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ABSTRACT

Children do not engage in sufficient amounts physical activity, to promote fitness and
motor competence, which is essential for children’s health, growth, and development.
More evidence is required on physical activity levels, associations between motor
competencies and fitness, and perhaps most importantly, the potential long-term
effects of the COVID-19 pandemic. The overarching aim of this research was to
investigate children’s physical activity, fitness, and motor competence. Given the
COVID-19 pandemic and unprecedented impact that had on individual behaviours
whilst this project was ongoing, this research also investigated the impact of this on
physical activity levels in children before, during and in the recovery from the
pandemic.

Study one synthesised pre-pandemic data to produce the Active Healthy Kids Wales
2021 Report Card. The results highlighted that 8/11 grades remained the same or
decreased between 2016 and 2018. For deeper insight the second investigation found
that physical fitness was associated with swimming and cycling competencies after
accounting for age, body mass index, deprivation, gender, and sports club attendance
and our third study, revealed a significant inequality in motor competence between
children with and without additional learning needs.

The natural experiment that occurred through COVID-19 allowed for the fourth piece
of empirical work to use a qualitative approach to explore parents and children’s
perceptions of children’s physical activity and sedentary behaviours within the home
during the first lockdown of the COVID-19 pandemic. Results revealed a decrease in
the children’s physical activity and an increase in sedentary behaviour; with barriers
to physical activity including home-schooling and access to media equipment and
facilitators including siblings and outside space. As an extension to study 4, the final
study explored changes in children’s physical activity and sedentary behaviour at three
time points throughout the pandemic. Reductions in children’s autonomy and
relatedness during the lockdown restrictions led to decreases in physical activity and
increases in sedentary time, some of which remained low when restrictions were eased.

This novel body of research reiterates children’s low levels of physical activity while
noting the importance of swimming and cycling competencies for fitness. Moreover,
children’s activity remains below pre-COVID levels and public health messages for
parents and teachers are imperative for children’s healthy development and wellbeing.
There remains a need for additional nationwide mixed-methodology research into
these levels and attributes of children’s physical activity.
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1. INTRODUCTION

1.1 RATIONALE & BACKGROUND

Physical inactivity is the fourth leading cause of mortality worldwide (World Health
Organisation, 2010) and is therefore a major public health concern. Children and
young people are not meeting the recommendations for daily physical activity
(Guthold et al., 2018); which is having negative implications on their physical (Hills
et al.,, 2011) and mental health (Biddle & Asare, 2011). Low levels of childhood
physical activity have been correlated to the growing frequency of overweight and
obesity within children (World Health Organisation, 2022). Inactive children are likely
to become inactive adults (Telama et al., 2014), leading to further negative health
outcomes such as heart disease, hypertension, and certain types of cancer (Cleven et
al., 2020; Lee, 2003). In Wales specifically, where this body of doctoral work is set,
levels of children’s physical activity are particularly low when compared to other
developed countries (Aubert et al., 2018); alas, there are also high rates of overweight

and obesity in children and young people in Wales (Crowther et al., 2022).

According to Stodden’s Developmental Model (Stodden et al., 2008), physical activity
is associated with motor competence and physical fitness. All three elements, physical
activity (Kohl et al., 2013), fitness (Boddy et al., 2012; Stratton et al., 2007;
Tomkinson et al., 2019), and motor competence (Duncan et al., 2022) levels in children
have been declining over the decades and this has led to an increase in research in this
area to inform interventions, with the aim of reversing the downward trend. Evidence
has recently been scrutinised for this Developmental Model and Barnett et al. (2022)
has proposed the strength of links between physical activity, motor competence and
physical fitness. However, a larger evidence base is needed to provide further clarity
about the strength and depth of these associations in larger, more representative

samples and in different population groups, such as those living with disabilities.



Research has shown that the COVID-19 pandemic, which swept the world in 2020,
had a profound impact on children’s levels of physical activity (Jago et al., 2023;
Yomoda & Kurita, 2021), and physical fitness (Chambonniére et al., 2021). This also
had a detrimental impact on body composition, with more children being classified as
obese or overweight than before COVID-19 (Jarnig et al., 2021). There are
inconsistent findings from work examining the impact of the pandemic on children’s
motor competence, however, some have indicated a decline in motor competence
assessments (Chambonniére et al., 2021; Pombo et al., 2021). Further, emerging
evidence suggests that levels of motor competence in children have not recovered since
the lifting of pandemic restrictions (Carballo-Fazanes et al., 2022). The longer-term
effects of the pandemic are yet to be seen and longitudinal research is warranted to do
this.

Although there is a substantial, existing evidence base on children’s physical activity,
fitness, motor competence, and of children particularly during the COVID-19
pandemic, there is a lack of population-level data. Population-level explorations allow
for subgroup analysis, such as gender, ethnicity, and disability. Directing research
towards the gaps in the current literature would provide a greater insight and a further
understanding of children’s physical activity, fitness, and motor competence at a pan-
Wales level, including children with additional learning needs. Such research should
focus on the COVID-19 pandemic, given the severity of the world-changing events

during the past few years.

1.2 PROBLEM STATEMENT

Despite the many health benefits that being physically active and reducing sedentary
time can have on both children and adults, a minority of the child population estimated
at between 27 and 33% (Aubert et al., 2022), meet the physical activity and sedentary
behaviour recommendations, which is a major public health concern. There is growing
importance for identifying physical activity levels at a national level to inform policy

and practice; whilst work on associations between physical activity, fitness and motor



competence are ongoing to provide a greater depth of understanding (Barnett et al.,
2022). Specific populations need to be studied to understand inequalities and measures
that can be implemented to reduce these inequalities. Research has shown that
inequalities have further increased during the pandemic. Changes to children’s
behaviours need to be monitored to identify any cause for concern and place early
interventions to reduce any detrimental behaviour changes. Ultimately, research needs

practical recommendations to bridge the gap between research and practice.

1.3 THESIS AIMS

The overall aim of the body of research was to investigate children’s physical activity,
fitness, and motor competence, and subsequently the effects that the socioecological
context had on these during COVID-19 lockdown restrictions. This thesis is divided

into five study chapters:

Study 1: The aim of Study 1 was to summarise the findings of the Active Healthy Kids
Wales 2021 Report Card process and to present and interpret the results for eleven

quality indicators of physical activity in children and young people.

Study 2: The purpose of Study 2 was to examine the associations between fitness and

swimming and cycling proficiency in primary school boys and girls.

Study 3: The objective of Study 3 was to examine motor competence in children with

and without additional learning needs at a population-level.

Study 4: The intention for Study 4 was to improve understanding of the impact of
COVID-19 lockdowns on children’s physical activity and sedentary behaviour at
home using the socioecological model as a theoretical framework. A secondary aim
was to make recommendations to improve children’s physical activity at home and

their subsequent health and wellbeing.

Study 5: The aim of Study 5 was to investigate causal factors that influenced changes
in experiences of children’s physical activity and sedentary behaviour across time
related changes in COVID-19 pandemic restrictions and in the context of the self-
determination theory.



2 LITERATURE REVIEW

2.1 INTRODUCTION

In view of the importance of physical activity, physical fitness, and motor competence
on health outcomes, specifically within the child population, this literature review aims
to summarise the research in this area, exploring correlates and determinants,

environmental influences in the context of current thinking and scientific evidence.

The structure of this literature review follows the phases of the behavioural
epidemiology framework suggested by (Sallis & Owen, et al., 2000). Each section
critically discusses the (i) relationships between behaviour and health (phase one), (ii)
methods for measuring the behaviour (phase two), (iii) factors that influence behaviour
(phase three), and (iv) an evaluation of interventions that aim to change behaviour
(phase four). The final thesis synthesis focuses on the translation of research into

practice (phase five).



2.2 MODELS AND THEORIES

It is important to consider theories and models when conducting research. Theories are
used to inform thinking, assist with generating research questions and designs, and can
also be useful in interpreting data and offering explanations of the results (Reeves et
al., 2008). Extensive reading and literature reviewing was conducted prior to, and
during this body of work to understand theories and to make educated decisions with
regards to research questions and chosen methods. Three theories underpin this
research, the Developmental Model (Stodden et al., 2008), socioecological Model
(Sallis & Owen, 2015) and the Self-Determination Theory (Ryan & Deci, 2017). These
three pieces of theory enabled a greater depth of understanding throughout the process
of this research and allowed a more comprehensive and thorough insight into

children’s physical activity, fitness, and motor competence.

2.2.1 Developmental Model

Linking together the elements of this literature review including physical fitness, motor
competence, and physical activity, is the Developmental Model by Stodden et al.,
(2008). This model explains the role of motor competence in children’s physical
activity, health-related fitness, and perceived motor competence, which in turn are
associated with the risk of obesity. This model underpins the elements of this literature

review and the overall body of work.

Following the development of this conceptual model, motor development research has
increased importance in public health (Clark, 2017), potentially due to the direct
pathway that the model proposes between motor competence and physical activity.
Stodden et al. (2008) suggest that the direction of this association changes as children
develop with age. The model proposes that during early childhood higher physical
activity leads to a greater level of motor competence, whereas during middle to late
childhood the direction is reversed whereby having higher motor competency implies
higher levels of physical activity. Stodden’s (2008) model (Figure 1) conceptualises
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that all associations between physical activity and motor competence, as well as health
related fitness and perceived motor competence across early, middle, and late
childhood. The model indicates that early childhood associations are one directional,
whereas middle to late childhood associations are often bi-directional. Perceived motor
competence and health-related fitness is of increasing importance for physical activity
involvement and weight status as children get older (Robinson et al., 2015; Stodden et
al., 2008). Stodden et al. (2008) propose that children in early childhood have varying
levels of motor competence due to experiences and differences in socioeconomic
status, parental influence, and physical education. The Developmental Model (Stodden
et al., 2008) was intended to bridge gaps within the literature surrounding the role of
mediating variables such as perceived motor competence, health-related physical
fitness, and obesity; all of which impact the association between physical activity and

motor competence.
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Figure 1: Developmental model proposed by Stodden et al (2008)



A limitation that Stodden et al. (2008) specified was that many of the hypotheses, made
in relation to the conceptual model, had not been sufficiently addressed within
previous literature. Therefore, Robinson et al. (2015) reviewed research which could
substantiate the Stodden et al. (2008) conceptual model and found strong evidence that
motor competence is associated with physical activity, fitness, and healthy weight
status. Robinson and colleagues (2015) demonstrated that the strength of associations
between motor competence and health-related fitness increases from childhood into
adolescence. They also noted a need for causal pathways to be tested across time
together with a necessity to continue to test the associations proposed within the model

through longitudinal or experimental research to reduce speculative evidence.

Taking into consideration the limitations highlighted by Robinson et al. (2015),
Barnett et al. (2022) agreed with the limited analysis of longitudinal and experimental
studies, resulting in an updated, systematic review. Barnett et al. (2022) highlights that
more studies, including multiple or all variables from the model, need to be conducted
and that longitudinal research would be highly beneficial. Barnett’s review of studies
found that there was a strong positive pathway from motor competence to health-
related fitness, but indeterminate in the opposite direction. The pathway between
motor competence and physical activity and the inverse route showed indeterminate
and no evidence results respectively. There was, however, strong positive evidence
that health-related fitness mediated the pathway in both directions between motor
competence and physical activity. Again, there was indeterminate and no evidence that
perceived motor competence mediated the pathway between physical activity and

motor competence and the reverse.

Through this body of doctoral work, Barnett et al.’s, (2022) update on the
Developmental Model will be used as a basis to conduct research to provide further
evidence to fill in the present gaps; in turn, this aims to aid interpretation of Stodden
et al’s. (2008) Developmental Model. Through this body of work, there is an
opportunity to produce empirical evidence that will support the understanding of this
model with large, representative samples and using valid, yet novel methods to collect

data in this area.
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Figure 2: The level of evidence for each of the proposed pathways based on
the findings from Barnett et al (2022).

Specifically considering the Developmental Model, in the context of this body of

research, the empirical studies directly contribute towards the research base for this

model. Study 1 provides a comprehensive back drop to the model and provides a

longitudinal approach to support the proposed need for longitudinal research. The

grades assigned in Study 1 can be evaluated over time as the same methodology has

been used. Study 2 provides further strong evidence for the pathway between motor

competence and health-related fitness. Study 3 questions the reviews used to develop

this model as the population with additional learning needs or disabilities was not

mentioned in Barnett’s review. Both HomeSPACE studies, Study 4 and 5, reflect the

lack of exposure to physical activity in developing motor competence, moreover,

Study 5 also delivers a longitudinal approach.



2.2.2 Ecological Model

Ecological models are commonly used to provide context to influencing factors for
physical activity and sedentary behaviours (Zhu & Owen, 2017) and conceptual
models are often used as a guide within observational studies (Sallis et al., 2000). The
socioecological model proposes that behaviour can be influenced at five levels:
individual, interpersonal, organisation, community, and policy (Sallis & Owen, 2015).
To better understand this, within the context of this thesis, physical activity behaviour
should be evaluated across multiple levels simultaneously (Stokols, 1996).
Psychosocial theories only target behaviours at an individual level and whilst this is
important to consider in some contexts, the socioecological model provides
considerations from a wider lens. Evaluating physical activity behaviours across
multiple levels of the socioecological model simultaneously entails examining various
aspects at individual, interpersonal, organisation, community, and policy levels. This
holistic approach provides a comprehensive understanding of the factors influencing
physical activity and facilitates the development of more effective interventions. One
effective strategy to gauge physical activity and sedentary behaviours across multiple
levels simultaneously is through conducting systematic reviews that span all tiers of
the model. This methodology has been employed previously, as evidenced by studies
such as a systematic review exploring interventions to mitigate children’s sedentary
behaviour, which encompassed more than two levels. It was discovered that
interventions spanning all four levels yielded the most significant effectiveness
(Cholley-Gomez et al., 2023). Moreover, a recent study utilised a multilevel model to
identify the necessity for a multidimensional approach in comprehending the
determinants of physical activity, incorporating individual characteristics along with
social and physical environments (Lee & Park, 2021). The socioecological model has
also found application in researching children’s motor competence, where logistic
regression models were employed, progressively adding an additional level of
variables (Van Kann et al., 2022).



The socioecological model will be considered throughout this body of work to provide
a holistic understanding of physical activity, motor competence and fitness; with

specific focus on Chapter 7, where the model underpinned the research directly.

2.2.3 Self-Determination Theory

The Self-Determination Theory (SDT) is a popular interpretive framework used to
explore motivation, specifically within the context of physical activity and sedentary
behaviour (Ryan & Deci, 2017) and has widespread use within this context (Brustad,
2010). This psychosocial theory has more recently been used to analyse health-related
behaviours during the COVID-19 pandemic (Porat et al., 2020; Sakan et al., 2020).
There are six mini-theories within SDT, including the Basic Psychological Needs
Theory (BPNT), which claims that optimal functioning is predicted by autonomy,
relatedness, and competence. These three psychological needs contribute to the
knowledge development in understanding an individual’s levels of motivation and
engagement. Autonomy is the sense of having a choice and making decisions.
Relatedness implies a connection and feeling significant to others and when
relatedness is lacking an individual can feel lonely and excluded. Competence is
satisfied when an individual can capably take part in activities, whereas when this need
is not achieved an individual can feel a sense of failure or helplessness.

2.2.4 Conclusion

There are many models and theories that underpin work in the physical activity,
fitness, and motor competence field. However, the three outlined above will be used
throughout this body of work as a basis for providing empirical evidence. Examples

of where the models and theories are paramount in this body of work include:

Study 1: The indicators that are graded are at all levels of the socioecological model,
however, these interact to provide a more comprehensive understanding of children

and young people’s physical activity.
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Study 2: Stodden’s Developmental Model is particularly pertinent in this study as the
associations between motor competencies, specifically swimming and cycling and

motor fitness, are assessed and provide further evidence for the model.

Study 3: Also relevant to Stodden’s Developmental Model as the research which looks
at differences in motor competence between different populations will continue to add
to the research base in this area.

Study 4: The socioecological model was used specifically as a framework within this

study to provide barriers and facilitators at all levels of the model.

Study 5: Self-Determination Theory was used specially as a framework within this
study to provide further insight into the children’s motivations to be physically active

across varying levels of lockdown restrictions.
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2.3 PHYSICAL LITERACY

Physical Literacy will be used as an umbrella term and the principles and components
of physical literacy such as fitness, physical activity, motor competence are included
in each empirical study of this thesis. Physical literacy as a construct has received wide
attention over the last decade (Jurbala, 2015) and its value should replicate that of
literacy and numeracy (Tremblay, 2012). The pioneer behind physical literacy,
Margaret Whitehead, acknowledged the importance in differentiating between
physical activity and physical literacy and offered a definition of “the motivation,
confidence, physical competence, knowledge and understanding to value and take
responsibility for engagement in physical activities for life,” (Whitehead, 2013). This
Is the definition adopted by the International Physical Literacy Association (IPLA) and
it suggests that physical literacy is multifaceted and promotes interconnectedness
between the physical, cognitive, behavioural, and affective domains (Gunnell et al.,
2018). This holistic approach further confirms the attachment between the body and
mind (Durden-Myers et al., 2020).

Elements of physical literacy have been widely studied, yet few researchers have
bought together all elements of physical literacy. A few associations that have been
recognised are those between physical literacy and health outcomes such as body mass
index and waist circumference (Delisle Nystrom et al., 2018). The association between
physical literacy and aerobic fitness has been found to be mediated by moderate to
vigorous physical activity (Caldwell et al., 2020); however, this study was of cross-
sectional design and no causal relationship can be established. There have been
positive associations found between children meeting the physical activity guidelines
and physical literacy scores for physical competence, motivation, and confidence
(Belanger et al., 2018). Differentiations should be made between the two terms of
physical activity and physical literacy; however, it is important to note the associations
between the two and the lack of cause-effect evidence within this realm. Therefore,
further longitudinal, and longer-term intervention studies are required to fill these gaps
in our understanding (Lopes et al., 2021).

12



Dudley (2015) proposes that physical literacy should be used as an umbrella concept,
and that will be done throughout this body of work. By way of explanation, all
involvement in active pursuits, lead to the development of physical literacy,
particularly in children. As such, investments should be made by governments to invest
in schools, play, and active communities, and to developing safe cycling and aquatic
skills and behaviours; further, to aid the development of physical literacy within the
home environment. These targets should all be considered within equality, inclusion,
and diversity, as those with additional learning needs or disabilities may require
additional support to become physically literate, an area currently lacking research.
Although, one study exploring physical literacy and disability highlighted the need to
listen to the views of those living with disabilities to fully comprehend their physical
literacy journeys (Pushkarenko et al., 2023).

Wales has been described as a flagship of worldwide physical literacy dissemination
(Carl et al., 2023). When comparing and amalgamating physical literacy research from
European countries, Carl et al., (2023) provided detail on the research and the policy
from Wales specifically regarding physical literacy highlighting that legislation
through the Well-being of Future Generations Act (Well-Being of Future Generations
(Wales) Act, 2015) emphasised the importance of physical activity and health
behaviours in children. It was also identified that Sport Wales adopted the IPLA
definition to produce education materials and invested funds (£1.78million) for the
‘Physical Literacy Programme for Schools.” Despite the positive messages from Wales
about physical literacy promotion, the new Curriculum for Wales (2022) contains no
reference to physical literacy, however, it’s Health and Wellbeing Area of Learning
and Experience is based on the core principles of physical literacy (Welsh
Government, 2020).

13



2.4 PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR

Physical activity is defined as “bodily movement that is produced by skeletal muscles
resulting in energy expenditure higher than resting” (Caspersen et al., 1985). The
seminal work of Jeremy Morris revealed that more active individuals were at far lower
risk of heart attack than more sedentary workers, as explored between bus drivers and
conductors (Morris & Crawford, 1958). This research started a flurry of exploration
into physical activity and the numerous positive health outcomes that being physically
active can have. Physical activity has been strongly associated with better physical and
mental health outcomes including a reduced risk of heart disease and diabetes (Cleven
et al., 2020), certain types of cancer (Lee, 2003), and depression and anxiety (Stréhle,
2009). Conversely, being physically inactive has many health consequences and is the
fourth leading cause of mortality globally (World Health Organisation, 2010). It is
important to note that being physically inactive does not necessarily correlate with
being sedentary and the two terms are often confused (Pate et al., 2008). One could be
physically active, meeting the guidelines for physical activity, yet spend most of their
waking hours engaging in sedentary behaviours. Sedentary behaviour has been defined
as any waking activity in a sitting, lying or reclining position with an energy-
expenditure of less than 1.5 metabolic equivalents (METS; Tremblay et al., 2017).
Sedentary behaviour has also been widely investigated in recent years with findings
demonstrating an undesirable correlation with health outcomes (Gonzalez et al., 2017).

This body of work focuses on the paediatric population and physical activity and
sedentary behaviour, recognising that a good start in life is crucial for future health
and wellbeing (Well-Being of Future Generations (Wales) Act, 2015). Physical
activity and sedentary behaviours have been shown to track from childhood into
adolescents and further into adulthood (Telama et al., 2014). Regular physical activity
in children is associated with numerous physical and psychosocial health benefits,
including a reduced risk of obesity (Brown et al., 2019), anxiety and depression
(Biddle & Asare, 2011). Associations have been made between children’s physical
activity levels and their academic attainment (Howie & Pate, 2012) and motor

competence (Stodden et al., 2008). Gaining a deeper understanding of children’s
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physical activity levels and behaviours, can assist in developing interventions to
increase physical activity in the paediatric population, with the aim of developing

healthy, active behaviours at a young age and carrying this through to adulthood.

Physical activity has sub-dimensions that include the frequency, intensity, time, and
type, referred to as FITT. Gabriel et al., (2012) explored the FITT principle and
referred to frequency as the rate that physical activity occurs over a given period, for
instance a day, a week, or a month. The intensity of physical activity was described as
the level of effort or physiological demand being exerted; this ranges from light
physical activity (LPA), to moderate to vigorous physical activity (MVPA) through to
vigorous physical activity (VPA). Light physical activity is anything between one and
a half and three METS, such as a light walk. MVVPA is measured as an activity which
increases the heart rate such as jogging or cycling which will be between three and six
METSs. Vigorous physical activity is anything over six METS. When considering the
intensity of physical activity, research has shown that children should aim for at least
moderate intensity, but VPA will accrue even better health benefits, such as a decrease
in obesity and blood pressure (Janssen & Leblanc, 2010). The time element was the
number of minutes or hours spent being physically active. The type of activity
indicates the form of engagement for example, walking, strength training, organised
sport, play or active travel. The FITT principle has been applied when developing the
recommendations and guidelines for physical activity.

2.4.1 Physical Activity and Sedentary Behaviour Guidelines and

Prevalence

The aforementioned benefits of physical activity have led to the production of
guidelines and recommendations for weekly and daily activity levels. There are
guidelines provided by the World Health Organisation (WHO) for the frequency,
intensity, time, and type of physical activity that should be undertaken by people of
different ages and with various health conditions. The range of guidelines include for
children of various ages, starting with children under one, through to adults aged 65+.
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There are also specific guidelines for pregnant and postpartum women, people with
chronic conditions, and those living with a disability. With the focus of this research
being on children and adolescents, the current guidelines for five- to seventeen-year-
olds include doing at least an average of 60 minutes of MVPA per day, mostly aerobic
physical activity, across the week. This age group should also incorporate VPA, and
bone and muscle strengthening activities at least three times per week. There is
mention of reducing sedentary time, particularly recreational screen time (World
Health Organisation, 2020).

Despite the recommendations and the well-cited health benefits of being physically
active during childhood, levels of physical activity worldwide are poor and have been
decreasing over time (Kohl et al., 2013), having a harmful effect on physical (Hills et
al., 2011) and mental health (Biddle & Asare, 2011). The nature of the urbanised world
means that populations are less active now than previously. Automobiles are no longer
a luxury, but a necessity, reducing the habitual activity to travel between places
(Kjellstrom et al., 2007). Sedentary, desk-based jobs have increased, meaning that as
a population we are far less active than our predecessors and engage in more sedentary
activities (Wareham et al., 2005). Increases in children’s screen-time is a prime
example of engaging in more sedentary behaviours (Mullan, 2018). It is important to
track physical activity prevalence and sedentary behaviour levels to gain an
understanding of changes over time and to implement interventions to reverse the
downward trend and try to increase physical activity levels with the aim of improving

overall health.

Due to the urgent need to address the declining levels of physical activity, members of
the WHO advocated for a global action plan on physical activity. This plan was
launched at the World Health Assembly in 2018 and a target was set for a 15% relative
reduction in insufficient physical activity amongst children and adolescents by 2030.
In 2022, the WHO issued an update on progress towards this figure through their
‘Global status report on physical activity 2022° document, with the overall message
that movement towards the target, is slow and unequal (World Health Organisation,

2022). Physical activity levels in children and young people are less than might be
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expected, with recent worldwide data showing 81% of young people aged 11-17 years
not achieving the recommended one hour per day of MVPA (Guthold et al., 2018).
The WHO report slight increases in physical activity for adolescents, but this is only
for boys, further increasing inequalities between the sexes.

In the context of the children who were sampled as part of the studies in this body of
work, recent figures suggest that approximately one third of children in the United
Kingdom (UK) meet the national recommendation of 60 minutes of MVPA per day
(Salway et al., 2022). Yet in Wales (StatsWales, 2020) only 51% of children and young
people aged 3-17 years meet the recommended guidelines of at least 60 minutes of
physical activity, every day of the week; and only between 13 and 17% of 11-16-year-
olds meet the guidelines (Health Social Care and Sport Committee, 2019).
Unfortunately, these figures indicate that Wales has some of the worst levels of
physical activity globally (Aubert et al., 2018; Hanson et al., 2017).

2.4.2 Physical Activity & Sedentary Behaviour Measurements and

Monitoring

Many of the data presented above are measured using self-reported physical activity
which has some significant response bias (Chinapaw et al., 2010). Physical activity is
difficult to assess (Dugdill et al., 2007) due to its complex nature and ‘FITT’
components. The creation and subsequent development of accurate measurements of
behaviour has been highlighted as a key phase in the behavioural epidemiology
framework (Sallis, et al., 2000). Methods for measuring the behaviour is positioned
early within the framework as it is essential for all stages of the research. Within this
framework, Sallis et al., (2000) state that determining current measures’ validity and
reliability, together with developing new measures and field-testing any new tools, are
key when considering measurements and monitoring of health behaviours such as
physical activity. When developing research methodologies and approaches,
researchers must consider how best to capture quality and quantity of physical activity.
There are a range of valid methods used to measure physical activity, from surveys to

devices, and the choice of method relates to the research questions in hand, resources
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available, and practicalities of the research study. Measurements are split into
subjective measures, including self-report and observation, for which reliability and
validity can be reduced by reporting errors and recall bias (Chinapaw et al., 2010;
Sabia et al., 2014); and device-based measures including accelerometery, which are
not yet feasible for large scale use because of high costs and also researcher and
participant burden due to the time taken to collect the data (Skender et al., 2016). When
approaching methods to measure and monitor levels of physical activity, it is vital to
consider the instrument and/or tool to use, but also the procedure itself. Subjective
decisions need to be made by researchers after methods have been deployed, relating
to type of analysis, acceptable device wear time, and completeness of reporting. All of
these factors demonstrate potential researcher bias/influences in the design and
implementation of methods used in physical activity research.

Subjective data, such as self-report using survey or interview data, has been used at a
large scale to capture data on physical activity and sedentary behaviour. Self-report
measurements, such as physical activity questionnaires, are comparatively inexpensive
and convenient to administer to gain a greater awareness of physical activity in a large
population (Chinapaw et al., 2010). However, subjective measures have been criticised
for known issues with recall and social desirability (Chinapaw et al., 2010; Sabia et
al., 2014). When asked about levels of physical activity, children in particular, struggle
to understand questions and have difficulties in recalling activities (Janz et al., 2008).
Children may overestimate or underestimate overall physical activity levels when

using self-report (Adamo et al., 2009).

Due to these limitations, studies have investigated the validity, reliability, and accuracy
of various physical activity surveys for children. Within this body of research, one of
the surveys that is used is the Childhood Activity Tool (CHAT; Todd et al., 2016) and
this has shown validity through a study with the use of wearable cameras (Everson et
al., 2019). The School Health Research Network (SHRN; Page et al., 2021) also
delivers the Health Behaviour of School Children (HBSC; Morgan et al., 2016) survey
in a large population of young people across Wales. When assessing the reliability and
validity of the HBSC questionnaires, Su et al. (2022) reported that the HBSC is a
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reliable method in assessing physical activity and sedentary behaviour in adolescents.
Suetal. (2022) report that the HBSC is a reliable method in assessing physical activity;
however, evidence is currently lacking on the validity of its assessment of sedentary

behaviour.

Another subjective measure of physical activity is interviews. Research has shown that
when children are interviewed in familiar surroundings i.e., their home, they often feel
more relaxed and at ease (Moyson & Roeyers, 2012). The method of interviewing
children within the home environment eliminates potential issues relating to school-
based interviews, where children may identify the researcher as a teacher (Kellet &
Ding, 2004) and they may feel that they have more of a voice within their home
(Powell et al., 2012) However, interviews within the home present alternative
challenges where it can be difficult to find a quiet space, especially where there may
be a large family (Mcdonald et al., 2006). Individual interviews with siblings are
preferable as it can be hard to manage group interviews for children of varying ages
and abilities, and by interviewing individually removes any chance of confrontation or
argument (Punch, 2007). Another benefit of conducting interviews online is that, since
the COVID-19 pandemic, children have experienced greater exposure to digital
technology through online learning and are more comfortable using this technology
(Vargo et al., 2021). Although, it can be harder for a researcher to build rapport with a
child via online engagement (Fargas-Malet et al., 2010). It has been reported that there
is great value to longitudinal research with children to explore changes across space
and time (Crivella, 2017). However, Morrow (2009) claims that qualitative
longitudinal research with children and young people produces both ethical and
methodological challenges. There is good evidence which suggests that conducting
interviews online remove some of the ethical issues around child protection, when
conducting an interview with a child in the home environment in a private space
(McDowell, 2001). However, more recently, and particularly since the COVID-19
pandemic, online interviews with children have been scrutinised with the importance
of parent consent and child assent being highlighted (Canning & Robinson, 2021). A
recent review concluded that there is a lack of research exploring the use of digital
interviews with children and this should be studied in more depth (Thunberg & Arnell,

2022). Considering longitudinal research, the right to participate overtime being a key
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ethical issue (Clark, 2005) ensuring that informed assent and consent must be present

to eliminate this ethical challenge.

To achieve quality and quantity of data, many researchers now seek to employ both
subjective and device-based measures to capture physical activity and sedentary
behaviour data. Sub-samples for this more time consuming, expensive approach are
often considered (Van Kuppevelt et al., 2019). There is no gold standard for measuring
physical activity yet using Microelectromechanical systems (MEM’s) devices, such as
accelerometers, provide valid objective measures (Ekelund et al., 2011). However,
accelerometers are not able to capture the type of physical activity behaviours which
limits interpretation and the ability to design interventions. Whilst the WHO has noted
that there have been improvements in cost-effective wearable technology, there is still
restricted use at a population-level to obtain and track physical activity (World Health
Organisation, 2022). This body of work did not use accelerometery as a measure of
physical activity due to being costly and time-consuming. Accelerometery was not
needed as this research looked to explore perceptions, barriers, and facilitators of
physical activity, which cannot be captured through accelerometery.

2.4.3 Physical Activity & Sedentary Behaviour Correlates and

Determinants

By using the measures and monitoring methods described, researchers can go on to
recognise correlates and determinants of physical activity and sedentary behaviours
which is imperative when developing evidence-based interventions (Sallis, et al.,
2000). It has previously been identified that, as researchers, we must distinctly
differentiate between “correlates” and “determinants” (Bauman et al., 2002). A
correlate mostly results from cross-sectional studies and cannot describe causal
relationships; whereas a determinant illustrates a causal relationship this is often
ascertained through randomised controlled trials (RCT’s) or longitudinal studies. Put
simply, determinants can “cause” changes in physical activity levels, whereas

correlates are associated with such levels.
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A review by Sallis et al. (2000), found that 60% of reported associations with physical
activity were statistically significant, including sex (male), physical activity
preferences, previous physical activity and facility access together with time spent
outdoors. On the other hand, for adolescents’, associations included ethnicity (white),
age (inverse) and depression (inverse). A more recent systematic review exploring
correlates and determinants in younger children of 0-6 years of age, highlighted that
there were few studies found from low-income countries and few that were high
quality (Bingham et al., 2016). Findings included that sex (male), parental PA (+),
parental support (+) and time outdoors (+) were all correlates of total physical activity
but only sex was a correlate of MVPA. An umbrella review highlighted the lack of
conclusive evidence regarding biological determinants of physical activity and sought
to summarise the evidence using available systematic reviews and meta-analyses
(Aleksovska et al., 2019). Findings demonstrated positive associations between
physical activity and younger age, being male and a higher health status.

When examining the correlates and determinants of sedentary behaviour in children,
van Sluijs et al. (2010) identified that these were different across the world, with high
computer use and no television use before school being associated with sedentary
behaviour in Norway, whilst being sedentary during school breaks in Estonia was
associated with sedentary behaviour. Portuguese children who had a television in their
bedroom were more sedentary. One study found seven correlates of device-based
measures of physical activity and sedentary behaviour in English children, however,
only four were potentially modifiable: child weight status, child interest in active play,
active commuting to school and parenting practice; gender, maternal age and season
were identified as non-modifiable correlates (King et al., 2011). Linking to

interventions, factors that are modifiable are the most important to consider.

The correlates and determinants of physical activity are required to develop effective
interventions, barriers and facilitators should also be acknowledged.
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2.4.4 Physical Activity and Sedentary Behaviour Barriers and Facilitators

At the turn of the millennium there was an increase in qualitative research focussing
on the barriers and facilitators to physical activity and sedentary behaviour allowing
for a deeper understanding of young people’s perspectives and experiences
(O’Sullivan & MacPhail, 2010). Understanding why some children and young people
are physically active, and others are not, will offer additional insight for effective
intervention development; with the aim of removing barriers and increasing facilitators
to encourage more physical activity and have an improvement in the population’s
health.

Barriers and facilitators to children’s physical activity includes seven themes: the
child, the home, out-of-home childcare, parent-childcare provider interactions,
environmental factors, safety, and weather (Hesketh et al., 2017). These themes span
each level of the socioecological model: individual, interpersonal, organisational,
community and policy. This framework was derived from a systemic review
synthesising 43 qualitative papers exploring barriers and facilitators to physical
activity in 0—6-year-olds. Most cited barriers were at the interpersonal level, implying

the importance of parent or caregiver role models at a young age (Hesketh et al., 2017).

An additional review of barriers and facilitators found that young children’s main
facilitators of physical activity were parental support and experimentation. Their
barriers included competitive sports and highly structured activities. For older children
facilitators included weight management and peer support, whilst common barriers
were negative school experiences and peer pressure (Allender et al., 2006). A more
recent review (Martins et al., 2014) reports that key barriers and facilitators to physical
activity included attitude, friends and physical activity opportunities and access. Other
common facilitators to children’s physical activity include dog ownership (Gadomski
etal., 2017), having siblings (Kracht & Sisson, 2018) and parental support (Rebold et
al., 2016). A recent review of reviews into adolescent girls’ barriers and facilitators to
physically activity highlighted that common facilitators were weight loss, support from
peers, family, and teachers (Duffey et al., 2021). Girls have reported significantly
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higher levels of perceived barriers than boys, except for the lack of resources which is
equally reported in both boys and girls (Rebold et al., 2016). Lack of resources include
limited financial support, which has been referred to as a barrier to physical activity
within the child and adolescent population, particularly in the low socioeconomic
groups (Brockman et al., 2009). Adolescents have recommended that lowering or
removing the cost of activities without diminishing the quality, would aid with

increasing physical activity opportunities (James et al., 2018).

2.4.5 Interventions to Increase Physical Activity and Reduce Sedentary

Behaviour

In 2012, Stanley et al. reported that interventions to improve physical activity had
modest effects, potentially due to methodological inconsistencies in research exploring
correlates and determinants whilst Sallis and Owen, (1999) attributed the modest
effects to the fact that the crucial determinants of physical activity were not being

targeted.

Interventions to increase children’s physical activity and reduce their sedentary time
have been conducted across numerous settings from schools to home environments
(Brown et al., 2016). Schools provide an inclusive setting to place interventions to
improve physical activity levels (Mura et al., 2015), whilst specifically classroom
based physical activity and physically active learning (PAL) has gained much
momentum over the last decade (Daly-Smith et al., 2018). One meta-analysis,
exploring classroom based physical activity interventions, concluded that this type of
intervention can be practical and of a low-cost. These interventions can be effective in
increasing academic attainment and decrease the time that children spend off-task in
the classroom; there is potential to increase physical activity levels through these
interventions, but more research is needed to address inconsistent results (Watson et
al., 2017).
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Research has shown school-based interventions have a small-to-medium sized impact
on increasing physical activity enjoyment in children and adolescents (Burns et al.,
2017). However, when measuring MVPA using an accelerometer, school-based
interventions have not been effective in increasing children’s daily time spent in
MVPA (Love et al., 2019). When exploring specific populations, there is no evidence
to suggest that current interventions increase the physical activity of overweight or

obese children (Nooijen et al., 2017).

Although school-based interventions can provide access to a large pool of children or
adolescents including those that may be hard to reach or at-risk (Pamungkas &
Chamroonsawasdi, 2019), combinations made up of multiple settings are most
effective (Mulrine, 2013), especially those that extend into the home which actively
involve parents (Wilson et al., 2011). The finding that parents are key in influencing
their child’s behaviour (Danford et al., 2015), suggests that a home-based intervention
may be effective at increasing physical activity and reducing sedentary behaviour
(West et al., 2010). Home-based interventions are effective at reducing childhood
obesity (Stark et al., 2014; West et al., 2010); whilst also reducing television watching
(French et al., 2011). For home-based interventions to be effective in increasing
children’s physical activity, parents should be positive role models (Colley et al.,
2012), although involving parents can be challenging (Smith et al., 2011).

2.4.6 Conclusion

Physical inactivity and a rise in sedentary behaviour is a real concern to the health of
the population. The negative associations with health outcomes have led to physical
inactivity being the fourth leading cause of mortality globally (World Health
Organisation, 2010). Measuring and tracking levels of physical activity and sedentary
behaviours is of paramount importance to gain a deeper understanding of patterns and
trends that may be occurring within the child population. A mixed methods approach
is advocated to enable accurate, valid, and reliable measures of physical activity.
However, there is need for qualitative insights to couple with this to provide rich detail

about reasoning behind these levels. This mixed methods approach will enable an
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insight into factors that impact levels of physical activity and sedentary behaviour
together with providing recommendations for interventions that may be effective in

increasing healthy behaviours.
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2.5 PHYSICAL FITNESS

Physical fitness is “the ability to carry out daily tasks with vigour and alertness,
without undue fatigue and with ample energy to enjoy leisure-time pursuits and to meet
unforeseen emergencies” (Caspersen et al., 1985) and includes: “a set of attributes that
people have or achieve that relates to the ability to perform physical activity” (U.S.
Department of Health and Human Services, 1996). Physical fitness is mainly
determined by environmental factors; however, genetic variables also play a part
(Wilder et al., 2006). Physical fitness is made up of five health-related and six skill-
related fitness components (Corbin, 2009). Health-related components include body
composition, flexibility, muscular strength, muscular endurance, and cardiorespiratory
fitness. Whilst the six skill-related components are: agility, speed, power, balance,
coordination, and reaction time. Physical fitness components are positively related to
several health outcomes (World Health Organisation, 2018). Within each component
of fitness, it is therefore important to consider: the definition, any guidelines including
most recent prevalence, any correlates and determinants, methods to measure the
component and lastly the impact of an intervention on the specific component of

fitness.

2.5.1 Health-Related Components of Fitness

2.5.1.1 Body Composition

There has been much focus on body composition over the last few decades as
unhealthy weight is increasing and more children are overweight or obese than ever
before (NCD Risk Factor Collaboration, 2020). Body composition is simply how the
body is made up of fat, bone and muscle, and healthcare professionals together with
researchers use body composition to check for healthy weight status. The three most
common methods to assess body composition include hydrostatic weighing, skinfold
measurements, and anthropometric measurements (Wilder et al., 2006). The most
popular method being the measurement of anthropometrics through body mass index

(BMI), as this is easily collected and has been recommended for use in all age groups
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(Kuczmarski & Flegal, 2000). The definitions of overweight and obesity have altered
over time and between studies (Kuczmarski & Flegal, 2000), but the current adult BMI
cut-off points are for obesity (>30) and overweight (>25); these cut-off points are
needed to assist with public health population descriptions (Hubbard, 2000). The
measure of BMI has been highly criticised as it does not differentiate between excess
fat mass and excess lean mass (Must & Anderson, 2006). Researchers have found that
other methods of measuring body fat are more accurate but can be expensive, time
consuming and can only be conducted in specialist settings, reducing the capability to
study a large sample (Ceniccola et al., 2019). Body mass index has been correlated
with other measures of fatness (Pietrobelli et al., 1997). Researchers have concluded
that the advantages of using BMI as a measure of body composition and adiposity
outweigh the limitations (Must & Anderson, 2006).

Within the child population BMI z-scores have been developed to enable comparisons
between ages. The cut points for adults do not differ between ages and sexes, however,
in children for the measure to be meaningful it needs to consider the age of the child.
Various BMI for age and sex references have been developed both nationally and
internationally (Must & Anderson, 2006). The International Obesity Task Force
(IOTF) used data from children in the United Kingdom (UK), United States of
America (USA), Hong Kong, Brazil, The Netherlands, and Singapore. Whilst the
IOFT reference curves provide more recent data, the UK 1999 Growth Reference
Curves are nation specific and can be applied to studies in the UK (Cole et al., 1995).
Researchers have reported controversy around what conditions warrant a national or
international reference as best practice (Deurenberg, 2001; Janssen, Katzmarzyk,
Srinivasan, et al., 2005; Reilly, 2002). Upon the decision of a suitable reference,
together with a child’s age, sex and BMI a BMI z-score can be calculated. Using the
UK 1990 Growth Reference Curves allows researchers to categorise the children as up
to the 2" centile as underweight, 85" as overweight and 95" as obese (Cole et al.,
1995). When conducting research in fitness is it important to consider the role of
weight as potential mediating factor, specifically for the muscular fitness component.
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A national-level scheme “The Childhood Weight Measurement Scheme” that collects
data on children in primary schools is in place in the UK where in England children’s
BMI is measured when they enter school aged 4 and when they leave primary school
aged 11 to enable a tracking method throughout primary school (Office for National
Statistics, 2021). In Wales this scheme is only for children in reception of primary
school, aged 4 or 5 years (Hobson et al., 2021). During the year 2016 it was estimated
that worldwide over 340 million children aged 5-19 years old were overweight or
obese, this is just over 18% of the population, this has risen dramatically since 1975
where the same measure was just 4% (World Health Organisation, 2021). In Wales,
UK, where this body of work has been conducted, the overweight and obesity levels
are higher than that reported worldwide, with 27% of children being overweight or
obese, during the last full cycle of the Childhood Measurement Programme for Wales
in the 2018-19 academic year (Hobson et al., 2021). This report also details inequalities
in obesity levels where the number of obese children was significantly higher in the
areas with the highest levels of deprivation and significantly lower in the most affluent
areas. A growing inequality also exists as 7% more children are obese in low compared
to high socioeconomic areas. This is consistent with previous findings which
highlighted the differences in obesity prevalence between socioeconomic groups
(Vazquez & Cubbin, 2020; Wang & Lim, 2012). Obesity prevalence is also higher in
black children compared to white, Asian, mixed or Chinese children (Hobson et al.,
2021). Numerous reasons have been proposed for the causes behind childhood obesity
including activity level, family factors, psychological factors, and food choices (Sahoo
et al., 2015). Whilst reasons for an increase in childhood obesity over the past 30 years
include increases in consumption of high calorie beverages, high fat food, decreases
in physical activity and by sedentary recreation (World Health Organisation, 2020;
Boddy et al., 2013). Many of the influencing factors and behaviours relating to
childhood obesity are controllable, at both an individual (physical inactivity, dietary
habits, and sedentary behaviour) and a societal level (obesogenic environment,
marketing strategies for energy-dense foods), and Figure 3 proposed by Weihrauch-
Bliher & Wiegand, (2018) details these.
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Figure 3: Risk Factors and Implications of Childhood Obesity from Weihrauch-Bluher &
Wiegand (2018)
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High levels of childhood overweight and obesity are concerning as this condition has
both short and long-term physical and mental health consequences (World Health
Organisation, 2021). For example, over 50% of children and young people who are
obese have at least one cardiovascular risk factor and 25% have two (Ng et al., 2014).
Childhood obesity is also associated with health risks during adulthood including
disability, a higher chance of adulthood obesity and premature death (World Health
Organisation, 2021), and an increased risk of cancer later in life (Weihrauch-Bluher et
al., 2019).

Due to the negative health implications researchers and practitioners have
implemented interventions to try and tackle the pandemic of childhood obesity.
Interventions have included increasing physical activity levels (Cao et al., 2015;
Herscovici et al., 2013) and or changing and educating on dietary changes (Klein et
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al., 2010; Papadaki et al., 2010). One systematic review aimed to determine the
effectiveness of interventions, which used dietary or physical activity elements or both,
in preventing obesity in children (Brown et al., 2019). They evaluated 153 RCT’s,
where most trials targeted children aged 6-12 years of age and in this age range, they
concluded that interventions focussing only on physical activity were effective in
reducing BMI, but there was no evidence that diet focussed only interventions were
effective. Physical activity and diet interventions showed that they might be effective
(Brown et al., 2019); another review confirmed this finding, concluding that a
combination of interventions would be most effective, such as diet and exercise for
preventing obesity, and diet, exercise, and behavioural therapy for managing obesity
(Salam et al., 2020). Recognising who to target with these interventions is important
and an umbrella review highlighted that most interventions that were family-based,
were effective at improving child weight (Chai et al., 2019). Involving parents in the
process of goal setting and role modelling is of paramount importance to aid the
effectiveness of the intervention and conducting the interventions in a community
setting were more effective at improving physical activity and/or diet than school or
home-based interventions (Enright et al., 2020). It is important to reduce obesity as
this can in turn improve cardiorespiratory fitness, as strong associations have been
found between the two (Aires et al., 2010).

2.5.1.2 Cardiorespiratory Fitness

Cardiorespiratory fitness (CRF) has been defined as the capability of the
cardiorespiratory system to deliver oxygen to the muscles during continued exercise
(Raghuveer et al., 2020). Perhaps the most important health-related component of
fitness, research has heavily focussed on the cardiorespiratory component of fitness as
it can be strongly associated with health factors (Ruiz et al., 2009). Cardiovascular
disease is the leading cause of death in adults (Mendis et al., 2015) and risk factors can
develop during childhood, indicating that the disease can start as a child (Friedemann
et al., 2012; Juonala et al., 2011). Low levels of fitness are a key risk factor of
cardiovascular disease in adulthood (Ross et al., 2016). Research has suggested that
physical fitness levels in children and young people may predict cardiovascular health

in adulthood (Ortega et al., 2008). Recently, research has focussed on children’s CRF
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and associated physical and psychosocial factors. Aside from improved
cardiometabolic health (Aadland et al, 2019), a higher level of CRF has been
associated with lower adiposity (Tuan et al, 2019), better cognitive function (Donnelly
et al, 2016) and lower depressive symptoms (Alves Donato et al., 2021). Good CRF
may also be associated with increased academic attainment (Blair et al., 2001),
improved self-esteem (Greenleaf et al., 2010) and a lower risk of developing high

blood pressure, and type 2 diabetes at a younger age (Ortega et al., 2010).

Despite the importance of CRF for health outcomes, it has been declining in children
over time (Boddy et al., 2012; Stratton et al., 2007; Tomkinson et al., 2019). A study
in Liverpool, UK showed a 23% reduction in fitness levels over a six-year period
(Stratton et al., 2007). Yet, a study spanning eleven developed countries estimated a
more modest decline at 0.43% per year and initial results showed that this rate of
decline was similar in boys and girls (Tomkinson et al., 2003). However, further
research suggests that these decreases are greater in girls than boys (Sandercock et al.,
2010). In the USA in the year 2000, 52.4% of children had an adequate level of CRF
and that had declined to 42.2% in 2012, this did not differ by race or by family income-
to-poverty ratio and a higher percentage of boys had adequate levels of CRF than girls
across both time points (Gahche et al., 2014). Whilst the decline in the USA was
approximately 10% across twelve years, updated evidence suggests that the rate of
decline has slowed (Tomkinson et al., 2019). These rates and declines have largely

been measured through field-based assessments.

Cardiorespiratory fitness is regularly assessed in children as it is a good measure of
not only current health but also future health (Ortega et al., 2008). Most methods used
to measure CRF in children and young people are objective, whilst one International
Fitness Scale is subjective (Ortega et al., 2011). The objective measures can be labelled
as laboratory-based or field-based methods (Tomkinson & Olds, 2008). The
laboratory-based measures, such as VO2 peak frequently used in a child population
(Rowland, 1992), are often not feasible to use with larger populations as they require
the use of expensive equipment, and are time-consuming to conduct (Lang et al.,

2018). Field-based measures include distance runs and shuttle runs and are valid and
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reliable estimates of predicting VO2 peak (Castro-Pifiero et al., 2010; Tomkinson &
Olds, 2008). The most widely used field-based measure is the 20m shuttle run test
(20mSRT; Lang et al., 2018) because it is simple to use, easy to interpret, low cost and
can be conducted with a large group of children simultaneously (Ruiz et al., 2009;
Tomkinson & Olds, 2008). Evaluations of the 20mSRT showed criterion-related
validity to be moderate-to-high (Mayorga-Vega et al., 2015; Ruiz, Silva, et al., 2009),
and a high level of reliability (Artero et al., 2011; Tomkinson & Olds, 2008). Despite
these high levels of validity and reliability, there is concern that the 20mSRT may be
impacted by psychosocial factors such as motivation and self-efficacy, whilst the
performance may also be determined by a child’s ability to pace their running
(Tomkinson & Olds, 2008). Debate has been present in the literature with contrasting
views on whether raw values such as the number of shuttles or stages should be used
or whether these should be converted into Vo2 peak, for which there are different
equations available to complete this calculation (Batista et al., 2013). Raw scores have
been used to develop normative-referenced standards (Catley & Tomkinson, 2013;
Tomkinson et al., 2017), meaning raw scores may be easier to interpret in relation to
performance (Lang et al., 2018). However, using Vo2 peak can be related to health
outcomes, whereas using raw 20mSRT scores cannot and the reference standards often
relate to the minimum cardiorespiratory health for good health (Lang et al., 2018),
which in turn has provided numerous different definitions and guidelines (Lobelo et
al., 2009; Ruiz et al., 2007, 2016). However, children can be categorised into high,
average, or low levels of cardiorespiratory by age and sex on the 20mSRT following
the development of centile ranks (Lang et al., 2019) and the information gained from

doing this can help develop, inform, and target interventions.

With low levels of CRF present, interventions have been evaluated to determine their
effectiveness. Studies have compared the impact of high-intensity interval training
(HIT) and moderate-intensity continuous training (MICT), suggesting that both
methods can improve CRF (Hottenrott et al., 2012); whilst a meta-analysis confirmed
that whilst both methods made improvements, HIIT training was more effective than
MICT in children aged 6-17 years (Cao et al., 2019). When exploring schools as a
setting to improve CRF, a systematic review by Pozuelo-Carrascosa et al., (2018

concluded that school-based physical activity interventions are effective in improving

32



children’s CRF, more so in girls than boys. The same meta-analysis found that both
MVPA and VPA interventions improved CRF, but the duration and frequency of the
intervention sessions did not have an effect on the results of the intervention. This was
consistent with Burns et al. (2018) who studied moderators of school-based
interventions on CRF and found that single component interventions may have the
same impact as a multi-component intervention and that the length of the intervention
did not make a difference. In contrast, a systematic review on this topic recommends
that interventions should be at least six weeks long and sessions should occur three to
four times a week to have an impact on CRF (Braaksma et al., 2018). An internet-
based, school-based, education intervention for teachers, improved children’s CRF
after 12 months and effects continued even after the intervention was over, with
measures at 24 months suggesting another almost doubling of CRF levels using the
20mSRT (Lonsdale et al., 2021). The internet-based study was low-cost and across
several schools, indicating that an internet-based training intervention for teachers
could be scaled up and effective in improving children’s CRF (Lonsdale et al., 2021).
In interventions targeting fitness components, it is important to consider and control
for baseline fitness level as children with the lowest initial CRF levels show larger
improvements than those with higher baseline levels of fitness (Hartwig et al., 2021;
Resaland et al., 2011).

2.5.1.3 Muscular Fitness

Muscular fitness can be split into two categories muscular strength and muscular
endurance (Sandercock & Cohen, 2019). As part of the physical activity guidelines for
children and adolescents, discussed in the previous chapter, the WHO recommends
muscle strengthening activities alongside aerobic activities (World Health
Organisation, 2020). Despite these recommendations on the importance of muscular
fitness for health research has indicated that muscular fitness levels in children and
young people are decreasing (Moliner-Urdiales et al., 2010; Sandercock & Cohen,
2019).
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Poor muscular fitness has been associated with poor metabolic profile, several non-
communicable diseases (Ortega et al., 2008) and mortality in adulthood (Garcia-
Hermoso et al., 2018). There is a strong inverse relationship between low muscular
fitness and the risk factors of cardiovascular disease (Ramirez-Vélez et al., 2017) and
low muscle fitness in childhood is associated with low muscular fitness in adulthood
(Fraser et al., 2017). One systematic review that explored the health benefits of
muscular fitness for children and adolescents concluded that that there was a strong
inverse association between muscular fitness and cardiovascular disease, whilst there
was a positive relationship between muscular fitness and bone-health, self-esteem, and

perceived sport competence (Smith et al., 2014).

There are a range of methods used to measure muscular fitness and these vary in
complexity. Field-based measures such as handgrip strength and standing long jump,
have been significantly associated with isokinetic peak torque and power showing that
they can be used to assess young people’s muscular fitness when a laboratory method
isn’t available or appropriate (Artero et al., 2012). The hand-grip test specifically has
been further validated for use with children and people young people (Castro-Pifiero
etal., 2010) to assess maximal isometric strength and is used in various fitness batteries
(Adam et al., 1988). Both the handgrip strength and standing long jump are easy to
administer and require minimal training for assessors. When analysing muscular
fitness, it is important to control for body mass as strength is higher in children that

are overweight (Thivel et al., 2016).

Interventions to improve muscular fitness in children and adolescents have been
examined finding that school-based muscular fitness interventions have small to
moderate effects in adolescent boys; whilst using weight machines and free weights
may be more impactful than other forms of strength training (Cox et al., 2020). A
recent systematic review highlighted that there were significant moderate increases in
muscular endurance, muscular strength and muscular power with the higher impacts
being from interventions where there were three or more sessions per week (Villa-
Gonzélez et al., 2023).
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2.5.1.4 Flexibility

Flexibility has been defined as the maximum range of motion in a joint (McHugh et
al., 1998). Poor hamstring flexibility has been related to lower back pain and
subsequently is related to issues with daily life activities (Hori et al., 2021). However,
studies suggest that muscular strength and CRF are both stronger indicators of health
than flexibility (Fowles et al., 2014; Lang, Larouche, et al., 2019). On the other hand,
a recent systematic review found that flexibility in childhood has been associated with
flexibility adulthood (Garcia-Hermoso et al., 2022) and a more flexible adult is likely
to experience less falls (Iwamoto et al., 2009) and therefore stay healthier for longer.

Therefore, developing flexibility in children is important to consider.

Flexibility can be measured in various parts of the body, but the most common field
measure of flexibility is the sit and reach test to assess the flexibility of the hamstring
muscles and lower back, originally developed by Wells and Dillon (Wells & Dillon,
1952). This test has been included in numerous fitness batteries such as Eurofit (Adam
et al., 1988) as it is easy to administer and score. When analysing and interpreting a
result from the sit and reach test, a general assumption would be that the higher the
score the better trunk and hip flexibility (Bandy, 1998). However, the tests validity has
been queried in children and young people as it does not consider differences in limb
length (Hoeger et al., 1990; Mosher et al., 1982). A modified version has been
developed to take this into account (Hoeger et al., 1990), however this requires
specialist and more expensive equipment and one study found that the modified test is
not more valid than the standard test (Castro-Pinero et al., 2009). A meta-analysis also
confirmed that the standard sit and reach test is a better indicator of hamstring
flexibility than the modified version (Mayorga-Vega, Merino-Marban, & Viciana,
2014). Studies have used the sit and reach test to develop normative-referenced
percentile values both in Europe (Tomkinson et al., 2018) and Australia (Catley &
Tomkinson, 2013), this allows for comparisons to be made and to evaluate where

children are performing in relation to their peers of the same age and sex.
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Little research has investigated the correlates and determinants of flexibility however,
girls have been found to consistently outperform boys in terms of their flexibility
across a variety of settings (Catley & Tomkinson, 2013; Tomkinson et al., 2018). With
the sit and reach test only measuring the hamstring flexibility researchers have
suggested that hamstring flexibility can be impacted by kicking a ball (Rahnama et al.,
2005), and that girls are less likely to do this than boys (Sport Wales, 2022) Further
interpretations of this finding include that during physical education lessons girls are
often exposed to gymnastics and dance more so than boys and so develop their
flexibility more (Sport Wales, 2022).

Interventions have been placed to improve flexibility in children, finding that eight
weeks of a stretching programme improved hamstring flexibility of 9- and 10-year-old
boys and girls, but after five weeks of no training, this additional flexibility was lost;
implying that training needs to be a continuous process (Mayorga-Veg et al., 2014).
These findings were echoed within an exercise programme where children took part
in resistance and flexibility exercises for fifty minutes, twice per week for six weeks
and hamstring flexibility significantly improved (Moreira et al., 2012). A meta-
analysis found that all but one out of the eleven included studies, which used the sit
and reach test, favoured the intervention group, all of which were conducted in a school
based physical education setting and ranged between five and 32 weeks in duration
(Vigo et al., 2022).

2.5.2 Skill-Related Fitness

Skill related fitness components have been described as the “motor potential to carry
out physical activity with regard to speed, agility, power, balance, coordination and
reaction time” (Hoeger & Hoeger, 2014). Many of the skill-related components of
fitness also fall under the motor skill bracket within this body of work and will be

discussed more in the next section which explores motor competence.
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2.5.3 Conclusion

The low levels of physical fitness in the child population are worrying, given the
associations between physical fitness and health-related outcomes, particularly that of
the health-related components of fitness. Measuring and monitoring levels of physical
fitness can provide an insight into the health of the children and young people and can
predict health into adulthood. Whilst there are many methods that are validated to
measure children’s fitness the most accurate of which are laboratory-based and time
consuming. Field-based methods have been validated for use in larger samples to
capture data at a population-level. Interventions that aim to improve children and
young people’s physical fitness can work. An improvement in fitness is associated

with higher health outcomes, physical activity, and motor competence in children.
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2.6 MOTOR COMPETENCE

To explore a range of physical activity opportunities it is important that children are
physically literate and are proficient at movement. Motor competence has been defined
as ‘a person’s ability to execute a wide range of motor acts in a proficient manner,
including coordination of fine and gross motor skills that are necessary to manage
everyday tasks, such as walking, running, jumping, catching, throwing, kicking, and
rolling’ (Morano et al., 2020). Unlike the habitual process that is physical activity,
motor competence and fundamental movement skills are not developed naturally
through movement (Gagen & Getchell, 2006), or through maturation (Clark, 2005);
but instead required to be learned, practised, and reinforced (Robinson & Goodway,
2009). Three categories are often discussed when considering fundamental movement
skills and motor competence: stability or balance skills (non-locomotor skills such as
bending), locomotor skills (running, hopping, jumping, sliding, galloping, leaping) and
object control skills (kick, throw, roll, and catch; Goodway et al., 2012). It is
imperative that children develop their motor competence during early childhood to
enable them to execute a broad range of physical activities using more complex
movements (Clark, 1994). Sporting activities such as basketball for example, would
require individuals to have sufficient motor competence in running, catching, and
throwing. There is uncertainty surrounding the terms motor competence and
fundamental movement skills which are often used interchangeably. Some researchers
use the term fundamental movement skills to describe general motor competence
(Fisher et al., 2005; Ziviani et al., 2009); whilst some (Clark & Metcalfe, 2002;
Haywood & Getchell, 2009) use the term fundamental movement skills for the specific
description of skills that are clearly needed to partake in physical activity. From here
on in, the term motor competence will be used to encompass fine and gross motor

skills together with fundamental movement skills.

2.6.1 Motor Competence Guidelines and Prevalence

There are no specific guidelines for motor competency, however, there are suggested

development milestones which practitioners and parents often look to for a guide to
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assess Whether their child is developing appropriately. These milestones are split into
social and emotional, cognitive, language/communication and movement/physical
development (Centers for Disease Control and Provension, 2022). The Centers for
Disease Control and Prevention have published their milestones to include examples
such as by 2 months old a baby should hold their head up when on their tummy, by 9
months they should sit without support, by 1 year they should walk holding onto
something, by 2 years they should run and kick a ball and by 4 years catch a ball most
of the time (Centers for Disease Control and Prevention, 2022). The National
Curriculum for physical education in England states that children should be proficient
in running, jumping, throwing, and catching in Key Stage 1 and be able to use these

skills in a sporting context in Key Stage 2 (Department for Education, 2013).

Despite the importance placed on motor competence and its associations with physical
health benefits and cognitive development, motor proficiency in children and
adolescents is low (Duncan et al., 2022). Excluding running, leaping, and sliding
children aged 4-7 years of age in the United Kingdom do not meet any of the National
Curriculum targets for motor skill proficiency (Morley et al., 2015). Out of the four
motor skills identified by the National Curriculum (running, jumping, throwing, and
catching) less than one-fifth of 6-9-year-olds and a quarter of 6-8-year-olds are
proficientin all four (Duncan et al., 2020). Eyre et al., (2018) found that 5-year-olds
have poor overall motor competence. Similar trends of poor motor competence were
found in Wales where Stratton et al. (2017) highlighted that 60% of 10-12-year-olds
were not proficient in motor competence and inequalities were also evident; for
example, girls, Asian and children with lower socioeconomic status all score lower
than their demographic counterparts. Using the Test of Gross Motor Development-2
(TGMD-2), Lawson et al. (2021) found that 27% of children aged 7-10 years were not
proficient in any of the skills assessed. Having proficient motor competence enables a
child to access a range of physical activities, subsequently improving overall health.
The clear low level of motor competence proficiency evidenced across the literature
calls for more research in this area. This would provide further insight on reasons why
motor competence is so low and the effect of inequalities on motor competence, and
whether there are subgroups whose motor competence needs to be targeted with

interventions to improve the motor competence of the child population.
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Various assessment tools and measures have been developed to monitor and track
motor competence and therefore a first line of defence in understanding why such low
levels of motor competence are evidently very prevalent in the UK (Duncan et al.,
2022).

2.6.2 Motor Competence Monitoring and Measurements

Children’s levels of motor competence vary across country, sex, age and disability,

and there is an expansive range of assessment tools that accommodate for different
needs. Researchers have doubted the generalisability of monitoring levels of motor

competence or fundamental movement skills using different types of assessment
(Stodden et al., 2008). Ultimately, the primary objectives of assessing motor
competence are to recognise developmental delays, to construct effective interventions
and to quantify levels of motor competence (Bardid et al., 2019; Barnett et al., 2016;
Hulteen et al., 2015). Bardid et al. (2019) recognised the importance of validity and
reliability in motor skill assessments for children and young people as developing
motor competence is vital in these age groups.

By comparing commonly used assessment measures, most have relied on product- or
process-orientated scoring. Product scores focus solely on the outcome of the
movement, not how the movement is performed whereas, process scores concentrate
on whether the movement is performed correctly (Logan et al., 2017). Product scores
are quantitative and generally easier to score and less time consuming than process
scores (Hands, 2002). On the other hand, process scores can provide more specific
feedback on skill performance (Burton & Miller, 1998) but more time-consuming
training is needed to score and assess process-orientated measures (Griffiths et al.,
2018). Exclusively using a product or process assessment may be limited (Logan et
al., 2017) therefore hybrid approaches using both assessment types have been created
(Longmuir et al., 2017; Tyler et al., 2018), potentially producing an enhanced, holistic
understanding of motor competence (Hulteen et al., 2020).
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Hulteen et al. (2020) conducted a systematic review to explore validity and reliability
of evidence of motor competence assessments in children and adolescents and found
a total of 57 different skill assessments where reliability was more explored than
validity. Tests included: Athletic Skills Track-1 (AST-1), Movement Assessment
Battery for Children-2 (MABC-2), Test of Gross Motor Development 3™ Edition
(TGMD-3) and Canadian Agility and Movement Skill Assessment (CAMSA). One
assessment measure that was not explored in this review was the Dragon Challenge
(Tyler et al., 2018). This is a dynamic assessment of motor competence which is used
as a method in this body of work and has been validated for use in children aged 10 —
14 years of age (Tyler et al., 2018). The Dragon Challenge is an example of a hybrid
assessment, utilising both process and product scores and a timed element to the

overall scoring.

Motor competence assessments are vital tools to provide measures for the primary
objectives; they also provide quantitative-based measures to allow researchers to
explore correlates and determinants between motor competence and other health-
related factors.

2.6.3 Motor Competence Correlates and Determinants

When exploring biological associations, it is well recognised that sex is a commonly
researched correlate (Barnett et al., 2016). Being a boy is positively correlated with
both object control and locomotor skills (Robinson, 2011; Spessato et al., 2013), whilst
being a girl has been correlated with stability or balance skills (Olesen et al., 2014;
Venetsanou & Kambas, 2011); although Barnett et al’s (2016) systematic review
showed that the latter association was inconsistent. An increase in age has shown
positive correlations with motor competence across object control, locomotor, and
stability skills (Barnett et al., 2010; Spessato et al., 2013). Much research has focused
on motor competence in children who are obese or overweight, using BMI as a
measure. A higher BMI is negatively correlated with stability skills, but evidence is
lacking for associations with object control or locomotor skills (Barnett et al., 2016).

Waist circumference and body fat percentage have both been negatively correlated
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with motor competence (Joschtel et al., 2021; Trecroci et al., 2021). Whilst the same
was true for perceived motor competence, these results should be viewed with caution
as the qualitative analysis (risk of bias assessment) showed that these associations
continue to be uncertain. Associations have also been detected in longitudinal studies
where motor competence has negatively been related to BMI over time (Erwin &
Castelli, 2008; Martins et al., 2010).

Alongside biological associations are the demographic correlates including
socioeconomic status (SES), which Barnett et al. (2016) concluded as producing
inconsistent results. However, higher SES has been found to be positively associated
with locomotor and stability skills (Woodard & Yun, 2001). Academic school year has
been identified as a confounding factor in this association, with SES only influencing
young children’s object control and stability and not older children’s (McPhillips &
Jordan-Black, 2007). Ethnicity in relation to motor competence has received less
attention. Early research found no significant differences in motor competence
between ethnicities (McKenzie et al., 2002), whilst more contemporary research has
consistently highlighted that those children identifying with a South Asian ethnicity
had poorer locomotor skills that children with a white or black ethnic background
(Eyre et al., 2018).

Another factor that has been explored in relation to motor competence is special
educational needs or disabilities, but this has generally focussed on clinical
populations. Studies include children with autism spectrum disorder (ASD; Pan et al.,
2009), Down Syndrome (Volman et al., 2007) and attention deficit hyperactivity
disorder (ADHD; Villa, 2018). These studies found that children living with these
conditions have poorer motor competence than typically developing children. Studies
exploring motor competence in clinical populations, such as children with special
educational needs, are limited by their sample size (Downs et al., 2020), whilst other
studies in this population are limited by a lack of female participants (Kaiser et al.,
2015). One study with a particular focus on coordination and children with ADHD was
conducted at a population-level (Opper et al., 2022). However, there have been no

population-level studies to date that have considered motor competence using a hybrid,
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dynamic assessment type and grouping special educational needs and disabilities

together as one whole population.

There is compelling evidence that motor competence is associated with a wide range
of physical health outcomes, including physical activity (Barnett et al., 2016). The
established relationships between motor competence, physical activity, and fitness are
particularly important to recognise, due to the positive health outcomes that being
sufficiently fit and physically active can have. Low proficiency of motor competence
in children is associated with less physical activity and lower CRF (Hardy et al., 2012).
This relationship is stable over time as there is a strong positive association between
motor competence at age six years and physical activity levels twenty years later at the
age of 26 (Lloyd et al., 2014). A contemporary, comprehensive systematic review
identified strong positive evidence for a pathway from motor competence to physical
activity, but not the reverse relationship (Barnett et al., 2022). Whilst much research
has been invested into physical activity as a correlate of motor competence, the same
is not true for sedentary behaviour (Barnett et al., 2016); although, one study found
that less time spent sedentary was associated with higher levels of motor competence
(Lopes et al., 2012). There is strong evidence that motor competence is positively
associated with CRF and musculoskeletal fitness, but the association with flexibility
is unclear (Cattuzzo et al., 2016). Cross-sectional research has highlighted that children
who regularly participate in organised sport have more proficient motor skills than
those who do not (Graf et al., 2004; Queiroz et al., 2014). Longitudinal research
highlighted the cross-sectional nature of these studies as a limitation and sought to
identify any predictions over time, with findings suggesting that children’s motor
competence positively predicted sports participation two years later (Vandorpe et al.,
2012). This is also true for pre-school children (Henrique et al., 2016).

In addition to physical health outcomes, motor competence has been associated with
cognitive and socio-emotional development (Gandotra et al., 2022). Cognitive
development includes the improvement of executive functioning, which can be made
up of working memory, cognitive flexibility, and response inhibition (Miyake et al.,

2000), all of which are positively associated with motor competence (Ludyga et al.,
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2019). Together with cognition, social and emotional functioning have also been
associated with motor competence (Piek et al., 2015), whereas fine and gross motor

skills are strongly correlated with prosocial behaviours (Gandotra et al., 2022).

Barnett et al. (2016) identified further correlates of motor competence, including:
adoption status, parental skill confidence, playground size at school, maternal and
paternal education, and birth weight although a greater body of research is required to
substantiate these findings. Motor competence interventions should therefore be
focussed on altering any modifiable correlates or determinants.

2.6.4 Motor Competence Interventions

A meta-analysis by Logan et al. (2012) demonstrated improvements in fundamental
movement skills (both object control and locomotor skills) following motor skill
interventions; however, this meta-analysis only included interventions that used the
Test of Gross Motor Development as an assessment tool. When studying just object
control skills, it was found that after a nine-week intervention, providing motor skill
instruction, there was a significant time by treatment interaction, demonstrating that
appropriate interventions are effective (Robinson & Goodway, 2009). A ten-week
after-school physical activity and motor skill programme, providing children with a
wide range of activities to develop locomotor and object control skills in Australia,
also revealed significant increases in motor competence in overweight and obese
children (CIiff et al., 2007). However, evidence in this area is largely limited to
participants with poor motor competency, and few have focused on typically
developing children. A twelve-week intervention applied to children in the bottom five
percent of their class, involving participation in skills assessed when completing the
TGMD found improvements in both locomotor and object control skills (Valentini &
Rudisill, 2004). Although the type of intervention had an impact on the degree to which
these skills improved; children in the mastery-climate group had significantly better
locomotor skills than the low-autonomy group. Having a mastery-climate during an
intervention therefore seems to impact on the quality of the intervention as does the

person who leads the intervention. Compiling teacher-led, child-centred, and parent-
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led interventions research has highlighted a large effect on object control skills and a
moderate effect on locomotor skills (van Capelle et al., 2017). This same research
found that interventions where sessions were longer than 30 minutes and were
delivered four to five days per week delivered greater improvements in motor
competence; the authors suggested that this may be due to repeated practice (van
Capelle et al., 2017). The same frequency message was found in a review exploring
motor skill interventions and physical activity levels in pre-school children, where
there were significant improvements in motor competence during interventions that
took place three or more times per week (Engel et al., 2018). In another study involving
a group of children with developmental coordination disorder (DCD), it was found that
children need to be exposed to a motor competence intervention three or more times

per week to have a positive impact on their motor skills (Pless & Carlsson, 2000).

2.6.5 Conclusion

Having a proficient level of motor competence enables children to access a range of
physical activity and sporting opportunities. Measuring children’s motor competence
allows for proficiency to be tracked across time and for effective interventions to be
planned and implemented. However, furthering our understanding of correlates and
determinants of motor competence enables interventions to focus on changeable
correlates. As motor competence is not developed habitually (Gagen & Getchell, 2006)
or through maturation (Clark, 2005), the environment in which it is developed needs
to be inclusive. The next section will explore the environments where motor
competence can be developed and some of the influences that these environments can

have on physical activity, motor competence and fitness.
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2.7 ENVIRONMENTAL INFLUENCES

The physical and social environment influences physical activity, fitness and motor
competence, and ecological models emphasise this (Sallis & Owen, 2015). The Ottawa
charter consecrates the need for environments that promote healthy choices (World
Health Organisation, 1986). There has been an increase in research surrounding the
impact of various environmental factors on physical activity (Maddison et al., 2009);
such as neighbourhood walkability and access to open spaces (Owen et al., 2004), and
the presence of green space (Wendel-Vos et al., 2004). Most studies that have
evaluated environmental impacts on physical activity levels have focussed on adults
and have not considered children and young people (Maddison et al., 2009). However,
a small number of studies have found that time spent outside is associated with
children’s physical activity levels (Davison & Lawson, 2006); whilst one large
Australian study on children found associations between physical activity and both
environmental and social factors (Timperio et al., 2006). Two environments that are
studied within this body of work are the school and home environments including built

and social aspects.

2.7.1 School Environment

Children spend a large amount of their time within an education setting, particularly a
school environment; therefore, schools are believed to be an important place to provide
opportunities for children to be physically active. Additionally, schools provide an
environment where most children and young people can be reached, regardless of their
background and therefore are an obvious setting to reach a wide range of children.
Opportunities to improve physical activity levels, physical fitness and motor
competence can be provided throughout the school day in the forms of structured
physical education (PE) lessons, break and lunchtime free play and extra-curricular
activities. Schools have very different physical and social environments providing
context specific opportunities for children to engage in physical activity and current
research often fails to account for these variances. Within quantitative research, a

multi-level model could be used to ensure that any variance is accounted for.
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Moreover, there are also temporal factors, both day to day and season to season.
Research has explored physical activity levels present throughout different parts of the
school day. Findings suggest that simply the movement between classes provides an
opportunity for physical activity with associations reported between a physically larger
school site and an increase in physical activity (Cradock et al., 2007). During
breaktimes children accrue between 5% and 40% of their daily physical activity
recommendations; however, it is important to note the inequalities present as MVPA
and VPA is higher for boys than girls (Ridgers et al., 2011). One study found that
during PE lessons, children spend up to 34% of the time in MVPA (Fairclough &
Stratton, 2006). Many elements of the school day provide an opportunity for children
to be physically active, whilst a recent meta-analysis reports that PE lessons have a
large effect on motor development for children and adolescent (Loras, 2020). Loras et
al. (2020) further suggest that the lessons should be specialist teacher-led, deploying a
specific curriculum which includes fundamental movement skills, physical literacy
and gymnastics which are all effective when compared to a non-standardised PE

curriculum.

As quality physical education has a significant impact on children and young people’s
physical activity, motor competence and fitness levels it is interesting to note the
recently implemented curriculum in Wales focuses on “areas of learning”, where PE
Is integrated into the Health and Wellbeing Area of Learning and Experience (Welsh
Government, 2020). This should be monitored closely during national roll out, which
will commence in September 2023, to ensure that children and adolescents are
progressing their physical literacy at school. The AHK-Wales 2016 and 2018 Report
Cards results (Edwards et al., 2018; Tyler et al., 2016) also provide indicators for
investments in these areas. The 2016 AHK-Wales Report Card emphasised the
importance of providing opportunities both during curriculum time and as extra-
curricular provision (Tyler et al., 2016). The importance of making extra-curricular
opportunities accessible for students, by providing transport and ease of access to
facilities after the school day, has also been reported (Sharp et al., 2022). The AHK-
Wales 2018 Report Card provided an inconclusive grade for the school indicator, due
to a lack of data, warranting a need to further investigate changes in physical activity

within the school environment in the future to assess the impact of the new curriculum.
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Interventions are often conducted in school-based settings as this approach has the
widest reach but there is mixed evidence on whether school-based interventions are
effective at improving physical activity levels (Dobbins et al., 2009). A recent
systematic review on school-based interventions, in promoting physical activity and
fitness and the prevention of obesity, found that in all studies at least one outcome was
improved and that physical activity-orientated interventions had a high success rate
(Yuksel et al., 2020). Evidence suggests that changing traditional school environments
to more activity-permissive physical activity learning (PAL) environments increase
children’s physical activity (Lanningham-Foster et al., 2008). PAL aims to break up
sedentary time in schools by incorporating physical activity throughout the school day,
not just in PE lessons. Countries across the world are implementing various versions
of PAL initiatives (Blom et al., 2018; McKay et al., 2015; Resaland et al., 2016) and
findings suggest that there are benefits in both short-term and long-term PAL on
physical activity, health, and academic performance (Daly-Smith et al., 2018; Watson

et al., 2017) across all demographics (Bartholomew et al., 2018).

2.7.2 Home Environment

Children spend more time in their home environment than anywhere else, and this is
largely time spent indoors (Matz et al., 2014). The home is where children accrue high
quantities of their daily physical activity and sedentary time (Tandon et al., 2014). The
home is a dynamic environment where both physical and social factors can influence
children’s behaviour (Maitland et al., 2013, 2014; Sheldrick et al., 2019; Sheldrick et
al., 2022).

Research has focussed on the availability and accessibility of various equipment within
the home in altering levels of physical activity and time spent in sedentary pursuits.
Maitland et al., (2013) found that children having media equipment in their bedroom
reduces their physical activity levels. Concurrent with this research, a study spanning

twelve countries found that if children have at least one piece of media equipment in
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their bedroom, they partake in less MVPA (Harrington et al., 2016). Inverse
associations between media equipment and physical activity levels in children are well
established, unlike the associations between equipment used for physical activity and
physical activity levels which produce more mixed results (Maitland et al., 2013).
However, when studying specific pieces of equipment, bikes (in Australia) and
basketball hoops (in the USA), are positively associated with physical activity and
MVPA (Dumuid et al., 2016; Tandon et al., 2014). Aside from equipment, another
physical factor within the home is the garden or access to outdoor space; as physical
activity at home typically happens outside (Biddle et al., 2009). Alas, there is a lack of
evidence to support the hypothesis that a garden space augments physical activity
(Maitland et al., 2013). On the flip side, sedentary behaviour has been inversely
associated with time spent outdoors (Gray et al., 2015), garden accessibility and garden
size (Hales et al., 2013).

The home social environment has been more widely explored, and studies have
examined the influence of parents, siblings, and pets on activity levels. Parental
support has been consistently associated with an increase in children’s physical
activity (Edwardson & Gorely, 2010; Maitland et al., 2013); whilst their role modelling
of physical activity has mixed results (Beets et al., 2010; Yao & Rhodes, 2015).
Associations have been found between parents overall sedentary time and children’s
overall sedentary time (Jago et al., 2010). Parental rules and supervision have also been
explored, with supervision of physical activity positively associated with physical
activity (Cleland et al., 2010). Further, children with a sibling who participates in
physical activity are likely to have higher levels of physical activity than being an only
child (Daw et al., 2015). There is also evidence that girls with brothers participate in
more physical activity than girls with sisters (Bagley et al., 2006) and that younger
siblings are more likely to model their behaviour on an older sibling if they partake in
physical activity (Ebihara et al., 1981). Dog-ownership has also been explored in
relation to children’s physical activity levels and a large cohort study found that
children whose families owned a dog frequented in LPA and MVPA more so than
children without a dog (Owen et al., 2010; Westgarth et al., 2013). Australian research
showed that young children, aged five and six, were less likely to be obese if they were

a dog-owning family than those not owning a dog (Timperio et al., 2008). An
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intervention in the UK showed an increase in device-based measures of physical
activity in the intervention group where families were given a dog to encourage

physical activity, compared to the control group (Morrison et al., 2013).

Both the physical and social home environments have therefore shown associations
with physical activity and sedentary time. Combining these factors and considering the
home as a dynamic environment will increase the understanding of these behaviours

at home.

2.7.3 Conclusion

The home and school environments represent the places where children spend most of
their time and the physical and social elements of these environments can influence
children’s physical activity, fitness, and motor competence (Maitland et al., 2014;
Sheldrick et al., 2019). Schools can provide opportunities for physical activity at many
points throughout the day, including both in curricular and extra-curricular time.
Despite this, schools have different approaches to this, with very few prioritising
physical activities (Hills et al., 2015). The home physical and social environment has
been explored in relation to physical activity opportunity with findings that having
access to media equipment, particularly in the bedroom, reduces time spent in MVPA
(Harrington et al., 2016). Socially within the home, parental support and role
modelling are imperative for the promotion of children’s physical activity (Beets et al.,
2010). Exploring both home and school environments, their social and physical
elements, are of paramount importance to understand children’s physical activity,

fitness, and motor competence across settings.
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2.8 COVID-19

On 30" January 2020 the World Health Organisation (WHO) declared the severe acute
respiratory syndrome (SARS)-CoV-2 virus a public health emergency of international
concern. The SARS-CoV-2 virus causes Coronavirus disease, COVID-19, with a
global pandemic declared on 11" March 2020. Leaders of countries worldwide started
to impose restrictions of varying levels to contain the spread of the virus, including
closing borders, social distancing, closure of shops, and some countries enforced
curfews and rules for time allowed to be spent outside of the home. Unless otherwise

stated, from here on in, the term pandemic refers to the COVID-19 pandemic.

Schools closed their doors to the majority of children, although not those of
keyworkers, to mitigate the spread of the virus, and teaching and learning activities
were moved online. This was of concern as children’s physical activity levels are lower
on non-school days (Brooke et al., 2014). This new home-schooling approach removed
opportunities for children to socialise, learn and be physically active. Emerging
evidence suggests that the pandemic has had a profound effect on the physical activity,

sedentary behaviour, fitness, and motor competence of children as described below.

2.8.1 COVID-19 and Physical Activity

Physical activity levels in children declined over the COVID-19 period (Yomoda &
Kurita, 2021); there are concerns that these changes may become permanent (Dunton
et al., 2020) with long term impacts on children’s health (World Health Organisation,
2020). A recent scoping review (Rossi et al., 2021) reported that children reduced their
daily physical activity levels by 45 minutes (Aguilar-Farias et al., 2021), to 91 minutes
per day (Medrano et al., 2021) during the pandemic. Despite these decreases some
studies reported increases, no changes, or mixed results (Rossi et al., 2021). That said,
many of the studies included in the review by Rossi et al. (2021) were cross sectional

and lacked device-based measures.
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Whilst most studies have reviewed changes in the frequency of physical activity over
the pandemic, some have explored the changes in intensity of physical activity. One
systematic review and meta-analysis (Neville et al., 2022) concluded that the reduction
in physical activity during the COVID-19 restrictions for children and adolescents was
larger for higher intensities of physical activity, such as MVPA. Tulchin-Francis et al.,
(2021) used proxy methods to report that MVPA decreased significantly, whilst LPA
remained unchanged. Whereas ten Velde et al., (2021) used device-based measures to
demonstrate that Dutch children also decreased their TPA, LPA and MVPA,
moreover, ten Velde also found that children with higher baseline MVVPA had a greater

decrease in time spent in MVPA than those with lower baseline levels.

In general, children’s physical activity decreased during the pandemic, with several
barriers and facilitators implicated for changes in physical activity. The most common
individual-level facilitators were prior fitness status, male gender and taking part in
online PE classes. Having access to a bigger outdoor space, more than one child in the
household and parental encouragement also facilitated children’s physical activity.
Constraining factors included an increasing age and a lower level of caregiver’s
education (Rossi et al., 2021). These barriers and constraining factors could potentially
further increase inequalities. Most known facilitators to children’s physical activity
were removed during the pandemic, such as accessible facilities and structured family,
social and community support (van Sluijs et al., 2008).

In relation to environmental influences, the pandemic had a vast impact on the time
spent within the home environment as schools were closed to contain the spread of the
virus. One study, in Wales, explored the impact of the lockdown restrictions on
children’s physical activity and sedentary time within the home environment. The
study found changes in the home environment such as increases in electronic media
equipment and sitting time and decreases in physical activity equipment, standing
behaviours and physical activity (Sheldrick et al., 2022). This was a quantitative study
and did not consider perceptions of parents or their children in changes in physical
activity or sedentary behaviours. Together with the home environment, research

considering the impact of school closures in Wales found that physical activity
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declined during the school closures, but children’s physical activity levels significantly

increased upon return to school (Hurter et al., 2022).

Although not specifically targeted toward the child population, an interesting
commentary paper was published during COVID-19 detailing the ‘tale of two
pandemics’ (Hall et al., 2021); this paper discussed the physical inactivity and
sedentary behaviour pandemics that have been present for several years, and
speculated that the COVID-19 pandemic has the potential to accelerate the physical
inactivity and sedentary behaviour pandemic due to the removal of opportunities
during lockdown restrictions, particularly if the new norms of social distancing and

staying at home persist across time and become habitual.

2.8.2 COVID-19 - Body Composition and Fitness

To date, research exploring the impact of the COVID-19 pandemic on children’s
fitness is inconsistent. One study assessed multiple components of fitness and found
that whilst there was no significant impact on handgrip strength, the tests for motor
skills, standing long jump and the 20m multistage shuttle run were significantly poorer

after, compared to before, the lockdown restrictions (Chambonniére et al., 2021).

In Austria, COVID-19 mitigation measures were associated with a decrease in
children’s CRF and an increase in BMI (Jarnig et al., 2021). Further, decreases in CRF
were the same in children who attended sports clubs and those who did not, despite
attendees of sports clubs displaying better CRF than those who did not at all time
points (Jarnig et al., 2021). There was a higher proportion of children obese or
overweight during the pandemic than prior to it. One study in a rural location of
Germany, found no differences in children’s fitness or BMI pre and post COVID-19
restrictions (Eberhardt et al., 2022). In England, the Childhood Measurement
Programme highlighted increases in children’s BMI from pre-COVID-19 where
22.6% (2018-2019; Office for National Statistics, 2019) of 4- and 5-year-olds were
overweight or obese to 27.7% (2020-2021; Office for National Statistics, 2021). This
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is in line with data from Wales, specifically the Swansea Bay University Health Board
(UHB) where 26% of 4- and 5-year-olds were overweight or obese (2018/19) (Hobson
et al., 2021) compared to 34% (2020/21; Crowther et al., 2022). These increases in
obesity levels are concerning as there was already a childhood obesity epidemic pre-
COVID-19 (Janssen, et al., 2005), and an obese child is more likely to become an
obese adult (Simmonds et al., 2016).

2.8.3 COVID-19 and Motor Competence

Evidence for changes in motor competence because of the pandemic are inconsistent.
Pombo et al. (2021) found that regardless of sex, motor competence was lower in all
related physical assessments, apart from the jumping sideways test, than before
lockdown. Another study found that children completed a motor skills obstacle course
significantly quicker pre- than post-COVID-19 (Chambonniére et al., 2021). The
longer-term impact of COVID-19 on motor skills has also been examined and it has
been reported that younger children, and more proficient children pre-COVID-19, did
not fully recover from the short-term negative motor competence implications of the
COVID-19 lockdown after two years (Carballo-Fazanes et al., 2022).

When looking specifically at special populations, children with intellectual disabilities
(ID) showed significantly lower motor competence during the pandemic if they were
inactive compared to their active peers who also had ID (Sedaghati et al., 2022).
Further, pre-school children displayed a greater number of falls and a shorter single-
leg standing time post-COVID-19 (Ito et al., 2021). Motor interventions that were
completed with children during the pandemic negated some of the detrimental effects
of COVID-19 on motor competence in pre-school children (Yanovich & Bar-shalom,
2022).
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2.8.4 Conclusion

Considering the associations between physical activity, sedentary behaviour, fitness
and motor competence, and healthy weight, the short-term impact of the pandemic on
children was detrimental. The long-term implications are yet to be established but
future studies, including those within this body of work, will provide a broader
understanding of the implications that the pandemic on children’s lives, and their

health, and wellbeing as they move into adulthood.

The first three studies in this thesis are all set in the context of children pre-COVID-
19; with the first study making some reference to COVID-19 and the changes that
might have occurred since the findings in that paper. The remaining two studies have
a focus on COVID-19 and the changes in children’s physical activity within the home
environment, as children spend most of the time at home, and this increased further
during the pandemic restrictions. However, all the studies are important to consider in
the post-COVID-19 recovery to enable children to increase levels of physical activity,

motor competence and fitness moving into the post-pandemic era.
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2.9 SUMMARY

Based on the gaps in the literature explored throughout this chapter, the overall aim of
this research is to investigate children’s physical activity, fitness, and motor
competence; and subsequently the effects that the COVID-19 lockdown restrictions
had on children’s lifestyles. Study 1 will aim to build on the work of previous Active
Healthy Kids Wales (AHK-Wales) Report Cards produced in 2014, 2016 and 2018 to
provide a current overview of children’s physical activity across Wales pre-COVID-
19. Also, to make comparisons between the quality indicator grades that were
previously reported. Based on the recognised the gap in the literature for population-
level analysis of daily life skills, related to safe activity (swimming) and active forms
of transport (cycling), Study 2 will aim to predict motor fitness, which is protective
against all-cause mortality, based on swimming and cycling skill competence. Study
3 aims to address the paucity of population-level studies on motor competence in
children with additional learning needs compared to typically developing children
using pan-Wales data. This complements the preliminary work on disabilities by the
AHK-Wales network. Study 4 will focus on issues related to the lived experiences of
children and their families during the first lockdown period of the COVID-19
pandemic; recognising the potential impact that not attending school and limited
opportunities for physical activity had on children’s physical activity, and sedentary
behaviour using the socioecological model as a theoretical framework. Study 5 will
be the first study to report medium term changes in children’s activity behaviours in
the HomeSPACE before, during and immediately after COVID-19 restrictions were
put in place using a qualitative approach. This will be a continuation from study 4,
exploring the same children and their families, as the lockdown restrictions change
over time, using the self-determination theory to aid the understanding of motivation

during these changes.

To summarise, this literature review has provided a critical overview of the research
to date in physical activity, physical fitness, motor competence and in the context of
the COVID-19 pandemic; something that was unforeseen at the start of the programme

of doctoral research. However, researchers should be flexible in their thinking and
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designs. Therefore, the originally planned research was changed to account for the
impact of COVID-19. The global pandemic and compulsory lockdown restrictions,
particularly the closing of schools, had a significant impact on the direction of this
thesis and hindered the progression of further research surrounding the second study
in this body of work. While the pandemic impacted on this research, it also provided
different and exciting opportunities to explore children’s activity in the home
environment and provided an opportunity to explore the subject in context of the

contemporary, real-world situation.

57



3 GENERAL METHODOLOGY

The methods described in this chapter are the field-based approaches to data collection
common to the studies within this body of work. Detailed methods, sample sizes and
statistical analysis specific to each study are presented in the relevant chapters and
appendices; whilst a critique of the methods were provided within the literature review.

3.1 ETHICAL APPROVAL

Ethical approval was gained from the Swansea University College of Engineering
Research Ethics and Governance Committee for all studies (REC numbers:
PG/2014/007; PG/2014/37, PG/2014/39 2020-029). Written informed consent was
obtained from parents/guardians and headteachers where applicable, whilst children
provided written or verbal assent. Age-appropriate information sheets were produced
and read prior to participants taking part in each study (Appendix VII).

3.2 INSTRUMENTS AND PROCEDURES

3.2.1 Swanlinx/Bridgelinx Fitness Fun Day: Field-Based Fitness Measures

Swanlinx was an already established health and fitness assessment and intervention
programme, mirroring the Sportslinx programme (Taylor et al., 2004). The Swanlinx
project included the EUROFIT fitness test battery (Adam et al, 1988). Bridgelinx was
developed to run alongside Swanlinx and to collect data from children in the
neighbouring town, Bridgend. The full Standard Operating Procedures (SOP) for
running the Fitness Fun Days can be found in Appendix IV.
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During a Fitness Fun Day, fitness tests were conducted by trained members of staff
from Swansea or Bridgend Active Young People Department (AYPD), Sport Science
postgraduate students and trained college students. Quality assurance was conducted
prior to these trained assessors overseeing the research. Children were split into
appropriately sized groups, on average eight children per group, and moved between
fitness testing stations where an appropriate adult would conduct the fitness test. At
each of the testing stations, the appropriate page from the SOP was provided as a
reminder of the testing protocol.

Anthropometrics: Body Mass, Stature & Sitting Stature (Body Mass Index,
Classification of Weight Status and Maturation): All anthropometric measures were
taken using standards and techniques from the anthropometric standardisation manual
(Norgan, 1988). All measures were taken behind a screen to ensure confidentiality of
sensitive data for the participants. Body weight was measured using portable weighing
scales [Seca 813, Seca Ltd, Birmingham, UK] and measured to the nearest 0.1kg. To
ensure an accurate reading, participants were asked to remove their shoes, coats or
jumpers and anything in their pockets. To measure standing stature, the participants
were again asked to remove their shoes and stand up tall whilst looking ahead and
keeping their head and body still. A stadiometer [Seca 213 portable stadiometer, Seca
Ltd, Birmingham, UK], was used to measure the distance between the floor and the
top of the participants head to the nearest 0.1cm. Sitting stature was measured using a
sitting stature stadiometer [Harpenden Sitting Height Table, Holtain Ltd,
Pembrokeshire, UK]. Participants removed their shoes so that their feet could be
placed on a platform to support their legs whilst they sat on the stadiometer. They
placed their hands on their legs, kept their head level and still and sat as straight and
tall as possible whilst inhaling. The distance between the top of the skull and base of

the sitting surface was measured to the nearest 0.1cm.

Participants Body Mass Index (BMI) was calculated using the equation (BMI = body
mass (kg)/stature? (m?)). BMI z-scores were then calculated and the UK 1990 Growth
Reference Curves (Cole et al., 1995) and International Obesity Task Force (IOTF)

reference curves (IOTF; Cole & Lobstein, 2012) were used to define participants as:
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underweight, healthy weight, or those with overweight or obesity. After calculating
both IOTF and UK growth reference curves a decision was made to use the latter, as
it is nation specific and has also been previously used as part of the Swanlinx Project
(Tyler, 2015; Tyler et al., 2019). A proxy measure of biological maturation was also
calculated using sex-specific maturation offset regression equations, using the
anthropometric measures to predict age from peak height velocity (Mirwald et al.,
2002). Despite calculating biological maturation, it was not directly used within any
subsequent analyses as it was found to be highly correlated with decimal age.

20m Shuttle Run Test: The 20m Shuttle Run Test (20mSRT) used a standardised lap
scoring protocol (Riccoch, 1990), to measure the participants cardiovascular fitness
when continuously running between two lines 20m apart, in time to recorded beeps
from a CD. Once participants failed to reach the end line on two consecutive beeps or
voluntarily withdrew from the running the number of shuttles completed was recorded.
A researcher ran with the participants to support them to continue running to

exhaustion and also to promote a consistent running pace.

Handgrip Strength: To measure strength, participants held a hand dynamometer
[Takei Corp Ltd., Tokyo, Japan] with their arm extended above their head and
squeezed the grip with maximum force for five seconds, slowly moving it down to
their side. They completed this with both right and left hands and an average in

kilograms (kg) was calculated.

Standing Long Jump: Participants completed a standing long/broad jump on a long
jump mat measured in centimetres (cm) to evaluate their power. They were encouraged
to bend their legs, swing their arms, and jump from standing as far as they could on
the mat, landing with two feet. The measure was taken from the back of their feet.
They had three opportunities to complete this and the best score out of the three

attempts was recorded.
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Speed Bounce: Participants were tested using the speed bounce for their speed and
coordination. They were asked to jump sideways, over the speed bounce wedge, with
their shoes on, as many times as possible in 30 seconds. They were allowed a practice
jump of 5 to 10 bounces to spot any problems with technique, as only jumps that were
performed correctly were measured i.e., over the wedge and taking off and landing on
two feet simultaneously. Participants had two attempts at this, with a break in the

middle, and the highest was their final score.

10x5m Shuttle Run: Another method to measure the participants speed was the 10x5m
shuttle run, measured to the nearest 0.01second. Participants were asked to sprint back
and forth over a 5-metre distance, ten times with both feet fully crossing the line at

each marker.

Sit and Reach: To measure the participants flexibility, specifically their lower back
and hamstring muscles, participants were asked to sit on the floor with their legs
outstretched and feet, without shoes, flat against the sit and reach box. Both knees
should be locked and pressed flat to the floor. If participants struggled with this, the
researcher could gently push their knees to the floor. With their palms facing
downwards and hands side by side the participant reached forward along the measuring
line on the box as far as possible and holds for two seconds. Their score to the nearest

cm at the end point of their longest finger was recorded.

3.2.2 Child Health and Activity Tool: Online Questionnaire

A tool developed by Swansea University, the Child Health and Activity Tool (CHAT)
IS an interactive, online questionnaire consisting of a series of questions involving the
participant recalling their activities and behaviours on the previous day. The survey
can be done in both English and Welsh and is completed within the classroom, under
the supervision of the class teacher, following a standardised video shown to all
children prior to completing the CHAT. Within this study the questions used from the
CHAT were:
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1. Can you swim 25m unaided?
2. Can you ride a bike?

3. Do you attend a sports club outside of school?

Many questions within the CHAT have been validated through a study utilising an
autographer, parent reports and accelerometers (Everson et al., 2019). A copy of
CHAT version 4 is shown in Appendix Il1.

3.2.3 The Dragon Challenge: Physical Competence Measure

The Dragon Challenge (DC) is used to assess children’s motor competence and has
shown acceptable reliability and validity in children aged 8 to 14 (Tyler et al., 2018).
There are nine tasks assessing children’s stability, object control and locomotor skills:
Balance Bench, Core Agility, Wobble Spot, Overarm Throw, Basketball Dribble,
Catch, Jumping Patterns, T-Agility and Sprint. Tasks are completed in the same order
for each participant, although they are under the illusion that the order is random. It is
a dynamic assessment, where the participant is also assessed on their fluidity between

tasks through the measure of time.

All participants received a demonstration of the full DC and a breakdown of each task.
They were then given the opportunity to practice each task, in isolation. They then
completed the full DC, under the supervision of at least two researchers, with one
leading the child around the DC course and the other, being a trained assessor, scoring
the participants in line with the scoring system in the DC Manual (Appendix V).
Briefly, for each task there were two process measures and one outcome measure. The
time taken to complete the DC was converted into a score. The three measures,
process, outcome, and time were all scored out of 18 and summed to give a total score.
Based on their total score, participants were then categorised into Platinum, Gold,

Silver, or Bronze.
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3.2.4 HomeSPACE: Longitudinal Semi-Structured Interviews

Semi-structured, online interviews were conducted for the qualitative element of the
HomeSPACE study. Interviews were conducted with families including, but not
limited to, at least one parent and one child. Interviews were analysed using thematic
analysis combining inductive and deductive processes (Braun & Clarke, 2022).
Thematic analysis involves familiarisation by reading and re-reading the transcripts,
highlighting important, repetitive, and novel data, and subsequently coding this data.
Codes are then group together to form themes and sub-themes which are then
substantiated by direct quotes from the transcripts. For a further understanding and a
deeper insight into the data, a socioecological model (Sallis & Owen, 2015) and the
self-determination theory (Ryan & Deci, 2017) were used as frameworks for analysis.

3.3 PROCESSES

3.3.1 Active Healthy Kids (AHK) Process

The first study in this thesis was part of The AHK Global Alliance (AHKGA) which
is a global movement to get children more active and healthier. The AHK-Wales
Research Working Group (RWG) was established in 2014 and produced their first
Report Card on children’s physical activity, adhering to the AHKGA guidelines,
benchmarks, and recommendations. Subsequently, report cards were produced in 2016
(Tyler et al., 2016) and 2018 (Edwards et al., 2018) contributing to the global
movement. The next report was scheduled for 2020, however, the COVID-19
pandemic had an impact on this, and the Report Card was pushed back to 2021. Early
in 2020 the AHK-Wales RWG met virtually to discuss the 2021 cycle and steps to take
to ensure continuity with the group. Under the supervision of Project Lead Professor
Gareth Stratton, | was named as the Lead Researcher, coordinating the group, sourcing
the data, and writing the outputs. The RWG met approximately every quarter (meeting
dates can be found in the Report Card in Appendix 1), to discuss the progress of the
group including, scrutinising the data, and producing a grade for each quality indicator
of children’s physical activity.
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3.4 CONCLUSION

This chapter has provided a general overview of the methods that are common amongst
multiple studies within this research. More specific methods are outlined within

specific study chapters.
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THESIS MAP

Before and after each chapter, I present a thesis map. This 1s to show the journey of
each empirical study within this body of work. The thesis map acts as both an
introduction and a conclusion to each phase of the research, highlighting the aim of

the following study and the key findings of preceding study.

Study Outcomes
Aim To summarise the findings of the Active Healthy Kids Wales
2021 Report Card process and to present and interpret the
Wales 2021 Active Healthy results for physical activity domains for children and young
Kids (AHK) Report Card: people.
1 The Fourth Pandemic of
Childhood Inactivity Key
Findings
Aim
Associations Between
Swimming & Cycling
Abilities and Fitness In 9-11-  Key
2 Year-Old Boys and Girls Findings
Aim
Motor Competence Between
Children with and without
Additional Learning Needs:  Key
3 A Cross Sectional Findings
Population-Level Study
A Socioecological Aim
Perspective of how Physical
Activity and Sedentary Key
4 Bel.lawour a’.t Home Changed Findings
during the First Lockdown of
COVID-19 Restrictions:
HomeSPACE Project
Aim
5 Qualitative Changes in
Children’s Physical Activity
and Sedentary Behaviours

Throughout the COVID-19  Key
Pandemic: The HomeSPACE  Findings
Project

*The following chapters contain the published version of the studies: therefore, the terms physical
activity and PA are used interchangeably.
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4 STUDY 1 - WALES 2021 ACTIVE HEALTHY KIDS
(AHK) REPORT CARD: THE FOURTH PANDEMIC OF

CHILDHOOD INACTIVITY

*This chapter is part of a published manuscript:

Richards, A. B., Mackintosh, K. A., Swindell, N., Ward, M., Marchant, E., James, M.,
Edwards, L. C., Tyler, R., Blain, D., Wainwright, N., Nicholls, S., Mannello, M.,
Morgan, K., Evans, T., & Stratton, G. (2022). WALES 2021 Active Healthy Kids
(AHK) Report Card: The Fourth Pandemic of Childhood Inactivity. International
Journal of Environmental Research and Public Health, 19(13), 8138.
https://doi.org/10.3390/ijerph19138138

4.1 INTRODUCTION

Children’s physical activity (PA) levels worldwide are poor and have been decreasing
over the decades (Kohl et al., 2013) to the detriment of physical (Hills et al., 2011)
and mental health (Biddle & Asare, 2011). This is, unfortunately, no different in Wales
(United Kingdom; U.K.) (Edwards, et al., 2018). Wales has a population of
approximately 3 million people, of which approximately 664,000 are children and
young people aged between 0 and 18 years (StatsWales, 2020). Only 51% of the
Welsh population who are aged 3-17 years meet the guidelines for PA. These
guidelines recommend at least 60 minutes of PA every day of the week (World Health
Organisation, 2020). Only 13-17% of children aged 11-16 years partake in the
recommended amount of PA (Health Social Care and Sport Committee, 2019), leaving
Wales with some of the poorest levels of PA and time spent in sedentary behaviour
globally (Aubert et al., 2018; Hanson et al., 2017).
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Guidelines suggest that PA should be of moderate to vigorous intensity and that some
PA is better than none. The guidelines further recommend that children and young
people engage in a variety of types and intensities of PA to develop movement skills,
muscular fitness and bone strength, and that sedentary time should be minimised
(World Health Organisation, 2020). Poor levels of PA have a subsequent negative
effect on physical health, including increased risk of obesity (Ng et al., 2014). In
Wales, this is reflected in data from the Public Health Wales Child Measurement
Programme (Public Health Wales NHS Trust, 2018), which show year-on-year weight
increases with more than one in four children (aged 4-5 years) now living with
overweight or obesity in Wales. High levels of obesity are also linked with low levels
of fitness (Dumith et al., 2010). Research in Wales indicated that less than half of 3000
9- to 11-year-old children assessed achieved a healthy level of overall health-related
fitness (Tyler et al., 2019). Furthermore, research has shown that PA levels during
childhood can be tracked into adulthood, with children who are physically active more
likely to be physically active as adults (Telama et al., 2014). Thus, there is a growing
need to (i) highlight the current PA situation with children and young people across
Wales; (ii) identify any inequalities in achieving recommended levels of PA in Wales;
and (iii) provide recommendations for improving these to inform the decision making
of policy makers, practitioners, and educators in Wales. These needs have been
recognised by policy makers who previously produced a report detailing 20
recommendations to improve children and young people’s PA in Wales (Health Social
Care and Sport Committee, 2019).

There are many inequalities in PA levels, including, but not limited to, age, sex, race
and ethnicity and socioeconomic status. Specifically, the current evidence base
suggests that boys are more active than girls (Hallal et al., 2012); PA levels decline
with increasing age (Farooq et al., 2020); differences exist between ethnic groups, with
White European children recording more PA than South Asian children (Eyre et al.,
2013; Owen et al., 2009); and lower socioeconomic status is associated with lower PA
levels (Drenowatz et al., 2010). Despite these inequalities, Wales has a strong
performance history of supporting PA through policies and strategies, with the 2018
Active Healthy Kids (AHK) Wales Report Card awarding a grade of C+ based on the

identification of 21 national documents with a direct bearing on children and young
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people’s PA. However, the Report Card did highlight that some of these policies were
outdated (Edwards et al., 2018; Ward et al., 2021).

The Active Healthy Kids Global Alliance (AHKGA) is a network of researchers and
health professionals aiming to improve children and young people’s PA across the
world, with an expanding development over time (Aubert et al., 2019). The 2021
Report Card for Wales is the fourth Active Healthy Kids Wales (AHK-Wales) Report
Card, following reports in 2014, 2016 and 2018. Wales’s fourth Report Card
contributes to the AHKGA Global Matrix 4.0, which consists of 57 countries across
six continents, after previously producing Report Cards for the Global Matrix 1.0
(Tremblay et al., 2014), 2.0 (Tremblay et al., 2016; Tyler et al., 2016) and 3.0 (Aubert
etal., 2022; Edwards et al., 2018). The AHK-Wales Research Working Group (RWG)
is co-ordinated by Swansea University and consists of academics and professionals
from across Wales in the fields of sport, play, transport, public health, leisure and
education. The overall purpose of the AHK-Wales Report Card is to act as an advocacy
tool and provide a lens over PA behaviours and influencing factors of children and
young people within Wales. A strength of the AHKGA process is that participating
countries use a standard method that allows for comparison between countries, and it
highlights children and young people’s rights to be active and healthy. The purpose of
this paper is to summarise the findings of the AHK-Wales 2021 Report Card and to
present and interpret the results for PA domains for children and young people.

4.2 MATERIALS AND METHODS

The AHK-Wales RWG consisted of 20 members, including academics, postgraduate
researchers, professionals and practitioners with expertise in PA and access to national
data sources. The Academic Lead (G.S.) gained funding for and supervised the project,
whilst the Lead Researcher (A.B.R.) led on sourcing and synthesising the data,
organising the quality indicator (QI) groups and liaising with the AHKGA regarding
progress of the Wales RWG. G.S. and A.B.R. were also responsible for producing the

Report Card and subsequent impact activity, including that of the website, social media
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and further advocacy practices. Members of the RWG were allocated to QI groups,
each with an associated lead (initials below), to collectively allocate grades to each QI.
The method used throughout the process was aligned to guidance from the AHKGA
(Tremblay et al., 2014) culminating in the production of eleven PA QI grades. Whilst
Physical Literacy was not an AHKGA QI, the RWG deemed the inclusion important,
given the association with overall PA (World Health Organisation, 2018) and the
ongoing work on this in Wales over recent years (Wainwright et al., 2018, 2020). The
eleven PA QlIs were assessed and graded using the AHKGA standardised Report Card
development process, which has been previously described for the Global Matrix 2.0
(Tremblay et al., 2016) and 3.0 (Aubert et al., 2018) and is based on the Canadian
Report Card model (Colley et al., 2012). Briefly, this process involved collating,
synthesising and providing expert consensus on the best available data aligned to the
AHKGA benchmarks for the Global Matrix 4.0 (Table 1) for each QI. Slight
alterations of benchmarks were made between Global Matrix 3.0 and 4.0 based on
feedback from stakeholders. The RWG decided to use pre-COVID-19 data to produce
the 2021 Report Card due to the time gap between the 2018 Report Card and the 2021
Report Card. However, it should be noted that a further Report Card is currently in
production to compare the grades in this Report Card to children and young people’s
PA post-COVID-19. The eleven Qls included Overall Physical Activity (K.A.M.),
Organised Sport and Physical Activity (R.T.), Active Play (M.M.), Active
Transportation (N.S.), Sedentary Behaviours (K.M.), Physical Fitness (D.B.), Family
and Peers (S.N.), School (E.M.), Community and Environment (M.J.), Government
(M.W.) and Physical Literacy (N.W.). The Qls were graded using a standardised
grading scheme and rubric (Table 2), provided by AHKGA, ranging from A+ (94—
100% of children met the criteria) to F (<20% met the criteria) or Inconclusive (Inc),
where data were inadequate or not available. The most recent and highest quality data
(at the time of the grading process pre-COVID-19) were used from the following data
sources: Health and Attainment of Pupils in a Primary Education Network (HAPPEN),
School Health Research Network (SHRN), School Sport Survey, Further Education
Sport and Active Lifestyles Survey, Play Sufficiency Child Survey Analysis, The
National Survey for Wales, Swanlinx and Bridgelinx Data, Dragon Challenge Data,
and Movement Assessment Battery for Children (MABC) Data. Each of these data
sources had various sample sizes and age ranges (Table 3) and these were taken into

consideration when grading the Qls. Data sources that were nationally representative

69



were prioritised, followed by the best available data for each specific QI. The RWG
regularly met virtually using an online platform to discuss and critique data for each
of the eleven Qls, resulting in a grade being presented. During the meetings, data were
reviewed in terms of representativeness, data collection, age range of participants,
sample size and the reporting of any inequalities, including age, sex, race and ethnicity

and socioeconomic status.
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Table 1: The Active Healthy Kids Global Alliance benchmarks for each quality indicator. The benchmark for Physical Literacy was created by
the Active Healthy Kids-Wales group.

Indicator Benchmark(s)

% of children and young people who meet the Global Recommendations on Physical Activity for Health (World Health
Organisation, 2020), which recommend that children and young people accumulate at least 60 minutes of moderate-to-
Overall Physical vigorous-intensity physical activity per day on average.*
Activity
OR

% of children and young people meeting the guidelines on at least four days a week (when an average cannot be estimated)

Organised Sport and % of children and young people who participate in organised sport and/or physical activity programs.*
Physical Activity

Active Play % of children and young people who engage in unstructured/unorganised active play at any intensity for more than two
hours a day.*
% of children and young people who report being outdoors for more than two hours a day.*

Active Transportation % of children and young people who use active transportation to get to and from places (e.g., school, park, mall, friend’s
house)*

% of children and young people who meet the Canadian Sedentary Behaviour Guidelines (Canadian Society for Exercise
Sedentary Behaviours Physiology, 2018) (5- to 17-y-olds: no more than two hours of recreational screen time per day). Note: The Guidelines
currently provide a time limit recommendation for screen-related pursuits, but not for non-screen-related pursuits.*
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Physical Fitness

Average percentile achieved on certain physical fitness indicators based on the normative values published by Tomkinson
etal. (2018) *

Family and Peers

% of family members (e.g., parents, guardians) who facilitate physical activity and sport opportunities for their children
(e.g., volunteering, coaching, driving, paying for membership fees and equipment).*

% of parents who meet the Global Recommendations on Physical Activity for Health [5], which recommend that adults
accumulate at least 150 min of moderate-intensity aerobic physical activity throughout the week or do at least 75 min of
vigorous-intensity aerobic physical activity throughout the week or an equivalent combination of moderate- and vigorous-
intensity physical activity.*

% of family members (e.g., parents, guardians) who are physically active with their kids.

% of children and young people with friends and peers who encourage and support them to be physically active.*

% of children and young people who encourage and support their friends and peers to be physically active.

School

% of schools with active school policies (e.g., daily physical education (PE), daily physical activity, recess, “everyone
plays” approach, bike racks at school, traffic calming on school property, outdoor time).*

% of schools where the majority (=80%) of students are taught by a PE specialist.*

% of schools where the majority (=80%) of students are offered the mandated amount of PE (for the given
state/territory/region/country).*

% of schools that offer physical activity opportunities (excluding PE) to the majority (>80%) of their students.*

% of parents-who-repert-theirchildren and young people who have access to physical activity opportunities at school in
addition to PE classes.*

% of schools with students who have regular access to facilities and equipment that support physical activity (e.g.,
gymnasium, outdoor playgrounds, sporting fields, multipurpose space for physical activity, equipment in good condition).*
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% of children or parents who perceive their community/municipality is doing a good job at promoting physical activity
(e.g., variety, location, cost, quality).*
% of communities/municipalities that report they have policies promoting physical activity.

Community and % of communities/municipalities that report they have infrastructure (e.g., sidewalks, trails, paths, bike lanes) specifically
Environment geared toward promoting physical activity.
% of children or parents who report having facilities, programs, parks, and playgrounds available to them in their
community.*

% of children or parents who report living in a safe neighbourhood where they can be physically active.*
% of children or parents who report having well-maintained facilities, parks, and playgrounds in their community that are
safe to use.

Evidence of leadership and commitment in providing physical activity opportunities for all children and young people.

Government Allocated funds and resources for the implementation of physical activity promotion strategies and initiatives for all
children and young people. Demonstrated progress through the key stages of public policy making (i.e., policy agenda,
policy formation, policy implementation, policy evaluation and decisions about the future). HEPA PAT v2 and the scoring
rubric published by Ward et al. (Ward et al., 2021)*

Physical Literacy % of children and young people who are physically active, physically competent, motivated, confident, and possess
knowledge and understanding within the cognitive domain of physical literacy.*

* were used in our analysis and those with a strikethrough were changed.
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Table 2: The Active Healthy Kids Global Alliance grading rubric

Grade Interpretation
A+ 94% - 100%
A 87% - 93%
A- 80% - 86%
B+ 74% - 79%
B 67% - 73%
B- 60% - 66%
C+ 54% - 59%
C 47% - 53%
C- 40% - 46%
D+ 33% - 39%
D 27% - 33%
D- 20% - 26%
F <20%
Incomplete — insufficient or
Inc inadequate information to assign a
grade
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Table 3:The characteristics of the data sources that were and which quality indicator used these sources.

Data Source Sample Size Age Range Indicator Used
School Health Research Network . L . . .
Student Health and Wellbeing 110,877 11— 16 years Overall Physical Act|V|ty,. Sedentary Beha\{lours,_ Active Play, Active
s Transportation, School, Physical Literacy
urvey
School Health Research Network 167 Secondary School n/a school
School Environment Questionnaire Senior Leaders
Health and Attainment of Pupils in 1329 8 _ 11 vears Overall Physical Activity, Sedentary Behaviours, Active
a Primary Education Network ' y Transportation, School, Community & Environment, Physical Literacy
School Sport Participation Survey 118,893 716 years Organised Sport PartlupatloEithg)llly & Peers, School, Physical
869 primary school PE
teacher/coordinators
School Sport Provision Survey 186 secondary school n/a School
PE
teacher/coordinators
Fur