2009-2010.
London, UK.

DEPARTMENTOF HEALTH2011. Start Active, Stay Active: A report on physical activity for
health from the four home countries.

DEPARTMENTOF HEALTHAND CHILDREN,2009, Get Ireland Active: The National
Guidelines on Physical Activity for Ireland.

DIEHL,D. C.& TOELLE,S.C. 2011. Making Good Decisions: Television, Learning, and the
Cosnitive Development of Young Children. Florida: Institute of Food and Agricultural
Sciences, University of Florida.

DIPIETRO,J. A. 1981. Rough-and-tumble play: A function of gender. Developmental
Psychology, 17,50-58.

DOLINSKY,D. H., BROUWER,R. J., EVENSON,K. R.,SIEGA-RIZ,A. M. & OSTBVE,T. 2011.
Correlates of sedentary time and physical activity among preschool-aged children. Prev
Chronic Dis, 8, A131.

DOWDA, M., BROWN,W. H., MCIVER, K. l., PFEIFFER,K.A., O'NEILL, J. R.,ADDV, C. l. &
PATE,R. R. 2009. Policies and Characteristics of the Preschool Environment and Physical
Activity of Young Children. Pediatrics, 123, e261-e266.

DUNCAN, M., WOODFIELD, l., AL-NAKEEB,V. & NEVILL,A. 2002. The Impact of
Socia-Economic Status on the Physical Activity Levels of British Secondary School Children.
European Journal 0/ Physical Education, 7,30-44.

DUNSTAN,D. W., BARR,E.l. M., HEALY,G. N., SALMON, J., SHAW, J. E., BALKAU, B.,
MAGLIANO, D. J., CAMERON,A. J., ZIMMET, P. Z. & OWEN, N. 2010. Television Viewing
TIme and Mortality. Circulation, 121,384-391.

DWYER,G. M., BAUR, l. A. & HARDY, l. l. 2009. The challenge of understanding and
assessing physical activity in preschool-age children: Thinking beyond the framework of
intensity, duration and frequency of activity. JSci Med Sport, 12, 534-6.

DWYER,G. M., HARDY,l. l., PEAT,J. K. & BAUR, l. A. 2011. The validity and reliability of a
home environment preschool-age physical activity questionnaire (Pre-PAQ). Int J Behav
Nutr PhysAct, 8, 86.

EKELAND,E., HEIAN, F., HAGEN, K. B., ABBOn, J. & NORDHEIM, l. 2004. Exercise to
improve self-esteem in children and young people. Cochrane Database Syst Rev,CD003683.

EKELUND,U., ANDERSSEN,S., FROBERG,K., SARDINHA, l., ANDERSEN,l., BRAGE,S.&
GROUP,E.Y. H. S. 2007. Independent associations of physical activity and cardiorespiratory
fitness with metabolic risk factors in children: the European youth heart study.
Diobetologia, SO,1832-184O.

EKELUND,U., BRAGE,S., FROBERG,K., HARRO,M., ANDERSSEN,S.A., SARDINHA, l. B.,
RIDDOCH,C.& ANDERSEN,L. B. 2006. TV Viewing and Physical Activity Are Independently

150



Associated with Metabolic Risk in Children: The European Youth Heart Study. PLoSMed, 3,
e488.

ELlAKIM, A., NEMET, D., BAlAKIRSKI, Y. & EPSTEIN,Y. 2007. The effects of nutritional
physical activity school-based intervention on fatness and fitness in preschool children. J
Pediatr Endocrinol Metab, 20,711-8.

ESUGER,D. W., COPELAND,J.l., BARNES,J.D., TREMBLAY, M.S. 2005. Standardizing and
optimizing the use of accelerometer data for free-living physical activity monitoring. Journal
0/ Physical Activity and Health, 366-383.

FAIRCLOUGH,S. 1, BUTCHER,Z. H. & STRATTON, G. 2007. Whole-day and segmented-day
physical activity variability of northwest England school children. Preventive Medicine, 44,
421-42S.

FAIRWEATHER,S., REILLY,J. J., GRANT,S., WHITTAKER, A. & PATON, J. Y. 1999. Using the
Computer Science and Applications (CSA) activity monitor in preschool children. Pediatric
ExercM Science, 11, 413-420.

FINN, K., JOHANNSEN, N. & SPECKER,B. 2002. Factors associated with physical activity in
preschool children. J Pediatr, 140, 81-5.

FISHER,A., REILLY,J. J., KElLY, l. A., MONTGOMERY, C., WILLIAMSON, A., PATON, J. Y. &
GRANT, S. 2005. Fundamental movement skills and habitual physical activity in young
children. Med SciSports Exerc, 37,684-8.

FITZGIBBON, M. l., STOLLEY,M. R., SCHIFFER,l., VAN HORN, l., KAUFERCHRISTOFFEl,K. &
DYER,A. 2005. Two-year follow-up results for Hip-Hop to Health Jr.: A randomized
controlled trial for overweight prevention in preschool minority children. TheJournal of
Pediatrics, 146, 618-625.

FITZGIBBON, M. l., STOLLEY,M. R., SCHIFFER,l., VAN HORN, l., KAUFERCHRISTOFFEl,K. &
DYER,A. 2006. Hip-Hop to Health Jr. for Latino preschool children. Obesity (Silver Spring),
14, 1616-25.

FLYNN,M. A., MCNEIl, D. A., MALOFF, B., MUTASINGWA, D., WU, M., FORD, C. & TOUGH,
S. C. 2006. Reducing obesity and related chronic disease risk in children and youth: a
synthesis of evidence with 'best practice' recommendations. Obes Rev, 7 Suppl1, 7-66.

FREDERICKSON,B. 2006. Unpacking positive emotions: Investigating the seeds of human
flourishing. Journal of Postive Psychology, 1, 57-59.

FREEDSON,P. S., MELANSON, E.& SIRARD,J. 1998. Calibration of the Computer Science
and Applications, Inc. accelerometer. Medicine & Science in Sports & Exercise, 30, 777-781.

GARDNER, D. S. l., HOSKING, J., METCALF, B. S., JEFFERY,A. N., VOSS, l.D. & WILKIN, T. J.
2009. Contribution of Early Weilht Gain to Childhood Overweight and Metabolic Health: A
longitudinal Study (EarlyBlrd 36). Pediatrics, 123, e67-e73.

GARRISON,M. M. C., D.A 2005. A teacher In the living room? Educational media for babies,
toddlers and preschoolers. california: Kaiser Family Foundation.

151



GARVEY,C. 1990. Ploy, (ambridge, MA, Harvard Publishing Press.

GILE5-CORTI,B., MACINTYRE,S.,CLARKSON,J. P., PIKORA,T. & DONOVAN, R.J. 2003.
Environmental and lifestyle factors associated with overweight and obesity in Perth,
Australia. Am J Health Promot, 18,93-102.

GINSBURG,K. R. 2007. The importance of play in promoting healthy child development and
maintaining strong parent-child bonds. Pediatrics, 119, 182-91.

GOLAN,M. 2006. Parents as agents of change in childhood obesity--from research to
practice. Int J Pediatr Obes, 1,66-76.

GOLDFielD G.S,H. A., GRATIAN K ,ADAMO K.B2012. Physical Activity Promotion in the
Preschool Years: A Critical Period to Intervene. Int. J. Environ. Res.Public Health, 9, 1326
1342.

GOLDFielD, G. S., EPSTEIN,l. H., KILANOWSKI,C. K., PALUCH,R.A. & KOGUT-BOSSLER,B.
2001. Cost-effectiveness of group and mixed family-based treatment for childhood obesity.
Int JObes Relat Metab Disord, 25, 1843-9.

GOLDSTEIN,H. 1995. Multilevel Statistical Models, London Arnold.

GOLLEY,R. K., HENDRIE,G. A., SLATER,A. & CORSINI,N. 2011. Interventions that involve
parents to improve children's weight-related nutrition intake and activity patterns - what
nutrition and activity targets and behaviour change techniques are associated with
intervention effectiveness? Obes Rev, 12,114-30.

GORTMAKER,S. l., PETERSON,K.,WIECHA, J., SOBOL,A. M., DIXIT,S., FOX,M. K.& LAIRD,
N. 1999. Reducing obesity via a school-based interdisciplinary intervention among youth:
Planet Health. Arch Pediotr Adolesc Med, 153,409-18.

GUSTAFSON,S. l. & RHODES,R. E.2006. Parental correlates of phYSicalactivity in children
and early adolescents. Sports Med, 36, 79-97.

HANCOX,R.J., MILNE, B. J. & POULTON,R.Association between child and adolescent
television viewing and adult health: a longitudinal birth cohort study. The Lancet, 364, 257
262.

HANDS,B. & LARKIN,D. 2006. Physical Activity Measurement Methods for Young Children:
A Comparative Study. MeasurefMnt in Physkal Education and ExerciseScience, 10,203
214.

HANNON, J. C.& BROWN, B. B. 2008. Increasing preschoolers' physical activity intensities:
an activity-friendly preschool playground intervention. Prev Med, 46, 532-6.

HARDY,l. L., DOBBINS,T., BOOTH,M.l., DENNEY-WILSON,E.& OKelY, A. D. 2006.
Sedentary behaviours among Australian adolescents. Aust N Z J Public Health, 30, 534-40.

HARDY,L.l., KING,L, KELLY,B., FARRELL,l. & HOWLm, S. 2010. Munch and Move:
evaluation of a preschool healthy eating and movement skill program. Int J Behav Nutr Phys

152



Act, 7,80.

HARRO, M. A. R., C 2000. Physical Activity. Paediatric Exercise Science and Medicine, 77-84.

HARVEY-BERINO,J. & ROURKE,J. 2003. Obesity Prevention in Preschool Native-American
Children: A Pilot Study Using Home Visiting. Obesity, 11,606-611.

HAWKINS, M. S., STORTI,K. l., RICHARDSON,C. R., KING, W. C., STRATH,S.1,HOLLEMAN,
R. G. & KRISKA,A. M. 2009. Objectively measured physical activity of USA adults by sex,
age, and racial/ethnic groups: a cross-sectional study. Int J 8ehav Nutr Phys Act, 6, 31.

HEALY,G. N., DUNSTAN, D. W., SALMON, J., CERIN, E., SHAW, J. E., ZIMMET, P. Z. & OWEN,
N. 2008. Breaks in sedentary time: beneficial associations with metabolic risk. Diabetes
Core, 31, 661-6.

HESKETH,K. D. & CAMPBEll, K. J. 2010. Interventions to prevent obesity in 0-5 year olds:
an updated systematic review of the literature. Obesity (Silver Spring), 18 Suppll, S27-3S.

HILLS,A. P., KING, N. A. & ARMSTRONG, T. P. 2007. The contribution of physical activity and
sedentary behaviours to the growth and development of children and adolescents:
implications for overweight and obesity. Sports Med, 37, 533-45.

HINKLEY,T., CRAWFORD, D., SALMON, J., OKELY,A. D. & HESKETH,K. 2008. Preschool
Children and Physical Activity: A Review of Correlates. American Journal 0/ Preventive
Medicine, 34,43S-441.e7.

HINKLEY,T., SALMON, J., OKEl Y, A. D., CRAWFORD, D. & HESKETH,K. 2012. Preschoolers'
physical activity, screen time, and compliance with recommendations. Med SciSports Exerc,
44,458-65.

HINKLEY,T., SALMON, J., OKEl Y, A. D. & TROST, S.G. 2010. Correlates of sedentary
behaviours in preschool children: a review. Int J 8ehav Nutr Phys Act, 7,66.

HOUSEOF COMMONS CHILDRENSCHOOLSAND FAMILIES COMMITTEE 2010. Sure Start
Children's Centres. London.

HOWARD-JONES, P., TAYLOR,J. & SUTTON, L. 2002. The Effect of Play on the Creativity of
Young Children During Subsequent Activity. Early Child Development and Care, 172, 323
328.

IGLOWSTEIN, I., JENNI, O. G., MOLINARI, L. & LARGO, R. H. 2003. Sleep duration from
Infancy to adolescence: reference values and generational trends. Pedlatrks, 111, 302-7.

INSTITUTEOF MEDICINE 2005. Prevent I,. Childhood Obesity: Health In the Balance.
Washington,DC: Institue of Medicine.

IRWIN, J. D., HE, M., BOUCK, L. M., TUCKER,P. & POLLETT,G. L. 2005. Preschoolers' physical
activity behaviours: parents' perspectives. Con J Public Health, 96, 299-303.

JACKSON,D. M., REILLY,J. J., KELLY,L. A., MONTGOMERY, C., GRANT, S.& PATON, J. Y.
2003. Objectively measured physical activity In a representative sample of 3- to 4-year-old

153



children. Obes Res, 11, 420-5.

JAGO,R., BARANOWSKI,T., BARANOWSKI, J. C., THOMPSON, D. & GREAVES,K. A. 2005.
BMI from 3-6y of age is predicted by TV viewing and physical activity, not diet. Int JObes
Relat Metab Disard, 29,557-564.

JANZ, K.F., BURNS,T.l., TORNER,J.C., LEVY,S.M., PAULOS,R.,WILLING, M.C. & WARREN,
JJ. 2001.Physical activity and bone measures in young children: The Iowa Bone
Development Study. Pediatrics, 107, 1387-1393.

JANZ, K. F.,GILMORE, J. M., BURNS,T.l., LEVY,S. M., TORNER,J. C.,WILLING, M. C. &
MARSHALL,T. A. 2006. Physical activity augments bone mineral accrual in young children:
The Iowa Bone Development study. J Pediatr, 148,793-9.

JANZ, K. F., LETUCHY,E. M., EICHENBERGERGILMORE, J. M., BURNS,T. l., TORNER,J. C.,
WILLING, M. C. & LEVY,S. M. 2010. Early physical activity provides sustained bone health
benefits later in childhood. Med Sci Sports Exerc, 42, 1072-8.

JANZ, K. F., LEVY,S. M., BURNS,T. L., TORNER,J. C.,WILLING, M. C. & WARREN, J. J. 2002.
Fatness, Physical Activity, and Television Viewing in Children during the Adiposity Rebound
Period: The Iowa Bone Development Study. Preventive Medicine, 35,563-571.

JIMENEZ-PAVON, D., KELLY,J. & REILLY,J. J. 2010. Associations between objectively
measured habitual physical activity and adiposity in children and adolescents: Systematic
review. International Journal of Pediatric Obesity, 5, 3-18.

JOURET,B., AHLUWALIA, N., CRISTINI,C., DUPUY, M., NEGRE-PAGES,l., GRANDJEAN,H. &
TAUBER,M. 2007. Factors associated with overweight In preschool-age children In
southwestern France. Am J Clin Nutr, 85, 1643-9.

KELLY,L. A., REILLY,J. J., JACKSON,D. M., MONTGOMERY, C., GRANT,S.& PATON, J. Y.
2007. Tracking physical activity and sedentary behaviour in young children. P~diatr Ex~rc
sa. 19, 51-60.

KLEISER,C., SCHAFFRATHROSARIO,A., MENSINK, G., PRINZ-LANGENOHL,R. & KURTH, B.
M. 2009. Potential determinants of obesity among children and adolescents In Germany:
results from the cross-sectional KiGGSstudy. BMC Public Health, 9,46.

KLESGES,R.C., KLESGES,L. M., ECK,l. H. & SHELTON,M. L. 1995. A longitudinal analysis of
accelerated weight gain in preschool children. Pediatrics, 95, 126-30.

KLOHE-LEHMAN, D. M., FREELAND-GRAVES,J., CLARKE,K. K., CAl, G., VORUGANn, V. S.,
MILANI, T. J., NUSS,H. J., PROFFITI, J. M. & BOHMAN, T. M. 2007. Low-Income, overweight
and obese mothers as agents of change to Improve food choices, fat habits, and physical
activity in their 1-to-3-year-old children. JAm Coli Nutr, 26, 196-208.

KOLLE,E.,JOHANNESSEN,J. 5., ANDERSEN,l. B. & ANDERSSEN,S.A. 2009. Seasonal
variation in objectively assessed physical activity among children and adolescents In
Norway: a cross-sectional study. International Journal of Behavioural Nutrition and Physlcol
Activity, 6.

154



KRIEMLER,S., MEYER,U., MARTIN, E.,VAN SLUIJS,E. M., ANDERSEN,L. B. & MARTIN, B. W.
2011. Effect of school-based interventions on physical activity and fitness In children and
adolescents: a review of reviews and systematic update. Br J Sports Med, 45, 923-30.

KRIEMLER,S., ZAHNER,L., SCHINDLER,C., MEYER,U., HARTMANN, T., HEBESTREIT,H.,
BRUNNER-LAROCCA,H. P.,VAN MECHELEN,W. & PUDER,J. J. 2010. Effect of school based
physical activity programme (KISS)on fitness and adiposity in primary schoolchildren:
cluster randomised controlled trial. BMJ, 340, c785.

LABO,Y.B. & WINSLER,A. 2005. The effects of a creative dance and movement program on
the social competence of Head Start preschoolers. Social Development, 15, 501-519.

LERNER,J. K., F2006. Learning disabilities and related disorders: Characteristics and
teaching strategies, Boston, Houghton Mifflin Company.

LESTER2007. Making the Case for Play: Updating the Evidence.

LEWIS,V., BOUCHER,J., LUPTON, l.& WATSON, S. 2000. Relationships between symbolic
play, functional play, verbal and non-verbal ability in young children. Int J Lang Commun
Disord, 35, 117-27.

lITMANOVITZ, I., DOLFIN,T., ARNON, S., REGEV,R.H., NEMET, D.& ELiAKIM, A. 2007.
Assisted exercise and bone strength in preterm infants. Calcified Tissue International,
80,39-43.

LOBSTEIN,T., BAUR, l.& UAUY, R. 2004. Obesity in children and young people: a crisis In
public health. Obes Rev, 5 Suppll, 4-104.

LOPRINZI,P. D. & TROST,S.G. 2010. Parental influences on physical activity behaviour In
preschool children. Prev Med, 50, 129-33.

MALINA, R.M. 1996. Tracking of physical activity and physical fitness across the lifespan.
Research quarterly for exercise and sport, 67,548-57.

MAN lOS,Y. 2006. Design and descriptive results of the "Growth, Exercise and Nutrition
Epidemiological Study In preSchoolers": the GENESISstudy. BMC Public Health, 6,32.

MANIOS, Y., MOSCHANDREAS,J., HATZIS,C. & KAFATOS,A. 1999. Evaluation of a Health
and Nutrition Education Program in Primary School Children of Crete over a Three-Year
Period. Preventive Medicine, 28,149-159.

MAN lOS,Y., MOSCHANDREASA,J., HATZISA,C. & KAFATOS,A. 2002. Health and nutrition
education in primary schools of Crete: changes in chronic disease risk factors following a 6
year Intervention programme. British Journal of Nutrition, 88, 315-324.

MARCUS,B. H., WILLIAMS, D. M., DUBBERT,P. M., SALLIS,J. F., KING,A. C., YANCEY,A. K.,
FRANKLIN,B. A., BUCHNER,D., DANIELS,S. R. & CLAYTOR,R. P. 2006. Physical Activity
Intervention Studies. Circulation, 114, 2739-2752.

MARSHALLSJ,W. G. 2008. Definitions and measurement. Youth physical activity and
sedentary behaviour: Challenges and solutions. Champaign, IL: Human Kinetics.

ISS



MASSE, l.c., FUEMMElER, B. F., ANDERSON, C. B., MATTHEWS, C. E.,TROST,S. G.,
CATELlIER, D. J. & TREUTH,M. 2005. Accelerometer data reduction: a comparison of four
reduction algorithms on select outcome variables. Med Sci Sports Exerc, 37, S544-54.

MATHESON, D. M., KILLEN,J. D., WANG, Y., VARADY,A. & ROBINSON, T. N. 2004. Children's
food consumption during television viewing. The American Journal of Clinical Nutrition, 79,
1088-1094.

MATUSIK, P.& MALECKA-TENDERA,E. 2011. Overweight prevention strategies in preschool
children. Int J Pediatr Obes, 6 Suppl 2, 2-5.

MCGARVEY,E., KELLER,A., FORRESTER,M., WILLIAMS, E., SEWARD, D. & SUTTLE,D. E.
2004. Feasibility and benefits of a parent-focused preschool child obesity intervention. Am J
Public Health, 94, 1490-5.

MCKENZIE,T. L., SALLIS,J. F., NADER, P. R., BROYLES,S. L. & ETAL. 1992. Anglo- and
Mexican-American preschoolers at home and at recess: Activity patterns and
environmental influences. Journal of Developmental and Behavioural Pediatrics, 13, 173
180.

MEDICAL RESEARCHCOUNCIL 2008. Developing and evaluating complex interventions: new
guidance. London,UK: Medical Research Council.

MERSEYSIDEINTELLIGENCETEAM 2012. National Child Measurement Programme:
Liverpool. 2010/2011 school year. Merseyside PCT Cluster.

METALLINOS-KATSARAS,E.S., FREEDSON,P. S., FULTON, J. E.& SHERRY,B. 2007. The
association between an objective measure of physical activity and weight status in
preschoolers. Obesity (Silver Spring), 15, 686-94.

METCALF, B. S., HOSKING,J., JEFFERY,A. N., VOSS,L. D., HENLEY,W. & WILKIN, T. J. 2010.
Fatness leads to inactivity, but inactivity does not lead to fatness: a longitudinal study in
children (EarlyBird 45). Archives of Disease in Childhood.

MICHIE, S., ABRAHAM, C.,WHITTINGTON, C., MCATEER,J. & GUPTA, S. 2009. Effective
techniques in healthy eating and physical activity Interventions: a meta-regression. Health
Psychol, 28,690-701.

MO-SUWAN, L. & GEATER,A. F. 1996. Risk factors for childhood obesity in a transitional
society in Thailand. Int JObes Relat Metab Disord, 20, 697-703.

MO-SUWAN, L., PONGPRAPAI,5., JUNJANA, C.& PUETPAIBOON, A. 1998. Effects of a
controlled trial of a school-based exercise program on the obesity indexes of preschool
children. Am J Clin Nutr, 68, 1006-11.

MONTGOMERY, C., REILLY,J. J., JACKSON,D. M., KELLY,L. A., SLATER,C., PATON, J. Y. &
GRANT,S. 2004. Relation between physical activity and energy expenditure in a
representative sample of young children. The American Journal of Clinical Nutrition, 80,
591-596.

156



MOORE, L. L., GAO, D., BRADLEE,M. L., CUPPLES,L. A., SUNDARAJAN-RAMAMURTI, A.,
PROCTOR,M. H., HOOD, M. Y., SINGER,M. R. & ELLISON,R. C. 2003. Does early physical
activity predict body fat change throughout childhood? Preventive Medicine, 37, 10-17.

MOORE, L. L., LOMBARDI, D. A., WHITE, M. J., CAMPBELL, J. L., OLIVERIA, S. A. & ELLISON,R.
C. 1991. Influence of parents' physical activity levels on activity levels of young children. J
Pediatr, 118,215-9.

MOORE, L. L., NGUYEN, U. S., ROTHMAN, K. J., CUPPLES,L. A. & ELLISON,R. C. 1995.
Preschool physical activity level and change in body fatness in young children. The
Framingham Children's Study. Am J Epidemiol, 142,982-8.

NADER, P. R., O'BRIEN, M., HOUTS, R., BRADLEY,R., BELSKY,J., CROSNOE,R., FRIEDMAN, S.,
MEl, Z. & SUSMAN, E. J. 2006. Identifying risk for obesity in early childhood. Pediatrics, 118,
e594-601.

NATIONAL INSTITUTEOF HEALTHAND CLINICAL EXCELLENCE2006. NICE Public Health
Guidance 006: Behaviour change at population, community and Individual levels. London,
UK: National Institute of Health and Clinical Excellence.

NIEDERER, I., KRIEMLER,S., ZAHNER, L., BURGI, F., EBENEGGER,V., HARTMANN, T., MEYER,
U., SCHINDLER,C., NYDEGGER,A., MARQUES-VIDAL, P. & PUDER, J. J. 2009. Influence of a
lifestyle intervention in preschool children on physiological and psychological parameters
(Ballabeina): study design of a cluster randomized controlled trial. 8MC Public Health, 9,94.

NIXON, C. A., MOORE, H. J., DOUTHWAITE, W., GIBSON, E. L., VOGELE, C., KREICHAUF,S.,
WILDGRUBER, A., MANIOS, Y., SUMMERBELL, C. D. & TOYBOX-STUDY,G. 2012. Identifying
effective behavioural models and behaviour change strategies underpinning preschool- and
school-based obesity prevention interventions aimed at 4-6-year-olds: a systematic review.
Obesity Reviews, 13,106-117.

NORTON, D. E., FROELICHER,E. S., WATERS, C. M. & CARRIERI-KOHLMAN, V. 2003. Parental
influence on models of primary prevention of cardiovascular disease in children. Eur J
Cardiovasc Nurs, 2,311-22.

O'CONNOR, T. M., JAGO, R. & BARANOWSKI, T. 2009. Engaging parents to Increase youth
physical activity a systematic review. Am J Prev Med, 37, 141-9.

OKELY, A. D., TROST,S. G., STEELE,J. R., CLIFF,D. P. & MICKLE, K. 2009. Adherence to
physical activity and electronic media guidelines In Australian pre-school children. J
Paediatr Child Health, 45, 5-8.

OLIVER, M., SCHOFIELD,G. M. & KOLT, G. S. 2007. PhYSical activity In preschoolers:
understanding prevalence and measurement issues. Sports Med, 37, 1045-70.

OLIVER, M., SCHOFIELD,G. M. & SCHLUTER,P. J. 2010. Parent Influences on preschoolers'
objectively assessed phYSical activity. J Sci Med Sport, 13,403-9.

ORSEGA-SMITH, E. M., PAYNE, L. L., MOWEN, A. J., HO, C. H. & GODBEY,G. C. 2007. The
role of social support and self-efficacy in shaping the leisure time physical activity of older
adults. Journal 0/Leisure Research, 39, 705-727.

157



PANGRAZI,R.P. 2000. Promoting physical activity for youth. JSci Med Sport, 3, 280-6.

PARfzKOVA,J., MACKOVA, E., MACKOvA, J. & ~KOPKOVA,M. 1986. Blood Lipids as Related
to Food Intake, Body Composition, and Cardiorespiratory Efficiency in Preschool Children.
Journal oj Pediatric Gastroenterology and Nutrition, 5, 295-29S.

PARSONS,T. J., POWER,c, LOGAN, S. & SUMMERBELL,C. D. 1999. Childhood predictors of
adult obesity: a systematic review. Int JObes Relat Metab Disord, 23 SupplS, Sl-107.

PATE,R. R., BARANOWSKI,T., DOWDA, M. & TROST,S. 1996. Tracking of physical activity in
young children. Medicine & Science in Sports & Exercise, 2S,92-96.

PATE,R. R., O'NEILL,J. R. & MITCHELL,J. 2010. Measurement of physical activity in
preschool children. Med SciSports Exerc, 42, 50S-12.

PATE,R. R., PFEIFFER,K.A., TROST,S.G., ZIEGLER,P. & DOWDA, M. 2004. Physical Activity
Among Children Attending Preschools. Pediatrics, 114, 125S-1263.

PAXTON, R., NIGG, C., MOll, R., MCGEE,K., MCCURDY,D., MATIHAI, C. & DISHMAN, R.
200S. Are Constructs of the Transtheoretical Model for Physical Activity Measured
Equivalently Between Sexes, Age Groups, and Ethnlcities? Annals oj Behavioural Medicine,
35,30S-31S.

PELLEGRINI,A. D. & SMITH, P. K. 1998. Physical Activity Play: The Nature and Function of a
Neglected Aspect of Play. Child Development, 69, 577.

PELUS,S. M. & PELLlS,V. C. 2007. Rough-and-Tumble Play and the Development of the
Social Brain. Current Directions in Psychological Science, 16, 95-98.

PENPRAZE,V., REILLY,J. J., MACLEAN, C. M., MONTGOMERY, C. & KELLY,L. A. 2006.
Monitoring of Physical Activity in Young Children: How Much Is Enough? Pediatric exercise
science, 18, 483-491.

PFEIFFER,K.A., DOWDA, M., MCIVER, K. L. & PATE,R. R. 2009. Factors related to
objectively measured physical activity in preschool children. Pediatr ExercSci, 21, 196-20S.

PUDER,J. J., MARQUES-VIDAL, P., SCHINDLER,C., ZAHNER, L., NIEDERER,I., BURGI, F.,
EBENEGGER,V., NYDEGGER,A. & KRIEMLER,S.2011. Effect of multidimensional lifestyle
intervention on fitness and adiposity In predominantly migrant preschool children
(BaIJabeina): cluster randomlsed controlled trial. BMJ, 343, d6195.

PUHL,J., GREAVES,K., HOYT,M. & BARANOWSKI,T. 1990. Children's Activity Rating Scale
(CARS):description and calibration. ResQ ExercSport, 61, 26-36.

QUENt H. & VAN DEN BERGH,H. 2004. On multi-level modeling of data from repeated
measures designs: a tutorial. Speech Communication, 43, 103-121.

REILLY,J. J. 2010. Low Levels of Objectively Measured Physical Activity In Preschoolers In
Child Care. Medicine & Science in Sports & Exercise, 42, S02-507
10.1249/MSS.Ob013e31S1cea100.

158



REILLY,J. J. 2011. Can we modulate physical activity in children? IntJ Obes (Lond), 35, 1266
9.

REILLY,J. r,JACKSON,D. M., MONTGOMERY, c., KELLY,L. A., SLATER,C., GRANT, S. &
PATON, J. Y. 2004. Total energy expenditure and physical activity in young Scottish children:
mixed longitudinal study. The Lancet, 363, 211-212.

REILLY,J. r,KELLY,L., MONTGOMERY, C., WILLIAMSON, A., FISHER,A., MCCOLL, J. H., LO
CONTE, R., PATON, J. Y. & GRANT, S. 2006. Physical activity to prevent obesity in young
children: cluster randomised controlled trial. 8MJ, 333, 1041.

REILLY,l l & MCDOWELL, Z. C. 2003. Physical activity interventions in the prevention and
treatment of paediatric obesity: systematic review and critical appraisal. Proc Nutr
Soc, 62,611-9.

REILLY,J. l, PENPRAZE,V., HISLOP,J., DAVIES, G., GRANT, S. & PATON, J. Y. 2008. Objective
measurement of physical activity and sedentary behaviour: review with new data. Archives
of Disease in Childhood, 93, 614-619.

RIDDOCH, C. J., MATTOCKS, C., DEERE,K., SAUNDERS,J., KIRKBY,J., TILLING, K., LEARY,S. D.,
BLAIR, S. N. & NESS,A. R. 2007. Objective measurement of levels and patterns of physical
activity. Arch Dis Child, 92, 963-9.

RIDGERS,N. D., GRAVES,L. E. F., FOWEATHER, L. & STRATTON, G. 2010a. Examining
Influences on Boy's and Girls' Physical Activity Patterns: The A-CLASSProject. Pediatr
Exercise Science, 22, 13.

RIDGERS,N. D., STRATTON,G., CLARK,E., FAIRCLOUGH,S. J. & RICHARDSON, D. l zoose.
Day-to-day and seasonal variability of physical activity during school recess. Prev Med, 42,
372-4.

RIDGERS,N. D., STRATTON,G. & FAIRCLOUGH,S. J. zoose. Physical activity levels of
children during school playtime. Sports Med, 36,359-71.

RIDGERS,N. D., STRATTON,G. & MCKENZIE, T. L. 2010b. Reliability and validity of the
System for Observing Children's Activity and Relationships during Play (SOCARP).J Phys Act
Health, 7,17-25.

RIETHMULLER, A. M., JONES,R. & OKELY,A. D. 2009. Efficacy of Interventions to Improve
motor development in young children: a systematic review. Pediatrics, 124, e782-92.

ROGERS,S., JK 1988. Play in the lives of children.

RUSS,S. 2004. Play in Child Development and Psychotherapy: Toward Empirically Supported
Practice, New Jersey, Lawrence Erlbaum Associates Ltd.

SAAKSLAHTI,A., NUMMINEN, P., VARSTALA, V., HELENIUS, H., TAMMI, A., VIIKARl, J. &
VALIMAKI, I. 2004. Physical activity as a preventive measure for coronary heart disease risk
factors in early childhood. Scandinavian Journal of Medicine & Science In Sports, 14, 143
149.

159



SAAKSLAHTI,A., P. NUMMINEN, H. NIINIKOSKI1999. Is physical activity related to body size,

fundamental motor skills, and CHD risk factors in early childhood. Ped. Exerc. Sci, 327-340.

SALLIS,J., PROCHASKA,J. J. & TAYLOR,W. C. 2000. A review of correlates of physical activity
of children and adolescents. Medicine & Science in Sports & Exercise, 32, 963-975.

SALLIS,J. F., MCKENZIE,T.l., ALCARAZ,J. E., KOLODY,B., FAUCETIE, N. & HOVELL,M. F.
1997. The effects of a 2-year physical education program (SPARK)on physical activity and
fitness in elementary school students. Sports, Play and Active Recreation for Kids. Am J
Public Health, 87, 1328-34.

SALLIS,J. F., PATIERSON, T. l., MCKENZIE,T. l. & NADER, P. R. 1988. Family variables and
physical activity in preschool children. J Dev Behav Pediatr, 9,57-61.

SALLIS,J. F., SIMONS-MORTON, B. G., STONE,E.J., CORBIN, C. B., EPSTEIN,l. H., FAUCETIE,
N., IANNOTII, R.J., KILLEN,J. D., KLESGES,R.C., PETRAY,C. K. & ETAl. 1992. Determinants
of physical activity and interventions in youth. Med Sci Sports Exerc, 24, S248-57.

SALLIS,J. F. 1999. Physical Activity and Behavioural Medicine, Thousand Oaks, CA,
SAGEPublisher.

SALMON, J. 2010. Novel Strategies to Promote Children's Physical Activities and Reduce
Sedentary Behaviour. Journal oj Physical Activity and Health, 7, 299-306.

SALMON, J., BOOTH, M. L., PHONGSAVAN, P., MURPHY, N. & TIMPERIO, A. 2007. Promoting
Physical Activity Participation among Children and Adolescents. Epidemiologic Reviews, 29,
144-159.

SANSON,A. N., J; UNGERER,J, ZUBRICK,s.WILSON, Ki AINLEY,Ji BERTHELSEN,0; BROOM,
0; HARRISON,L; RODGERS,Bi SAWYER,Mi SILBURN,Si STRAZDINS,L; VIMPANI, G;
WAKE,Mi AND BITIMAN, M 2002. Introducing the Longitudinal Study of Australian
Children. Australian Council for Educational Research: Discussion Paper.

SCHULZ,K. F., ALTMAN, D. G. & MOHER, D. 2010. CONSORT2010 statement: updated
guidelihes for reporting parallel group randomized trials. Ann Intern Med, 152, 726-32.

SHEA,S., BASCH,C.E.,GUTIN, B., STEIN,A.D., CONTENTO, I.R., IRIGOYEN,M. & ZVBERT,P.
2004. The rate of increase in blood pressure in children 5 year of age Is related to changes
in aerobic fitness and body mass Index. Pediatrics, 94, 465-470.

SHERRIFF,A., MAITRA, A., NESS,A. R., MATIOCKS, C., RIDDOCH,C., REILLY,J. J., PATON, J. Y.
& HENDERSON,A. J. 2009. Association of duration of television viewing in early childhood
with the subsequent development of asthma. Thorax, 64, 321-325.

SIGMUND, E., SIGMUNDOVA, D. & ELANSARI, W. 2009. Changes in physical activity In pre
schoolers and first-grade children: longitudinal study In the Czech Republic. Child Care
Health Dev, 35, 376-82.

160



SIMONS-MORTON, B. G., O'HARA, N. M., PARCEL,G. S., HUANG, I. W., BARANOWSKI,T. &
WILSON, B. 1990a. Children's frequency of participation in moderate to vigorous physical
activities. ResQ Exerc Sport, 61,307-14.

SIMONS-MORTON, B. G., O'HARA, N. M., PARCEL,G. S., HUANG, I.W., BARANOWSKI,T. &
WILSON, B. 1990b. Children's frequency of participation in moderate to vigorous physical
activities. Research quarterly for exercise and sport, 61,307-14.

SIRARD,J. R.,TROST,S.G., PFEIFFER,K.A., DOWDA, M., PATE,R.R.2005. Calibration and
evaluation of an objective measure of physical activity in pre-school children. Journal of
Physical Activity and Health, 345-357.

SKOUTERIS,H., MCCABE,M., SWINBURN, B. & HILL, B. 2010. Healthy eating and obesity
prevention for preschoolers: a randomised controlled trial. BMC Public Health, 10, 220.

SPECKER,B. & BINKLEY,T. 2003. Randomized trial of physical activity and calcium
supplementation on bone mineral content in 3- to 5-year-old children. J Bone Miner Res,
18,885-92.

SPINKS,A. B., MACPHERSON,A. K., BAIN, C. & MCCLURE,R.J. 2007. Compliance with the
Australian national physical activity guidelines for children: relationship to overweight
status. J Sci Med Sport, 10, 156-63.

SPURRIER,N., MAGAREY,A., GOllEY, R., CURNOW, F. & SAWYER,M. 2008. Relationships
between the home environment and physical activity and dietary patterns of preschool
children: a cross-sectional study. International Journal of Behavioural Nutrition and Physical
Activity, 5,31.

STOKOLS,D., ALLEN,J. & BELLINGHAM, R. L. 1996. The social ecology of health promotion:
implications for research and practice. Am J Health Promot, 10,247-51.

STORY,M., KAPHINGST,K. M. & FRENCH,S. 2006. The role of child care settings In obesity
prevention. Future Child, 16, 143-68.

STRATTON,G. 2000. Promoting children's physical activity in primary school: an
intervention study using playground markings. Ergonomics, 43, 1538-46.

STRATTON,G. & MULLAN, E. 2005. The effect of multlcolor playground markings on
children's physical activity level during recess. Prev Med, 41, 828-33.

STRONG,W. B., MALINA, R. M., BLIMKIE, C. J., DANIELS,S. R., DISHMAN, R. K., GUTIN, B.,
HERGENROEDER,A. C., MUST, A., NIXON, P.A., PIVARNIK,J. M., ROWLAND, T., TROST,S.&
TRUDEAU, F. 2005. Evidence based physical activity for school-age youth. J Pediatr, 146,
732-7.

TAKAHASHI, E.,YOSHIDA,K., SUGIMORI, H., MIYAKAWA, M., IZUNO, T., YAMAGAMI, T. &
KAGAMIMORI, S. 1999. Influence Factors on the Development of Obesity In 3-Year-Old
Children Based on the Toyama Study. Preventive Medicine, 28, 293-296.

TAYLOR,H. & BAKER,D. 1997. Employment, parity and single parenthood: Their impact on
health in pregnancy. Journal of Reproductive and Infant Psychology, IS, 221-237.

161



TAYLOR,R.W., MURDOCH, L., CARTER,P., GERRARD,D. F.,WILLIAMS, S.M. & TAYLOR,B.J.
2009. Longitudinal study of physical activity and inactivity in preschoolers: the FLAME
study. Med SciSports Exerc,41,96-102.

TELAMA, R.,YANG,X., VIlKARI, J., VALIMAKI, I., WANNE, O. & RAITAKARI,o. 2005. Physical
activity from childhood to adulthood: A 21-year tracking study. American Journal of
Preventive Medicine, 28,267-273.

THOMAS, H. 2006. Obesity prevention programs for children and youth: why are their
results so modest? Health Education Research, 21, 783-795.

TIMMONS, B.W., NAYLOR,P. J. & PFEIFFER,K. A. 2007. Physical activity for preschool
children--how much and how? CanJ Public Health, 98 Suppl 2, S122-34.

TIMPERIO, A., SALMON, J. & BALL,K. 2004. Evidence-based strategies to promote physical
activity among children, adolescents and young adults: review and update. Journal of
Science and Medicine in Sport, 7,20-29.

TOSCHKE,J. A., VON KRIES,R., ROSENFELD,E.& TOSCHKE,A. M. 2007. Reliability of physical
activity measures from accelerometry among preschoolers in free-living conditions. Clin
Nutr, 26, 416-20.

TREVLAS,E., MATSOUKA, O. & ZACHOPOULOU,E.2003. Relationship between playfulness
and motor creativity in preschool children. Early Child Development and Care, 173,535
543.

TROIANO, R. P. 2009. Can there be a single best measure of reported physical activity? Am J
Clin Nutr, 89, 736-7.

TROST,S.G., FEES,B.& DZEWALTOWSKI,D. 2008. Feasibility and efficacy of a "move and
learn" physical activity curriculum in preschool children. J PhysAct Health, 5,88-103.

TROST,S.G., SIRARD,J. R., DOWDA, M., PFEIFFER,K. A. & PATE,R. R. 2003. Physical activity
in overweight and nonoverweight preschool children. Int JObes Relat Metab Disord, 27,
834-9.

TROST,S.G., WARD, D. S. & SENSO,M. 2010. Effects of child care policy and environment
on physical activity. Med SciSports Exerc, 42, 520-5.

TUCKER,P. 2008. The physical activity levels of preschool-aged children: A systematic
review. Early Childhood Research Quarterly, 23, 547-558.

TWISK, J. W. R.2006. Applied Multilevel Analysis, Cambridge University Press.
UK MET OFFICE.2012. UKMet Office, October 2009/ March 2010 [Online]. Available:
http://www.metofflce.gov.uklclimate/uk/2010/march.html[Accessed 18/02/2012 2012].

VALE,S., SANTOS,R.,SILVA,P., SOARES-MIRANDA,L. & MOTA, J. 2009. Preschool children
physical activity measurement: importance of epoch length choice. Pedlatr ExercSci, 21,
413-20.

162



VALE, S., SILVA, P., SANTOS,R., SOARES-MIRANDA, l. & MOTA, J. 2010. Compliance with
physical activity guidelines in preschool children. J Sports Sci, 28, 603-8.

VAN SLUIJS,E., SKIDMORE, P., MWANZA, K., JONES,A., CALLAGHAN,A., EKElUND, U.,
HARRISON,F., HARVEY,I., PANTER,J., WAREHAM, N., CASSIDY,A. & GRIFFIN,S. 2008.
Physical activity and dietary behaviour in a population-based sample of British 10-year old
children: the SPEEDYstudy (Sport, Physical activity and Eating behaviour: Environmental
Determinants in Young people). BMC Public Health, 8,388.

VAN SLUIJS,E. M., VAN POPPEL,M. N., TWISK, J. W., BRUG, J. & VAN MECHElEN, W. 2005.
The positive effect on determinants of physical activity of a tailored, general practice-based
physical activity intervention. Health Educ Res,20, 345-56.

VAN SLUIJS,E. M. F., MCMINN, A. M. & GRIFFIN,S.J. 2007. Effectiveness of interventions to
promote physical activity in children and adolescents: systematic review of controlled trials.
British Medical Journal, 335, 703.

VANDEWATER, E.A., BICKHAM, D. S., LEE,J. H., CUMMINGS, H. M., WARTElLA, E.A. &
RIDEOUT,V. J. 2005. When the Television Is Always On. American Behavioural Scientist, 48,
562-577.

VEITCH,J., BAGLEY,S., BALL, K., SALMON, J. 2006. Where do children usually play? A
qualitative study of parents perceptions of influences on childrens active free-play. Health
and Place, 12, 383-393.

VENTURA, A. & BIRCH,l. 2008. Does parenting affect children's eating and weight status?
International Journal of Behavioural Nutrition and Physical Activity, 5, 15.

VERBESTEl,V., VAN CAUWENBERGHE,E., DECOEN,V., MAES, l., DE BOURDEAUDHUU, I. &
CARDON, G. 2011. Within- and between-day variability of objectively measured physical
activity in preschoolers. Pediatr ExercSci, 23,366-78.

VERSTRAETE,S. J. M., CARDON,G. M., DECLERCQ,D. l. R.& DE BOURDEAUDHUIJ, I. M. M.
2006. Increasing children's physical activity levels during recess periods In elementary
schools: the effects of providing game equipment. The European Journal of Public Health,
16,415-419.

VINER, R. M. & COLE,T. J. 2005. Television viewing In early childhood predicts adult body
mass index. J Pediatr, 147,429-35.

VISWANATHAN, M., AMMERMAN, A., ENG, E., GARLEHNER,G., LOHR,K. N., GRIFFITH,D.,
RHODES,S., SAMUel-HODGE, C., MATY, S., LUX, l.,WEBB, l., SUTTON, S. F., SWINSON, T.,
JACKMAN, A. & WHITENER, l. 2004. Community-based participatory research: asseSSingthe
evidence. Evid Rep Technol Assess (Summ), 1-8.

WAKE, M., HARDY,P., CANTERFORD,l., SAWYER,M. & CARLIN,J. B. 2007. Overweight,
obesity and girth of Australian preschoolers: prevalence and soclo-economlc correlates. Int
JObes (Lond), 31, 1044-51.

WANG, Y. & LOBSTEIN,T. 2006. Worldwide trends in childhood overweight and obesity. Int
J Pediatr Obes, 1, 11-25.

163



WARD, D. S., VAUGHN, A., MCWILLIAMS, C. & HALES,0.2010. Interventions for Increasing
Physical Activity at Child Care. Medicine & Science in Sports & Exercise, 42, 526-534
10.1249/MSS.Ob013e3181cea406.

WARING, M., WARBURTON, P.& COY,M. 2007. Observation of children's physical activity
levels in primary school: Is the school an ideal setting for meeting government activity
targets? European Physical Education Review, 13,25-40.

WATSON, P. M., DUGDILL, l., PICKERING,K., BOSTOCK,S., HARGREAVES,1, STANIFORD,l.
& CABLE,N. T. 2011. A whole family approach to childhood obesity management (GOALS):
relationship between adult and child BMI change. Ann Hum 8iol, 38,445-52.

WELK,G. A. 2002. Physical Activity Assessments for Health-Related Research, Champaign,
IL, Human Kinetics Publishers ltd.

WILDSCHUT, H. I. & GOLDING, J. 1997. How important a factor is social class in preterm
birth? Lancet, 350, 148.

WILKINSON, K. M. 2008. Increasing obesity in children and adolescents: an alarming
epidemic. JAAPA, 21,31-6,38.

WILLIAMS, H. G., PFEIFFER,K. A., O'NEILL,J. R., DOWDA, M., MCIVER, K. l., BROWN, W. H.
& PATE,R. R. 2008. Motor Skill Performance and Physical Activity in Preschool Children.
Obesity, 16, 1421-1426.

WOSJE,K.S.,KHOURY,P.R.,CLAYTOR,R.P., COPELAND,K.A., KALKWARF,H.J., & DANielS,
S.R.2009. Adiposity and TV viewing are related to less bone accrual in young children. J
Pediatr. 154, 79-85.

WOOD, W., QUINN, J. M. & KASHY,D. A. 2002. Habits in everyday life: thought, emotion,
and action. J Pers Soc Psychol, 83,1281-97.

WORLD HEALTHORGANISATION1996. The Heidelberg guidelines for promoting physical
activity among older persons Geneva: World Health Organisation.

WORLD HEALTHORGANISATION1999. Obesity: Preventing and Managing the Global
Epidemic. Geneva: World Health Organization.

WORLD HEALTHORGANISATION2004. Global Strategy on Diet, Physical Activity and Health.
Geneva: World Health Organisation.

YAN,l H., THOMAS, J. R.& PAYNE,V. G. 2002. How children and seniors differ from adults
in controlling rapid aiming arm movements. In: HUMPHREY,C.A. (ed.) Motor development:
Research and Reviews (Vol. 2).

ZIMMERMAN, F. J. & CHRISTAKIS,D. A. 2005. Children's television viewing and cognitive
outcomes: a longitudinal analysiS of national data. Arch Pedlatr Ado/esc Med, 159, 619-25.

ZIMMERMAN, F. J. & CHRISTAKIS,D. A. 2007. Associations Between Content Types of Early:
Media Exposure and Subsequent Attentional Problems. Pediatrics, 120, 986-992.

164



Appendix 1

Study Related Documents

165



Participant information sheet and parental consent form (Study 1 and Study 2)

166



LIVERPOOL

SportsLinx
Pvffin; ClliltlfM firslf

Schoolof Sport and ExerciseSciences
Henry Cotton Building

15-21Webster St
Liverpool, L3 2ET

Dear parent/carer/guardian,

At Liverpool John Moores University (UMU) we are doing some research into
physically active play in children aged 3-5 years. We are focusing on the SportsLinx
6 week Active Play programme, which has been delivered in many children centres,
nurseries and early years foundation stage settings around Liverpool for
approximately 3 years. The research project will begin this Spring/ Summer and we
are writing to ask whether you and your child may be interested in taking part.

The project is looking to see how physically active play affects the physical activity
levels, skill ability, behaviour preferences and psychological well being of children.
The project will require children to take part in a 6 week Active Play programme
inside of school time; the Active Play sessions will take the place of your child's
usual physical activity sessions. During this time, we will ask them to take part in
some activities that are listed overleaf.

If you would like your child to take part in this project please return the
completed forms in the Invitation Pack to your child's teacher at school by
Monday zz'" February 2010.

We hope you consider taking part in our project and look forward to hearing from
you.

Yours sincerely,

Dr. Nicola Ridgers
Project Leader
RISES

Mareesa O'Dwyer
REACHGroup Research Officer
RISES
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LIVERPOOL JOHN MOORES
UNIVERSITY

PARENTAL CONSENT FORM

Title of project: Effect of a 6 week Active Play programme in Early Years settings in

Liverpool

Mareesa O'Dwyer and Dr Nicola Ridgers

Research Institute for Sport and Exercise Sciences

Please tick/cross the relevant boxes below:

1. I confirm that I have read and understand the information provided for the above
study. I have had the opportunity to consider the information, ask questions and
have had these answered satisfactorily.

2. I understand that my child's participation in the research is voluntary and that I am
free to withdraw him/her at any time, without giving a reason and that this will not
affect my legal rights.

3. I understand that any personal information collected during the study will be
anonymised and remain confidential.

4. I give permission for photographs to be taken of my child during the project, which
may be used for subsequent academic/promotional purposes associated with
Active Play and SportsLinx.

5. I am aware that some children will be filmed during the sessions for academic
purposes, and I give permission for my child to be filmed during these sessions.

6. I agree for my child to take part in the above study.
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Name of Child _

Childs School _

Name of Parent/Guardian: _

Signature: _

Date: _

Name of Researcher: Date: Signature:

Name of Person taking consent:

(If different from researcher)

Date: Signature:
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ASSENT FORM FOR CHILDREN I OTHER
DEPENDENTS

LIVERPOOL JOHN MOORES UNIVERSITY

Title of project: Effect of a 6 week Active Play programme in Early Years settings in
Liverpool

Mareesa O'Dwyer and Dr Nicola Ridgers

Research Institute for Sport and Exercise Sciences

Child (or if unable, parent/guardian on their behalf) to circle all they agreewith:

l. Has your child read (or have read to) the information about this project? Yes/No

2. Has somebody else explained this project to your child? Yes/No

3. Does your child understand what this project is about? Yes/No

4. Has your child asked all the questions they want to ask? Yes/No

5. Has your child had their questions answered in a way they understand? Yes/No

6. Does your child understand that it's OK to stop taking part at any time? Yes/No

7. Is your child happy to take part? Yes/No

If £!!Y..answers are 'no' or your child doesn't want to take part, don't sign your name!

If your child does want to take part, you can write your name below

Your child's name _

Date _

Your parent or guardian must write their name here if they are happy for you to do the

project.

Print Name _

Sign _

Date

170



Child's Medical Form

~'{ .... I I V A r p 0 0 I-..'')JMU411,\

This form should be completed as accurately as possible by the carer/parent/guardian.

All information will remain confidential. The form is designed to ensure that your child

has no medical condition/illness that might compromise their safety to take part in the

project. It will also be available in case of emergency

Name of child: _

Ethnicity: _ Date of Birth: _

Full Address: _

________________ PostCode: __

Home Tel No.: Parent/Guardian Mobile No.: __

Emergency Tel No.: _

,-yis-·-·--rNO------
Has your child ever had any surgery?

- 1--._._------
Hasyour child ever suffered from any injuries?

Has your child recently suffered from any illness? (in the last 3 month

Has your child been involved in any major accidents?
-_.- ------_._.

Is your child currently being treated by your doctor?
......__ .__._._-_.__ ._---_ .._-----_._,._----_ ... -
Is your child on any long term medication?

G-------·-·-···---------
Was your child born pre-term?

._.......... _ .....__ .....- ...................... __.._._ ...... _._._ ........... H._ .. _ ...__H.__ ..... ______..... _ ...._-_._ ....-.._-_.__ ._._--.__ ..._-------_ ..._--------._. __ ..__ .._-- ---_._--._ .---.---.--
Does your child have problems with:

------_._------_._-
• hearing
---__ .._------------_._--_ ...._---_._-_._-_. __ ._---
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• vision

• bones/joints

• co-ordination

• diabetes

• epilepsy

• respiratory problems

• heart problems

Is your child allergic to any medication?

Does your child carry any medication in case of emergency?

Is there any history of heart disease in the Childs family?

Is there any history of high cholesterol in the Childs family?

Is there any history of high blood pressure the Childs family?

Is there any family history of unexplained sudden death?

1/ you have answered YES to ANY questions please provide relevqnt

detail OR

anything else that may be relevant t.e. any other medical

conditions/Issues;
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(Parents Questionnaire)

LIVERPOOL JOHN MOORES UNIVERSITY

PARTICIPANT INFORMATION SHEET

Title of Project Effect of a 6 week Active Play programme in Early Years settings in Liverpool

Mareesa O'Dwyer and Dr Nicola Ridgers

Research Institute of Sports and Exercise Sciences

1. What is the purpose of the study?
The main purpose of the research project is to investigate the delivery of the Active Play

programme and also see what effect it has on activity levels, behaviour change, well being

and as well as other components of physical fitness including fundamental movement skills

in children aged 3-5 years. These outcome measures will be assessed before, after and

during the Active Play programme using a variety of different measurement tools one of

which is a parental characteristics questionnaire which we are asking you if you would like

to complete.

2. Do I have to take part?
No. It is up to you to decide whether or not to take part. If you do you will be given this
information sheet and asked to complete the questionnaire. You are still free to withdraw

at any time and without giving a reason. A decision to withdraw will not affect your
rights/any future treatment/service you receive.

3. What will happen to me if I take part?
• You will be asked to fill out a questionnaire which asks you your date of birth,

where you live, your ethnicity, about your role in your family, your marital status
and your qualifications.

• It will take approximately 15 minutes to fill out the questionnaire.
• You will return the questionnaire to your child's teacher in a sealed envelope. It will

then be passed on to the Active Play research team.

4. Are there any risks I benefits involved?
There are no risks or discomforts involved in this research. You will be asked to give up
approximately 15 minutes of your time to complete the questionnaire.

5. Will my taking part in the study be kept confidential?
In order to protect subject anonymity all participants who consent to be involved in the
focus groups will be given a unique identifying code, which will be used in all data
spreadsheets that will be shared or discussed through different media. One spreadsheet

that contains information concerning names and codes will be held by the main applicant

(MOD), but will be separate to the data spreadsheets. All personal data will be treated with
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confidentiality, with paper archives being kept in a locked facility within UMU, digital
archives and spreadsheets being password protected, and audio tapes being kept in a
secure lockedoffice
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Parents Active Play Questionnaire (Study 2)
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Parents Active Play Questionnaire (#1)

IMPORTANT INFORMATION

BY COMPLETING THIS QUESTIONNAIRE YOU CONSENT TO:

1. Having read and understood the information provided for the above study, had the opportunity
to consider the information, ask questions and have had these answered satisfactorily.

2. Understanding that your participation is voluntary and that you are free to withdraw at any
time, without giving a reason and that this will not affect your legal rights.

3. Understanding that any personal information collected during the study will be anonymised and
remain confidential.

4. To take part in the above study.

PLEASE ANSWER THE FOLLOWING QUESTIONS BY CIRCLING THE APPROPRIATE WORD/NUMBER,
TICKING THE APPROPRIATE BOX(ES) OR FILLING IN THE BLANK SPACES

AT THE BACK OF THIS PACK YOU WILL FIND A BLANK PAGE FOR ADDITIONAL COMMENTS.

Question 1:

Your child's class: Nursery Deception Oase tick)

If nursery, is it Morning 0 Afternoon Olease tick)

Your child's gender: Male o Female (Oase tick)

Question 2:

Your child's birth weight: _

Your child's birth height: _

Question 3:

What is the relationship between you and the child involved in the Active Play

programme? Please tick one box.

I am the child's biological parent o
I am the child's legal guardian o
I am the child's carer o
Other o Please specify

What is your gender? Please tick one box.

Male 0 Female 0
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Question 4:

Your Full Postcode: e.g. L17 9QW

Question 5:

What is your ethnicity? Please tick one box.

White English (in England) 0

White Welsh (in Wales) 0

Other White British 0

White Irish 0

Other White background 0

Mixed: White and Black Caribbean 0

Mixed: White and Black African 0

Mixed: White and Asian 0

Mixed: Other Mixed background 0

Indian 0

Pakistani 0

Bangladeshi 0

Chinese 0

Other Asian background 0

Black Caribbean 0

Black African 0

Other Black background 0

Arab 0

Gypsy/Romany/Irish Traveller D
Other Ethnic Group Olease specify: _
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Question 6:

What is your current marital status? Please tick appropriate box.

Single D

Married D

Civil partnership D
Divorced D
Separated D
Widowed D
Co- habiting D

About Your Qualifications:

Question 7 (a)

Do you have any GCSE'sor O-Levels?

Yes D How many? _

No D

Do you have any CSE's?

Yes D How many? _

No D

Do you have any Scottish Standard Grades?

Yes D How many? _

No D

Do you have any AS-Levels?

Yes D Howmany? _

No D

Do you have any A-Levels?

Yes D Howmany? _

No D

Question 7 (b)
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Have you achieved any qualifications listed below? Please tick all that apply to you.

Trade Apprenticeship 0

BTEC(Edexcel) First or general diploma with credit 0

City and Guilds Higher Operative/ Craft Part 2 0

GNVQ Intermediate level 0

LCCIcertificate (second level) 0

Full NVQ level 2 0

PElstage 2 0

RSA(OCR)Diploma 1 0

Pitmans intermediate level 2 0

ONC 0

OND 0

City and Guilds Advanced Craft/ Part 3 0

Full NVQ31 0

GNVQ Advanced; or LCCIdiploma (third level) 0

Pitmans Level 3 Advanced Higher Certificate 0

RSA(OCR)Stage 3 Advanced 0

Certificate/ Diploma 0

BTEC(Edexcel) SCOTVECNational Certificate/ Diploma 0

ESOLand Foreign Languages advanced awards 0

Access to Higher Education courses 0

Question 7 (c)

Do you have any of the following: a first (bachelors) degree (e.g. BA, BSc),or HNCi HND;
BTEC(Edexel) Higher National Certificate/Diploma; Higher education certificate; Higher
education diploma; LCCIadvanced; full NVQ level4i Nursing SRN;Teaching qualification;
RSAHigher diploma)?

No, none of these 0

Yes, one or more, all completed more than 3 years ago 0
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Yes, one or more, including at least one completed in the last 3 years 0

Question 7 (d)

Do you have a higher degree (e.g. PhD, DPhil, MPhil, MSc, MBA) or any other Post-graduate

qualification (e.g. full NVQS; other high level professional qualification such as chartered
accountancy)?

No, none of these 0

Yes, one or more, all completed more than 3 years ago 0

Yes, one or more, including at least one completed in the last 3 years 0

Do you have any other academic or technical qualification that we haven't mentioned? If

Yes, please give full name as well as abbreviations

Yes 0 What is the name of this qualification(s)? _

No 0

Question 8 (a)

Which best describes your current situation? Please tick one box.

Paid a salary or wage by an employer 0

Paid a salary or wage by an agency 0

Sole director of own limited business 0

Running or a partner in a business or professional practice 0

Working for yourself 0

A sub-contractor 0

DOing freelance work 0

Not working at the moment 0

Don't Know o
Question 8 (b)

What is your current occupation? If you are unemployed at this present time, please state
'unemployed' in the space provided.
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Nearly done .•••

Your signature: _

Tel no. where we can contact you if necessary: _

What time of day would best suit you? _

Your name: (capitals) _

Your child's name: (capitals) _

Please give the date on which you completed this questionnaire: DD/rvlM/20iY

Please give your date of birth: DD!MfVl/19'iY

Thank you for taking the time to complete our questionnaire.

Participant information sheet and parental consent form,
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School of Sport and Exercise Sciences

Liverpool John Moores University

Byrom Street

L32AF

Dear parent/carer/guardian,

At Liverpool John Moores University we are doing some research into physically active play in
children aged 3-5 years. We are focusing on the SportsLinx Active Play programme, which has been
delivered in many early years settings around Liverpool. The research project will begin this
September and we are writing to ask whether you and your child maybe interested in taking part.

The project is looking to see how physically active play affects the physical activity levels of children.
The project will require children to take part in 5 Active Play sessions over a 10 week period, inside
of children centre time. During this time, we will ask the children to take part in some activities that
are listed overleaf. We will also run 5 workshops over 10 weeks for parents/carers/guardians of
children taking part in the Active Play programme. These workshops are designed to help parents
make positive changes to their children's physical activity levels by giving them ideas and advice
about playing with younger children. These workshops will also be run at the children's centre.

Ifyou are interested, the accompanying Information Pack has all the information you need to help you
decide whether you and your child would like to be part of this new project. This project will provide
an interesting, enjoyable and rewarding experience for everyone involved, and help promote physical
activity, positive behaviour and learning.

If you would Uke your child to take part in this project please return the completed forms in the
Invitation Pack to a member of staff at your children's centre by Wednesday 7t11 of September.

We hope you consider taking part inour project and look forward to hearing from you.

Yours sincerely,

~~
Mareesa O'Dwyer

PhD Research Student
Research Institute of Sports and Exercise Science
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LIVERPOOL JOHN MOORES UNIVERSITY

Title of Project Investigating the effects of a 10 week Active Play programme in
Early Years settings in Liverpool

Researcher: Mareesa O'Dwyer

Department: Research Institute of Sports and Exercise Sciences

What is the aim of this project?

The aim of the project is to find out if the Active Play Programme:

• Changes how much physical activity your child participates in

• Investigate whether involving parents/carers/ guardians in the Active Play
programme makes a difference to your child's physical activity levels

Why are we doing this project?

Our previous research with Liverpool preschool children tells us that children are
not taking part in enough physical activity and playtime to benefit health. We have
designed an Active Play programme for children and some workshops for parents,
which we believe will increase physical activity levels and encourage parents to
provide more active play opportunities for their children. Given the young age of

the children, we believe that involving parents/carers/ guardians is Important if we
want to see a difference. For this reason we are also inviting the parents to be part
of this research project.

Does your child have to take part?

No. It is up to you to decide for your child to take part. If your child does take part
you will be given this information sheet and asked to sign a consent form. You and
your child are free to withdraw at any time and without giving a reason. A decision
to withdraw will not affect your childs rights/any future treatment/service you
receive.

Can your child take part?

Are they aged between 3-5 years old and attend children's centre11f the answer to

these questions is YESthen your child can take part.
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What does your child do in the project?

All of the children's centres that take part in the study will be split into two groups.
This decision will be at random (in a lottery draw). Each of the groups is described

on the next page.

Group 1(Intervention)

Children attending centres in this group will take part in a 10 week Active Play
programme beginning in September (5 sessions over 10 weeks). These sessions will
be delivered by one of our Active Play workers. Our Active Play workers are
employed by SportsLinx. They are qualified sports coaches with experience in
delivering Active Play sessions to children aged 3-5. The Active Play sessions being
delivered will take place within the childrens centre day. This time will be agreed
with each of the children's centres and parents will be informed about this. Each

child in this group will get to wear an activity monitor before and after the
programme. Parents/carers/guardians of children attending children's centre in this

group are asked to attend all of the workshops. These workshops will include topics
such as; getting your children active at home, ideas about what to do in your local
community to stay active and games ideas aimed at improving movement skills.

Group 2 (Comparison)

Children attending centres in this group will not take part in the Active Play
programme. They will just do what they usually do in terms of attending children's
centre. Each participant in this group will also get to wear an activity monitor at two
different time points. Parents/carers/guardians of children's attending children's
centre in this group will receive some physical activity information.

Other thinp that we'll be doing

As part of this project we will be collecting some information about each of you as
parents/ carers/ guardians and also about your child. You will be provided with a
separate information sheet and consent form for this questionnaire.

The research team will visit your child's children's centre over the duration of the
programme and do some data collection with your child and take some
measurements -all are explained below. We have broken it up into what your child
will be doing at the children's centre and what they will be doing at home.

What we will do when we visit the children's centre:

Height and weight measurements

We will measure your child's height and weight.
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Physical activity monitoring

Children: We will ask your child to wear a little gadget called an activity monitor

(also known as an accelerometer) around their waist every day for 7 days to see
how active they are. They can wear it all the time except when taking a bath or
shower, when going swimming or when in bed. They will be given it at the
children's centre and asked to wear it at home too. It doesn't get in the way and
children soon forget they have them on. You will not have to press any buttons or
set this gadget just simply put it around your child's waist. Children will be asked to
wear this before and after the ten weeks Active Play programme. It is really
important that you encourage your child to wear this all the time. After the 7 days
you or your child can return the activity monitor to your child's teacher and a
member of the research team will collect it at the children's centre. If you agree, we

can also send you a reminder text message to put the monitor on your child each
morning.

Parents: We will also be asking some parents to wear activity monitors for the same
7 days as their children. This will help the children wear the monitor when they see
their parents wearing them.

Discussions with parents/carers/guardians

Before and after the 10 week Active Play programme, we will conduct some
discussions with some parents/carers/guardians. These discussions will investigate
how you felt about the programme, what you learnt from the programme and how
you plan to integrate what you learnt into your family's life.

What you and your child will do at home:

A parents/ carers/guardians questionnaire

We will ask you fill out a questionnaire at the beginning of the programme, which
will tell us a bit about you and your families' background.

A home task

During the workshop each week, we will set a task for you and your child to do at
home. A sample task might be to practice the fundamental movement skills we
discussed at the workshop. If you agree, we can also send you a text message to
remind you to complete the home task.

What are the benefits of your child taklnl part In the project?
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• If they are in the intervention group, they will get to take part in a 1 hour
session of fun and games in the children's centre for a period of 10 weeks with
one of our Active Play workers.

• If your child takes part in this study he/she will adding to a new research area
and therefore informing the design of more programmes like Active Play in the
future for children all over liverpool and the UK.

• The findings of the project will be made available to the children's centre, which
will allow them to improve their physical activity service for parents and
children

• You will receive a £10 shopping voucher if you complete the programme, fill out
your log books and return your activity monitors.

What is expected of the parent/carer/guardian?

• We ask you to show enthusiasm and support the project. You are a really
important part of this project and we cannot complete it without you.

• We ask you to attend each of the workshops and complete the home tasks.

• Please encourage your child to wear the accelerometer to the children's centre,
at home and at the weekends when they have it.

• If you are in the intervention group, please complete the home task with your
child and fill out the log book.

I'm interested in my child taking part in the project, what do I do now?

If you are interested in your child taking part, this is what to do next:

1) You as the parent/carer/guardian should fill in the Consent Form within this
pack.

2) You and your child should fill in the Assent Form within this pack. You can
verbally read this out to your child and tick the boxes on their behalf.

3) You, as the parent/carer/guardian should fill in the Medical Form.
4) When you have filled in these 3 forms you should return them to a member

of staff at the children's centre no later than 9th of September. Forms
received after this date may not be considered for the project.



What will happen next?

Our Active Play team will contact the children's centre to arrange some dates for
data collection and the Active Play programme and workshops. In September 2011,
our research team will visit the children's centre your child attends. We will take

some of the measures outlined above. During October, November and December
you and your child will begin the Active Play programme (that is if you are in the
intervention group). This will take up approximately one hour per week. Once this
programme finishes (in early December 2011) our research team will re-visit the
children's centre and take some more measurements. We realise that this is the
Christmas period and it will be very busy in children's centres; we therefore
appreciate your co-operation around this time.
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Important In/ormation

CRIMINAL RECORDBUREAU (CRB)CHECKS

All members of the Active Play delivery and research team are fully qualified and

CRBchecked.

CONFIDENTIALITY

All collected information will be stored securely at Liverpool John Moores
University, and only people working on this project will have access to the
information generated. Any information that is subsequently used in reports or
future publications will not contain names of participants. Unique identifying
codes, known only to the research team, will be used when discussing collected

information.

PARTICIPATION

Please note that you can choose whether or not you would like to take part. It is
voluntary. If you begin to take part and change your mind, you can stop taking part
at any time. You do not have to tell us why.
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LIVERPOOL JOHN MOORES UNIVERSITY

PARENTAL CONSENT FORM

Title of project: Investigating the effects of a 10 week Active Play programme in
Early Years settings in Liverpool

Researcher: ~areesa O'Dwyer

Department: Research Institute of Sports and Exercise Sciences

Please tick/cross the relevant boxes below:

7. I confirm that I have read and understand the information provided for the
above study. I have had the opportunity to consider the information, ask
questions and have had these answered satisfactorily.

8. I understand that my child's participation in the research is voluntary and that I
am free to withdraw him/her at any time, without giving a reason and that this
will not affect my legal rights.

9. I understand that any personal information collected during the study will be
anonymised and remain confidential.

10. I give permission for photographs to be taken of my child during the project,

which may be used for subsequent academic/promotional purposes associated
with Active Play and SportsUnx.

11. I am happy for you to send me reminder text messages

12. I agree for my child to take part in the above study.

Name of Child _

Name of Parent/Guardian: _

Signature: Date: _
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LIVERPOOL JOHN MOORES UNIVERSITY

ASSENT FORM FOR CHILDREN I OTHER DEPENDENTS

This form should be completed as accurately as possible by the carer/parent/guardian.

All information will remain confidential. The form is designed to ensure that your child

has no medical condition/illness that might compromise their safety to take part in the

project. It will also be available in case of emergency

Name ofchild:, _

Ethnicity: _

Full Address:, _

Date of Birth: _

______________ P05tCode: _

Parent/Guardian Mobile No.: _Home Tel No.: _

Emergency Tel No.:, _

YES NO

Has your child ever had any surgery?

Has your child ever suffered from any injuries?

Has your child recently suffered from any Illness? (In the last 3 month

Has your child been Involved in any major accidents?

Is your child currently being treated by your doctor?

Is your child on any long term medication?

Was your child born pre-term?

Does your child have problems with:

• hearing
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• vision

• bones/joints

• co-ordination

• diabetes

• epilepsy

• respiratory problems

• heart problems

Is your child allergic to any medication?

Does your child carry any medication in case of emergency?

Is there any history of heart disease in the Childs family?

Is there any history of high cholesterol in the Childs family?

Is there any history of high blood pressure the Childs family?

Is there any family history of unexplained sudden death?

If you have answered YESto ANY questions please provide re/evqnt

detail OR

anything else that may be relevant l.e. any other medical

conditions/issues;
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Parents and carers active play questionnaire (Study 3)
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Active Play Parents and Carers Characteristics Questionnaire

Section 1. General Information

3. What Is your relationship to the child In the programme? Please circle

your answer.

1. Mother

2. Grandparent
3. Other (please state) _

4. Father

5. Guardian

4. How old are you? Please circle your answer.

1. Less than 20 years old

2. 20- 29 years

3. 30- 39 years

4. 40- 49 years

5. SO- S9 years

6. 60- 69 years

7. More than i (Day/month/year)

5. What Is your current marital status? Please circle your answer.

1. Single 5. Divorced

2. Married 6. Widowed

3. Uvlng with partner 7. Never married

4. Separated

6. What Is your primary ethnic background? Please circle your answer.

1. White

2. Black Caribbean

3. Black African

4. Black other (please give details)

5. Indian

6. Pakistani

7. Bangladeshi

8. Chinese

9. Other (please give details)
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7. What 15your current level of education? Please circle your answer.

1. Completed GCSE's or equivalent

2. Completed A-Levels, STEC or equivalent

3. Technical or trade certificate e.g. carpenter, electrician

4. University or tertiary qualification e.g. SA, SSe, MSc, PhD

5. None of the above

8. What 15your home postcode?
[ [ [ [ [ [ [ [

9. Excluding the child In this programme, how many other children
(brother, sisters, step-brothers, step-sisters, foster children, etc.) under
the age of 18 currently live In the same house as the study participant?
Pleaseenter number below?

What are their ages and gender?
Years Months Gender (please circle)

Child 1 Boy Girl

Child 2 Boy Girl

Child 3 Boy Girl

Child 4 Boy Girl

Child 5 Boy Girl

Child 6 Boy Glr

Child 7 Boy Girl
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Section 2. Home and neighbourhood

10.What best describes the outdoor area within your home perimeter?

Please circle the answer.

1. No space at all

2. A small space

3. A medium space (e.g. a standard block of land)

4. A large space(e.g. V4 acre/ lOOOm2 or more)

11. Do you have access to any of the following facilities

within your backyard or home environment? Please circle

all answers which apply

1. Large play equipment (e.g. swing set, climbing frame, slide)

2. Area suitable to ride a tricycle, bike, scooter, etc.

12. How many of the following Items are In your home?

1. Television sets

2. OVO or video players

3. Electronic game consoles (PlayStatlon, Nlntendo, X-Box, WII,

OS)

4. Computers (laptop, desktop, IPad)

13. Do you have the following connection In your home?

1. Internet

2. Pay television

14. Is there a television In your child's bedroom?

15. Does your neighbourhood have the following
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Yes No

How many?

Y_ No

CJCJ
CJCJ

Y_ No Not



places or facilities where your child can be active?

Please circle all answers which apply

sure

1. Playground

2. Communal'green' or field

3. Publicpark

s. Fitnessgym with preschoolactivities

CJ CJCJ

CJ CJCJ

CJ CJCJ

CJ CJCJ

CJ CJCJ

CJ CJCJ

CJ CJCJ

4. Publicswimming pool

6. Clubthat offers activities! sports for young children

7. Openand accessiblenatural spacesareas (e.g.

beaches,rivers, woods)

16. Do you own a pet? If so, please list the number and types of all the

pets In your home.

17. How long did your child spend In a car, In total. LAST WEEK?

Saturday

CJ Hours CJ Minutes

CJ Hours c:J Minutes

Weekdays (Monday - Friday)

Sunday CJ Hours c:J Minutes

18. How often did your child walk (e.g. to a friend's house, to the shop,

to the park, to chlldcare, etc.) to get around your neighbourhood LAII
WEEK? (Pleasetick only one box)

NotatallCJ 1-2 daysc:J 3-4 daysCJ 5-7 daysc:J
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Section 3. About your child

19. Pleasestate your child's birth weight _

20. Which child care facilities did your child attend LASJWEEK?Please
circle all answers which apply

1. None --+ please go to Q.21
2. Informal child care (grandparents, friends, older brother/ sister)

3. SureStart children's centre

4. Private day carel nursery

5. Preschool (reception class at school)

21. Doesyour child have any diagnosed physical or medical condition
that affects his/her ability to play and be physically active? Pleasecircle
the answer

1. No
Yes (please state nature of condition) _

22. How well do these statements describe your child? Pleasetick SUlA
.IHm for each statement.

Never Rarely Occasionally Frequently All the time

My child Is very active [:J [:J [:J

My child needs me to

motivate hlm/ her to

play [:J

My child needs

company to be

motivated to play
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23. How active would you rate your child compared to other children?

Please circle the answer

1. A lot less active

2. Less active

3. The same

4. More active

5. A lot more active

24. Does your child eat his/her meals In front of the television? Please

circle the answer

1. Not at all or rarely

2. 1meal a day

3. 2 meals a day

4. 3meals a day

25. Does your child attend any organised physical activity or sports (e.g.

swimming, lumping lacks. Dads n'Lads) during the week? Please circle

the answer

1. No

2. Yes

If you answered yes to the last question, can you tell us how much time

your child spends at this activity typically EACHWEEK?

Name of organised activity Total time usually

spent In that activity

each week

Swimming Hours Minutes

Active programme (e.g. lumping lacks, Gym

Tots)

Hours Minutes

Dance Hours Minutes
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Sport: Name the sport _

Other: Name of activity _

Section 4. About you

26. Have you ever played sport lit II competitive level? (e.g. for II school

team, youth club team, local club) Plellse tick one box

D I have participated in sport at a competitive level

D I have never participated In sport at a competitive level

If you answered YES,hllve you ever partlclpllted In II sport lit II•••••?

(please tick a/l boxes thllt apply)

1. Amateur/Club level Youth (0- Adult (18+
18years) years)

2. County level Youth (0- Adult (18+
18years) years)

Youth (0- Adult (18+
18years) years)

3. National level

Youth (0- Adult (18+
18years) years)

4. European/World Championship
level

Thank you for completing this questionnaire 0

Please return to the children'. centre with your activity monitor.
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200



Journal Articles

O'Dwyer. M.V .. Foweather, L., Fairclough, S., Knowles, Z., Ridgers, N., Stratton,
G. (under review) Objective measure of moderate-to-vigorous physical activity
patterns in preschool children, Journal of Physical Activity and Health.

O'Dwyer. M.V .• Foweather, L., Fairclough, S., Knowles, Z., Ridgers, N., Stratton,
G. (under review) Effect of a school-based active play intervention on sedentary time
and physical activity in preschool children, International Journal of Behaviour,
Nutrition and Physical Activity.

O'Dwyer. M.V .. Foweather, L., Fairclough, S., Knowles, Z., Stratton, G. (under
review) Effect of a family focused active play intervention on sedentary time and
physical activity in preschool children, International Journal of Behaviour, Nutrition
and Physical Activity.

O'Dwyer. M.V .. Graham, E., Knowles, Z. (under review) Preschool children's
physical activity: Perceptions, practice and movements towards policy, Early Years
International Journal.

O'Dwyer. M.V., Foweather, L. Stratton, G. & Ridgers, N.D. (2011) Physical activity
in non-overweight and overweight UK pre-school children: Preliminary findings and
methods of the Active Play Project, Science and Sports, 26, 6, 345-349.

Book Chapter

O'Dwyer. M.V., Knowles, l.R., Ridgers, N.D. & Stratton, G. (2011) Physical
activity, play and the pre-school years. Paediatric Exercise Science, Nova Science
Publishers, NY.

Short Communications

O'Dwyer. M.V., Knowles, z; Fairclough, S.1., Ridgers, N.D., Foweather, L.,
Stratton., G. (2011) Can a 6 week school based Active Play intervention increase
moderate-to-vigorous physical activity and decrease sedentary behaviour? European
Group of Paediatric Work Physiology XXVII Biennial Conference.

O'Dwyer. M.V., Foweather, L., Stratton, G. and Ridgers, N. (2010) Differences in
physical activity between non-overweight and overweight preschool children,
Science and Sports, 25, 15.

Ridgers, N. O'Dwyer. M.V. and Stratton, G. (2010) The physical activity and play
behaviours of pre-school children during lunch recess, Science and Sports, 25, 12.

Conference Proceedings (Oral)

O'Dwyer. M.V., Knowles, z; Fairclough, S.1., Ridgers, N.D., Foweather, L.,
Stratton., G. (2011) Can a 6 week school based Active Play intervention increase
moderate-to-vigorous physical activity and decrease sedentary behaviour? European
Group of Paediatric Work Physiology XXVII Biennial Conference.

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Within day variability of objectively measured physical activity during

201



weekdays and weekend days in preschool children (2011) 16th Annual Congress of
the ECSS, LJMU, UK.

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Can a 6-week school based Active Play intervention increase moderate-
to-vigorous physical activity or are we missing something? (2011) ECSS Pre-
conference Symposium, LJMU, UK.

O'Dwyer. M.V. and Knowles, Z., (2011) Active Play: what we did and what made a
difference. UMU Child Health Seminar: We are all in this together. The REACH
Group, UMU, UK.

O'Dwyer. M.V., Foweather, L., Stratton, G. and Ridgers, N.D. Differences in
habitual physical activity between non-overweight and overweight pre-school
children (2010) The 1st European Congress on Physical Activity and Health among
Young Children (0-6 years), France.

O'Dwyer. M.V., Ridgers, N.D. and Stratton, G. The Active Play Project (2009)
Liverpool Active City Breakfast Seminar, LJMU, UK.

Conference Proceedings (poster)

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Can a 6-week school based Active Play intervention increase moderate-
to-vigorous physical activity and decrease sedentary behaviour? (2011) 16th Annual
Congress of the ECSS, LJMU, UK.

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Can a 6-week school based Active Play intervention increase moderate-
to-vigorous physical activity and decrease sedentary behaviour? (2011) Physical
activity and sedentary behaviour interventions for children and young people: From
Robust Research to Reality in Practice, ECSS Pre-Conference Symposium, UMU,
UK.

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Can a 6-week school based Active Play intervention increase moderate-
to-vigorous physical activity and decrease sedentary behaviour? (2011) Institute of
Health Research, UMU, UK.

O'Dwyer. M.V., Knowles, Z., Fairclough, S.J., Ridgers, N.D., Foweather, L. and
Stratton. G. Can a 6-week school based Active Play intervention increase moderate-
to-vigorous physical activity and decrease sedentary behaviour? (2011) Faculty of
Science Post Graduate Research Day, UMU, UK. [Prize Winner: joint second
place]

O'Dwyer. M.V., Stratton, G. and Ridgers, N.D. Assessing physical activity in
preschool children using accelerometry (2010) The 3rd International Congress on
Physical Activity and Public Health, Canada.

202


