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conceptual model to offer further understanding between the relationship of
FMS, PA and weight status in an original way. A unique intervention was
trialled that modified the content of Physical Education (PE) to offer what
statutory PE currently does not. This was to identify if FMS could be taught,
learnt and developed, if PA could be increased and sustained, and if physical
self-perception could be improved during and following an ecologically valid

intervention.



Abstract

Introduction: Fundamental movement skills (FMS) form the prerequisite for
sporting and physical activities (Gallahue and Ozmun 2002). Research has
attempted to understand this relationship between FMS and physical activity
(PA) (CIiff et al., 2009). Method: Following institutional ethical consent for
each experimental study, three primary schools from the same electoral
wards in Coventry were used throughout this research. Children were
assessed subjectively on eight FMS, objectively on two FMS, height, body
mass, skinfold thickness, habitual PA and physical self-perception.
Additionally children were involved in a six week PA intervention with the aim
of teaching and developing children’s FMS and increasing PA and physical
self-perception. Statistics Package for Social Science (SPSS) was used to
analyse results throughout this research. Results: significant inconsistencies
were noted in FMS development throughout age (MANOVA, p<0.05);
significant gender bias was noted between specific FMS (MANOVA, p<0.05);
significant negative correlations were found between weight status and
specific FMS (Pearson’s product, p<0.05); a combination of previous and
current FMS mastery best predict current habitual PA level; FMS, PA, weight
status and self-perception can be positively influenced via a six week PA
intervention. Conclusion: the importance of children mastering FMS at an
early age is associated with PA levels during childhood. Furthermore,
effective methods of teaching FMS have become apparent and further
research should focus on this to influence PE policy and the teachers in the

UK.
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Figure 6.8. Percentage of girls classed as M (Mastery), NM (Near Mastery) and
NO (No mastery) for all eight FMS for pre and post a six week control.
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Figure 7.1 Howie and Pates (2012) model to explain the relationship of physical
activity, cognitive functions, and academic achievement as defined for this
review.

Figure 7.2 Modified version of Howie and Pates (2012) model to explain the
relationship of FMS, physical activity, cognitive functions, and academic
achievement.

Figure 7.3 A development of Stodden et al’s (2008) conceptual model.
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1.0 Introduction

1.1 General Introduction

Trends show that children in the UK are becoming less active and fewer
children are meeting the recommended guidelines for health enhancing PA
(Craig et al., 2008). It has been suggested that this drop in PA level is one of
the main causes of the rising obesity levels seen in the UK (Foresight, 2008).
Obesity costs the NHS over £5 billion per year due to the physiological and

psychological effects of being at this level of overweight (DoH, 2013).

In an attempt to understand a potential mechanism for this decreasing PA
level the relationship between motor development and PA have been
examined (Barnett et al., 2008; Hume et al., 2008; Cliff et al., 2009). Motor
development is a phenomenon (McMorris, 2004) that has been the focus of
many research studies for over 200 years (Cairns, 1988). Motor development
is a process that every individual goes through to allow them to perform
everyday activities. However, it is the FMS that have been examined to
identify a relationship with PA and weight status throughout research. FMS
are the basic primary skills that are initially learned and developed, and are
required to act as the foundations for successful execution of sporting and
physical activities (Gallahue and Ozmun, 2002). If these basic skills are not
mastered, the development of the larger and more sports specific skills will
be hindered (Gallahue and Ozmun, 2002). Therefore, if children have not
developed the skill set to successfully partake in PA they may be more likely

to drop out and not maintain a healthy PA level which will in turn affect



weight status. Research has suggested that the motor development of FMS
is not a natural process and will need to be taught and practiced by children
to gain mastery of these skills (Haywood and Getchall, 2002). Research has
focussed on assessing the development of the FMS to understand its link
with PA participation (Barnett et al., 2008; Hume et al., 2008; CIiff et al.,
2009). Whilst research has attempted to understand the relationship between
FMS, PA and weight status, there are gaps and inconsistencies in the
literature that need to be addressed. These include a general lack of data on
children in the UK, limited research on the association with present or future
PA levels from FMS competency. Information on whether it is possible to
teach and develop children’s FMS level through a relatively short and
practical physical education (PE) intervention is lacking in the UK literature
base. The research in this thesis will aim to address these gaps highlighted
within the literature which is discussed in more depth in chapter 1.5. If this
link between FMS, PA and weight status can be further understood, then
issues highlighted above can be further addressed. The results from the
research in this thesis could: 1) potentially be important in influencing future
interventions and policies in UK school PE provision, which in turn may help
to target the declining PA levels seen in the developed world, particularly in
the UK (Craig et al, 2008) and potentially provide useful information for future
PE policy to meet the primary aim of PE; 2) to provide children with the skills

and tools to lead an active lifestyle (QCA, 2007).



1.2 Motor development

The definitions of motor development have progressed in line with the
expanding research in this area (Cairns, 1988). Roberton (1989) described
motor development as the study of lifespan change in motor behaviour. More
recently Haywood and Getchell (2009) have defined motor development as
the sequential continuous age-related process whereby movement behaviour
changes. The study of motor development has been reported since 1787
(Cairns, 1988) and will progress as long as technology/equipment and
research advances, with definitions of this phenomenon continuing to
develop. An example of one way in which advancements in technology will
contribute to the study of motor development is the use of three dimensional
motion camera analysis to assess motor skills (Galli et al., 2010). Being able
to analyse different angles of joints simultaneously, could potentially highlight

new information in regards to the patterns of motor development.

Although there are certain stages and milestones of motor
development that a child will go through, each child will develop at different
rates (Holbrook and Keonig, 2000). The very first signs of motor
development are extensions in the upper spine, which can be detected in the
foetus, via ultra sound, after five to six weeks of pregnancy (Malina, 2004).
When a foetus is in the womb, impulsive movements are a common place for
the development of muscles and joints before birth. Once born, the child’s
motor responses are a progression to those learnt in the womb and are
influenced by two main factors; growth/maturity characteristics

(morphological, physiological and neuromuscular) and the environment the



child is raised in. A combination of the two latter factors will determine a
child’s motor repertoire. Malina (2004) has suggested five sub categories
(neuromuscular maturation; physical growth and behaviour characteristics;
tempo of physical growth, biological maturation and behavioural
development; residual effects of prior movement experiences; and new
movement experiences) which all interact with each other and contribute to
the motor development process. Therefore, the degree of interaction
between the sub categories will result in different levels of motor
development and in turn differing competency levels of FMS between
children. In the first two years of life, postural, locomotor and prehensile
control is gained. McGraw (1975) describes this as the development of the
phylogenetic motor behaviours, for example learning to sit up, stand and
walk. McGraw (1975) explains the latter as being characteristics of the
human species that are required for normal functioning, which are less
affected by practice. In contrast to this, skills that are characteristics of the
individual and are more subject to practice are known as ontogenetic skills
(McGraw 1975), for example skills such as throwing, catching and kicking.
These are the skills that form the building blocks for sporting and physical
activities. Gallahue and Ozmun (2002) have identified eight FMS as being
the main skills that will underpin sporting and physical activities. There are
three locomotor skills (running, hopping and galloping), three object control

skills (catching, kicking and throwing), jumping and balance.



1.2.1 Control of Movement

Humans primarily control their movements through their neural
interconnections between the brain, central nervous system and muscles
(McMorris, 2004; Fairbrother, 2010; Edwards, 2011). As movements
develop, these interconnections become streamlined and the performance of

these movements is enhanced (McMorris, 2004).

Fairbrother (2010) identified six basic sources of sensory information that

are used to control movements. These are described below.

Vision: this is used to gain a primary source of information. It gives
information such as direction, depth, environmental
cues/characteristics and visual targets.

e Hearing: verbal feedback, communication and sound feedback are
how humans can use hearing as a method to control their
movements.

e Balance: gives information on the body’s position and orientation.
Balance is used in virtually every skill, and when the body detects an
‘off balance,” muscles will be activated to make an adjustment to
maintain balance.

e Touch: gives feedback information such as, pressure, temperature,
shape, texture and movement.

e Proprioception: gives feedback information on the position of limbs,
without the use of visual sense.

¢ Kinesthesis: gives information about the movement of multiple limbs

and the speed at which they are moving.



Although the six senses are described individually, Fairbrother (2010)
stresses the importance of how all the senses will integrate to control a
movement. When controlling movements, different combinations of the six
senses will be used. The challenge is, having to identify and select the most
appropriate combination of sources to use for different skills/movements.
Furthermore, it is not only selecting the source, but some sources such as
hearing is involuntary and it takes discipline to respond to the most
appropriate ones. This process is enhanced with practice. Furthermore,
Kelso (1982) identifies that there are two ways in which people can use
these senses to feedback on the successfulness of a performance. The first
Is continuous feedback control, often referred to as closed loop control. This
Is used in skills that are long or continuous in performance. Whilst executing
the skills, continuous feedback allows time for the senses to be activated to
give feedback on any muscular corrections that need to be adjusted in order
for the movement to be successful. According to the information processing
stages (Schmidt and Lee 2011); three corrections per second can be made
during the performance of a continuous skill (Fairbrother, 2010). The second
method identified is no-feedback control (also known as open loop control).
This is used for very rapid skills that would not have time for continuous
feedback. This method is used to assess the conditions of the situation,
identify the movement goals and decide on the pattern of movements
needed to achieve this goal (this is known as a motor programme; Schmidt
and Wrisberg (2008). Once the skill has been completed immediate
feedback is given through the appropriate senses, which will be considered

for subsequent performances of the rapid execution of the skill. Again,



Fairbrother (2010) stresses that the use of both continuous and no control

feedback is essential for successful execution of movements.

1.2.2 Methods of skill acquisition

There are several methods that can be adopted to teach motor skills.
These methods are described in this section and once more it is important to
remember that a person will often use a combination of methods to learn a

new skill (Schmidt and Wrisberg, 2008).

Explicit learning is thought of as the most common way to learn a new
motor skill. It involves the person being fully aware that they are trying to
learn a new skill and they are given a specific set of instructions. In contrast
to this, implicit learning is when a person unconsciously learns a new skill
(Magill, 2001). Although implicit learning can be effective it can sometimes
result in the wrong technique of the skill being learnt, with the consequence
of having to re-learn the skill explicitly, which overall could take longer

(Fairbrother, 2010).

The most effective and commonly used method for learning a new
skill is physical practice. It is where the saying ‘practice makes perfect’ is
derived from. A subcategory in physical practice is to use part practice. This
involves breaking down the skill into smaller components and perfecting
each part before executing the skill as whole. However, when separating a
skill in to smaller components, this can change the overall motor pattern of

the whole skKill.



The observational learning method must be supported by explicit
learning as a person will be aware that they want to learn a skill by imitating
a model, person or demonstration. Observation will then be supported by
physical practice as the person will want to attempt what they have observed
(McCullagh and Meyer, 1997). Research has identified that humans possess
‘mirror neurons’ that are activated when performing a skill and again when
observing only that skill (Gazzola et al., 2007). Suggesting that humans are
predisposed to learn new skills through observations. By using observations,

patterns of coordination and timings can be learnt.

1.2.3 Cognitive theories of learning

The methods described in section 1.2.1 on ‘Control of movement’
were used by many psychologist/behaviourists to develop theories on how
humans learn different motor skills/patterns. The main theories that are

discussed in this research are reviewed below.

1.2.3.1 Fitts and Posner (1967)

This is a three stage theory that explains the process someone will go
through when learning a new skill. The first stage is the cognitive stage; this
involves the person making sense of the instructions, verbalising cues, taking
in irrelevant cues and often making mistakes. After practice and time (time is
dependent on the complexity of the skill being learnt), the performer will then

move into the associative stage. In this stage less instructions and



verbalisation of cues are needed, and skills are performed successfully more
times than not, however practice is still needed in this stage. Once the
performer can execute the skill without needing any instructions and it
becomes ‘automatic’, they have reached the autonomous stage. The length
of time spent in each stage will be dependent on the complexity of the skill.
However, once someone reaches the autonomous stage of learning, it is
hard to alter the movement pattern of that skill. Therefore, if a bad habit is
picked up and a performer enters the autonomous stage with the incorrect

technique it can be very difficult to change.

A practical example of the three stage theory is based on an over arm

throw;

Cognitive stage: observations of the correct technique will be made, and the
coaching points will be clearly identified by a coach and attempted by the
performer. This would include; stand side on to target, throwing arm would
be the arm furthest away from the target, step towards target with the
opposite leg to throwing arm, arm will move from a downwards and
backward arc and follow through across the body (POC: NSW, 2003).
Attempts at this process will be made with many mistakes occurring (Fitts

and Posner, 1967; lves 2014).

Associative stage: less mistakes when performing the throw will be made,
however the performer will still need to consciously think about executing
each individual coaching point described above (Fitts and Posner, 1967; Ives
2014). For example, a fielder in cricket would have to consciously stand side

on before throwing the ball back.



Autonomous stage: at this stage the cricket player would automatically
perform the correct technique of the over arm throw. The performer would
not have to consciously think about executing the individual components and

performance would be optimised (Fitts and Posner, 1967; lves 2014).

1.2.3.4 Schmidt’s schema theory (1975)

Schmidt (1975) used a pre-existing theory created by Adams (1971)
and developed it further. Firstly, Schmidt (1975) suggested that people do
not develop motor programmes but they develop ‘schemas’. A schema is
described as a set of generalised rules or generic rules for a set movement
pattern. Firstly Schmidt (1975) identified two types of memory: recall
memory, involving the choice and initiation of an action; and recognition
memory, evaluating an ongoing movement and making the appropriate
changes. Schmidt (1975) explains that it is not necessary to have previous
experience in the exact initial conditions or response parameters to be able
to execute an action or movement skill. If a recall schema has been
developed then the CNS can automatically adjust to suit the similar situation.
Schmidt (1975) explains further that the development of schemas is
controlled by error labelling. When skills are performed, sensory feedback is
taken to the CNS, if there is a mismatch between the desired outcome and

the actual outcome then an alteration will be made for that schema.

As mentioned, Gallahue and Ozmun (2002) recognised that eight
FMS underpin other sporting and physical activities. Applying Schmidt’s

(1975) theory, when children learn FMS, a schema will be developed, so
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when children progress to participate in sports, they can refer to the
generalised set of rules the schema holds and transfer them to the sporting
situation. For example, in tennis, the schema for the over-arm throw could be
adjusted to perform the action of the tennis serve. This theory underpins the
evidence detailed throughout this research regarding the importance of

learning the eight FMS for successful participation in PA and sport.

1.3 Weight status and obesity

Section 1.2 has highlighted that development of FMS is an important
prerequisite for PA participation (Okely et al., 2004). Increasing levels of
obesity in England are reported to be a consequence of the increasing
amount of children not meeting the recommended PA guidelines (Craig et
al., 2008). This section of the introduction will provide theory and background
as to how and why the nation is becoming more obese and the detrimental

effects it can have on health.

A person’s mass is the combined sum of everything in the body
including bones, fat, muscles and organs (Fink et al., 2009). The two
compartmental model categorises these into fat mass and fat free mass
(Withers, 1998). Fat mass is defined as the combination of essential fat (fat
around the organs) and stores of non-essential fat (adipose tissue)
throughout the body (McArdle et al., 2010). Fat free mass consists of muscle,
bone, organs and other tissues (Fink et al., 2009). Although fat free mass
can increase, (e.g., a gain in muscle mass) this is not often dangerous to
health (Smith, 1979). However, when fat mass is increased this can become
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detrimental to a person’s health (Labarthe, 2011). Once fat mass reaches a
level in which it could have a negative impact on a person’s health they will

be defined as overweight and then obese.

A person will become overweight and obese by an imbalance of
energy intake and energy expenditure (WHO, 2000). When energy intake is
greater than energy expenditure the extra energy will be stored as excess
adipose tissue in the body (WHO, 2000). The latter is known as a positive
energy imbalance. Once this excess adipose tissue builds up, it will put the
heart, lungs and other vital organs under more stress and become
dangerous to that persons health. This increase of adipose tissue will cause
the heart to increase its cardiac output to meet the demands of the extra
tissue. Furthermore, this increase in adipose tissue is associated with
increased deposits of low density lipoproteins (LDL) in arterial walls (Must
and Strauss, 1999). This will put the heart under unnecessary strain and
increase the likelihood of developing hypertension, which could lead to other
cardiovascular disease (Must and Strauss, 1999). If a sufficient amount of
daily energy expenditure/PA is accomplished to ensure an equal energy

balance, then a healthy body mass is more likely to be maintained.

The most widely used method to identify a person’s weight status is to
calculate their body mass index (BMI). BMI takes into account the height
(cm) and mass (kg) of a person by using the following calculation; BMI =
kg/m?. For adults, the cut offs for BMI are displayed in table 1.1. Due to
children growing and maturing at different rates, Cole et al., (1990) has
produced age and sex reference curves to better identify children who are

overweight and obese. Although, using age and sex specific cut offs to
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account for maturity rates is useful, still by using age to classify weight
status, it assumes that all children will grow at the same rate. However, Cole
et al.,, (1990) still attempts to overcome the issue of ‘normal’ BMI with
children by creating specific BMI cut offs for children based on 1990
reference curve data to predict if they will be overweight/obese when they

reach the age of 18. These cut-offs are discussed further in chapter 3.4.

Table 1.1 BMI cut offs for weight status in adults (WHO, 2014).

Category Cut off (kg/m?)
Underweight <18.5
Normal weight 20-25
Overweight 25-30
Obese 30-35
Morbidly obese >35

Obesity has affected aspects of human life and society for over
20,000 years (Williams and Fruhbeck, 2009). According to the Health
Survey for England, between 1995 and 2011 the prevalence of obesity has
progressively increased in children aged 2-15 years old from 11 to 17% in
boys and from 12 to 15% in girls (National Obesity Observatory, 2012). If
these trends persist, and numbers continue to rise at a similar rate, by 2050
it can be predicted that 60% of men and 50% of women will be obese
(Foresight 2007). Children have a 45% increased chance of being obese in
later life if just one parent is obese (Zaninotto et al, 2006). Therefore,

interventions for body weight management and education of healthy living for
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children are a necessity. Epstein et al., (1987) reported that families following
a weight management programme had enabled children with obese parents
to return to a healthy weight status; reinforcing the need for education on
leading a healthy lifestyle, this is one method that could help to decreasing
obesity levels. Furthermore, research has shown that children with obese
parents have a larger input into the decision making about healthy choices
such as PA patrticipation (Murphy et al., 2012); suggesting the importance of
teaching children how to make healthy decisions when it comes to PA

participation.

A suggestion as to why there is this trend of increasing weight status
is the continued advancement of the technological society (Lakdawalla and
Philipson, 2009). Technological advancements are created to enable tasks to
be completed quicker and easier, to cope with increasingly busy lifestyles,
but in turn this promotes physical inactivity. For example, people will use lifts
to the top of buildings instead of using the stairs or writing an email rather
than walking to a post box to post a letter, therefore choosing an option that
will not expend as much energy in order to save time. However, technology
will always be advancing and creating ways to make life easier; therefore the
decreased energy expenditure through these advancements in technology
needs to be increased somewhere else to prevent the onset of overweight

and obesity.

Furthermore, with more parents having to work, there is less time for
them to spend in the kitchen cooking from scratch, it is quicker for them to
cook ready meals or processed food that is high in saturated fat and salt

(Jabs and Devine, 2006). A cross-sectional report on family meal times has
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reported that 75% of parents do cook with fresh/raw ingredients in the
kitchen, but only two to three times a week. Suggesting that up to five days a
week ready meals and processed frozen foods are being consumed
(Murphy, 2010). A qualitative study that interviewed parents reported that
due to this busier life style, they did not have time to play with their children
outside and that as a result television and computer games were reported as
common activities (Veitch et al., 2005). Rey-Lopez et al., (2008) conducted
a review on sedentary behaviour and obesity in children and adolescents.
Fourteen studies that included children under 10 years old reported a
significant association between TV viewing and risk of obesity (Rey-Lopez et
al., 2008). Children that watch 3-4 hours of TV a day have an increased
change of being obese (Gortmaker et al., 1999). By spending more time
indoors, children are not getting the opportunity to expend the necessary
energy to compensate for the high energy foods they are eating. Therefore,
creating a positive energy balance resulting in storage of adipose tissue and

body mass gain.

1.3.1 Effects of overweight and obesity on health status

There are a range of negative consequences of being overweight or
obese including those that directly influence physiological and psychological
well-being. Obesity and other cardiovascular disease risk factors such as
hypertension and high cholesterol have been tracked from childhood through

to adulthood (Gutin et al.,, 1994; Riddoch and Boreham, 1995). By
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maintaining a healthy weight status in childhood it will help decrease the

likelihood of developing cardiovascular disease in the future.

Being overweight and obese can be detrimental to a person’s
physiological health status (Gumbiner, 2001), These physiological disorders
can be easily treated with weight loss from PA participation. The
physiological conditions as a result of obesity are discussed below. If such
physiological conditions can be prevented by treatment or intervention in
childhood, children are more likely to progress to a healthy adulthood. A
common condition that becomes apparent as a result of obesity is
hypertension (Bakris and Baliga, 2012). The excess fatty tissue in obese
individuals increases their vascular resistance (due to vasoconstriction) and
in turn the heart has to work more (due to an increase in cardiac output) to
pump the blood around the body (Bakris and Baliga, 2012). Hypertension
then becomes a major risk factor for other physiological conditions, such as
strokes (Aiyagari and Gorelick, 2011), myocardial infarctions and aneurysms
of the arteries (Edlin et al., 2000). Hypertension is also a risk factor towards
atherosclerosis, which is a build-up of fatty deposits in the arteries that
supply the heart with oxygenated blood in order for it to work (George and
Johnson, 2010). When these fatty deposits build-up it can cause a blockage
in the artery resulting in heart failure; this is known as coronary heart disease

(George and Johnson, 2010).

A disease that is primarily caused by obesity is diabetes mellitus type
[I. Insulin is a peptide hormone that is produced in the pancreas to control
blood glucose levels (Leong and Wilding, 1999). However, when a person

gains ‘fat’ it is stored as adipocytes. This higher number of adipocytes
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physically blocks the insulin receptor cells and inhibits the insulin from
reaching the receptors to promote the conversion of blood glucose to
glycogen (Peacock, 2000). Therefore, blood glucose remains high, which
can result in strokes, heart disease, kidney failure, hypertension, blindness
and amputation of limbs (Peacock, 2000). However, if weight is lost and
there is a reduction in adipocytes, that will uncover the insulin receptors and
allow for promotion of the conversion of blood glucose to glycogen. Thus,
diabetes mellitus type Il can be reversed when a person loses fat mass

(Kopp et al., 2003).

When people are obese they will be more likely to suffer from many
combinations of these physiological diseases and be on a high amount of
varying medications to control them. If body fat is not lost then the
consequences of these conditions is often death (WHO, 2013). However,
before death, people will develop these aforementioned diseases as a
consequence of being overweight / obese and may be unwell for a long
period of time before they die. This causes major strain on NHS resources
and this is why the NHS spends £5 billion a year on illnesses caused from
being overweight / obese. However, if fat mass is lost then many of these

conditions can be reversed and resources can be protected.

Obesity can cause the onset of many psychological disorders and will
affect different people in different ways, such as eating disorders, body
image problems, self-esteem issues, mood disorders, and social
disengagement (Talen and Mann, 2009). These disorders have been linked
to body mass gain and the failure of weight loss maintenance (Talan and

Mann, 2009). Psychological issues are hard to measure compared to
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physiological matters (Garasky et al., 2009) and diagnosis can take longer
(Mond et al., 2006), leaving the disorder to grow. Furthermore, people often
possess a stigmatising attitude towards people with psychological disorders,
thus prolonging the time it takes for people to seek treatment and to be
diagnosed (Masuda et al., 2007). When a child is overweight or obese they
are 1.5 times more likely to be bullied at school (Griffiths et al., 2005). Being
bullied can affect a person’s mood, self-esteem, self-efficacy, anxiety and
depressive state (Xu et al., 2011). This often results in a reclusive (therefore
sedentary) behaviour (Frontear, 2007) and many will turn to food as a
comfort. Children who are overweight / obese will not have the self-
confidence to participate in PA to expend the extra kilo-calories (energy
intake) they are consuming. This results in further weight gain, cascading
into a negative downwards spiral. This can affect the mental state of a child,
having the potential to result in depression and a lack of self-esteem (Smith,
2009). Research has shown that following a six week PA intervention, BMI
and body esteem scores improved (Duncan et al., 2009), highlighting that PA
can improve psychological health. The longer it is left untreated the harder it
is to recover from. In childhood, the mind is still learning and therefore
psychological issues are more easily reversed at this time point (Helwig et
al., 2007). Therefore, it is important to target children in early childhood (age

7 years) for prevention and intervention for overweight and obesity.

18



1.4 Physical Activity (PA)

According to the WHO (2013;
http://www.who.int/dietphysicalactivity/pa/en/) PA is defined as ‘any bodily
movement produced by skeletal muscles that require energy expenditure’.
There are many different PA guidelines but the one that is used by the
department of health (DoH, 2011) is that children complete 60 minutes of
moderate-vigorous physical activity (MVPA) per day to maintain a healthy
lifestyle. In the UK, 30% of boys and 40% girls do not reach these
recommended guidelines (British Heart Foundation, 2009). Physical inactivity
is the sole cause of an estimated 3.2 million deaths worldwide, equating to

6% of deaths which could have very easily been prevented (Lee et al., 2012).

Exercise is often confused with the term PA. Exercise is a subgroup of
PA which is completed with the aim of improvement or maintenance of one
or more components of fitness (National Institute of Health, 2011). Exercise
has a purpose, is planned, structured and regular. PA consists of exercise or
any other activity that requires a whole bodily movement such as, playing,
working, active transportation (walking/cycling), daily tasks (household

chores) and physical leisure/recreational activities (Dishman et al., 2013).

According to WHO (2014) a child’s PA is made up of play, games,
sports, transportation, chores, recreation, PE, or planned exercise, in the
context of family, school, and community activities. One of the largest
contributors to a child’s PA is their active play, which is predominantly made
up of time spent outdoors (Brockman et al., 2010). A child’s active play is
very sporadic and intermittent (Welk et al., 2000), which makes it extremely
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hard to record in research. This time spent in play is important not only to
make up a child’s recommended guideline for PA but also for the related
physiological and psychological benefits (Strauss et al., 2001). Not only is
time spent in active play important, time spent in structured activities is
equally important: Firstly, to ensure that they perform the required amount of
MVPA to gain the health enhancing benefits (US DoH, 2008); Secondly, to
ensure that they receive coaching on how to develop their FMS and are
given opportunities that are intense enough for them to practice, develop and

refine them (Haywood and Getchall, 2002).

There are many barriers towards PA such as, socioeconomic status,
urbanisation, social differences and environmental differences (Carver et al.,
2008), parental influences (Steinsbekk et al., 2011) and psychological
barriers (Abbott and Barber, 2011). These are discussed further in section

1.5.3.

Motor development of FMS is thought to influence a child’s PA level,
which will inform their weight status (Stodden et al., 2008). The following
literature review will discuss research that has identified relationships
between these three variables (FMS, PA and weight status) and highlight

gaps/inconsistencies that will be addressed in this research.
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1.5 Review of the literature

1.5.1 Developmental mechanisms influencing the physical activity
trajectories of children

Stodden et al., (2008) proposed a theoretical model that explains the
interaction between the development of motor competence (MC), PA
participation and weight management (Figure 1.1). Stodden et al., (2008)
suggest that MC is the underlying mechanism that will influence PA
engagement. However, the model stressed that PA is also mediated by age,
perceived motor competence (PMC), health related fithess (HRF) and the

risk of obesity (Stodden et al., 2008).
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Figure 1.1 Stodden et al’'s., (2008) conceptual model of developmental

mechanisms influencing the physical activity trajectories of children.

During early childhood, the cognitive capability to accurately perceive
motor competence is not developed (Harter, 1999) and therefore this model
suggests that there would be no relationship between MC and PMC at this
stage. When children reach middle to late childhood their cognitive ability is
constantly improving and they begin to have the ability to compare
themselves to their peers (Harter, 1999), therefore, MC and PMC begin to
show a relationship. Children who have a higher PMC due to their higher MC
will perceive tasks to be easier and are more likely to engage in them
(Goodway and Rudisill, 1997; Weiss and Amorose, 2005). This engagement

will allow the child to practice and increase their MC, maintain a healthy
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weight status and enter the positive spiral of engagement. However, children
who have a lower PMC due to their lower MC will opt out of engagement in
PA as they now have an understanding that they are not as good as their
peers. Children will not want to display low motor competence in front of their
peers which will have a negative influence on motivation (Goodway and
Rudisill, 1997; Weiss and Amorose, 2005). This decreased engagement in
PA will not give the child the chance to develop their MC resulting in weight

gain, leading to the negative spiral of disengagement (Stodden et al., 2008).

In early childhood, the model suggests that there is no relationship
between MC, HRF and PA. At this age, these variables will vary a lot
between different children (Harter, 1999, Stodden et al., 2008). However,
when children reach middle to late childhood, children with a higher MC wiill
demonstrate an increased health related fithess compared to a child with a
lower MC (Enoka, 2002). Children who hold a higher HRF will be able to
participate in PA for longer and at an increased intensity compared to a child
with a lower HRF. This allows them more time to develop their MC and again
entering the positive spiral of engagement (Tammelin et al., 2003; Stodden
et al., 2008). The children who have a decreased HRF will not be able to
participate in PA for as long. Children are not given the opportunity to
develop their MC due to the reduced time in PA and as a result display the
negative spiral of disengagement. The relationship between physical
inactivity and unhealthy weight gain has been widely established (Fogelholm
and Kukkonen-Harjula, 2000; Donnelly et al., 2009). However, the underlying
mechanisms of this undesirable relationship are yet to be identified. Stodden

et al’'s (2008) model suggests that when a child is overweight or obese and
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they attempt to partake in PA, they are likely to be unsuccessful due to their
lower MC for that task. This will decrease motivation and drop out is likely to

occur, resulting in the negative spiral of disengagement.

1.5.2 FMS and PA

On the principle of Stodden et al's (2008) conceptual model there is
an association between FMS competency and PA level. Research has
investigated the link between these two variables and has generated
equivocal evidence. Such evidence will be critically evaluated throughout this

section.

Firstly many cross sectional studies have been completed to report
relationships between FMS and PA. However, it is important to remember
that when a study is cross-sectional it cannot determine causality, for
example, it is not clear if FMS influences PA or if PA influences FMS. Lubans
et al., (2010) conducted a systematic review on ‘FMS in children and
adolescents’. The review consisted of 21 articles that coincided with very
strict inclusion criteria. Lubans et al., (2010) reported that in 11 of the studies
FMS was associated with at least one of the following: organised PA; non-
organised PA; pedometer step counts (Okely et al., 2001; Graf et al., 2004;
Fisher et al., 2005; Hamstra-Wright et al., 2006; Castelli and Valley , 2007,
Barnett et al., 2008; Erwin and Costelli, 2008; Hume et al., 2008; Williams et
al., 2008; Cliff et al., 2009; D’Hondt et al., 2009). Of these 11 studies that

were reviewed, ten of them had a cross sectional design, therefore just
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reporting associations between FMS and PA and cannot suggest any

temporal relationship.

Okley et al., (2001) conducted a study on 90 pupils between grade
eight and ten (13-16 years old), assessing their self-reported time spent in
organised and non-organised PA and six process oriented FMS. The study
reported that 3% of organised PA can be predicted from FMS levels
(r’=0.03). Although a significant amount, 3% is very low and leaves 97% of
the variance in PA unexplained. By using a self-reported measure of PA the
adolescents are subject to demand characteristics and giving socially
desirable answers (Burrows et al., 2010; Lee et al., 2010). Therefore, such
self-report increases the likelihood of over estimating the amount of PA
participants undertakes. As these pupils are aged between 13 and 16 years
old they will be cognitively developed to understand whether they should be
partaking in more PA then they currently are. Therefore, pupils who lack
competency in FMS are likely to overestimate their PA level. This may at
least partly explain why such a weak correlation is reported between
organised PA and FMS. There was no significant correlation between FMS
and non- organised PA, suggesting that FMS is only associated with
organised PA. However, non-organised PA is significantly less likely to be
observed in adolescents when compared to organised PA (Santos et al.,
2009), suggesting why there is no relationship between FMS and non-

organised PA.

Similar to Okley et al., (2001), Hamstra-Wright et al., (2006)
conducted a study which collected data on organised and non-organised PA

using a self-report method. However, the sample population was nine year
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old children. Okley et al., (2001) had a small sample size (90) compared to
the other studies that will be discussed in this section which decreases the
likelihood that the results are truly representative of the wider population.
Hamstra-Wright et al., (2006) used an even smaller sample size of 36
children. Thus, results from these two studies must be interpreted with
caution. The limitations with self-report PA level are described above;
however, if children are under 12 years old, it is advised that parents fill out
the questionnaire regarding their child’s PA level (Burrows et al., 2010).
However, parents are also just as likely to be subject to demand
characteristics and overestimate their child’s PA level (Burrow et al., 2010;
Lee et al., 2010). Unlike all the other research that uses regression analysis
to predict variance of PA (independent variable) from FMS level (dependent
variable), Hamstra-Wright et al., (2006) used locomotor skills as the
independent variable and type of sport (organised/non-organised) as the
dependent variable (Okely et al., 2001; for McKenzie et al., 2002; Barnett et
al., 2009; Cliff et al., 2009). However, it was reported that 29% (r°=0.29) of
the variance in locomotor skills was accounted for by organised sport. This is
a much higher percentage of variance produced than the other studies that
use the predictor variable as the FMS competency level (3% for Okely et al.,
2001; 10.4% for McKenzie et al., 2002; 3.6% for Barnett et al., 2009; 19.2%
for CIiff et al., 2009). From reviewing these differences it suggests that
maybe it is PA that predicts more of the variance in FMS compared to the
amount of variance that FMS predicts in PA. However, this study is cross

sectional and therefore cannot determine causality.
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Fisher et al., (2005) conducted cross sectional research on 394
preschool children (four years old). PA was collected via accelerometers and
children had to complete 15 movement tasks. Significant correlations were
reported between the children’s movement score and PA (p=0.039);
movement score and MVPA (p<0.001). However, the r values for these
correlations indicate small relationships (r=0.1 and 0.18 respectively). Other
research has stated that the relationship between FMS and other variables
are not established until the age of school entry (Hardy et al., 2010; Kelly et
al., 2006), suggesting that these correlations will most likely get stronger.
This was the case for D’Hondt et al., (2009) whose study was on older
children (5-10 years) than used by Fisher et al., (2005). PA was collected
using accelerometers and eight FMS were assessed. Larger correlations
were reported between these variables (r=0.2-0.21). Furthermore, Hume et
al., (2008) conducted research on even older children, 9-12 year olds.
Accelerometer data was collected along with the assessment of six FMS
(kick, throw, strike, run, dodge and jump). Larger correlations again were
reported between FMS and PA (r=0.21-0.29) compared to Fisher et al.,
(2005). Although larger correlations were highlighted, the difference was
small and the effect of the correlation was still small. However, if correlations
continued to become stronger as children age, by the time they are adults

the effect sizes of the correlations could be much stronger.

Williams et al., (2008) reported data on PA and FMS levels of three
(pre-school) and four year olds (first year of school). Significant correlations
were only highlighted for the four year old children and not the three year old

children. Therefore, further support that a significant association between
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FMS and PA are not present until children reach school. Furthermore, it was
reported that children who had higher levels of FMS spent 2% more time in
MVPA and 1.2% more time in VPA per day when compared to children with
lower FMS score. Although this difference may seem very small, it translates
to 12 more minutes spent in MVPA with 22 minutes of that time in VPA per
day. If this is translated into a five day week then total time spent in PA could
be around 1.2 hours more per week for children with higher FMS

competency.

The research reviewed above largely indicates that there is a
relationship between FMS and PA, the extent to which FMS and PA are
linked has not yet been fully established. Fisher et al., (2005) highlights
importantly, that FMS is not an exclusive predictor of sustained PA but can
influence it. Vandorpe et al., (2011) identified that participation in PA and
partial participation in PA (this is if a participant had started or quitted a
sports club in the three years of the study) will significantly increase FMS
mastery compared to sedentary behaviours. However, there was no
significant interaction between time and sport participation. Therefore,
suggesting that PA increases FMS mastery but not by the rate at which
children mature. Vandorpe et al., (2011) divided their sample by PA level (‘no
participation’ where children were not activity involved in a sports club in the
three years of study; ‘partial participation’ - as defined above and ‘consistent
participation’ — children who were engaged in sports clubs throughout the
three years of study). Whereas, Baskit et al., (2011) recruited their sample

groups on type of PA,; individual sports, team sports and racket sports. Baskit
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et al., (2011) elucidates that there was no significant difference between the
three sports groups and concludes that type of PA is irrelevant in enhancing
FMS, but PA in general is essential. However, there was no control group to
compare the FMS scores with, thus limiting the conclusions that can be
drawn from the results. If a control group was used a specific PA may have
been highlighted that could maximise FMS mastery compared to sedentary

behaviour.

The most reliable method to identify the relationship between FMS
mastery at childhood and a sustained PA level in adolescence would be to
conduct a longitudinal study on the same set of participants (Summerbell et
al., 2005). Lubans et al., (2010) conducted a systematic review on ‘FMS in
children and Adolescents’. Out of the 21 studies, only four were longitudinal
(6-7 years long). Furthermore, three out of the four studies were created from
the same study conducted by Barnett et al., (2008), therefore narrowing it to
just two longitudinal studies in the review. Barnett et al., (2008) reported an
association between childhood FMS mastery and PA levels in adolescents.
In contrast to this, the other longitudinal study conducted by McKenzie et al.,
(2002) found that FMS mastery at ages 4-6 years did not forecast the PA
levels of some of the children at age 12 years. Lubans et al., (2010) suggests
this lack of relationship between FMS and PA is because only three FMS
were tested and a 0-2 scale was used to identify the mastery level of the
FMS. However, if this is the case then it is surprising that the authors of this
review (Lubans et al., 2010) did not change their inclusion criteria to include
studies that assess more than three FMS and use a larger and more

sensitive assessment scale. The three FMS that Mckenzie et al., (2002)
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assessed were, catching, jumping and balancing. It could be that these three
FMS are not influential in the maintenance of a healthy PA level and that it
could be other FMS that were not assessed that are important in the
prediction of future PA levels. Furthermore, McKenzie et al., (2002) targeted
preschool children; at this age children have not had the experience of PE
nor had the opportunity to fully develop their FMS. This suggests why there
was no relationship shown between FMS mastery level at preschool age and

PA level at age 12 years.

To gain and maintain FMS mastery, Haywood and Getchall (2002)
emphasize that FMS needs to be taught and practiced as they do not
develop naturally as a child matures; this account is supported by: Goodway
and Branta (2003); Valentini and Rudisull (2004) and Robinson and
Goodway (2009). Vandaele et al., (2011) suggest that FMS should be
learned, developed and mastered between the ages of four and six years
old. Thus, proposing that PE lessons are the superior setting to develop FMS
(Sallis et al., 1997). Teachers can improve FMS through support and
mentorship within an educational environment (Mitchell et al., 2011). Branta
et al.,, (1984) identifies that FMS are developed sequentially and thus
highlighting that ‘free play’ will not contribute to FMS development and that
more structured lessons are vital (Gagan and Getchall, 2006). As stated
earlier, it has been suggested that FMS are developed in the first four to six
years of a child’s life. However, the same study identifies that a child learns
its first FMS skill of balance when he/she learns to sit up and then stand
(Vandaele et al., 2011). Once standing on two feet, basic balance has been

mastered. The child will then progress to walking which will involve shifting of
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the body mass to allow for the forward swing of the leg, therefore mastering
the key mechanisms to balance on one leg, which is assessed later in this
thesis. Once this has been mastered children can then progress on to the

more complex skills that require further mastery.

Throughout the literature, there has been contrasting conclusions about PA
and FMS mastery level. Some research suggests that FMS mastery will
influence PA participation whereas other research suggests that an increase
in PA participation will increase FMS mastery (Graff et al., 2004; Hume et al.,
2008). Stodden et al’s (2008) model suggests that it is the MC that is the
primary mechanism that will affect PA levels which causes a chain of events,
to promote a change in weight status. Nevertheless, it's essential that there
is a wide range of physical activities available to cover all the FMS for
development (Haga et al., 2008; Vandaele et al., 2011). This is not only for
physiological health, but to give children the skill set to partake in an activity
of their choice. However, actual participation in physical activities as well as
the opportunities of the wide range of activities is decreasing throughout
children in developed nations such as the UK (Kahl et al., 2002; Anderson et
al., 2006). Although children may manage to gain the skills required to
participate in activities, engagement in the activity alone is not enough, PA
needs to be at a more structured for the mastery and maintenance of the
FMS (Vandaele et al., 2011). Vandaele et al., (2011) reported that
relationships between movement skills and MVPA are predominantly
stronger, compared to low intensity PA. Suggesting, that when children
engage in MVPA the development of FMS is more effective. When learning

new movement patterns, the problem of ‘degrees of freedom’ can become an
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issue (Bernstein, 1967). Degrees of freedom is explained as; more than one
motor program that can be simulated to lead to the same trajectory
(Berthouze and Lingarella 2004). Therefore, the brain needs to control all
degrees of freedom at every point during the performance of a movement
pattern (Kelso, 1982). Newell (1991) reported that the degrees of freedom
must be converted to a controllable system. It has been suggested that
kinematic links that participate in a movement are subdivided into a smaller
number of connected groups or linkages (Kelso, 1982). To promote these
linkages, practice and repetition of the movement patterns need to occur until
the movement is automated and the degrees of freedom is reduced (Newell,
1991). Therefore, if children engage in more intense PA then it offers greater
opportunity for the repetition of the FMS in more ecologically valid situations,

to create these linkages.

To be able to participate in more structured physical activities this often
means going to an afterschool or an external sports club. However, there are
potential barriers that could stop children going to afterschool or external
sports clubs. For example these barriers could be financial (coaching fees,
the expense of equipment and kit, club membership fees), transportation
(transport to training and transport to games/matches) and psychological
barriers (self-confidence, self-efficacy and perceived competence) (Eime et

al., 2008; Ziviani et al., 2009).
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1.5.3 Barriers to PA and FMS competency

1.5.3.1Socio Economic Status (SES) and Urbanisation

An important factor that will affect a child’s PA level is the environment
that they live in. Singh and Kogan, (2008) have reported that children from a
lower SES have an increased chance of having a higher BMI and being
overweight or obese. Research suggests that children with an increased
weight status lack mastery of FMS (O’Beirne et al., 1994; Hammond, 1995;
Lopes et al., 2011; Visser et al., 1998; Wasmund-Bodenstedt, 1988; Cairney
et al., 2005). However, Hardy et al., (2010) showed no significant difference
in FMS mastery in preschool children aged two —six years from different SES
groups. In contrast to this, Hardy et al., (2010), Kelly et al., (2006) suggests
that SES will show its influence on obesity and FMS at the age of school
entry. Once reaching school age, SES has such an influence on PA
participation due to variation in financial ability to pay for some school clubs,
external sports clubs, kit, equipment, transportation and membership fees

(Giles-Corti and Donovon, 2002; Leboeuf, 2013).

The environment around the child’s home can also affect a child’'s PA
level (Sallis et al., 2000) and thus FMS level. If families live in an area of
deprivation, parents are less likely to allow their children to play outside due
to safety concerns (Eyre et al., 2013). When outdoors children spend more of
their time in MVPA (22.6%) compared to when they spend time indoors
(4.4%) (Cooper et al.,, 2010). Time spent in MVPA has been linked to an
increase in FMS development (Vandaele et al., 2011). Rural and urban areas

can also affect PA levels of children (Eyre et al., 2013). Loucaides et al.,
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(2004) reported that children from rural areas have more space to play
outside and parents deem the space as a safe environment. It was also
reported that children from more urban areas are transported to places
where they can be physically active (Loucaides et al., 2004). It can be said
that, children in rural areas will have more opportunity to be physically active
as they do not need to have parents available to transport them to PA
opportunities. With parents becoming busier it will be much harder for them
to transport their children to enable physical activities (Veitch et al., 2005). As
stated, Vandaele et al., (2011) suggest that FMS will not develop purely from
free play and that something more intense is needed. Therefore, SES should
not be associated with FMS level. However, Murray (2006) reported that
children from a higher SES may have better accessibility to sports clubs,
where FMS can be developed and further practiced during play. Hardy et al.,
(2012) reported that there was no difference in rural/urbanisation in FMS
competency but there was in SES, concluding that the important factor is the
accessibility to clubs and organised PA sessions where FMS can be taught,

learnt and practiced.

1.5.3.2 Parental Influences on PA and FMS

Bois et al., (2005) reported that a child’s perception of self-
competence in relation to PA is directly influenced by their parent’s
perception of their child’s ability. Parents of overweight/obese children
perceive them to be less physically competent compared to parents of

‘normal’ weight children (Jones et al., 2010). Although these perceptions are
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likely to be correct, parents must verbalise positive encouragement about the
child’s competence to persuade them to increase participation levels of PA
(Jones et al., 2010). Furthermore, Graf et al., (2008) conducted a study
which included a four year intervention of 30 minute health lessons on:
biological background, nutrition and self-management; five minute active
breaks were giving during lessons and PA options (information on the PA
options was not reported) were available in break times. Over the four years,
23.2% of the overweight and obese students from the intervention schools
reached a normal weight with 19% of overweight and obese students from
the control schools reaching normal weight. There was no significant
relationship between overweight/obesity and FMS mastery level,
emphasizing that engagement in PA alone is not enough to develop mastery
of FMS and that parents need to show support and understand that more

needs to be done in PE lessons and outside of the school setting.

1.5.3.3 Psychological Barriers to PA and FMS

Children are often excluded from playground games due to their lack
of skill (Ignico, 1990). If children already have a lack of skill and are further
left out of playground games then, potentially children may not have the
confidence to join an afterschool/sport clubs where sports specific FMS
would be taught by a coach. Children will detach themselves from their peers
to avoid any unwanted attention (Frontear, 2007). As previously stated this
minimises any chance of friendship or identity to a social group and results in

a secluded life style with the individual judging themselves as not worthy.
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Due to research identifying the importance of FMS mastery influencing PA
participation (Okely et al., 2004; Barnett et al., 2008), it can be speculated
that if children can master the FMS then they are likely to be included in
games in the playground due to successful execution of the skills (Stodden
et al., 2008); Thus, resulting in an increase in PA level and an increased

likelihood that they will maintain a healthy weight status.

How children perceive their own ability can also affect a child’s
motivation to partake in PA. These issues are discussed further in section

1.5.6.

1.5.4 FMS and Body composition

Previous research has highlighted that FMS is negatively affected by
weight status (Wasmund-Bodenstedt, 1988; O’Beirne et al., 1994;
Hammond, 1995; Visser et al., 1998; Cairney et al., 2005; Lopes et al.,
2011). Out of the 21 studies cited in the Lubans et al., (2010) systematic
review, nine of them used weight status as a variable to compare FMS
mastery. Six of the nine studies highlighted a significant inverse relationship
between weight status and FMS mastery (McKenzie et al., 2002; Graf et al.,
2004; Okley et al., 2004; Southall et al., 2004; Erwin and Castelli, 2008; Cliff
et al., 2009; D’Hondt et al., 2009). Okley et al., (2001) established consistent
data with that above highlighting that overweight and obese children score
lower in the locomotor skills when tested (run, gallop, skip and hop). Okley et
al., (2001) suggests this is because they have an increased body mass to
move over a distance, therefore making it harder for them to execute the skill
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according to the criteria that it is being assessed on. D’Hondt et al., (2009)
supports this and suggests that balance is also affected by increased body
mass, as it affects one’s posture and stability, making it harder to maintain
balance for the required time. Furthermore, the duration of the balance could
be reduced due to pain caused to the knee/hip/ankle by greater body mass

increasing pressure on the joint.

As previously stated, Mckenzie et al's (2002) study did not show a
significant relationship between childhood FMS mastery and adolescent PA
levels. However, it did show an inverse relationship between FMS and
weight status. Conversely, other research has shown that there is a direct
link between healthy body weight, PA patrticipation and FMS competency;
FMS will influence PA of which the energy expenditure exerted during the PA
will balance out the energy intake in the diet and therefore a healthy weight
will be maintained (Wasmund-Bodenstedt, 1988; O’Beirne et al., 1994;
Hammond, 1995; Visser et al., 1998; Cairney et al., 2005; Lopes et al.,
2011). If weight status in children reaches a healthy level, it will aid the
development of FMS as children will be able to move more easily (Okley et
al., 2001) and have more flexibility around the joints to perform the skills
correctly (Lamari et al., 2005). As a result of this, participation levels in
physical activity will increase. Or if FMS can be mastered in early life then
children will partake in more PA (Barnett et al., 2008) and will not become
overweight in the first instance. Consequently by developing FMS at an early
age it can be used as a preventative measure for physical inactivity and

obesity.
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1.5.6 FMS and Self perception

Stodden et al’s (2008) model suggests that a child’s PA level will be
made up of a combination of AMC and PMC. However, this is once a child
has developed the cognitive ability to be able to compare their own skill level
to their peers. Research predominantly supports Stodden et al's (2008)
theory that PA participation will be affected by a child’s physical self-
perception (Carrol and Loumidis, 2001; Robinson, 2011; Barnett et al.,
2008). Hardy et al., (2012) highlighted the importance of how an increased
perceived competence can lead to a positive chain of events; increased FMS
competency, increase in PA participation and maintenance of a healthy

weight status.

Robinson et al., (2011) conducted a study to identify the changes in
object control mastery and self-perception scores over nine weeks. The
intervention consisted of 30-min object control skill intervention two days per
week for nine weeks. Over the nine week intervention there was a significant
increase in object control mastery and self-perception scores. However, the
authors did not report if there was a correlation between these two variables.
Furthermore, a control group was not used to identify if this change in scores
for the two variables was down to physical or cognitive maturation of the
child or down to the intervention. In contrast to this, Breslin et al., (2012) did
use a control school to understand why differences may occur. Breslin et al.,
(2012) had two schools; the first school involved training teachers to teach
FMS whilst the second school received no formal training. However, Breslin

et al., (2012) gave no information about how many FMS session’s children
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had or how long it was between the measurements. When children were
assessed, there was no difference in FMS competency between the two
schools. Authors assign this to the fact that although teachers had been
trained they had not had long enough to teach the children to display a
significant improvement. The length of time between the two measurements
was not reported in the paper, causing this conclusion made by Breslin et al.,
(2012) to become redundant as other research cannot learn from this.
Nevertheless, there was a significant difference for self-perception scores,
with the children from the intervention school demonstrating a higher self-
perception score. Thus, highlighting the importance for teachers to
understand how to teach FMS and how this can positively affect a child’'s
physical self-perception to positively influence PA (Carrol and Loumidis,
2001; Robinson, 2011; Barnett et al., 2008). For example, if children perceive
themselves to have a higher motor competence then they will perceive
themselves to be more successful in PA situations and maybe more likely to
initially partake in PA opportunities (Stodden et al., 2008). In addition, Breslin
et al., (2012) reported that there was no significant relationship between
AMC and PMC; this does not support prior research that suggests the
opposite (Stodden et al., 2008; Robinson et al., 2011). Although Breslin et
al’'s (2012) findings are consistent with prior literature it is still interesting that
Barnett et al.,, (2008) reported that children with higher PMC will deem
themselves more able to join in activities and therefore have a higher PA
level. When children become older than 7 or 8 years (age of the children in

Breslins et al's study) this is when the relationship between AMC and PMC
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will become apparent as the children will have greater cognitive development

(Stodden et al., 2008).

Furthermore, Barnett et al., (2008) concluded that children who have a
high motor proficiency will have a higher AMC and PMC when they reach
adolescence. This would seem to be consistent with other research that has
suggested that there is a relationship between PMC and AMC (Jones et al.,
2010). However, the PMC was only measured in the follow up data when the
participants were adolescents and only a third of the original sample
participated. Results did show that in adolescents PMC was a mediator for
PA participation (Barnett et al.,, 2008). Therefore, authors were unable to
conclude if PMC plays an important role in childhood AMC and PA

engagement.

Poulsen et al., (2011) identified that children who are classed as
overweight/obese will have a significantly lower self-perception score,
consistent with other research (Sung et al., 2005; Jones et al., 2010). There
was no significant relationship between BMI and perceived competence.
Authors suggest that lower PMC levels could be a consequence of personal
and environmental factor such as SES. Jones et al., (2010) supports this with
reports that parents of overweight/obese children have lower PMC of their
children which was mirrored by the children (although this matched with their
actual competence). Jones et al., (2010) explains that children are directly
influenced by their parents and that if parents verbalise their belief in high
competency levels children’s perceptions may change and children will be
more likely to engage in PA (Carrol and Loumidis, 2001; Barnett et al., 2008;

Robinson, 2011;).
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Research has identified that it is important that children have high self-
perceptions for PA participation; however it needs to be identified if this can
be changed through an intervention as a consequence of increasing FMS

mastery.

1.5.5 FMS and Gender

At the primary school age of 4-11 years old children are pre-pubertal
and should not be biologically different and so no gender difference in FMS
mastery should be present. Therefore, gender differences between the FMS
are likely to be due to environmental factors such as the influences of
parents, peers, teachers and media on the choice of activities. There is
contradictory evidence between FMS mastery and gender. Ziviani et al.,
(2009) and Hardy et al., (2010) report that boys and girls excel in different
skills. Vandaele et al., (2011) investigated 18 different FMS and assessed
gender as one of the variables. It was reported that gender had no effect on
the mastery level of the 18 FMS they assessed. This is inconsistent with
other research which has highlighted that boys will outperform girls in the
object control skills and that girls will outperform boys in balance (Ziviani et
al., 2009; Hardy et al., 2010). Children are drawn to stereotyped activities, for
example, girls favour activities such as dance and gymnastics, enhancing
balance and galloping, and boys favour ball and chasing games, enhancing

their catch, throw and running (Pellegrini et al., 2004).

Two intervention studies looking at increasing PA levels and FMS
mastery in children found positive results (Graf et al., 2008; Mitchell et al.,
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2011). Graf et al., (2008) conducted a four year intervention which included
training the teachers and providing extra PA opportunities for the children.
Mitchell et al., (2011) conducted a six week intervention which included prior
training of how to teach FMS to the class teacher. Despite this, neither
intervention recorded the gender of the participants. Mitchell et al., (2011)
reported that kicking, catching and striking skills displayed the biggest
improvement in 5-12 year old children. These are all object control skills and
as stated, boys are naturally better at performing these skills (Ziviani et al.,
2009; Hardy et al., 2010). Graf et al., (2008) reported a significant increase
in balancing backwards and lateral jumping. These skills are commonly
found to be performed better by girls (Ziviani et al., 2009; Hardy et al., 2010).
By not splitting the results by gender groups it cannot be concluded whether
it was the boys who made the most improvement due to a lower baseline
level for these skills (Ziviani et al., 2009; Hardy et al., 2010). Bastik et al.,
(2011) conducted a study where they compared the FMS competency of
three sport groups (individual, racket and team sports) in children aged 10
years old. Again gender was not recorded and unlike school, it cannot be
presumed an approximate even split between boys and girls would be
apparent. If gender was recorded, an activity that enhanced FMS more than
another activity may have been highlighted to a specific gender and could be

used for future interventions.

1.5.7 FMS Interventions
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Logan et al., (2011) conducted a Meta-analysis on 11 intervention
studies that focused on increasing children’s proficiency in FMS. Each study
used a different intervention but all resulted in an increase of skill level.
However, eight out of the 11 studies used children that were at risk of
developmental delay or had low autonomy, therefore having room for
improvement compared to typically developing children. Control groups were
described as free play. Five studies used control groups and not one control
group showed a significant development of skill proficiency, therefore re-
emphasising the fact that FMS needs to be taught, learned and developed

and will not naturally advance in free play.

Interventions varied from 480 minutes to 1350 minutes over 6 — 15
weeks. However, there were no differences between FMS proficiency and
length of an intervention. Logan et al., (2011) suggests that children will
plateau once the skill is mastered. An additional opinion is that interventions
can be repetitive, causing boredom and disengagement from the project
(Graf et al., 2008). These findings suggest that future interventions need to
be exciting and varied enough to keep the children engaged and motivated

for the duration of the intervention.

Out of the remaining three studies from Logan et al's (2011) review,
the samples used were overweight and obese, children with disabilities and
typically developing children. CIliff et al., (2007) used overweight and obese
children as their sample with no control group. A nine month follow up was
conducted after the 10 week intervention had finished. The intervention
focused on providing a range of physical activities to develop six locomotor

and six object control skills. Home challenges were also set to encourage
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extra practice in the home setting. Overall, FMS significantly improved and
stayed significantly higher in the follow up test. However, PA levels
decreased from pre to post-test and then further decreased in the follow up.
An explanation for this could be that each two hour session a week did not
comprise of enough PA and the instruction time may have been long, thus
hindering the PA levels of the children during that two hour session.
Instruction time was not reported so this conclusion cannot be made.
Although, PA decreased, mastery in FMS did increase and this is more
important to influence future PA levels (Barnett et al., 2008). So if PA during
a PE lesson does have to be decreased to master FMS then it could still
have more long term positive benefits on PA. An additional explanation to
why a decrease was shown for PA could be due to an initial ceiling effect (for
example, children were excited to use this novel piece of equipment so were
more physically active compared to normal) when children had to wear the
accelerometers. This is supported by the fact that children actually displayed
higher levels of moderate to vigorous PA (MVPA) (+20min/day MVPA)
compared to a representative sample of similar ages measured using
accelerometry (Trost et al., 2001). A potential limitation to using a sample of
using overweight and obese children is that they tend to be inactive in the
first instance (Page et al., 2005) and when they participate in a PA
intervention; their PA will increase compared to normal, increasing the
likelihood that they will have an equal or negative energy balance. However,
this effect would depend on many individual characteristics and the intensity
of the PA intervention. Although there was no significant change in BMI for

the overweight and obese children in Cliff et al's (2007) study. However,
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there was a decrease in PA over the intervention so a reduction in BMI would
not be expected. Conversely, interventions that have increased PA levels in
overweight/obese children have found BMI is reduced by a third (Sigmund et

al., 2012).

Valantini and Rudisill (2004) also conducted a six month follow up and
reported that the effects from the intervention are still present. This
intervention lasted for 12 weeks and consisted of implementing two types of
motivational climates (high and low) on two separate groups when teaching
FMS. Children in both conditions improved in FMS mastery post intervention,
it was found that the children in the high motivational climate significantly
improved, and this improvement was still present six months later. The
validity of all the other interventions would be largely increased if follow up
assessments were conducted to identify the long term effects of the
interventions on the FMS. It is highly recommended to conduct follow up data
(Logan et al., 2011), interventions are not implemented to have a single ‘one

off’ effect but to help make lifestyle changes on a permanent basis.

Each intervention from Logan et al's (2011) review was comprised of
sessions focusing on developing FMS. However, the instruction time or type
and PA time in each session was not recorded. Van Beurden et al., (2003)
conducted an intervention which consisted of supporting teachers,
implementing a buddy programme, creating a supportive environment,
healthy policies, website, project teams and strategies to develop FMS. They
concluded that time spent on instructions is important to record as well as the
actual content of each session. Van Beurdon et al., (2003) found that just

recording ‘skill’, ‘fithess’ or ‘game’ for each session did not give enough detail
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on whether PA levels were kept high enough whilst implementing the
intervention. Therefore, an intervention needs to provide sessions that
develop FMS whilst keeping PA high. It is consistent between research
studies that boys and girls will excel in different specific FMS and that boys
tend to be more physically active. However, Van Beurden et al., (2003)
reported that boys, when compared to girls, were more active during the
intervention. This suggests that interventions may have different effects on

boys and girls.

Deri and Patcha (2007) conducted an intervention which investigated
the effects of two different teaching styles; command and guided discovery.
The command style included the teacher giving a demonstration with
coaching points and providing feedback. The guided discovery approach
involved no demonstration, but the teacher guided the children to the correct
way of performing the skill, allowing the children to experiment. Both groups
doubled their FMS mastery level from pre to post-test according to the
grading system used (TGMD). However, the guided discovery group did not
show a significant decrease in FMS between the post and retention test
suggesting that it has better long term effects on FMS retention. Although
this decrease in FMS in the guided discovery group was not significant it was
still present, thus suggesting an additional follow up measure would be
useful to identify if FMS mastery plateaus at a higher level compared to the
pre-test. This study did not use a control group and therefore cannot
determine if the improvement in FMS was purely down to the intervention or

down to natural development in the children. Derri and Patcha (2007)
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propose that further research should look at the transfer of these teaching

styles to the real (sporadic) play that children demonstrate.

Predominantly, the research in this area consists of interventions
ranging from 6-12 weeks (Logan et al., 2011). In theory, the duration of the
intervention does not matter, as long as there is a positive effect on FMS and
the aim of the intervention is achieved. However, literature has failed to
quantify the time needed to be spent on each skill to result in mastery.
Furthermore, duration isn’'t necessarily the most important part of an
intervention as the content must be developed to meet the research aim and
to have lasting effects. In contrast to this, Graf et al., (2008) conducted a
four year intervention which comprised of one health education lesson a
week, a five minute PA break once a morning, PA options provided in break
and lunch times and teachers were trained to teach FMS. There were 12
intervention schools and five control schools. Results showed no
improvement in endurance (six minute run) in the experimental group
compared with the control group, no effect on the incidence of overweight
and obese status and only two FMS (lateral jumping and balancing
backwards) showed a significant improvement. Although two FMS increased,
only four skills were assessed; lateral jumping, balancing backwards, one
legged obstacle jumping and sideways movement. Furthermore, these four
skills do not replicate the full set of skills needed to be able to partake in all
sporting activities. Because, the children had not learnt the full set of skills to
partake in a range of activities, thus not allowing them to enhance their HRF,
there was no improvement in endurance performance between the

intervention and control group. This indicates that interventions need to be
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more intense for a more positive effect on weight status, because, by simply
providing PA opportunities it does not ensure that children will engage
themselves to expend the energy needed to maintain a healthy weight status
(Graf et al., 2008). Graff et al., (2008) did report that the implementation of
the intervention decreased over the four years and teachers did not deliver it
correctly thereby advocating that when interventions are implemented by

teachers they need to be more sustainable.

Mitchell et al., (2011) conducted a six week intervention in 11 schools.
This involved identifying the weakest FMS in the pre-test and getting the
teachers to focus on them in PE and fitness classes. Children also set their
own goals for the six week programme. This intervention was successful and
all FMS increased. Results highlighted that those children aged five-six years
had a larger increase in FMS proficiency compared to the older children.
Suggesting that this could be the optimum age for interventions to be
implemented. Results from this study also indicated that out of 900 teachers
only 11 of them had PE degrees and only 74 had training in PE. The fact that
S0 many primary school teachers are not trained in PE offers an explanation
as to why FMS competency is consistently low in primary school settings. A
limitation of this study is that no individual characteristics were recorded so
potential effects of age, gender and BMI on FMS cannot be identified. As
mentioned, this study only concentrated on the FMS that needed
improvement. It can be argued that by only focussing on weaker skills is why
significant results are shown as there was more scope for improvement.
However, by only focusing on the skills that need improvement it allows the

children more time developing these weaker skills, rather than focus on all
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the skills and spending time on some that do not need it. Jones et al., (2011)
conducted a 20 week intervention programme on preschool children that
consisted of structured activities (a 20 minute session, three times a week),
unstructured activities (to practice the skill they had been taught in the
structured session) and staff training (four x 30 minute workshop, including
theory and practical). The control group took part in free play. The
intervention group significantly improved in overall FMS proficiency
compared to the control group. Again no follow up was conducted after this

intervention and therefore it is not possible to identify any long term effects.

It has been suggested that preschool settings are favourable for PA
interventions because children are young, still learning and bad habits can
be prevented (Duncan et al.,, 2007). However, not all children attend
preschool and if an intervention was implemented at this stage then those
children would have more of a chance to increase their FMS capability for
when they enter primary school. These advanced children would then
possess a higher skill level and the other children would be more likely to be
left out of games due to their lack of skill (Ignico, 1990). Therefore, it could
be suggested that interventions should wait until primary school age when
children are all present and can progress at the same time. Furthermore, by
implementing interventions in primary school, all children will be targeted
regardless of their prior experience before school and all children can

benefit.

Hardy et al., (2010) conducted an intervention on preschool children,
that included 15 preschools as part of the intervention and 14 control

preschools, with a total of 263 (83% follow up) and 167 (84% follow up)
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children, respectively. The intervention was called the ‘move and munch’ and
focused on five main aims: i) choosing water over sweet drinks ii) eating less
snacks and choose healthier options iii) increasing fruit and vegetable intake
Iv) participating in one or more hour of PA per day v) turning off TV or
computer and becoming more active. Overall, results indicated that FMS
significantly increased in the intervention schools and sweetened drinks in
lunch boxes were reduced. However, Hardy et al., (2010) explains that the
implementation period of five months was not long enough to change the
habit of the children and to notice the effects. This intervention was classed

as low intensity which did prove to be adequate to increase FMS.

1.5.8 Objective and subjective measurements of FMS

There are two ways in which FMS can be measured, objectively and
subjectively. The subjective measurement is the assessments of the
technique of the skill, whereas the objective measure is the quantitative
outcome once the skill has been performed, for example, speed or distance.
Predominantly, research has focussed on the subjective measure when
assessing FMS (Okley et al., 2001; Hamstra-Wright et al., 2006; Barnett et
al., 2009; Cliff et al., 2009; Fisher et al., 2005; Hardy et al., 2010; D’Hondt et
al., 2009; Williams et al., 2008). These aforementioned studies have all
reported significant relationship between FMS, PA and weight status.
Although less, other research has measured the objective assessment of the
FMS and also found significant relationships between FMS, PA and weight
status (Mckenzie et al., 2002; Hands 2008). The reason why predominantly
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most of the research measures the technique of the skill is because it is
important that the developmental stage of the child is identified (Haywood et
al., 2012). For participation in sport or PA, children’s success will often be
down to the objective outcome of a skill. For example, how fast they can run,
how far they can throw, how high they can jump, if they can catch a ball.
However the technique of the skill will underpin the objective measurement.
However, literature has not assessed if the technique of the skill correlates

with the objective outcome. Therefore this will be assessed in the research.

1.5.9 Summary

It is clear that FMS is related to children’s habitual PA level and weight
status. Overall, studies indicate that FMS competency is an important
prerequisite to instil the key competencies needed to lead a physically active
lifestyle whilst maintaining a healthy weight status. However, the research
that suggests this, has predominantly been conducted in Australian children
(Okely et al., 2001; Beurden et al., 2003; Okely et al., 2004; Cliff et al., 2007;
Barnett et al., 2008; 2009; Cliff et al., 2009). The results reported in Australia
cannot be generalised to British children due to cultural, environmental and
most importantly curriculum differences (ACARA, 2005). In the UK, PE is
often a significant contributor to a child’s PA level (Biddle et al., 1998;
Fairclough and Stratton, 2005), therefore it is important to understand
information on children’s FMS level and how it is related to PA and weight

status in children.
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Much of the literature discussed in this chapter is incomparable due to
factors such as: a lack of longitudinal data to track children’s FMS level; BMI
being used to assess body composition; samples being categorised
differently (PA participation level, age, year group, sports club, gender); a
lack of control groups used in the literature; interventions that have been
conducted in a clinical population who are at risk of delay or have low
autonomy; a lack of follow up studies after interventions to identify lasting
effects; a lack of maintenance of the correct delivery throughout the
interventions due to non-professionals implementing the intervention (for
example, if interventions were too complex for non-professionals to deliver
then it would result in the incorrect delivery) ; a variety of different skills have
been focussed on throughout different interventions; data being biased to
proactive schools who welcome research and want to improve; and the

limited data on this topic that has been based in countries outside of the UK.

The discrepancies that have been highlighted throughout the literature
are important and need to be addressed. It is important to understand the
relationships between FMS, weight status, age, gender, and PA levels. This
leads to some important questions that may have an impact on health,

education and well-being in children such as:

1. What are the current FMS levels in UK children aged 6-117?

2. Is FMS predictive of PA behaviour and/or weight status in
children?

3. How effective are PA based interventions in schools in positively
influencing children’s FMS, PA, weight status/body composition

and physical self-perception?
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This research will aim to answer the above questions which may help
influence PE and future health policy, by providing information on: the FMS
status of children; the importance of the role FMS has in influencing PA

participation; how schools can increase FMS mastery.

53



1.5.10 Study aims, objectives and hypotheses

Study 1 (Chapter 4). How does age, gender and weight status affect

FMS mastery level in British Primary school children?

The aims of this study are to identify the FMS mastery level of a cross
sectional sample of primary school children aged 6-11 years in the UK and to
identify if variables such as age, gender and weight status display
relationships with any individual FMS. The purpose of this study is to
understand if children in the UK have mastery of the FMS by the
recommended age of six years (Vandaele et al.,, 2011) and how other
individual characteristics may be positively or negatively associated with

FMS mastery.

The objectives of this study are;

e To identify mastery level of the eight FMS by using the Process
Orient Checklist (POC; NSW, 2003).

e To measure the sprint speed and jump height of the children.

e To assess the children’s BMI by measurements of height and

mass.

Research hypothesis: Children will show a linear relationship with FMS
mastery and age. Boys and girls will have significantly different mastery
levels of different skills. Children with a higher BMI will have significantly
lower mastery of FMS. The subjective measurement will significantly

correlate with the objective measurement of the sprint run and the jump.
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Study 2 (Chapter 5). Is current FMS a predictor of current or future PA

levels and weight status in British primary school children?

The aim of this study was to further understand the relationship between
FMS and PA levels. There is sparse and equivocal data if FMS mastery level
can predict PA levels. The first objective of this study was to identify if
variation in PA could be predicted from FMS scores. The second objective
was to identify the best combination of previous or current FMS level to

predict PA levels.

Experimental hypothesis: Mastery of FMS will predict habitual physical
activity levels. Current FMS mastery level will be a better predictor of current

PA compared with previous FMS mastery level.

Study 3 (Chapter 6). Can FMS mastery of British primary school
children be increased through a six week PA intervention and do any

improvements in FMS have positive effects on PA and weight status?

The aim of this study was to identify if it is possible to increase FMS
mastery level in children aged 8-11 years old by replacing one of two
statutory PE lessons. A session focused on the development of FMS and to
highlight if this has any positive effects on PA level, weight status and
physical skill self-perception. The aim of the PA intervention was to provide
fun and engaging sessions whilst successfully teaching children how to

perform FMS. One of the objectives of this study was to determine whether

55



the number of children who were classed as having mastery FMS could be
increased via an intervention; the second objective was to ascertain if
children who completed the intervention were more likely to gain mastery of
the FMS compared to the control group. The third objective was to identify if
PA and physical self-perception were positively influence over the

intervention.

Hypothesis: By replacing one PE lesson a week children will show
positive changes in FMS mastery, PA and self-perception, however, there
will be no change to these variables in children who maintain their two

statutory PE lessons.
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2.0 Overview of Methods

Summerbell et al., (2005) reports that there is limited high quality data to
identify the effectiveness of obesity prevention programmes because of
different samples, interventions and methods used across studies and
between countries. To be able to produce high quality results that could
influence a policy change regarding PA guidelines for children, it is vital that
validated and reliable methods are used to gain valid and reliable results. In
this section, there is discussion of the different methods that have previously
been used to collect the data for each variable being assessed in this project.
Furthermore, the focus of this research is field based assessment of each

variable, therefore field based measures will be discussed.

2.1 Assessment of FMS

The overall aim of this research is to identify the relationships between
FMS competency, PA level and weight status. There are different methods
that have been used across the literature to measure FMS competency and
overall motor proficiency. However, it must be considered that just because a
test or method is widely used it does not mean it is appropriate for meeting
the aim of every study in the field. Throughout the literature, a variety of
different FMS have been assessed, these have included kick, catch, throw,
balance, vertical jump, hop, side gallop, sprint run, strike, standing long jump,
agility run, leap, slide, stationary dribble, underhand roll, skip, dodge, side

jump, jumping jacks, roll, turning jump (Derri et al., 2001; Okley et al., 2001;
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OkKley et al., 2004; Cliff et al., 2007; Harten et al., 2008; Barrnett et al., 2009;
Mitchell et al., 2011; Vandaele et al., 2011). The variety of tests discussed

below use different combinations of the aforementioned FMS.

Wrotniak et al., (2006) developed a test to assess fine and gross
motor skills; the Brumminks Oseretsky test of motor proficiency (BOTMP).
The BOTMP was designed for 4.5 — 14.5 year olds. This is a 46 item test
divided into eight sub categories (running speed and agility, balance, bilateral
coordination, strength, upper limb coordination, response speed, visual
motor control, upper limb speed and dexterity). Each item is rated on a two
point scale (pass or fail) and the units that each test was measured in are
recorded, converted to numerical point score and then totalled to produce
sub-category scores. Although this method is suitable for the ages being
assessed in the current study (6-12 years), the BOTMP uses an objective
measure of each item that is assessed. Although the scores are converted
and totalled they are still based on the original objective measure of the
skills. By purely measuring the objective outcome of a skill, it risks the
assessment of maturation of the child rather than assessing whether they are
performing the skills with the correct technique; for example, if a child has a
larger muscle mass compared to another child of the same age they may be
able to physically throw a ball further due to an increase in physical strength.
However, just because they can throw further, they may have the wrong
technique, which could potentially affect their performance in later life.
Vandorpe et al., (2011) reported that children who were involved in
organised PA had significantly better mastery compared to those who were

not. In addition, Haywood et al., (2012) stresses the importance of identifying
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the developmental stage a child is at for a given skill. By purely measuring
the skill objectively it does not allow for this. Furthermore, using the BOTMP
the results are totalled into the subcategory which does not allow for
individual FMS to be identified as being important components for PA
participation and maintaining a healthy weight status. Also, it will not identify
the developmental stage of the children for individual skills which has been
highlighted as important (Haywood et al., 2012). Wiart and Darrah (2001)
suggest that this method is a better indicator of overall motor proficiency,
rather than fine and gross motor skills as claimed; therefore it is not an

appropriate method to use in this research.

In 2004, Theofili and Simons developed the Korperkoordinations Test
flr Kinder (KTK) to test for MC in children aged 5-14 years old. This method
is similar to the BOTMP due to the objective measurements of four items:
walking backwards on a balance beam on a variety of widths; hopping over
obstacles varying in height; lateral jumping; moving your body sideways with
the aid of two boxes. This method has been designed for the age group used
within this research. The tasks assessed are objectively measured, again,
which could potentially measure the maturation of the child rather than the
technique of the skill, similar to the BOTMP (Wrotniak et al., 2006). As
discussed in the introduction, FMS are foundations for the larger sporting
movements (Haywood and Getchell, 2006), the four tasks assessed in the
aforementioned method do not represent the FMS (running, jumping,
hopping, kicking, throwing, catching) needed to be able to partake in

sporting/physical activities commonly played in the UK (football, netball,
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rounders, tennis, gymnastics, dance, rugby). Therefore, this method would

not be appropriate for the research in this research.

Henderson and Sugden (1992) developed the Movement Assessment
Battery for Children (MABC). This test is spilt into ‘the performance test’ and
‘the checklist’. The performance is comprised of 32 tasks divided into four
age bands; 4-6 years; 7-8 years; 9-10 years; 11-12 years. The tasks given to
each band get harder the older the child gets. This method also uses sub
categories and these are; manual dexterity, ball skill and static and dynamic
balance. Again this method covers the ages of the children being used in this
research. One of the studies in the research is a one year follow up of the
children to assess for any changes in FMS competency. If this method were
to be used then as the children change age then they would be given harder
tasks to complete and results from the previous year could not be compared.
In addition, as part of the research children will be assessed in their school
year groups. In the UK the ages of the children in their year group are
different to the age bands used in Henderson and Sugden’s (1992) MABC,
such that different tasks would be given to different children in the same age
group. The second part of the MABC is the checklist. This is designed for
children aged 5-11 years old. The check list is comprised of 48 items
according to relative task difficulty, which is based on whether the child is
stationary or moving and whether the environment is stable or changing. The
tasks are judged on a four point scale; 0 — very well; 1- just ok; 2 — almost; 3
— not close. Firstly, this method has not been designed for the ages that will
be assessed in this research. Secondly, the four point scale is a very

subjective measure of the tasks and no criteria is followed to distinguish
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between the points of the scale and therefore the score awarded is very
much down to personal opinion. For this limitation to be minimised it would
require the same person to assess all the skills for the whole sample
throughout the research. Even by doing this, the results given on that day
could be subjected to mood, arousal and attention levels (Saaty, 2013). If all
results were assessed on the same day then again this could be minimised,
the current research will be running over a two year period and therefore
stricter guidelines are needed to ensure that high quality consistent data is

produced.

Folio and Fewell (1983) developed the ‘Peabody Development Motor
Scales’ (PDMS) to identify: the development skill level of a child; the skills
that have not been developed; and the skills for future programme. The
PDMS was developed for children aged 0-7 years old. There are 170 items
that are tested and broken down into five categories; reflexes, balance, non
locomotor, locomotor and receipt and propulsion. The items are assessed
using a three point scale; 0 — child cannot or will not perform the skill; 1-
performance resembles but does not fully resemble criteria; 2 — child
performs according to the criteria. Again, this is very subjective, leaving it up
to the researcher to decide if the skill performed represents the criteria, and it
doesn’t give specific components (for example, angles of joints or limbs),
similar to Henderson and Sudgen’s (1992) approach. Not only is this method
not designed for children younger than the samples being assessed
throughout this research, but the protocol also involves the assessment of
170 items. With the large sample that will be involved in the current research

this is not realistic to complete.
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One of the most common tests for motor development is the Test
Gross Motor Development (TGMD) (Ulrich, 1984). The TGMD is designed for
children aged 3-10 years old. This method assesses 12 gross motor skills
which are divided in to two sub-categories; locomotor and object control.
Each skill is demonstrated to the children, with instructions, and if the child
completes a skill that does not resemble the required skill then an additional
demonstration is displayed. The children are also given two practice trials.
Skills are comprised of three- five observable criteria and given a score of 1,
for pass, or O, for fail on the presence or absence of each criterion. The sub
categories are then totalled. The age that this method has been developed
for is not appropriate for the age that will be used in this current research.
Although the skills are measured subjectively to strict criteria, the way in
which the test is completed is flawed. The children are given coaching points
and repeatedly demonstrated the skill. This could potentially measure a
child’s ability to copy a skill and perform it and with two practice goes a
learning effect could occur (Okely and Booth, 2000; Van Beurden et al.,

2003; Barnett et al., 2008).

In 2000, Okely and Booth developed the Process Orient Checklist
(POC; NSW, 2003). This method of analysis has not been developed for a
specific age range. Therefore, anyone’s FMS level can be assessed and
compared due to the method simply breaking down the technique of each
skill. Methods that put an age cap on the assessments of skill levels suggest
that children will perform the skills differently as they mature (Henderson and
Sugden 1992). No matter a person’s age, the technique of skill should not

change. It would seem logical to have one assessment method that enables
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FMS level to be measured at all ages that can be compared against each

other and to determine where each individual lies in terms of mastery.

The POC has been designed to assess eight different FMS that form
the basis of the most common sports and PA (Sprint run, side gallop, hop,
catch, throw, kick, jump and static balance). Each skill is broken down into
five or six criterion which must be present to have mastery of the skill.
Children are given one demonstration with no coaching points and no repeat
demonstrations, whereby assessing the child’s baseline skill level. Due to
this method being designed for any age it will be possible to use it in this
research and it allows the developmental stage to be determined for the
individual skills of the children. Additionally, the skills that are assessed
underpin the most common PA for children in the UK (DCMS, 2012). In
conclusion this method will be used to assess the developmental stage of

FMS in children in this research.

2.2 Objective measurement of FMS

By assessing the objective result from a performance of a skill, it
allows the relationship with the subjective measurement to be analysed; for
example, it will help identify if mastery (for technique) of the sprint run, is
associated with a faster sprint speed (for performance) in children? For
participation in sport or PA, children’s success will often be down to the
objective measure of a skill. For example, how fast they can run, how far
they can throw, how high they can jump, if they can catch a ball. By having
the correct technique of a skill it will aid the objective outcome (eg,
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speed/distance). By assessing this it will help justify the use of predominantly

using the subjective measurement tool.

The gallop and the hop will not be objectively measured due to the
fact the children can either do it or they cannot and it is not a skill that needs
to be done at speed for successful participation in PA. It would be possible
to objectively measure the rest of the skills. To assess the kick and throw
objectively, a choice between the distance and the accuracy of the kick and
throw would have to be decided. For both of these measurements there
would not be space in the sports hall where the data collection will be carried
out. Furthermore, kinematics and biomechanical analysis would be needed,
which is expensive and labour intensive (Kellis and Katis, 2007; Payton and
Barlett, 2008). There is also limited time with each class of children for the
data to be collected. The skills that will be objectively assessed will be the

skills that can be measure subjectively at the same time.

Balance can be assessed using the Y balance test (Sarchin et al.,
2012), this has not been validated in children and it takes a long time to carry
out with familiarisation as an essential part of the protocol (Sarchin et al.,
2012). Furthermore, the balance that will be measured subjectively is
standing on one leg of which the Y balance does not replicate. Therefore, an
objective measure of balance will not be used in this research. With the
sprint run and the jump it will be possible to measure these skills objectively
whilst the children are being videoed for the subjective measurement. This
increases the validity of the results when the objective and subjective
measures are being correlated as both results will be taken from the same

skill that was performed. These are discussed further below.
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2.2.1Sprint run

A quick and easy method for timing a sprint is to time it manually
using a stop watch. This method has major limitations. When a human is
using a stop watch they have to visually see the person cross the start line, a
message then needs to be sent to the muscles to press the start button and
again to repeat this process at the finish line. Such a process allows human
error to create variation in the sprint time results. Ebben et al., (2009) has
reported that manual timing can increase a sprint time by an average of 0.20
seconds (a 6.4% increase) compared to electronic timing. In the current
study the children are only running over a 10m distance and 0.2 second
variation could have a large impact in the results as the sprint itself should

only take around 2-3 seconds.

A more recent method of timing speed is using global positioning
satellite (GPS). This can allow for groups of children/people or whole teams
to be tested at one time when competing/training if time is an issue or if team
players need to be assessed against each other in a game situation. A GPS
monitor would need to be worn and these are made to fit adults rather than
children (watch straps are large on children), causing problems with them
staying on and discomfort for the children. Research has suggested that
GPS should be used on distances over 30m (Barbero-Alvarez et al., 2010),
yet the proposed research in this thesis will only be looking at a 10m
distance, this suggests that it is not advisable to use GPS for this research.
The data will be collected in a sports hall with room to only allow one child, at

a time, to run safely. When using GPS monitors inside they may not to pick
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up the GPS signal needed and unreliable results are produced due to a
special error of 1-2m more than outdoors (Elegethun et al., 2006). It would
also take a long time to put the monitors onto the children; as a result of this

it would be more useful to identify an alternative method.

Electronic light gates are a commonly used and reliable method to
assess the time of a sprint (Hetzler et al., 2008). This method eliminates risk
of human error. An infrared beam is directed from a device onto a reflector to
create an infrared ‘light gate’. When the infra-red beam is broken the timer is
started. A similar gate can be set up exactly 10m apart and when the second
beam is broken in the second gate, the timer will stop. There is ho human
error in the starting and stopping of the timer. The equipment is portable,
easy to use and the children do not need to put on monitors. Therefore, the
light gate method (Fusion Sport, Australia) will be used to assess sprint

speed in children in this research.

2.2.2 Jump height

A very basic method used to assess jump height is the jump and
reach method, more commonly known as the Sargent jump (Sargent et al.,
1921). This involves a participant standing next to a wall and jumping,
reaching one arm up. The participants jump height is calculated by taking the
reach height from the jumping reach height. In this research the technique of
the jump will be measured subjectively (via the POC) and the height of the
jump will be measured objectively; therefore the techniques need to be the
same so they can be correlated with each other. The Sargent jump
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predominantly uses one arm to power the jump. The subjective measure will
require the use of two arms to power the jump and therefore the Sargent

jump cannot be used.

Video analysis is a method used to measure jump height. To
accurately measure the height of a jump it would involve setting up a triangle
that coincides with the 3:4:5 ratios to ensure during the set-up that the
camera lens is parallel to the child performing the jump. If the camera is just
1cm out of line then this can cause a parallax error due to the shape and size
of the object seeming to be different (Kirtley et al., 2006). Also, if the child
performs the skill in front or behind of the plane of motion then that will
increase perspective error (Sih et al., 2001). Although perspective error can
be decreased by moving the camera back further, the sports hall that will be
used to assess the jump height is not big enough for this. In addition,
Casartelli et al., (2010) reports that video analysis cannot accurately detect
the exact height of the jump and that other methods should be used where

possible.

Casartelli et al., (2010) report that using the myo test is a valid and
reliable method of recording jump height. This method involves putting a belt
around the waist of the child and attaching a portable hand held device on it.
A counter movement jump can be selected as one of the tests and it then
asks for three jumps. A myo test has an accelerometer mechanism which
can calculate jump height. Jump height is determined from the force
measurement that is calculated as a result of the acceleration of the jump
and the body mass (entered in to myo test first). Flight time is calculated from

the force measurement by determining the difference between two time
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points; the end of the concentric phase (when the pushing force equals the
force of the body weight) and the landing (when the landing force is equal to
the force of the body weight). It is then from flight time that jump height is
calculated (Nuzzo et al., 2011). The validity of myo test has been widely
published demonstrating strong reliability (r=0.85-0.99) (Newton et al., 1996;
Jidovtseff et al., 2008; Crewther et al., 2011; Nuzzo et al., 2011). If the
device detects something unusual it will ask for an extra trial. The myo test
equipment is extremely portable and easy to use and with several set-ups
available to use. This allows more than one child to be tested at one time to
increase efficiency of the data collection. Therefore the myo test method will

be used to assess jump performance in this research.

2.3 Assessment of PA

PA is an extremely difficult variable to measure (Dishman et al.,
2001). The term PA will be interpreted differently by different individuals.
Some people may think that PA is only ‘sport’ or ‘exercise’, whereas some
will class household chores such as vacuum cleaning as PA. However, PA is
described as ‘any bodily movement produced by skeletal muscles that
results in energy expenditure’ (Caspersen et al., 1985, page 216), which can
be broken down into occupational, sports, conditioning, household, active
transport and other activities (Caspersen et al., 1985). Therefore, the
method selected will depend on which type of PA is being measured. This
research will look to assess habitual PA levels. To measure habitual PA it is

important that measures are taken when children are in school, out of school
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and on the weekend. There are many techniques that can achieve this

objective and these are discussed below.

2.3.1 Self-Report Questionnaires

Burrows et al., (2010) concludes that when it comes to self-report
measures in children aged 4-11 years (most ages in this research fall
between this age range) parents should complete the recall. Not only are
adults subject to demand characteristics and giving socially desirable
answers (Burrows et al., 2010; Lee et al., 2010), but the parents would not
be able to accurately estimate what and how much activity is completed in
school. These limitations of parents reporting on behalf of the children would
generate unreliable results. To ensure that children don’t have to rely on their
recall, questionnaires have been validated that are designed to make them
suitable for children. These include questionnaires that provide examples of
different types of sporting and leisure time activities to help prompt or remind
children of what they did (A short questionnaire for the measurement of
habitual physical activity; Baecke et al., 1982). Although this would help
children to recall what they did, the youngest age bracket would not have the
cognitive ability to recall everything that should be included and to be able to
distinguish between types of PA. In addition, the current research is
assessing habitual PA rather than distinguishing types of PA. A systematic
review conducted by Chinapaw et al., (2010) identified 61 versions of self-
report PA assessment tools from 54 research studies. From these 61

questionnaires, Chinapaw et al., (2010) concluded that none of them were
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deemed a valid or reliable assessment method for PA in children. Therefore,

self-report measures will not be used in this research.

2.3.2 Accelerometers

Accelerometers have been widely used in research to measure
children’s PA level (Trost et al., 2001; Cliff et al., 2007). The acceleration is
the change in velocity over time, which will quantify the volume and intensity
of the movement (Freedson et al., 2005). When accelerometers were first
developed, they could only measure acceleration on the horizontal axes.
However, due to the advancements in technology accelerometers can now
measure movements in three axes/dimensions to determine if that person is
standing, lying, sitting, or not wearing the device (Hawk, 2012). Therefore,
the duration and intensity of PA can be determined. The raw acceleration
signal is often translated in to a metric that is related to either a biological
variable (energy expenditure) or PA patterns (low/high) (Freedson et al.,
2005). Translating these raw acceleration signals is difficult due to the
technology being based on biomechanical principles and converting it to
biological measures such as energy expenditure. This is further complicated
in children as growth and maturation can skew the associations (Freedson et
al., 2005). Studies have developed equations for the calculation of energy
expenditure from accelerometry (Sallis et al., 1990; Trost et al., 1998; Payau
et al., 2002). Payau et al., (2004) has since validated these methods using a
portable gas analyser which concluded that these aforementioned equations
will underestimate energy expenditure by 19-24% depending on the model.

Gerda et al., (2013) identified that there are no cut off points for young
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children for the GT3X accelerometers. Freedson et al., (2005) have identified
that cut points between three and six METs (low and moderate intensity;
Jette et al., 1990) are substantially different between studies, making them
incomparable. More attention in future research needs to focus on
standardising interpretation of acceleromtery data to make it comparable

within research (Freedson et al., 2005).

Payau et al.,, (2004) identifies that accelerometry can distinguish
between sedentary, light, moderate and vigorous activity but cannot
accurately predict them. Most studies that use accelerometers only report the
MVPA (Van Beurden et al., 2003; Cliff et al., 2007). Westerterp and Plasqui
(2004) reports that it is the low and vigorous activity that is the main
contributor to overall PA. In this research, the aim of overall habitual PA is
desired and information on intensity and type is not needed at this stage.
Also, this equipment is very expensive and with the large sample size used

in the research in this thesis it will not be possible to use this technique.

2.3.3 Pedometers

Pedometry is a common and popular method used within research to
assess PA status due to it being more cost effective compared to
accelerometers, easy to use and administer (Trost et al., 2007). The use of a
pedometer as a measure of PA in children has been widely validated across
the literature (Leenders et al., 1997; Eston et al., 1998; Trost et al., 2000;
Tudor-Locke et al., 2002; Riddoch et al., 2004; Trost 2007; Clemes and

Biddle, 2013). Leenders et al., (1997) assessed if the placement of the
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pedometer would affect the result output and reported no difference in result
dependent upon the placement of the device. This supports the use of
pedometers in children, as they will be more likely to move the placement of
the device compared to adults. Leenders et al., (1997) also reported that
there was a significant change in step counts when speed on a treadmill was
increased; highlighting good sensitivity of the pedometer to change in
speed/activity when a child is wearing it. Children’s PA is very sporadic;
walking is the main feature of utilitarian physical activity, of which
pedometers are sensitive enough for walking in all its forms (Tudor-Locke et
al., 2004). Eston et al., (1998) reported a significant correlation of r=0.95
between pedometry and oxygen consumption, indicating that pedometry can
accurately report PA in children. Tudor-Locke et al., (2002) conducted a
review that correlated pedometry with other methods of PA assessment;
Accelerometers, r=0.86; DLW, r=0.6 and self-report questionnaire, r=0.02-
0.94. These results highlight that the first two aforementioned methods show
a significant correlation with pedometry and these methods have been
previous validated with in literature (discussed in section 2.3.1 and 2.3.3),
therefore increasing the reliability of the use of pedometers in research. In
section 2.3.2, it highlights that self-report questionnaires are not a reliable
method to assess PA, particularly in children, thus explaining why Tudor-
Locke et al., (2002) predominantly reports weak non-significant correlations
between the pedometry and self-report questionnaires. Tudor-Locke et al.,
(2002) concluded that pedometers are suitable substitute for accelerometers
when raw movement is desired. Clemes and Biddle (2013) report that

pedometers are a valid and reliable measure of PA in children but only in
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children who are aged five years and above. Although pedometry cannot
give information such as intensity and time, the aims of the research in this
thesis is to identify habitual PA and change in PA over time. Pedometers
have been suggested as a reliable method to meet this aim throughout the
literature (Tudor-Lock et al., 2002; Trost 2007). A limitation of pedometers is
that the authors/researchers is unaware if children have not worn it or have
tampered with it (shaken it). To overcome this limitation Rowe et al., (2004)
suggests that when pedometers daily step counts are reported as being less
than 1000 steps or more than 40,000 steps those participants should be
excluded from the data as these values are likely to be unreliable. Data will
be collected over two weekend and two weekdays will be used to account for
differences in PA behaviour when at school and home. This method has

been validated within literature (Trost et al., 2000; Duncan et al.,2007).

Not only has the method of pedometers been validated, but the type
of pedometer also. There are three basic type of mechanism that
pedometers use; the first is a spring suspended lever arm that works by a
metal on metal contact to conduct an electric current. The horizontal spring
suspended lever moves up and down in response to the hips vertical
acceleration and a step is registered (Crouter et al., 2009). The second is a
magnetic reed proximity switch. This works on a horizontal spring lever arm
but uses a magnet to create a magnetic field by the overlapping of pieces of
metal in a glass cylinder to register a step (Schneider et al., 2004). The final
mechanism is an accelerometer type that consists of a horizontal beam and
piezo-electric crystal. The walking motion generates a sinusoidal curve when

vertical acceleration is plotted against time. This mechanism uses zero
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crossings of the acceleration vs time curve to detect steps (Schneider et al.,

2004).

The most reliable method is the final one described that used the
accelerometer type mechanism as it is not subject to tilt angle that the other
mechanisms are (Crouter et al., 2005). The pedometers that use these
methods are very expensive compared to the other types (Crouter et al.,
2005). Although research has identified that this is the most reliable
mechanism the spring suspended lever arm that works by a metal on metal
contact to conduct an electric current has also been validated throughout
literature. This mechanism is used in the Yamax Digi-Walker (SW 700) and
this type has been shown to give the mean step counts that were within 1%
of actual steps (Crouter et al., 2003). At walking speeds ranging from 54 to
107 m-min™, the SW-701 was the only one out of 10 models that did not
differ significantly from actual steps taken (Crouter et al., 2003). This
pedometer model was found to have similar accuracy in normal weight,

overweight, and moderately obese individuals (Swartz et al., 2003).

Considering the aim of the research that will be conducted in this
research and the supporting evidence for the reliable use of the Yamax Digi-
Walker (SW 700) pedometer in this section, this method will be used for the

assessment of PA in this research.

74



2.4 Assessment of Weight Status

2.4.1 Bioelectrical impendence

Bioelectrical impedance is a popular method used to identify BF%.
This works by sending electrical impulses constant low level alternating
current which results in an impedance to the spread of the current that is
frequency dependent (Lukaski et al., 1985). Intra- and extracellular fluids that
behave as electrical conductors and cell membranes that acts as electrical
condensers. The current passes mainly through the extracellular fluid while
at higher frequencies (500- 800 kHz) it passes through the extra- and
intracellular fluids (Thomasset, 1962). From this total body water can be
determined and Hoffer et al., (1969) discovered the relationship between
total body water and fat free mass. Reliability coefficients against skinfolds
and hydrostatic weighing range in research between r = 0.957-0.987

demonstrating strong validity (Lukaski et al., 1985; Jackson et al., 1998)

This method is very popular as it is portable and can be taken into the
field. This method is based on the conductivity of the tissue which can be
affected by hydration levels, last meal eaten, previous exercise, body
position and body temperature (Kyle et al.,, 2004). Each of these variables
will be difficult to control for in the children and due to repeated
measurements being taken over two years it will not be possible to ensure
that the conditions are the same each time. In addition when girls reach

puberty they will develop breast tissue which can skew BF%.
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2.4.2 Body Mass Index (BMI)

BMI is the principal method for identifying an individual’s weight
category; underweight, normal weight, overweight, obese and morbidly
obese (<18.5, 20-25, 25-30, 30-35, >35kg/m? respectively (WHO, 2014)).
However, BMI does not identify or distinguish BF% and fat free mass. Due to
BMI not measuring BF% the method can often be flawed (Nevill et al., 2006).
An extreme case is a 27 year old NFL American football player who has
<20% body fat percentage but has a BMI of 39.6 kg/m? (Prentice and Jebb,
2001), which would put him in the severely morbidly obese category. As with
athletes, children are susceptible to having a skewed BMI. This is the result
of muscle groups developing at different stages, lack of growth spurts or
‘puppy fat’ still remaining, thus highlighting the importance of interpreting BMI
with caution. Cole et al., (2000) stresses that when using BMI on children it
should be used as a guide and not an absolute reading. BMI is often
favoured due to the fact that it's quick, easy and does not require highly
trained staff. The BMI standard cut offs mentioned at the beginning of this
section are used as guide for adults and should not be used for children as
they are still growing. Cole et al., (1990) developed a reference curve for
children’s BMI to control for age and sex when determining a child as being
normal weight, overweight or obese. If children fall into the 85™ or 95™ centile
then they will be as classed overweight or obese (Cole et al., 1990),
respectively. A z score can also be calculated which can identify how far
away a child is from a ‘normal’ weight for their age and sex (Cole et al.,
1990). By using these techniques it can help reduce the limitations of BMI.

BMI will be used in this research because it is the recommended method to
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classify weight status by the International Obesity Task Force (IOTF) (Cole et
al., 2000). Furthermore, it is the method in which government assess
children who are overweight and obese in the UK as part of the National
Children’s Measurement Programme (NCMP) (The Health and Social Care
Information Centre, 2012) and is widely used in the literature (McKenzie et
al., 2002; Graf et al., 2004; Okley et al., 2004; Southall et al., 2004; Erwin

and Castelli, 2008; Cliff et al., 2009; D’Hondt et al., 2009).

2.4.3 Skinfold thickness

A calculation using the sum of skinfold thickness is a common method
to distinguish BF%. This can be determined by using skinfold callipers to
measure the thickness of skinfold thickness at various sites in the body and
has been validated throughout literature, reporting correlations up to r=0.9
when comparing with the gold standard measurement of dual-energy X-ray
absorptiometry (Wickramasinghe et al., 2008; Hoffman et al., 2012;
Freedman et al., 2013). By assessing skinfold thickness, it cannot be
affected by other variables such as, hydration and temperature, unlike
previous methods discussed. This method is often favoured due to it being
portable, cost effective and quick to complete. This method can easily be
done in a school setting. There are many body sites that can be measured
for skinfold thickness, with the equation used to calculate the BF%
depending on the sites chosen. Choice of site for skinfold measurement can
depend upon age and sex, with some measures being invasive. Therefore,

when conducting research on children the selection of skinfold sites must be
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considered carefully and chosen for the specific population group being
assessed (Hoffman et al., 2012). Slaughter et al., (1988) provides an
equation that can calculate BF% in children (Heyward and Wagner, 2004) by
using just two body sites; medial calf and tricep. Sardinha et al., (1999) has
reported that assessment of skinfold thickness at the tricep is the most
appropriate way to identify BF% in children. Therefore, this method will be

used in this research due to its non-invasive, portable and accurate nature.

2.5 Physical self-perception of skill competency

Physical self-perception has been identified as having an important
influence on FMS level and PA (Barnett at al., 2008; Stodden et al., 2008).
This variable will be assessed as part of the intervention in study 3, to
identify benefits the intervention could potentially have on physical self-
perception. It is a psychometric measure, which makes it difficult to obtain
reliable results as each value is dependent on the participant being truthful. A
further issue that arises when measuring self-perception in children is that
they must have the cognitive ability to understand what is being asked of
them and for them to understand how important it is to be honest. Stodden et
al., (2008) identifies that children do not have the cognitive capability to
accurately perceive their AMC until they reach middle (7 years) to late
childhood (Harter, 1999). Children in the intervention will range from 8-10
years, therefore, according to Stodden et al., (2008) they will be cognitively

developed enough to accurately perceive their motor competence.
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2.5.1 Interviews

One method of measuring a child’s self-perception is to conduct
interviews with the children (Ridgers et al., 2012). This qualitative data
collection would be open to interpretation and children would be more
susceptible to giving socially desirable responses as they will be giving direct
answers to a person. In addition, this process is very time consuming which
would make it prohibitive for the large sample size planned in this research.
Due to the large sample size a sub-sample could be interviewed, however,

due to school constraints this was deemed too disruptive to complete.

2.5.2 Questionnaires

The other option to assess a child’s self-perception is to use
guestionnaires. Poulsen et al, (2011) uses the Self-Description
Questionnaire-1  (SDQI) which is a multidimensional measure of
preadolescent’s self-concept. It measures 76 items, broken down into 11
subscales and marked on a one — five (true-false) continuum. This measure
has also been validated by Byrne et al., (1996). Although a very reliable
(Internal consistency scores are high with alpha coefficients ranging between
0.8 and 0.9) measure to use, this research is exploring self-perception of the
physical skill level and this questionnaire focuses on a large range of
variables such as physical appearance, peer relations, reading,
mathematics, school in general and global perception. Not only are these

topics irrelevant to the current research topic, but given the limited time with
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the children, it would not be possible to administer a long questionnaire such

as the SDQI.

A questionnaire that dominates the research to measure self-
perception is Harter's (1982) Original Perceived Competence Scale for
Children (PPCSC) consisting of 26 self-efficacy questions (Jones et al.,
2010; Robinson 2011; Breslin et al., 2012). Harter's (1982) original PCSC
measured cognitive, social, physical and general self-worth characteristics.
Since then, modifications have been made to create a PE Efficacy Scale
which was validated in 1985 (Harter, 1985). The modified version assesses
ten questions because they were shown to have good discrimination
between self-efficacy levels (gymnastics, dance), or were activities children
perform in PE lessons (Horn and Hasbrook, 1987; Duncan and Duncan,
1991; Kimiecik, et al., 1996).The wide use of this questionnaire is down to its
unique scoring system. The questionnaire gives two situations and the child
has to decide which one they are and then state whether that situation is
‘really true for me’ or ‘sort of true for me’. By using this technique of scoring
the questionnaire it decreases the likelihood of gaining socially desirable
responses by not using any negative words in the scoring system unlike
other most other scales (Horn and Hasbrook, 1987; Duncan and Duncan,
1991; Kimiecik et al., 1996). The modified PCSC is ten questions long and
asks about everyday sporting/physical activities that the children are likely to
participate in which, use FMS. Thus, this questionnaire can be delivered in
class groups, making it time efficient. The PCSC will be used for research in

this thesis.
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3.0 General Methods

3.1 Recruitment

The participating schools were chosen with the assistance of Coventry
City Council’s lead advisory teacher for PE. The schools were chosen that
sat in the mid-range (50-59%) of electoral wards for deprivation and socio-
economic status within the city and nationally (Coventry City Council, Key
Statistics, 2012) as a means to ensure the extremes of affluence and
deprivation did not confound the results of the study. In addition it was
ensured that there was no specialist PE programme, such as interventions or

specific focus, in place at the time of testing.

Once the schools had been chosen the project coordinator was given
the contact details of the individual schools PE coordinators. Letters were
then sent to each school to invite them to take part in the research project
(Appendix I). The letter included a description of the project and the contact
details of the project coordinator for any further questions. Once schools had
accepted the invitation to participate in the research project, meetings were
arranged with the PE coordinators of each school. In these meetings,
arrangements for a timetable suitable for the school for the sessions to take
place were made and distribution of the informed consent form to the
children and their parents/guardians was organised. It was decided that the
research interactions with the children would take place within their
dedicated PE lessons so that it did not disrupt the teaching of other core

subjects.
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3.2 Ethics

Ethics approval (Appendix I) was obtained from Coventry University’s
Ethics Committee prior to each study. Informed consent and information
sheets were sent out to parents of each participating school (Appendix II).
Parents and children were informed that they could withdraw at any point in
the study. Data was not collected from any children until all signed consent
forms had been returned. If a child returned a consent form within which the
parent/guardian stated that their child’s data was not to be used, then that
child was still allowed to partake in the PE session, however no data was
recorded for that child. A risk assessment of each school sports hall was
undertaken to ensure that children were at no greater risk than they would be
in an ordinary PE lesson. Before entering each school, CRB certificates and
identification was presented by each researcher and recorded with the
receptionist of the school to comply with legal legislation. Children gave their
assent to partake in the research but were also reminded that they did not
have to participate in anything if they did not wish to and were assured that
all information was confidential and that their names would not be used. To
ensure that results remained anonymous, children were given a number to
be identified by; names were not used at all. In each session of data
collection children wore a sticker with their number on: 1) so that they could
be identified on camera; 2) so that the data that was recorded in the sessions
could be coded by the numbers and not names; 3) to make children feel at

ease that their results were not going to be related directly to their name.

82



Data was stored in a locked filing cabinet or on a password locked Coventry

University computer.

3.3 Fundamental Movement Skill Assessment

Prior to the assessment of any skills (Subjective/objective) a five
minute cardiovascular warm up was conducted with the children. This
included the children using the space in the hall to travel around in. The
researcher shouted out different numbers which coded for a different
travelling method; 1, walking; 2, running; 3, sprinting; 4, touch the floor; 5,

jumping on the spot.

3.3.1 Subjective measurement

FMS was assessed using the guidelines taken from the New South
Wales ‘Move it Groove it; Physical activity in primary schools: Summary
Report’ (2003). The POC was taken from this report to assess the FMS
(Appendix Il1). This checklist is comprised of eight different FMS; Sprint Run,
Side Gallop, Hop, Kick, Catch, Overarm Throw, Vertical Jump and Static
Balance. Each skill is broken down into five or six components, which when

performed must all be present to demonstrate complete mastery of the skill.

To collect the FMS data testing was carried out in a school sports hall.
A team of eight trained researchers (according to the Move it groove it
guidelines; NSW, 2003) assisted in the recording of the FMS. The eight FMS
were split into locomotor (sprint, hop and gallop) and object control and static

(balance, jump, catch, kick and throw) skills. The reason for splitting the skills
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into two groups was not only for efficiency of collecting the data but also
because the two categories needed different camera angles to ensure that
all components of the skills were visible on playback. For the static skills, the
camera was set up on the coronal plane (Figure 3.1), whilst the locomotor
skills had the camera set up on the sagittal plane (3.2), following guidelines
by Knudson and Morrison (2002). For all eight FMS, each skill was
demonstrated once with no coaching points in accordance with ‘Move it
Groove it (NSW, 2003) guidelines. Each child performed each skill three

times.
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Figure 3.1 Children performing the balance skill in the coronial plane to the

camera.

Figure 3.2 Children performing the side gallop in the sagittal plane to the
camera.
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Locomotor skills were performed over a marked 10m distance.
Although the POC states that the run should be completed over a 20m
distance, this was not possible due to the size of the sports hall. This test
was adapted to 10m, with the technique of the run still being assessed over a
10m distance. Children were asked to sprint between the two points as fast
as they could. Children were asked to hop on one leg between the two
points. Children were asked to gallop sideways, facing the camera, between

the two points.

For the assessment of object control and static skills, three cones
were placed in a line in front of the camera. One child would stand by each
cone and perform one skill three times. This was done to increase the
efficiency of data collection. Once the three trials had been completed the
next three children would take their place by a cone. For static balance,
assessment children were asked to stand on one leg for 10 seconds. For the
vertical jump children were asked to jump up as high as they could, using
their arms. For the kick, children were asked to take three steps away from
the ball and then kick the football in a forwards direction. For the catch,
children were thrown a soft tennis ball from 3 m and were asked to catch it.
For the throw, children were asked to throw a tennis ball over arm to the

researcher who was standing in front of them (NSW DoH, 2003).

Each FMS was video recorded at 50 frames per second (Sony video
camera, Sony, UK, model: HDR HC9E) and subsequently edited into single
film clips of single skills on a computer using Quintic biomechanics analysis
software (Quintic Consultancy Ltd, UK). The skills were also analysed using

this software, enabling the videos to be slowed down, magnified and
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replayed. The POC was used to determine the mastery level of the skill. This
method was used as it more accurately identifies specific topographical
aspects of the movement, such as the technique and position of different
body segments (Ulrich, 2000). Furthermore, this method was originally
validated in 42 children (age range from 4-12 years), which involved a 7 day
test retest cycle, producing reliability estimates for each skill (alpha
coefficients of 0.74, p<0.01; Okely and Booth, 2000). One this had been
completed the POC was trialled across 26 primary schools over a three
month period, producing an 85% agreement with the trained experts (Okely

and Booth, 2000).

When the child performs each skill if they demonstrated all
components of the skill then ‘mastery’ was given. If the participant
demonstrated all but one of the components of the skill then ‘near mastery’
was given. If more than one component were deemed to be missing then the
participant would have no mastery of the skill (Move it Groove it, NSW,
2003). In addition to this categorical analysis a percentage of mastery was
calculated. This percentage was calculated for two reasons; firstly, the FMS
teacher manual (Move it Groove it, NSW, 2003) explains that each
component is not of equal worth, with different skills being composed of a
different number of components (Barnnett et al., 2009). Therefore, by
calculating a percentage it allows for them to be compared on the same
scale. Secondly, by displaying a percentage it identifies how far away a child
is from mastery because children who are close to having near mastery are

classed in the same category as the children who have no mastery at all.
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A percentage was calculated for all three attempts and the mean of
these three attempts were calculated to provide an overall percentage used
for analysis. By using the mean it accounts for differentiation between
attempts. Furthermore, previous methods to assess FMS ensure that they
use the results from each attempt to generate a score for that FMS (Ulrich,

2000; Okley and Booth, 2004 Barnett et al., 2008; Vandaele et al., 2011).

Pilot data on 52 children (26 girls and 26 boys) with a mean age and
SD of 8.4 + 1.6 years was collected. Children performed each of the eight
FMS three times. Repeatability between performances was analysed. The
Cronbach a values indicated consistency across repeated trials for all eight
FMS: balance a= 0.834, throw a=0.847, catch a=0.753, kick a=0.926, run
a=0.886, gallop a= 0.936, hop a= 0.841 and jump a= 0.761. Repeated
measures ANOVA was also conducted and identified the measurement scale
as stable due to no significant difference between trials of all eight FMS:
balance p=0.459, throw p=0.098, catch p=0.621, kick p=0.695, run p=0.524,

gallop p=0.110, hop p=0.613 and jump p=0.134.

In addition, if the participant demonstrated all components of the skill
then ‘mastery’ was given. If the participant demonstrated all but one of the
components of the skill then ‘near mastery’ was given. If more than one
component was deemed to be missing then the participant would have no
mastery of the skill (Move it Groove it, NSW, 2003). Prior to analysis inter
and intra rater reliability analysis was performed for all the FMS between
each researcher and the lead researcher. Individual scores for the latter can

be found in each study.
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3.3.2 Objective measurement

The sprint run and jump were both measured objectively as time

(seconds) and height (m) respectively.

A ten metre sprint run was timed using Smartspeed gates (Fusion
Sport, Australia). Two laser gates were set up ten metres apart. The
participants started 1m behind the gate to ensure consistency and that a light
beam wasn’t broken early. Due to the sprint being shortened to 10m it is an
acceleration test. However, this still allows for the time of the sprint to be

compared with the technique of the sprint run.

The children were asked to sprint through the two gates. When the
beam was broken in the first gate the timer would start and when the second
beam was broken in the second gate timing would stop. The children had
three attempts, which were recorded straight onto a spreadsheet. The fastest

time was taken for analysis (Hands, 2008)

The height (cm) of the vertical jump was measured using a myo test
(Myo test, Rue de la Blancherie, Switzerland, model: myo test pro)
recommended by Bubanj et al., (2010). The children’s height (m) and mass
(kg) was entered into the myo test device. The myo test device was attached
to a belt on the waist of the participant. It would beep and then three
consecutive jumps were performed. Children were asked to jump as high as
they could, using their arms (countermovement jump). The maximum jump
height for each child was recorded on to a spreadsheet (Hands, 2008). If
children did not use their arms, they were not asked to repeat the jump, as
this would be classed as feedback and disrupt the subjective analysis of the

89



skill. For example ‘driving the arms upwards’ is a component for the jump in

the POC.

3.4 Anthropometric measurements

Date of birth was obtained from the school and recorded. The
anthropometric measurements were carried out in the sports hall prior to the
performance of the FMS. Children wore shorts and t-shirt and shoes were

removed for these measurements.

Height was recorded to the nearest centimetre using a stadiometer
(SECA Instruments Ltd, Germany, Model: SECA213). Children stepped onto
the stadiometer with bare feet facing away from the measure. Children were
asked to stand tall and have their chin parallel to the ground with eyes
looking forward (Frankfort horizontal plane; Thompson et al., 2009). If
children struggled to get into this correct position then the researcher would
guide the child’s head to the correct position with their hands upon that
child’s consent. Once the child was in the correct position the measurement
was taken and recorded. This method is recommended by Norton et al.,

(1996).

Mass was recorded to the nearest 0.1kg using electronic scales
(SECA, Instruments, Ltd, Germany, model: SECA877). Children stepped
onto the scales with their head up, looking forward and their weight

distributed between both feet. Once the child was stable and the digital
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display gave a constant reading, mass was recorded. This method is

recommended by Norton et al., (1996).

BMI was calculated as kg/m? and converted to z scores using the
1990 reference curves which control for age and sex, to identify overweight
and obese children (Cole et al., 1990). Children were classed as overweight
if they were in the 85th centile and obese if in the 95th centile (Cole et al.,

1990). Weight status was used as a variable in each study.

Body fat percentage was calculated using skinfold body calliper
readings using Harpenden callipers (Baty International, UK). Readings were
taken from two sites; tricep and medial calf (Slaughter et al., 1988). To mark
the point on the tricep for where the measurement was to be taken for the
tricep, the half-way point was identified between the superior aspect of the
radius and acromiale landmark. Once this half-way mark was identified with
a tape measure the midpoint of the tricep was identified using the human eye
and the calliper reading was taken (Thompson et al., 2009).To cite the point
on the medial calf this reading was taken at the point of the largest
circumference of the gastrocnemius on the medial side of the leg. A tape

measure was used to identify this landmark (Thompson et al., 2009).

A reading from each site was taken and then repeated a second time.
If there was a difference = 10% between the two skin fold measurements for
one site then a third measurement was taken to ensure high validity of the
readings (Thompson et al., 2009). An average was then taken from the two
readings for each skinfold site. The Slaughter et al., (1988) skin fold equation

(BF%= (0.735*(Tricep+Medial Calf))+1) was used to calculate each child’'s
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BF%. The same trained researcher took the skin fold measurements each
year to maintain consistency and the technical error of measurement at the
tricep and medial calf was 4.57% and 4.12% respectively showing
appropriate intratester reliability. This method of measuring body fatness, to
determine weight status, is widely used in children (Lahti-Koski and Gillb,

2004).

3.5 Organisation of data collection sessions

All data collection took place in the schools’ sports halls. At the
beginning of the session, the anthropometric data was collected. This was
separated into four stations; 1) height, 2) mass, 3) skinfold callipers, and 4)
jump height. There was one researcher on each station and one child would
visit each station, one at a time. This enabled results to be kept discrete from
other children to be sensitive to any insecurity’s the children might have.
Where possible, the same researcher would be on the same station each
week to keep the results consistent. Once all the anthropometric data had
been collected each class was lined up and split into two groups. One group
would complete locomotive skills (sprint, gallop and hop) and the other group
would complete the stationary skills (balance, jump, kick, catch and throw).
Once each group had completed the skills they were swapped over.
Between different schools the length of their PE lesson would differ and
therefore it would vary as to how many sessions it would take with the

children to complete all the data collection.
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3.6 Physical Activity Assessment

Habitual PA was measured using pedometer step counts. Children
were given a pedometer (Yamax Digi-Walker; SW 700) on a Wednesday.
The instructions of how to use the pedometer, when to wear it and when to
record the steps were all explained to a class of approximately 30 children at
a time. The children were given a sheet which contained: instructions on
what to do; their individual unique number so the children could be identified;
a table to record the steps per day with a comment box to record time that
the pedometer was not worn; and the pedometer number that the child had
been given (Appendix 1V). Children then had a day to practice using the
pedometer, this controlled for the novelty effect when children first get a
pedometer and will explore with it, for example shaking it. Following this,
children were then required to record their steps on Friday, Saturday,
Sunday and Monday, therefore consisting of two weekdays and two
weekend days (Riddoch et al., 2004). Sheets and pedometers were then
collected the following Tuesday. Each class and each school kept to this
same template to ensure consistency. Children who did not have all four
days of analysis were not included in the analysis. Children were given
diaries to record with parents when they did not wear the pedometer and any
children who had values <1000 steps or >40,000 steps per day were
excluded from the analysis (Rowe et al., 2004, Clemes and Biddle, 2013)
Once data had been inputted into Microsoft Excel, an average daily step, an
average weekday step and an average weekend day step was calculated for

further analysis.
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3.7 Children’s self-perception of skill ability assessment

The PPCSC (Harter, 1985) was completed in a classroom with the
project coordinator and a class teacher (Appendix V). The structure of the
guestionnaire was explained to the children and they were asked to
concentrate on their own answers and to be as honest as they could be. The
project coordinator read each question aloud to the children. The
administration of the PPCSC followed the recommended guidelines
proposed by Harter (1985) which has also been used in other literature
(Breslin et al., 2012). Again, names were not used and the child’s number
was put at the top of the questionnaire. Children were reassured that no one
would see their answers. Children were free to ask questions to the project
coordinator and the class teacher, who had explained how to use the
guestionnaire. This questionnaire was completed prior to the intervention,

post intervention and in the six week follow up test.

3.8 Statistical analysis

The Statistical Package for Social Sciences (SPSS inc, version 20)
was used for all analysis and statistical significance was set at P=0.05. The
individual statistical tests for the individual studies are reported in the
experimental study. All graphs/figures were created using Microsoft Excel

2010.
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4.0 How does age, gender and weight status affect FMS
mastery level in British Primary school children?

4.1 Introduction

In 2012 it was reported that only 32% of boys and 24% of girls aged 2-
15 years old meet the recommended PA guidelines (British Heart
Foundation, 2012) of 60 minutes of moderate to vigorous physical activity
(MVPA) per day. These statistics are likely to be linked to the childhood
obesity epidemic, where in the last 16 years obesity rates have increased by
22% and 32% in boys and girls respectively (National Obesity Observatory,
2012). Obesity is multi-faceted and does not just affect the aesthetics of an
individual, it has multiple long-term implications and is the cause of many
other physiological diseases, such as; hypertension, type Il diabetes,

coronary heart disease and strokes (Graf et al., 2008).

Stodden et al., (2008) have produced a model that identifies FMS as
being a key underlying factor that can influence PA and, in turn, weight
status. FMS are the basic skills that form the prerequisites for sporting and
physical activities (Gallahue and Ozmun, 2002; Barnett et al., 2008). If these
FMS are not mastered, then children will not be able to perform the larger
gross motor skills that involve performing several basic FMS at one time,
which in turn contributes to PA and sporting performance. Haywood and
Getchall (2002) emphasize that these FMS must be taught and practiced,
and do not develop naturally. Research has identified a direct link between

the ability to perform FMS and a higher PA level (Okely et al., 2001; 2004,
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Vandorpe et al.,, 2011). This increase in PA level will then promote
maintenance of a healthy body mass (Stodden et al., 2008). This explanation
of the mechanisms by which weight status is associated with FMS has been
evidenced. Studies have reported that children with a larger BMI will have a
lower FMS competency compared to their normal weight counterparts (Okley
et al., 2004; Graf et al., 2004; Southall et al., 2004; Erwin and Castelli, 2008;
Cliff et al., 2009). Stodden et al., (2008) highlights that FMS is the
prerequisite for PA which influences weight status (BMI); therefore if BMI has
an effect on certain FMS than future PA programs may need to be targeted
to these skills in the overweight and obese population. If adequate mastery
of FMS is a facilitator of habitual lifelong PA then failure to master such FMS
may become a subsequent barrier to PA and sports participation from
childhood into adolescence and adulthood, however additional research is

required to come to this conclusion.

Despite prior studies that have examined FMS in Australian children,
there is sparse data available on FMS mastery and weight status in UK
children. Although children in Australia are comparable to English children as
they are predominantly white Caucasian (Australian Bureau for statistics,

2011; Office for national statistics, 2011), environmentally they are different.

The data collected in Australia is predominantly from one area; New
South Wales (NSW) (Okley et al., 2001; 2004; Barnett et al., 2009; Barnett et
al., 2009; van Bearden et al., 2003; Hands 2003). Average temperatures in
NSW, Australia are 26°C and 16 °C in summer and winter respectively, with
125 days of rain on average per year (Bureau of Meteorology, 2014). In

comparison, England is much colder (15.6 °C and 4.4 °C in summer and
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winter, respectively) and on average has more than twice as many days rain
per year (268) (Department for environment, 2012; CRRSF, 2014).
Therefore, the types and location of activities will vary between countries
which potentially could affect the development of FMS, PA level and weight
status. Cleland et al., (2008) reports that children who spend more time
outdoors can contribute significantly to their overall PA level compared to
when spending time indoors. When participating in PA outdoors the intensity
is higher, which has been suggested as being important for the development
of FMS (Vandaele et al., 2011). Therefore, with better weather in NSW
compared to England it is likely that children will be able to spend more time
outdoors in Australia, as long as sufficient precautions are taken with regards
to the sun, contributing more to their PA levels and/or increasing the

opportunity to learn and develop their FMS.

Due to the results highlighted in the research conducted on Australian
children in FMS, PA and weight status (Okley and Booth, 2001, Okely et al,.
2004; Barnett et al,. 2008), Australia have reformatted their curriculum which
involves the ‘acquisition of movement skills, concepts and strategies that
enable students to confidently and competently participate in a range of
physical activities’ (ACARA, 2011). If similar results are found in the UK, it
could be important to influence children’s PE curriculum in school. As of
2014, England’s National Curriculum for PE does include the teaching of
FMS; it only includes one sentence stating that ‘pupils need to develop FMS’
(DoH 2013). There are no goals for which ages the skills should be
mastered by and no guidelines of specifically what, and how, the FMS should

be taught or tested.
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Due to the low numbers of children participating in the recommended
PA guidelines, this research is vital to clarify where interventions should be
introduced to help improve FMS, increase PA levels and decrease weight
status in British Primary school children, to help prevent physiological and

psychological diseases in the long term.

The aim of this study was to examine the relationship between FMS
and weight status, determined by BMI, in a sample of British primary school

children taking into account year group and gender differences.

4.1.1 Hypothesis

Experimental hypothesis: Children will show a linear relationship
between FMS mastery and age. Boys and girls will have significantly
different mastery levels of different skills. Children with a higher BMI will
have significantly lower mastery of FMS. The subjective measurement
will significantly correlate with the objective measurement of the sprint run

and the jump.

4.2 Methods

4.2.1 Sample

This study was carried out in a primary school in Coventry in January
2011. Originally, 292 children from Year groups 2-6 (aged 6-11 years old)

were recruited for the study. There were 11 children who did not partake in
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the research, thus the final sample size was 281 children (129 boys and 152
girls; aged 6-11 years, mean age 8.4 + 1.6 years). The purpose of assessing
five different year groups was to identify if a trend was apparent throughout
the primary school years. The rationale behind starting with year two
children (age six years old) is that research states that all FMS should be
mastered by children of this age (Vandaele, et al., 2011). By assessing the
children at this stage and onwards, any deficiency in movement mastery can
be targeted for future intervention. The school that was chosen sat in the
mid-range (50-59%) of electoral wards for deprivation and socio-economic
status within the city and nationally (Coventry City Council, Key Statistics,
2012) as a means to ensure the extremes of affluence and deprivation did
not confound the results of the study. In addition it was ensured that there
was no specialist PE programme, such as interventions or specific focus, in

place at the time of testing.

4.2.2 Ethics

Following Coventry University’s ethics committee approval, informed
consent and information sheets were sent out to parents of the participating
school. Data from the children was only used if they had returned the signed
informed consent. Parents and children were informed that they could

withdraw at any point in the study.
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4.2.3 Fundamental Movement Skill (FMS) Assessment

4.2.3.1 Subjective measurement

Children performed eight FMS (run, hop, gallop, kick, catch, throw,
balance and the jump). For a full description on how the FMS were assessed
refer to section 3.3.1. Prior to analysis, inter and intra rater reliability analysis
was performed for all the FMS between each researcher and the lead
researcher and this was checked again at the end of the analysis to ensure
consistency. Inter rater reliability was 90.3% and intra rater reliability was

97.6% demonstrating good reliability (Jones et al., 2010).

4.2.3.2 Objective measurement

The sprint run and jump were both measured objectively for time (sec)
and height (m) respectively. For a full description on how the objective

measurement of FMS were assessed refer to section 3.3.2.

4.2.4 Anthropometric measurements

Children’s body mass and height were measured to calculate BMI to
be used to classify weight status. For a full description on how BMI was
assessed refer to section 3.4. Seventy Four percent of children were

classified as ‘normal weight’ and 26% as ‘overweight/obese’ category.

4.2.5 Statistical Analysis

Firstly, Q-Q plots and the kurtosis and skewness values for each

variable were assessed to identify whether each variable was normally
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distributed. The values for skewness and kurtosis were all between <1 and
>-1 and therefore normally distributed (Kline, 2005), therefore allowing the

use of parametric testing.

In order to examine the relationships between BMI and percentage
mastery of each FMS, Pearson’s product moment correlations were
conducted. Any differences in each FMS according to gender, school Year
and BMI (normal weight vs overweight/obese) were examined using a series
of 8 (FMS) by 2 (gender) by 2 (BMI) by 5 (Year group) multivariate analysis
of variance (MANOVA). Bonferroni post hoc pairwise comparisons were
employed, where any significant differences were found in the MANOVA, to
determine where these differences lay. In this case with eight dependent
variables, the Bonferroni correction was p<0.05/8 = < 0.006. The Statistical
Package for Social Sciences (SPSS inc, Version 20) was used for all
analysis. In order to examine the relationships between BMI/ BF% and sprint
times and jump height, Pearson’s product moment correlations were

conducted. Statistical significance was set at p<0.05.

4.3 Results

Table 4.1 indicates that as the children get older, BMI significantly
increased (p<0.001). Bonferroni post hoc tests highlighted that Year 6, had a
significantly higher BMI compared to Years 2 and 4 (p<0.001; p=0.034),
respectively, and that Year 5 had a significantly higher BMI than Year 2
(p=0.003). However, table 4.1 also displays the cut offs for an overweight
BMI specific for each Year group. It is highlighted that the mean BMI for each
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Year group does not go into the overweight category, suggesting that the
majority of children are of normal weight. However, the standard deviation for
each Year group does exceed the cut off and this gets bigger as the Year
group increases in age suggesting that there is a larger variation of BMI

values between the different Year groups.
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Table 4.1. Mean (xSD) BMI for each Year group (n=281).

Year 2 Year 3 Year 4 Year 5 Year 6

BMI (kg/m?)  16.3+2.3 16.9+2.3 17.3+3.2 18.4+3.2* 184+3.1*

% of
overweight/ 25.4 27.2 23.4 33.9 33.3

Obese

BMI cut off
of <17.8 <18.4 <19.1 <19.9 <20.7

overweight

*significantly higher BMI than some of the younger year groups (Bonferroni post
hoc analysis). (BMI (kg/m?) cut off according to Cole et al., 2000)

4.3.1 Subjective FMS results

Table 4.2 indicates that for six out of the eight FMS the majority of
children were classed as having ‘non-mastery’. The category of near mastery
holds the highest percentage of children for catch (40.3%) and balance
(34%) skills. The category for full mastery, the three locomotor skills; sprint
(3.3%), gallop (12.8%) and hop (3.9%) hold the lowest number of children in
this section. The least mastered skill was hop with 79.1% of children showing
non-mastery of this skill. The highest mastered skill was catch with 37.1% of

children demonstrating mastery.
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Table 4.2. Percentage of children who are classed as having Mastery, Near
Mastery and Non Mastery for all of the eight FMS (n=281).

Skill Mastery (%) Near Mastery (%) Non Mastery (%)
Kick 19.2 12.5 68.3
Sprint 3.3 32.1 64.6
Gallop 12.8 26.1 61.1
Hop 3.9 16.9 79.1
Balance 335 34.2 32.4
Throw 17.9 9.9 72.3
Catch 37.1 40.3 22.7
Jump 21.7 27.8 50.5
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Figure 4.1. Mean (xSD) mastery level in the three trials for the kick, catch
and balance that were significantly affected by gender (n=281). *P<0.05
(MANOVA)

Statistical analysis (MANOVA) revealed no significant interactions
between FMS, gender and weight status. There were significant main effects
for gender, F(8,181)=10.488, p=0.001, Wilks’ Lambda = .683. Subsequent
analysis of each individual dependent variable indicated that different
genders were significantly associated with different performances in kick
F(1,188)=46.576,p=0.0001; balance, F(1,188) = 17.258, p=0.0001; throw,

F(1,188) = 29.692, p= 0.0001 (See Figure 4.1).

A significant main effect for BMI was reported (MANOVA, F(8,181) =
2.358. p=0.02, Wilks’ Lambda = .906). Analysis of each individual dependant
variable was conducted. Changes in BMI were significantly associated with
different performances in the sprint run (MANOVA, F(1,188)= 9.774, p=0.002
(Figure 4.2).
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A significant main effect for Year group was reported (MANOVA,
F(32,181)= 10.847, p=0.0001, Wilks’ Lambda = .214). Analysis of each
individual dependent variable was conducted. From the MANOVA statistical

test different year group was significantly associated with different

performance of the jump, F(5,188) = 24.782, p<0.0001; sprint run, F(5,188)

7.802, p<0.0001; gallop, F(5,188) = 17.214; p<0.0001; hop F(5,188)

32.681, p<0.0001; balance, F(5,188) = 8.286, p<0.0001; throw, F(5,188)
8.762, p<0.001; catch, F(5,188) = 17.521, p<0.0001. Subsequent Bonferroni
post hoc tests identify that it is boys that are significantly better at the kick
and throw compared to girls and that girls are significantly better at balancing
compared to boys. A change in BMI status to overweight/obese had a
significant negative effect on mastery of the sprint run (Bonferroni post hoc;

p=0.025) (See Figure 4.2).
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Figure 4.2. Different categories of weight status (normal weight and
overweight/obese) were significantly associated with different Mean (xSD)
values of mastery level for the sprint run. There was a significant difference
between normal and overweight/obese children (Bonferroni post hoc;
p=0.025) (n=281).

In Year 4 (mean age 8.42 years old), there was a consistent
significantly lower score, than the preceding year group, in mastery level in
all three locomotor skills (sprint run, side gallop and the jump) (See Figure
4.3a). In Year 5, (mean age 9.43 years old) there was a consistent lower
score, than the preceding year group, in mastery level in all three object
control skills (kick, catch and throw) (See Figure 4.3b), however only the

catch and throw were significant, the kick was not.
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Figure 4.3. Mean mastery level in the three trials for the a) run, hop and
gallop and b) kick, catch and throw for each Year group. * Mastery is

significantly lower than previous Year group (Bonferroni post hoc; p<0.05)
(n=281).
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4.3.2 Objective FMS results

Bivariate correlations were completed on the participant’s best sprint
times with the percentage mastery level of the sprint and BMI. There was no
significant correlation between sprint time and BMI (p>0.05). Normal weight
children had significantly faster sprint times compared to overweight children

when weight status was determined by BMI (Bonferroni post hoc; p=0.05).

A significant correlation was highlighted between sprint time and
percentage mastery level of the sprint (Pearson product, p<0.001). Figure
4.4 displays that as mastery level of the sprint decreases the sprint time is

slower.
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Figure 4.4. Significant correlation between mean mastery level in the three

trials of the run and sprint times of all the participants (Pearson product;
p<0.001; r=-0.499 n=281).
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Figure 4.5. Significant correlation between BMI and jump height (Pearson
product; p=0.014; r=-0.151; n=281).

A significant negative correlation was highlighted between BMI and
the height of the jump (Pearson product; p=0.0,1 r=-0.141). Figure 4.5
displays that the larger the BMI the smaller the jump height. Although the p
value suggests this is significant, the r value indicates that the correlation is
very weak and figure 4.5 highlights that a child with a jump height of 17cm

could have a BMI ranging from 12-26kg/m?.

A significant correlation was highlighted between jump height and
percentage mastery level of the jump (Pearson product; p=0.01, r=0.329).
Figure 4.6 displays the higher mastery level of the jump the higher the child
could jump. Again, this correlation is weak and figure 4.6 suggests that a
child who can jump 23cm could have between 0 and 100% mastery of the

jump.
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Figure 4.6. Significant correlation between the mean mastery of three trials of
the Jump and Jump height of all the participants (Pearson product; p=0.01
r=0.329; n=281).
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4.4 Discussion

The aim of this study was to examine the relationship between FMS
and BMI in a sample of British primary school children taking account year
group and gender differences. The results of this study suggest that BMI has
a negative effect on the skill level of the sprint run. Year group and gender
also have an effect on the mastery of FMS. A decrease in the subjective
measure of the sprint run and jump showed a negative impact on objective
outcome of these skills (sprint speed and jump height). In addition, if children
were classified as being overweight/obese then their sprint speed and jump

height were negatively affected.

4.4.1 BMI

The present study has demonstrated that the skill most associated
with BMI is one that involves moving the whole body mass, i.e. the sprint run.
This is consistent with Jones et al., (2010); Lopes et al., (2012) and Okely et
al., (2004). Okely et al., (2004) explain that overweight children are more
likely to perform poorer in the sprint due to the fact it is a locomotor skill and
therefore requires a larger overall body mass movement. This also offers an
explanation for the need of an objective measure of the sprint run. In the
present study, the subjective technique and objective performance measure
of the skill is also assessed. As stated in the method (Section 3.3.1), each
skill is made up of five or six components that the children have to display to

have mastery of that skill. With the sprint run, it contains components that will
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be harder to display with a larger BMI. For example, when a child has a
larger BMI, it is likely that there will be a larger amount of adipose tissue
present. This would therefore make it physically more difficult for that child to
complete certain criterion of the skill, such as ‘Non-support foot bent at least
90° in recovery’. Having a larger BMI not only makes the leg heavier to lift up
to this angle, but an increase in adiposity around the joint will restrict it to
only obtaining certain angles. Therefore, it is harder for the obese child to
perform that criterion and in turn decreases the mastery of that skill. By
reporting that BMI has a negative effect on a locomotor skill, this highlights a

target area for children who are overweight/obese.

4.4.2 Age

The novel finding from this research is the low scores in specific skills
at different ages. Hands (2008) suggests that there should be a graded
response between FMS and age, for example, as the children get older their
FMS level should also improve. Hands (2008) reports a longitudinal study on
the same children over five years to identify a trend and therefore increasing
reliability of the results. In Hands’ (2008) study the skills were tested
objectively. This risks measuring the maturation stage of the child rather than
the technique and developmental level of the skill. For example, if a child is
an early maturer and is taller/stronger than their peers then they will be able
to throw further or run faster. This will rank the children rather than identify if
they can perform the skill correctly irrespective of the maturation status.

Although there are some explanations later on in this discussion as to why
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this ungraded response has been shown, these results are important to the
research aim; to identify key strategies to target interventions to increase
FMS and in turn encourage PA participation to maintain a healthy weight
status. One explanation as to why this present study does not show this
graded response, could potentially be due to there being little consistency in
what the school focuses on in PE lessons across different school years.
Inconsistency in PE lessons in primary schools is often due to a lack of
specialist PE teachers for these year groups. Mitchell et al., (2011) reported
that out of 900 teachers, only 11 of them had PE degrees and only 74 had
training in PE, thus offering an explanation as to why FMS competency is
consistently low and inconsistent between year groups in primary school
settings. In the school used for this study, they had one PE specialist who
had limited time with each year group and their class teacher was their main
PE teacher. Moreover, the children will experience a different teacher each
time they progress up a year. In addition to a lack of specialist PE teachers in
primary schools, an inspection of Primary schools in the UK by Ofsted (2013)
has suggested that there are only a few schools with adapted PE
programmes to suit the individual needs of obese pupils, for example,
simpler exercises to reduce failure and maintain motivation. This was not
included in PE at the school in this study. With the lack of trained PE
teachers and specialist PE programmes, the content and method of teaching
style in PE could differ across the year groups. Therefore, results from this
study would provide a template for potential areas of focus or intervention
within a primary school PE curriculum to increase skill level of the children

and in turn increase their ability to partake in other PA.
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An additional suggestion which may explain some of the changes
reported in this study relates to neuromuscular development in children.
When reaching Year 3, a child is 7-8 years old and this is when myelination
of the axon begins to become apparent (Lenroot and Giedd, 2006). When an
axon is unmyelinated an impulse must use an action potential to open the
voltage gated sodium channels to reach the nerve and deliver the message.
Each of these voltage gated sodium channels are set 2um apart and
therefore this process can be very slow (Guiliodori and DiCarlo, 2004). When
the axon is surrounded by the myelin sheath, the voltage gated sodium
channels are skipped and the impulse is delivered to its destination much
quicker. Moreover, this myelination will cause children to have better motor
coordination as the messages from the brain, regarding what to do, will reach
the muscles much quicker. However, children develop at different rates and
this will occur sooner in some children compared to others, therefore,
possibly explaining why in Years 4 and 5 there is considerable variability in

the mastery levels of the skills at these ages.

4.4.3 Gender

Three of the object control skills were significantly associated with
gender; boys performed the kick and catch better and girls displayed a
higher mastery of the balance. Jones et al., (2010) supports the current study
in that boys outperformed girls in the throw and catch (kick was not
assessed), however the authors did not report if this difference was

significant as they were not interested in gender but in weight status and
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parents perceptions of physical competence. In addition, Hardy et al., (2011)
reported that boys were significantly better at performing the kick and the
throw (p<0.05) and that boys also outperformed girls at the catch; however,
this was not significant. According to Okely et al., (2001), boys are more
likely to engage in organised PA and utilise the space given to them, thereby
pushing the girls to the outskirts of the space, enabling boys to play and
enhance their FMS ability. Okely et al., (2001) explains that it is deemed
more socially acceptable for boys to partake in organised PA compared to
girls. Girls’ FMS ability benefited further from more time in organised PA and
therefore suggested that an organised PE intervention would have greatest

positive effects on girls (Okely et al., 2001).

Previous research supports the findings represented in the present
study that girls outperformed boys in balance and the jump (Okely and
Booth, 2004; Vandaele et al., 2011). Neither of these aforementioned studies
reports this difference as being significant, unlike the current research. Okely
and Booth’s (2004) and Vandaele et al's (2011) research both reported that
boys significantly outperformed girls in object control skills (kick, throw and
catch). This is consistent with this present study. The current study’s results
suggest that the skills are affected by gender; Blatchford et al., (2003)
suggests this is because boys are more likely to engage in ball games
compared to girls and thus increase mastery of the object control skills. Girls
are more likely to engage in creative games and activities such as
gymnastics and therefore excel in skills such as balance and the jump. At
primary school age, the children are predominantly in a pre-pubertal

maturational stage and should be biologically (somatically) similar (Thomas
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and French, 1985; Malina et al.,, 2004). It can be concluded that these
differences are down to the fact that children are socialised into specific
types of activities, whether it's free play or organised PA, based upon their
gender (Blakemore and Renee, 2005). Poulin-Dubios et al.,, (2002)
conducted a study to identify the age at which children can identify gender
stereotypical activities. The results identified that by the age of 24 months
children had knowledge of gender stereotyped activities such as shaving and
putting make up on. This knowledge of gender stereotyped activity from a
young age will be reflected in sporting activities, resulting in differences in
mastery level of skills between boys and girls. This gives a justification as to
why these gender traits are then reflected in a child's PA and their

development rate of mastering FMS.

Results from the current study have identified that boys have a higher
mastery of the sprint run compared to girls at every age group, but this
difference was not significant. It was reported that boys have a significantly
faster sprint time compared to girls. Although the boy’s technique of the
sprint is not significantly better they can still run significantly faster. These
findings suggest that it is somatical compared to environmental external
factors that cause the observed difference in the present study. It has
already been stated that children are biologically the same at primary school
age. Studies have reported that boys take a significantly higher amount of
pedometer step counts (Ziviani et al., 2009) and have significantly higher
levels of PA participation (Baranowski et al., 1993) compared to girls. When
children possess a higher energy expenditure they are more likely to have a

healthy weight reflected by a BMI, which increases the muscle power: body
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mass ratio of their muscles (Maffeis and Castellani, 2007). If more of a child’s
body mass consists of muscle mass used to power movement then they
should be able to run faster as higher muscle power output per kg of body
mass is produced. When locomotor skeletal muscle mass and muscle
efficiency is increased this will in turn increase sprint time (Weyand et al.,
2000). It can be concluded that muscle mass may explain the gender

differences in sprint time performance (Gomez et al., 2008).

Identifying that boys and girls excel at different skills is also important
for potential strategies for targeting boys and girls separately to increase
mastery in FMS. Additionally, future research into which skills would benefit
from being mastered to maximise PA participation and maintain a healthy

weight status, could also reflect gender specificity.

4.4.4 Object control and locomotor skills

The present study’s results support Vandaele et al., (2011) who also
reported that locomotor skills are under mastered compared to the other
FMS. Westerndorp et al., (2011) suggests that locomotor skills are
underdeveloped because they involve moving the whole body and having to
simultaneously coordinate the left and right side with top and bottom of the
body; therefore making the skill much harder to master. In addition,
Westerndorp et al., (2011) states that object control skills generally have a
higher mastery level because children tend to prefer ball games. This will
enhance object control skills to a higher extent then locomotor skills, which
therefore offers an explanation as to why the locomotor skills are under
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developed compared to the other skills in the current study. Furthermore, the
criteria used to assess the sprint run breaks the skill down to a very
technically good professional sprint (Human Kinetics, 2008). This ‘good
professional’ sprint is not practiced or often taught to children. Children learn
to walk and progress to running but are never taught the technique to run
correctly. When children play games in the playground or even join a sports
club, the ‘sprint run’ assessed in all studies using this method, will not mimic
the run they perform in play or in their sport and therefore mastery level will
be a lot lower. Regardless of whether this lack of mastery in locomotor skills
in children is due to a larger BMI or because they are harder skills to master,
it is still important as it highlights the potential skills to be targeted for a PA
intervention. However, it is unknown which skills out of the eight FMS are the
most associated with engagement in PA. This would be one direction to

develop this research further.

4.4.5 Objective versus subjective measurement

Results from the present study highlight a significant linear
relationship between mastery level of the sprint run/jump and the sprint
speed/jump height, respectively. The objective measurement of the skill is
associated with the technique of the skill that is executed. Comparing
objective and subjective measurements is novel; these results are unique
and cannot be compared. Some may argue that the FMS should be
measured objectively to show how good they are at performing the skill, i.e.

how far the child can throw a ball. However, the results from this study have
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indicated that the mastery of the subjective measurement (i.e. the technique)
IS needed for better objective measurement readings. In addition, if the
children were solely tested objectively then they would be ranked and could
not be classified as having mastery of that skill and it would be more heavily

influenced by the maturation of the child.

Although the correlations between the subjective and objective
measurement of the sprint run and the jump were highlighted as significant
according to the p value, the r values only showed a medium effect; r=-0.499
and r= 0.329, respectively (Field, 2013). Furthermore, when looking at the r?
values the percentage of shared variance was 24 and 32% for the sprint run
and jump, respectively, highlighting that there are potentially other
confounding variables that will affect measures of both the sprint run and
jump. Therefore, the p value should be interpreted with care with the
consideration of the other statistics provided before overall assumptions can

be made regarding the relationship between the two variables.

4.4.6 Limitations

Despite identifying important information regarding the FMS
development of British primary school children, this study does have some
limitations. Firstly, the study was limited by the cross-sectional nature of the
design. The unique finding from this research is the difference in skill level
between the different ages; Year 4 (age 8-9 years) had a lower score in

locomotor skills and year 5 (age 9-10 years) had a lower score in object

121



control skills. Due to this being cross sectional data these low FMS scores in
these year groups are likely to be an anomaly or down to the teaching that

these year groups have received.

The sample in this study was analysed by year group, however if
longitudinal data was collected, results would have been able to highlight
how FMS changes as children progress through the year groups in primary
school. Also, by categorising the children in to year groups it assumes that all
the children are the same age, when in fact there could be up to twelve
months difference between two children in the same year group. In

conclusion, further research in this thesis will control for this limitation.

Only one school in the Coventry area participated in the research
restricting the generalisation of the results to the wider primary school
population. Although this does provide a snapshot of the FMS of UK children
in the primary school system, the PE system in secondary education in the
UK revolves around specialist PE teachers. It would therefore be of interest
to examine what effect (if any) the exposure to specialist PE teaching might
have on FMS in children. This is a direction for further research.
Furthermore, assessing FMS levels in primary schools with specialised PE
teachers could potentially highlight areas of discrepancies between primary

school teachers. However, differences may have an association with SES.

In addition, BMI was used in this study to categorise weight status.
This holds its own limitations as BMI cannot distinguish between body fat
and fat free mass (Nevill et al., 2006). Therefore, if further research in

children wishes to assess the effect that obesity has on performance of FMS,
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researchers may be better placed employing a measure of body fatness
(e.g., via use of skinfold callipers) rather than a measure of weight status

using BMI.

Age and sex specific cut offs were used to determine the children into
weight categories (overweight/obese and normal weight). The sample size
for the obese children was too small to have its own weight category, thus
why overweight and obese were grouped together. This caused children who
may have just been in the 85" percentile to be grouped with children who
were over the 95M percentile. The future studies in the thesis will use z
scores to identify how far away the children are from being a normal weight

to give a better understanding of their weight status.

The final limitation of this study is that it was only possible to assess
the jump and sprint objectively and subjectively to analyse if there was an
association between the two methods of analysis. Although, it would be good
to have objective data for all eight FMS, it was not the primary aim of the
study. Previous research has identified that it is the technique of the skill that
is associated with PA levels and a lower weight status (Okely et al., 2001;
Graf et al., 2004; Okley et al.,, 2004 and Barnett et al., 2008), therefore

justifying the main use of the subjective measure.
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4.4.7 Future research

Given the premise that FMS may actually reduce the number of
children categorised as overweight and obese, because better mastery of
FMS is more likely to increase habitual PA, it is perhaps crucial that
researchers investigate whether FMS is predictive of later PA. It would be
interesting for future research to track children’s FMS level through a
longitudinal study to highlight if previous or current FMS is predictive of future

PA level.

4.4.8 Conclusion

This information in the study is important in understanding how age,
gender and weight status can be associated with the development of FMS as
the children progress through the primary school. These findings may
provide useful information for targeting interventions or enhancing PE policy.
Although PE in primary schools has many different aims and objectives to
teach the children, the results from this study should be used to advocate
that the teaching of FMS should be included as an area of focus for any

future school PE curricula.

The unique and novel finding from this research is the difference in
skill level between the different ages; Year 4 (age 8-9 years) had a lower
score in locomotor skills and year 5 (age 9-10 years) had a lower score in
object control skills. This is particularly interesting as it highlights critical ages

at which interventions need to be targeted to encourage an uptake in PA to
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allow the children to maintain and develop their FMS level, to maintain a

healthy PA level and weight status (BMI). !

! The data from this chapter are published as follows: Bryant, E., Duncan, M., and Birch, S.
(2013) Fundamental Movement Skills and Weight Status in British Primary School Children.
European Journal of Sports Science, 14 (7):730-736 DOI:10.1080/17461391.2013.870232
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5.0 Is current FMS a predictor of current or future PA levels
and weight status in British primary school children?

5.1 Introduction

Higher levels of PA are related to multiple positive health outcomes in
children and adults (Li and Siegrist, 2012; Erkisen et al., 2013). PA levels
have been tracked from childhood to adolescence (Kelder, et al., 1994) and
from adolescence into adulthood (Kjonniksen et al., 2008). Children who do
not participate in the recommended guidelines for PA (60 minutes of MVPA
per day) are much less likely (r=0.57) to be active teens and adults (Malina,
2001). Recently only 32% of boys and 24% of girls aged 2-15 years old met
these recommended guidelines in Great Britain (British Heart Foundation,
2012). In addition to obesity, other cardiovascular disease risk factors such
as hypertension and high cholesterol have been tracked throughout life from
a young age and are linked to low PA (Wilkinson et al., 2011). Therefore, it is
important to target children as a preventive measure against later life disease

related to physical inactivity and obesity.

In order to address these issues of the small amount of children
meeting the PA guidelines and increasing obesity, the assessment and
development of FMS in childhood have been examined (Mckenzie et al.,
2002; Okely and Booth, 2004; Barnett et al., 2008; Bryant et al., 2013). By
having mastery of the FMS this will enable children to successfully partake in
PA, increase motivation and maintain an increased PA level (Gallahue and

Ozmun, 2002, Barnett et al., 2008, Stodden et al., 2008).Therefore, it is
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important to better understand the relationship between FMS mastery and
PA for potential interventions. A review by Lubans et al., (2010) highlighted
five studies that elucidated that a larger weight status is negatively
associated with FMS mastery (Graf et al., 2004; Okley et al., 2004; Southall
et al., 2004; CIiff et al., 2009; Erwin and Castelli, 2008; D’Hondt, et al.,
2009). However, for all five of these studies, BMI was used to determine
weight status. The main limitation when BMI is used in children is the
assumption of a linear BMI-body fat relationship which does not hold in
paediatric populations. Additionally, the processes of growth and maturation
influence the accuracy of BMI as a proxy for body fatness in children
(Jackson et al., 2002). Therefore, when BMI is analysed in children, results
should be interpreted with care (Cole et al., 2000). There are alternative
methods available for assessing weight status, such as measuring body
composition (fat mass), which avoids the limitations of BMI. As children
mature at different rates, previous research has identified that it is more

useful to measure body composition than to use BMI (Doak et al., 2013).

Research has highlighted that there is an association between higher
FMS levels and higher PA levels in children and adolescents (Okely et al.,
2001; Vandorpe et al., 2012). Okley et al., (2001) reported that children who
were classed as having ‘very high® movement skill proficiency spent
significantly (p<0.05) more time in organised PA (68% and 35% higher in
girls and boys respectively) and non-organised PA compared to children who
were classified as having ‘very low’ movement skill proficiency. Vandorpe et
al., (2012) reported that children who participated in organised PA for three

years or more had significantly higher FMS competency compared to the
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children who did not participate in any PA. Both Okely et al., (2001) and
Vandorpe et al., (2012) used self-reported measures of PA. Although this
association between FMS and PA has been highlighted, there are few
longitudinal studies that have assessed the relationship between childhood
FMS and future PA level (Okley et al., 2001 and Mckenzie et al., 2002;
Barnett et al., 2008). Okely et al., (2001) and Barnett et al., (2008) both
reported that very small variations in adolescent PA could be predicted from
childhood FMS competency. In contrast to this, Mckenzie et al., (2002) did
not identify a relationship between childhood FMS and future PA levels.
None of these three studies reassessed FMS competency when they
measured the future PA levels. This is important because by not measuring
current FMS, it is not known whether children need to gain FMS mastery in
order to participate and maintain participation in PA, or whether an increase
in PA participation will develop and increase mastery of FMS (Graff et al.,

2004 and Hume et al., 2008).

Bryant et al., (2013) also reported a negative relationship between a
higher BMI and low FMS performance. In addition it was identified that
children in higher year groups do not progressively increase in FMS mastery
in the manner that other research would suggest (Hands et al., 2008). By
highlighting these dips in performance of certain skills between year groups,
Bryant et al., (2013) suggested that some skills could potentially be more

important in influencing PA participation than others.

This present study aims to highlight the skills most important in
predicting PA. In addition it will build on prior work and offer further insight

into understanding this relationship between FMS and PA to better enable a
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targeted intervention. Such information is also needed to inform PE practice

and health policy in the UK.

Based on the findings of the previous study (study 1) which found that
children in England lacked mastery of FMS and that FMS was negatively
associated with a higher weight status, the present study will explore if FMS

Is significantly associated with PA levels.

The objective of this study was be to predict the variance in PA
(average daily steps) at time point two from the FMS measured at time point
one and two. The aim of this study was to identify whether FMS measured
one year previous or FMS measured at the same time point or a combination
of the two is a better predictor of habitual PA levels in children. This study is
novel as it will assess FMS at two time points to identify which time point can
best predict variation in PA, which other studies have failed to do (Okley et
al., 2001 and Mckenzie et al., 2002; Graf et al., 2004; Barnett et al., 2008;
Hume et al., 2008). This study will also measure body composition (BF%) to
overcome the previous problems of using BMI. The hypothesis below is
based on Stodden et al’s (2008) theoretical model, as it suggests that PA is a

direct consequence of motor competence (FMS level).

5.1.1 Hypothesis

Experimental hypothesis: Mastery of FMS will predict habitual PA
levels. Current FMS mastery level will be a better predictor of current PA and

weight status compared with previous FMS mastery level.
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5.2 Method

5.2.1Sample

Following Coventry University ethical consent the present study began
in January 2012 (year one). A sample of 292 children was recruited from one
primary school in Coventry. Informed consent from parents/guardians was
gained from 281 children (129 boys, 152 girls) who then participated in the
study. Year groups 2-6 (age 6-11 years) were assessed with an overall mean
(xSD) age of 8.9 years (+ 1.4 years). From the sample, 84% of the children
were White British, 15% were Asian and1% was Afro-Caribbean, this is a
representative sample of the ethnic diversity for the West Midlands (Coventry
City Council, 2013). The City Council’'s Lead advisory teacher for PE
assisted in the selection of the chosen school. The school that was chosen
sat in the mid-range (50-59%) of electoral wards for deprivation and socio-
economic status within the city and nationally (Coventry City Council, Key
Statistics, 2012) as a means to ensure the extremes of affluence and
deprivation did not confound the results of the study. Between the two years
of testing, children had their scheduled PE lessons but had not received any

additional PA/PE programmes during or between testing periods.

The data collection was repeated one year later (2013, year two) in
either the same primary school or the secondary school that individual
children had moved to. Informed consent was gained from the children’s
parents/guardians for this phase of the research. Due to families moving

away or children going to different secondary schools the sample for the
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longitudinal phase of the study was 252 (116 boys and 136 girls) children

(90% follow up rate), with a mean age at year 2 of 9.8 years (+ 1.4 years).

5.2.2 Anthropometric Measurement

Table 5.1 displays the proportion of normal and overweight/obese

children in year 1 (2012) and year 2 (2013) determined by BMI and BF%.

5.2.2.1 BMI

Children’s body mass and height were measured to calculate BMI to
be used to classify weight status. For a full description on how BMI was
assessed refer to section 3.4. BMI was calculated as Kg/m?, with the 1990
reference curves controlling for age and sex used to identify overweight and
obese children (Cole et al., 1990). Children were classed as overweight if
they were in the 85™ centile and obese if in the 95" centile (Cole et al.,

1990).

5.2.2.2 Body fat percentage (BF%)

BF% was calculated using skinfold assessment from two sites; tricep
and medial calf. For a full description on how BF% was assessed refer to
section 3.4.Children who fell into the 85™ centile were classed as overweight
and children who fell into the 95" centile were obese (McCarthy et al., 2006).
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5.2.3 Fundamental Movement Skill assessment

5.2.3.1Subjective Measurement

Children performed eight FMS (run, hop, gallop, kick, catch, throw,
balance and the jump). For a full description on how the FMS were assessed
refer to section 3.3.1.Prior to analysis inter and intra rater reliability analysis
was performed for all the FMS between the two researchers and the lead
researcher. Inter rater reliability was conducted in year one and year two
producing a score of 90.3% and intra rater reliabilty was 97.6%

demonstrating good reliability (Jones et al., 2010).

5.2.3.2 Objective measurement

The sprint run and jump were both measured objectively for time (sec)
and height (m) respectively. For a full description on how the objective

measurement of FMS were assessed refer to section 3.3.2.
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5.2.4 Physical Activity (PA)

PA was assessed using a sealed Yamax Digi-Walker (SW 700) worn
over four days (two weekdays and two weekend days). For a full description
on how PA data were recorded refer to section 3.6. From these recordings
average daily step, average weekend step and average weekday step

counts were calculated for the analysis (Table 5.2.)

5.2.5 Statistical Analysis

Regression relationships were analysed between all 20 variables and
age. For any variables that were significantly related to age, age could be
masking the true variation in that variable. 15 out of the 20 variables were
significantly related to age and therefore unstandardized age residuals were
calculated for those 15 variables. By using the unstandardized age residuals
this removed age as a confounding factor, as a new age independent ‘score’
was assigned to each participant according to whether they were relatively
better or worse than the performance that would be predicted, from the

regression relationship, for their age.

Once this was completed the Q-Q plot and the kurtosis and skewness
values for each variable were assessed to identify whether each variable
was normally distributed. For data to be normally distributed the values for
skewness and kurtosis had to be between <1 and >-1 (Kline, 2005). There
were only two variables that were not normally distributed (kick year 1 and

speed year 1). To achieve normality, the kick year 1 and speed year 1 data
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sets were transformed. Firstly arcsine transformation was conducted on the
two non-normal data sets: y; = 2xarcsine(\y) (Black, 1999). Arcsine
transformation caused kick 1, but not speed year 1, to become normally
distributed. Square root transformation still caused the values for speed 1 to
be non-normal, but closer to the desirable kurtosis and skewness values
(0.882 and 1.493, respectively). A further consideration of the Q-Q plot
identified that speed 1 showed 2 values that were large outliers. These were
visually identified by two data points being far away from the normal
distribution line on the Q-Q plot. These two participants were removed from
the data set. Once these data points were removed the values for kurtosis
and skewness became normal. Discriminant function analysis was carried
out on the complete data set to identify whether boys and girls were
significantly different groups and should therefore be analysed separately.
For boys and girls the Wilks’ Lambda value was significant (0.514, p<0.001)
indicating that boys and girls were significantly different and should be
analysed separately. Multiple linear regression analysis, with use of the enter
method, was used to assess the multicollinearity of the variables in the data
set. The VIF (variable inflation factor) value was checked for each variable.
All variables had a VIF <2 which identified that a stepwise multiple linear
regression analysis would be an appropriate method to analyse all the data
sets simultaneously. Three models were created each with the dependent
variable as average daily steps. Independent variables were all eight
subjective FMS from year 1 and 2 and the two objective FMS from year 1
and 2. BF% from year 1 and 2 were controlled for as a potential confounding

factor. Model 1 assessed the associations between FMS in 2012 with
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average daily steps in 2013; Model 2 assessed the associations between
FMS in 2013 and average daily steps in 2013; Model 3 assessed the
association between a combination of FMS (in 2012 and 2013) and average
daily steps in 2013. The Statistical Package for Social Sciences (SPSS inc,
Version 20) was used for all analyses and statistical significance was set at

P<0.05 a priori.

This study’s aim was to examine if and how much FMS could be a
predictor of current or future PA levels. Mastery level for each of these FMS
could be predicted by the child’s age. In such analysis if age was not
controlled for then the effects of age would at least partially hide the effects
of FMS; so when a value is calculated to suggest how much of a child’'s PA
could be predicted by FMS level, this number would actually be explaining
how much a combination of age and FMS contributed to the PA. By
removing the effects of age, it more clearly indicates to what extent FMS
level is associated with PA. Boys and girls differ in the association between
FMS and PA. When boys and girls were analysed together lower levels of
PA were predicted because the association between FMS and PA in boys
masked the association (FMS and PA) in girls and vice versa. The data was
analysed as two separate groups, identifying the skills that are important in

predicting PA for boys and girls separately.

Analysis of variance (ANOVA) was conducted the in the BF% and BMI data
to identify if children had increased significantly from year 1 to year 2. An
ANOVA with bonferroni post hoc analysis was conducted on the pedometer
steps counts to identify differences between gender and weekend and

weekday steps.
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5.3 Results

Table 5.1 demonstrates the number of children that were classified as
normal weight and overweight/obese over the two years of assessment
according to BMI and BF%. Following the AVOVA children did not

significantly increase BMI or BF% (p>0.05).

Table 5.1. Mean (xSD) BMI and BF values, and percentage of normal and
overweight/obese children, in year 1 (2012) and year 2 (2013) determined by
85" and 95™ centiles according to Cole et al., (1990) for BMI and McCarthy
et al., (2006) (n=252).

Normal weight Overweight/obese Mean (£SD)
(%) (%)

BMI
Year 1 70 30 17.5 (2.9)
Year 2 69 31 17.7 (3.4)

BF%
Year 1 78 22 14.6 (2.9)
Year 2 60 40 21.9 (8.5)

Table 5.2 demonstrates that boys are significantly more active than
girls (Bonferrino post hoc; p=0.003) and that both boys are more active on

weekdays compared to weekend days (Bonferrino post hoc; p=0.001)
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Table 5.2. Mean (xSD) step counts for average daily, weekend and weekday
habitual PA (n=252).

Gender Daily Steps Weekend steps Weekday steps
Combined 8820 (3724) 8005 (4316) 9603(4053)
Boys 9712 (3816) 8819 (4427) 10514 (4236)
Girls 8064 (3488) 7314 (4116) 8830 (3741)

The term variance is used to indicate that when a certain variable is
measured the value gained differs between children. There are many
different factors that could contribute to the level of PA performed by each
child (for example, SES, gender, parents, media, peers, diet, FMS), such that
any of these variables could be associated with significant variance in the
quantity of PA. When the term variance is used in the results section it is
explaining how much, as a percentage, the differences between children in
FMS score can contribute to the differences between children in PA,
suggesting that the rest of variance in PA level is caused by other variables.
Tables 5.3a and 5.3b report the individual skills that significantly predict PA
and how much of the PA can be predicted, which is reported as a percentage

of the variance.

Below are the results for boys and girls when controlled for age via the
use of age independent scores as appropriate. This was explained in section

5.2.5.
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5.3.1 Associations between prior FMS and PA (Model 1)

The girls’ jump height and hop combined predicted 26.5% of the
variance in PA (average daily steps; Table 5.3a). For boys’, sprint speed

predicted 15.5% of the variance in PA (Table 5.3b).

5.3.2 Associations between current FMS and PA (Model 2)

The girls’ hop predicted 11.6%% of the variance in PA (Table 5.3a).

For boys’, sprint speed predicted 7.1% of the variance in PA (Table 5.3b).

5.3.3 Associations between a combination of prior and current FMS and
PA (Model 3)

A combination of the girls’ hop ii, hop i and gallop ii predicted 34.9% of
the variance in PA (Table 5.3a). For boys’, sprint speed i predicted 16.3% of

the variance in PA (Table 5.3b).

5.3.4 Associations of all three models for girls and boys combined.

When the boys and girls data were combined and the regression
analysis was combined it did not produced as high a percentage of variance
in PA compared to when boys and girls data were analysed separately

(model 1, 12.4; model 2, 12.1; model 3, 14.9) (Table 5.3c).
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Table 5.3a Multiple linear regression analysis for PA (average daily steps) from FMS scores in 2012 and 2013 for girls.

Model no/Predictor Bt 95% Clt P- vale % variance
Variable
Model 1
Jump height i (cm) 3452 1333, 5572 0.002 17.6
Hop i (%) 3178 1843, 5513 0.008 26.5
Model 2
Hop ii (%) 2564 1957,4170 0.002 11.6
Model 3
Hop ii (%) 2517 1940, 4120 0.032 14.2
Hop i (%) 3898 1780, 6016 0.001 29.0
Gallop ii (%) 2220 1176, 4323 0.039 34.9

Model 1 — associations between FMS in 2012 with average daily steps in 2013; Model 2 — associations between FMS in 2013 and average daily
steps in 2013; Model 3 — association between a combination of FMS (in 2012 and 2013) and average daily steps in 2013; B T = unstandardized beta
coefficient; 95% CIt - upper and lower limit 95% confidence intervals; i = skill from 2012 ; ii = skill from 2013.
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Table 5.3b Multiple linear regression analysis for PA (average daily steps) from FMS scores in 2012 and 2013 for boys.

Model no/Predictor Bt 95% CIt P- vale % variance
Variable
Model 1

Sprint Speed i (sec) -11698 -19067, -4329 0.002 15.5
Model 2

Sprint Speed ii (Sec) -5185 -9544, -1827 0.02 7.1
Model 3

Sprint Speed i (sec) -11107 -18192, -4022 0.03 16.3

Model 1 — associations between FMS in 2012 with average daily steps in 2013; Model 2 — associations between FMS in 2013 and average daily
steps in 2013; Model 3 — association between a combination of FMS (in 2012 and 2013) and average daily steps in 2013; B T = unstandardized beta
coefficient; 95% CIt - upper and lower limit 95% confidence intervals; i = skill from 2012 ; ii = skill from 2013.
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Table 5.3c Multiple linear regression analysis for PA (average daily steps) from FMS scores in 2012 and 2013 for girls and
boys combined.

Model no/Predictor Bt 95% Clt P- vale % variance
Variable
Model 1
Sprint Speed i (sec) -6672 -12073,-1270 0.016 9.4
Run i (%) 2095 1058,4131 0.044 12.4
Model 2
Sprint Speed ii (Sec) -4743 -7182, -2304 0.001 7.9
Balance ii (%) 1606 437, 2776 0.007 12.1
Model 3
Sprint Speed i (sec) -6836 -11694, -1978 0.006 10.7
Kick i (%) 1619 202, 3037 0.026 14.9

Model 1 — associations between FMS in 2012 with average daily steps in 2013; Model 2 — associations between FMS in 2013 and average daily
steps in 2013; Model 3 — association between a combination of FMS (in 2012 and 2013) and average daily steps in 2013; B T = unstandardized beta
coefficient; 95% CIt - upper and lower limit 95% confidence intervals; i = skill from 2012 ; ii = skill from 2013.
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5.4 Discussion

Prior research has assessed previous FMS as a predictor of future PA
level (Okley et al., 2001 and Mckenzie et al., 2002; Barnett et al., 2008). By
not reassessing FMS when PA was assessed in a follow up, it was not
possible to identify whether the association between prior FMS and PA was
more or less than the association between current FMS and PA. Therefore,
the purpose of this study was to identify whether previous or current FMS
level could predict PA levels. The results highlighted that both prior and
current FMS can independently predict PA levels. However, a combination of
prior and current FMS predicted the highest amount of variance in PA one

year later in boys (16.3%) and girls (34.9%).

For BMI, average values stayed the same from one year to the next,
with approximately 70% of children being classed as normal weight and 30%
of children as overweight or obese. According to the Health and Social Care
Information Centre, Lifestyles Statistics (2013) reports that 29.5% of children
are overweight or obese, making the present study’s sample representative

of children in England.

In the present study, although variance in current or prior FMS is
associated with the variance in current PA levels, it was a combination of
current and prior FMS that had the highest association with PA in year 2.
Barnett et al., (2008) and Vandorpe et al.,, (2011) have both reported
associations between childhood FMS and adolescent PA levels. Both studies
conclude that mastery in childhood FMS is important for the children to be

physically active in later life. The authors should not conclude this explicitly
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as they did not assess FMS and PA at both time points. To fully understand if
childhood FMS does increase future PA levels both variables would have to
be measured at two time points to identify if the children without mastery of
FMS did increase in PA or not. This is also a limitation of the current
research and because of this just the association between FMS and PA can
be reported. Although the results of the current research support Barnett et
al., (2008) and Vandorpe et al’'s (2011) findings, the current research builds
on them to suggest that both previous and current FMS mastery are
associated with PA levels. This is supported by Stodden et al's (2008)
conceptual model that explains that motor coordination forms the basis to be
physically active to influence weight status, which feeds back into motor
coordination. This model suggests a constant reciprocal relationship that is
ongoing as children develop. In contrast to these findings, McKenzie et al’s
(2002) longitudinal study that assessed FMS at age four years and PA at age
12 years, did not find a relationship between the two. McKenzie et al., (2002)
only measured three skills (lateral jumping, balance and catching), therefore
not assessing the full set of FMS that have been identified to form the
foundations of physical and sporting activities (Burton and Miller 1998).
McKenzie et al., (2002) suggest that skills which involve more strength and
power are likely to have a stronger association with later life PA. This is
supported by the current research as the skills that that were identified as
significantly contributing to the predictive models were the sprint run, jump
and hop. These three skills require more speed and power compared to the

other skills assessed.
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It has been reported that children do not show associations between
FMS and PA until the age of school entry (McKenzie et al., 2002; Kelly et al.,
2006; Hardy et al., 2010) when children have had the exposure to structured
PE lessons and access to afterschool clubs. Furthermore, the skills were
measured objectively by McKenzie et al., (2002); therefore it could actually
be the technique of the skill that is associated with future PA, as reported by
Barnett et al., (2008) and Vandorpe et al., (2011). This conclusion needs
further research but if this were to be the case then it would highlight whether
technique or objective outcomes of skill performance are more important at a

young age.

In the current research, previous and current performances of the hop
and gallop, predicted the highest proportion of current PA. Hop and gallop
are locomotor skills and previous research has highlighted that children have
a lower mastery level of locomotor skills when compared to other FMS
(Vandaele et al., 2011; Bryant et al., 2013). Locomotor FMS are harder to
master than the object control or stability FMS because they involve moving
the whole body mass from one point to another whilst simultaneously
coordinating all parts and sides of the body to produce the movement
(Westerndorp et al., 2011). The hop is one of the harder locomotor FMS to
master, due to the shift of body mass onto one leg. This shift not only
doubles the weight on that one leg, but decreases the base of support, as a
result making it harder for the centre of gravity to stay within the base of
support and for the child to remain on balance (Burkett, 2010). The difficulty
is further exacerbated by the increased motor control and coordinative

factors required to swing the resting leg and arms to aid the movement of the
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hop. In theory, if the other FMS are easier to master than the hop, and
mastery of the hop is present then children would be more likely to have
mastery of the other ‘easier’ FMS and have the skill set to partake in PA.
This is however speculative as to why current hop performance one year
prior to PA assessment contributes to the prediction of 34.9% of the variance
of PA in girls. Blatchford et al., (2003) suggests that girls are more likely to
engage in creative games or PA such as dance and gymnastics, and for
these types of activities the coordination and rhythm needed to participate
and maintain participation is similar to what is needed to master the hop and

gallop, indicating why the mastery of these two skills is so important in girls.

In boys, variation in FMS in year 1 predicted 16.3% of the variation in
average weekday steps one year later, with sprint speed significantly
contributing to the model. Okely et al., (2001) reported that boys are more
likely to participate in organised games in the playground and to utilise the
space around them. As a consequence the games patrticipated in will involve
a lot more running, suggesting why sprint speed is also very important in

boys.

Barnett et al., (2008) reported overall gender differences in FMS but
did not analyse them separately when conducting the regression analysis. In
the current study, discriminative function analysis identified boys and girls as
being significantly different groups and once analysed separately, larger
variations were explained for each gender group. For example, FMS in year
one predicted 14.9% of variation in average daily steps when boy’s and girl's
data were combined. When analysed separately, 34.9% and 16.3% of

variance in average daily steps was predicted in girls and boys, respectively.
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Therefore, prior studies that have analysed the data combining both genders
may not be reporting the true variance of FMS in PA (Barnett et al., 2008).
When the data were analysed with the boys and girls combined, it was also
model 3 (a combination of FMS from year one and two) that predicted the
highest percentage of variance in current PA levels, which is consistent when

the boys and girls were analysed separately.

When the initial regression analysis was conducted on all 20
variables, 15 were significantly influenced by age. For these 15 independent
variables, age could be masking the true variance of the dependent
variables. Age residuals were analysed for these 15 variables to ensure that
all analyses undertaken in this study considered the effects of FMS
independently of the effects of age. Barnett et al., (2008) reported that object
control skills can predict 8% of variation in MVPA in adolescents. It was
identified that ‘grade’ (year group) significantly affected the variables
measured, by reporting that children in a higher grade had a significantly
higher FMS score compared to children from a lower grade. When using
school grade, there could be up to 12 months between children from the
same ‘grade’ and therefore this could have been masking the true effect of
the object control skills on MVPA. Like the current study if the effect of age
had been controlled for, a higher prediction of PA may have been reported.
This is important because recent research has identified relative age effects
in the performance of some tests of physical performance, including vertical
jump, in a non-sport specific population of British children (Sandercock et al.,
2013). The statistical analysis employed in the present study controlled for

the effect of age. However, future research examining whether there is a
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relative age effect in performance of FMS may be of particular interest to

teachers and coaches.

The current research, reports that FMS performance is associated
with 16.3-34.9% of boy’s and girl’'s PA, respectively. This leaves between
83.7-65.1% of the variance in children’s PA unexplained for. There are many
other external variables that will contribute to a child’s PA level. Sallis et al.,
(2000) conducted a review on correlates of children’s PA from 54 papers.
From these papers, 32 variables were highlighted as being significant
correlates of PA. These included individual characteristics (Age, gender,
BMI, ethnicity, SES), psychological characteristics (perceived competency,
self-efficacy, attitude, dislike of PE, PA intention, PA preference, perceived
benefits), lifestyle habits (diet, calorie intake, previous PA experience,
sedentary time, peer influence, time spent outdoors, access to facilities,
season) and parental influences (parental BMI and PA, parent and child PA,
transportation to PA, paying of PA fees). Considering all of these variables
that have been highlighted to significantly relate to a child’s PA level, 16.3%
and 34.9% of PA that can be predicted from FMS competency now appears
to be a large proportion of the variance. All the results from the papers in
Sallis et al’'s (2000) review were predominantly analysed using correlations,
ANOVAs and t tests. It would be interesting to analyse these variables using
regression analysis to highlight how much of each variable is associated with
PA. Schaben et al., (2006) reported that a combination of parental influence,
perceived competence and attraction to PA explained 36% of the variance in
childhood PA. Other studies have also reported psychological factors that

are predictive of PA and have ranged from 5.5% to 28% (Erguson et al.,
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1989; Reynolds et al., 1990; Zakarian et al., 1994; Garcia et al., 1995; Sallis

et al., 1999; Raudsepp et al., 2002; Paxton et al., 2004).

In contrast Wilkin et al., (2006) proposed that a child’s PA level is
centrally controlled from within your body and is not associated with external
variables. Wilkin et al., (2006) assessed three primary schools, one of which
had nine hours of PE per week whilst the other two had a proximally two
hours per week. Results highlighted that children from all three schools had a
similar (within 3%) total PA time. Suggesting that the children who had less
time spent in PE during the school day, made up for this outside of school.
Furthermore, mode of transport to school (driven or walking) and sedentary
activities (TV viewing time) did not show a difference in total PA reported
between the children. With the possibility that PA is centrally controlled it
does not give any evidence as to why PA levels have decreased over years

and why children are not meeting the healthy guidelines.

As discussed, Stodden et al’'s (2008) conceptual model suggests that
FMS competency will influence PA which in turn will affect weight status.
Metcalf et al., (2011) also reports what may influence PA but suggests that it
is in fact the reverse of Stodden et al's (2008) findings. Metcalf et al., (2011)
reported that BF% significantly predicted PA but PA did not predict BF%.
More specifically children with an additional 10% of BF at age 7 years
reported a decrease of 4 minutes of MVPA per day from the age of 7-10
years. Although, weight status may predict PA, measures need to be put in
to place to ensure that children maintain a healthy weight status in the first
instance. To maintain a healthy weight status children need to have an equal

energy balance and one method to achieve this is to be physically active to
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counteract any additional energy intake (food). The results from the current
research suggest that mastery of FMS is associated with PA. Therefore, if
children have mastery of FMS in early childhood (<7 years) this would
associate with PA participation and therefore prevent children from a positive
energy balance and gaining BF to cause them to become overweight and

obese.

Although children in the current study were at a pre-pubertal stage of
maturation and somatically the same (Thomas and French 1985; Malina et
al., 2004), statistical analysis identified boys and girls as being significantly
different when assessing them for FMS. The skills that were significantly
different were, boys were better at the kick and catch, whereas girls were
better at the balance test and this is consistent with previous research (Okely
and Booth, 2004; Vandaele et al., 2011; Bryant et al., 2013). Children are
socialised into specific types of activities, whether it's free play or organised
PA based upon their gender (Blakemore and Renee, 2005) suggesting why
some skills are more important for predicting variation in PA depending on
gender. Whilst this identifies the skills that need to be improved for each
gender group it also identifies that equal opportunities need to be provided
for both genders so that all FMS can be equally learned, practiced and

developed.

5.5 Limitations

The present study holds limitations; the first being the use of
pedometers in children. Pedometers are not able to identify non wear time or
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distinguish between intensity and type of activity. To overcome this issue,
children were given diaries to record with parents when they did not wear the
pedometer and any children who had values <1000 steps or >40,000 steps
per day were excluded from the analysis (Rowe et al., 2004). Although
identifying the intensity and type of the activities completed would be
beneficial, for the present study the measurement of habitual PA was the
objective and research has shown pedometery to be a valid tool to obtain
this objective. To overcome these limitations, accelerometers could be used
for future research. Unfortunately that was not possible for the research in
this thesis. However, if accelerometers were used in this study, information
on the association between different skills and intensity of PA could be
reported. Also, non-wear time of the device would have been reported and

unreliable data could be removed.

Although the limitations of the use of BMI in paediatric populations has
been identified, it has been included in the present study to make it
comparable to other studies. In addition, BMI is the method recommended,
by the International Obesity Task Force (IOTF), to classify weight status and
it is the way in which policy and government assess weight status in children

in the UK as it is the most widely used tool to determine weight status.

Besides the methodological limitations, the main limitation due to the
design of this study was not having PA at the year one assessment. If
baseline PA data were available then analysis would have been able to
identify how much FMS influences current and future PA and the cause and

effect relationship could have been concluded. Furthermore, delta values for
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PA could have been calculated and analysed to highlight the magnitude of

change in relation to the change in FMS levels.

The interpretations of these results are limited due to potential
confounding factors. As explained age was highlighted as a confounding
factor, so was controlled for. This could have potentially been the case for
other factors such as maturation. However, maturation was not measured at
the time of data collection. Therefore the percentage of variances reports
could be shared between FMS and other confounding variables such as

maturation.

Due to the large sample size and the school used in this study was
broadly representative of the Coventry area, results can be generalised a
certain amount to the children of this age. Only one school was used in one
city, so interpretation should be undertaken with caution and generalizability
is still very limited. Therefore, larger scales studies are recommended to
obtain results that can be generalised to a wider population and provide

information that could be used by UK PE policy.

Only eight FMS were measured subjectively and two objectively.
There is a multitude of other FMS that could have potentially been able to
contribute to the predictive models. If other FMS were found to be better
predictors to PA then this would be important information, not only to PE
teachers and policy, but also to influence future interventions that aim to

increase PA.
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5.6 Conclusion

The current study has identified that a combination of previous and
current FMS in girls and boys are better predictors of current PA levels.
Therefore, FMS needs to be learned and practised for future success in
participation and maintenance of PA. The results from this study suggest that
FMS should be tested in primary schools so weaknesses can be identified in
children and subsequently improved via intervention. Bryant et al., (2013)
highlighted that children aged 8-10 years old have a lower mastery level in
specific skills compared to children younger and older than them; therefore
this would be a good target age for intervention. These results should be
used to influence PE and health policy in the UK to help decrease obesity
levels by increasing PA levels, by ensuring that all children are taught FMS

from a young age to gain mastery and be physically active.?

% The data from this chapter are published as follows: Bryant, E., James, R., Birch, S., and
Duncan, M. (2014) Does prior or current FMS predict future habitual physical activity (PA)
levels and weight status? Journal of Sports Science 32(19):1775-82.
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6.0 Can FMS mastery be increased through a six week
physical activity intervention and does that intervention have
positive effects on PA and weight status?

6.1 Introduction

It is well established that obesity levels in children have been
increasing rapidly over recent years (British Heart Foundation, 2012). This is
thought to be a consequence of the decreasing number of children meeting
the recommended guidelines of 60 active minutes a day for PA (Fogelholm
and Kukkonen-Harjula 2000; Donnelly et al., 2009). Children who are
physically inactive demonstrate risk factors towards obesity, type two
diabetes and various cardiovascular diseases such as, hypertension, high
cholesterol and coronary heart disease, of which all of these conditions can
be tracked from childhood through to adulthood (Wilkinson et al., 2011). The
relationship between FMS and PA has been assessed in research to identify
a possible cause for the decreasing PA levels (Mckenzie et al., 2002; Okely
and Booth 2004; Barnett et al., 2008; Bryant et al., 2014). Research has
demonstrated a positive correlation between FMS mastery level and PA
(Vandorpe et al.,, 2012) and furthermore a negative relationship between

FMS mastery and weight status (Erwin and Castelli, 2008).

Bryant et al., (2014) has suggested that a combination of previous
current mastery in FMS can predict future PA levels in children. Bryant et al.,
(2014) identified that FMS could predict 34.9% and 16.3% of variation in PA

levels in girls and boys, respectively. Okely et al., (2001) and Barnett et al.,
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(2008) also reported variations, although smaller, in PA from previous FMS
mastery. These findings demonstrate the importance of FMS competency in

childhood for maintenance of PA levels and in turn a healthy weight status.

A key further step would be to determine whether it is possible to
intervene and increase a child’s FMS competency to acquire the benefit of
sustained PA participation. The most effective type of intervention needs to
be elucidated, taking into consideration the FITT (Frequency, Intensity, Time
and Type) principles. With regards to these principles, research has reported
that there is no difference in competency levels after interventions that range
in weeks, months or years (Logan et al., 2011). This suggests that intensity
and type are more important principles to focus on during the intervention.
Vandaele et al., (2011) have reported that PA at a higher intensity is needed
to develop skill competency. Also, Van Beurdon et al., (2003) reported that
time spent on instructions is vital but may hinder the overall intensity of the
session, however, Stratton et al., (2008) reports that the instruction of the

FMS could be more important in the future.

There are three main options for where an intervention can be
organised. The first option is for it to run in a community setting (eg, sports
club, community centre). Children who are likely to go to a sports club, or a
PA session, are more likely to be already physically active and already hold a
higher FMS mastery level. For children to participate they will need
commitment from parents/guardians to spend their time and potentially
money to take them to the intervention sessions. For parents to take their
children to a session it would need them to understand the importance of it,

have time to take them and if they have multiple children then they may have
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to take different aged children to different sessions. These barriers highlight
that this would not be an ideal scenario to run an intervention to target high

numbers of children and those children who need the most help.

The second option is to run an afterschool club. This option is more
feasible than the first to obtain more children as they will already be at school
and will not require parents to take them anywhere. This would require
parents to pick children up at a different time and if children have siblings
who are not attending an afterschool club then some parents may be
reluctant to make multiple journeys. If children have other pre-existing
commitments (eg, maths tutoring, music lesson) afterschool then will not be
able to attend and obtain the benefits. Currently children who attend
organised activity afterschool are more competent at performing the FMS

and tend to have a healthy weight status (Vandorpe et al., 2011).

The third option is to run the intervention in the children’s PE lesson at
school. This eliminates the issues of reaching all children, the type of
children that will attend and parents having to take their children. Children
currently have two hours of statutory PE a week. To replace a PE lesson it
still needs to be suitable to meet the purpose of PE. For this to be possible
the aims of PE need to be established and this has controversy within
literature over the past three decades (Green, 2008). In 1990, Alderson and
Crutchley (1990) highlighted that there was no professional consensus of
how someone becomes physically educated. This was not only in the UK but
across Europe that had uncertainty of the nature and purpose of PE (Green,

2008).
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In 2007, the National Curriculum for PE (NCPE; QCA, 2007) was
designed, that stated that the aim of PE is to enable children to be
independent and equipped for lifelong PA participation. Thus, PE needs to
provide children with the skills and tools to be able to lead a physical active
lifestyle (Green, 2008; Almend, 2012). An additional target for PE lessons
proposed by the Association for Physical Education (2008) is that for 50% of
the PE lesson children are moderate-vigorously active to contribute to the
daily target for MVPA; 60 minutes of MVPA throughout the day (NICE,
2009). For some children their PE lesson is their only opportunity to meet
their MVPA target, therefore teachers tend to focus on this when delivering
their PE lessons (Hodges-Kulinna et al., 2003; Trudeau and Shephard,
2005). A review conducted by Fairclough and Stratton (2005) evaluated 40
studies that assessed MVPA in PE lessons and reported that overall
students spent 40% of time in MVPA. The MVPA reported was gained by a
variety of methodological approaches (team games, sports, exercise
activities), although each of the 40 studies had pedagogical (class size,
available space, organisation, teaching approaches and lesson content),
inter-individual (age, BMI, BF%, FMS level, gender), and environmental
(available space indoors and outdoors, equipment) variations. However, the
best way for children to obtain a MVPA status in a PE lesson is during team
games (Fairclough, 2003; Warburton and Woods, 1996) and children’s PE
lessons are being dominated by team games and sport (McName, 2005) to
contribute to the MVPA target. By throwing children straight in to team
games and sport in a PE lesson it does not provide them with the tools to

lead an active lifestyle. PE lessons that are less active but promote the
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teaching of skill-related fitness (Stratton et al., 2008) may be more important
in the long term to provide children with the skills to be physically active in
later life (Bryant et al., 2014); which is the main goal in the NCPE (QCA,

2007).

It would seem sensible to trial replacing one of the statutory PE
lessons with an intervention focused on teaching the children the FMS
needed to partake in PA; and identify if this has any significant positive
effects on the children leading an active lifestyle and health indices such as
weight status compared to children who have two statutory PE lessons

focused on games.

Logan et al., (2011) conducted a meta-analysis of the effectiveness of
interventions to enhance FMS competency. It was identified that children
improved in FMS competency from pre to post intervention. Out of the 11
studies that met the inclusion criteria only two of the studies used a sample
of typically developing children. The majority of the other samples used
children with, or at risk of, developmental delay, therefore allowing room for
greater improvement to be made. Five out of the 11 studies did not use a
control group, thus not being able to identify if the improvement of FMS was
due to the intervention or due to natural development. From the meta-
analysis Logan et al., (2011) concluded that more interventions need to be
conducted that aim to enhance FMS competency using typically developing
children and assessment of a control group to identify the true effect of the
intervention. Therefore, this study will use typically developing school

children with the inclusion of a control group.
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According to Stodden et al., (2008) PA patrticipation level and weight
status are direct results of a combination of actual and PMC. Stodden et al.,
(2008) explains that when children reach middle to-late childhood (7-10
years old) their cognitive ability has developed to a stage where they can
compare themselves to their peers (Harter, 1999). Therefore, a relationship
between AMC and PMC is highlighted because children are now cognitively
developed enough to accurately perceive their AMC. Furthermore, children
who obtain a higher PMC due to a higher AMC will perceive tasks as being
easier and are more likely to engage in them. This engagement in PA will
allow a child to practice and develop their AMC, sustain their PA level and
maintain a healthy weight status (Stodden et al., 2008). Although previous
research has identified significant relationships between PMC, PA levels and
weight status (Southall et al., 2004; Stein et al., 2006; Hands et al., 2010;
Jones et al.,, 2010) it needs to be distinguished if PMC can be changed

alongside AMC through an intervention.

Based on the findings of the previous study (study 2) which found that
FMS could predict PA levels, the present study will explore to identify if it is

possible to teach and develop children’s FMS levels through an intervention.

The aim of this study is firstly to run an exploratory six week trial of
replacing one out of two statutory PE lessons a week focused on the
teaching of FMS and secondly to observe changes in PA and physical self-

perception.
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6.1.1 Hypothesis

Experimental hypothesis: By replacing one PE lesson a week children
will show positive changes in FMS mastery, habitual PA and self-perception
immediately after the six week intervention, however, there will be no change

to these variables in children who maintain their two statutory PE lessons.

6.2 Method

6.2.1 Sample

Two primary schools in the Coventry area were selected to take part
in the study. To maintain consistency the schools were chosen from the
same bracket of electoral wards (50-59%) for deprivation and socio-
economic status (Coventry City Council, Key Statistics, 2012) as with the
previous two studies in this thesis. When the schools were chosen, it was
ensured that they were not currently and had not previously been part of any
specialist PE programme/interventions. From the two schools 166 children
took part in the study, consisting of Year 4 and 5 children with a mean (£SD)
age of 8.3+0.4years (77 boys and 89 girls). Of the full sample 83 also acted

as the control group (42 boys and 41 girls).
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6.2.2 Anthropometric measurements

Children’s body mass and height were measured to calculate BMI to
be used to classify weight status. For a full description on how BMI was
assessed refer to section 3.4. BMI was calculated as Kg/m?, with the 1990
reference curves controlling for age and sex used to identify overweight and
obese children (Cole et al., 1990). Children were classed as overweight if
they were in the 85™ centile and obese if in the 95" centile (Cole et al.,
1990). Using these criteria, 64% of children were classified as ‘normal
weight’ and 36% as ‘overweight/obese’. Furthermore, calculation of BMI z

scores were including using the 1990 reference curves (Cole et al., 1990).

Body fat percentage was calculated using skin fold body calliper
readings. Readings were taken from two sites; tricep and the medial calf.
The Slaughter et al., (1988) skin fold equation (BF% = (0.735*(Tricep+Medial
Calf))+1) was used to calculate each child’s body fat percentage. Further

information on this protocol can be found in chapter 3.4.

6.2.3 Fundamental Movement Skill Assessment
6.2.3.1 Subjective measurement

Children performed eight FMS (run, hop, gallop, kick, catch, throw,
balance and the jump). For a full description on how the FMS were assessed
refer to section 3.3.1. Prior to analysis inter- and intra- rater reliability

analysis was performed for all the FMS between each researcher and the
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lead researcher. Inter-rater reliability was 91% and intra-rater reliability was

92% demonstrating good reliability (Jones et al., 2010).

6.2.3.2 Objective measurement

The sprint run and the jump were both measured objectively as time

(sec) and height (m) respectively.

The sprint run and jump were both measured objectively for time
(sec) and height (m) respectively. For a full description on how the objective

measurement of FMS were assessed refer to section 3.3.2.

6.2.4 Physical activity assessment

PA was assessed using a sealed Yamax Digi-Walker (SW 700) worn
over four days (two weekdays and two weekend days). For a full description

on how PA data were recorded refer to section 3.6

6.2.5 Children’s self-perception of skill ability assessment

To measure the children's physical self-perception of their own skill
competence a modified version of The Perceived Physical Competence
Subscale for Children questionnaire (PPCSC) was used (Harter, 1982).
Harter's PPCSC (1982) has been used within literature as the structure it
employs minimises social desirability in responses which most other scales
assessing this construct suffer from. Originally, the PPCSC consisted of 26
self-efficacy questions focussed around large group and recreational

activities. The questionnaire has been reduced to 10 questions that are

161



activities that children are likely to perform and have been shown to have
good discrimination between self-efficacy levels. Felts and Brown (1984)
tested the reliability of the PPCSC by assessing the Cronbach's a values
which highlighted high consistency between items. The modifications made
to the PPCSC in the present study replicate those used in previous studies
(Horn and Hasbrook, 1987; Duncan and Duncan, 1991; Kimiecik, et al.,

1996).

The questionnaire was completed in a classroom with the project
coordinator and a class teacher. The structure of the questionnaire was
explained to the children and they were asked to concentrate on their own
answers and to be as honest as they could. Names were not used and the
child’s number was put at the top of the questionnaire. Children were
reassured that no one would see their answers. Children were free to ask

guestions of the class teacher and the project coordinator (Bois et al., 2005).

6.2.6 Intervention

The intervention consisted of a six week programme that took place in
the children’s PE lessons. The intervention lasted six weeks due to the
restrictions of the school terms being six weeks long. However, this makes
the intervention realistic to be implemented and transferred straight into a
school term. Baseline data was collected prior to the intervention starting. A
six week programme was delivered by the project coordinator in the PE
lesson and then post data and six week follow up data were recorded. The
two schools involved in the intervention are both two form entry. This allowed
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for a cross over design. This design was important to allow for a control
group, but also for all the children in the year group to experience and to gain
the potential benefits from the intervention which was important for the
schools when access to children was discussed. Therefore, one class
completed the six week intervention whilst the other class had their normal
PE lessons thereby acting as the control group. Once the six week
programme had been completed the two classes would swap over. Figure

6.1 describes the organisation of the intervention.
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Collect baseline data (pre-test) in the last two weeks of term in PE lessons

Class A

Intervention

EASTER

6 weeks

Class A

Normal P.E

Post test

Class B

MAY HALF TERM

6 weeks

<—— 6 week follow up Post test

SUMMER

6 week follow up

SEPTEMBER

—

Class B

Figure 6.1 A flow diagram to describe the layout of the intervention
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6.2.6.1 Baseline data

The base line data included: FMS mastery level, objective
measurements of the sprint run and jump, all anthropometric data (to
calculate BMI z scores and BF%), habitual PA and children’s perceptions of
their physical skill competency (described in section 3). This baseline data

were collected two weeks prior to the six week programme.

6.2.6.2 Post and follow up data

The post and follow up data included exactly the same measurements
as the baseline data, using the same methods. The post data was completed
the same week or the week after the last session of the six week
intervention. Follow up data was collected six weeks post the last session of

the intervention.

6.2.6.3 Control content

Before the intervention started all children were partaking in two
statutory PE lessons a week taken by their class teacher. These focussed on
teaching and playing team games. Once the intervention started the control
group continued with this for six weeks whilst the intervention group had one

of these sessions replaced by the intervention.
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6.2.6.4 Intervention content

The intervention ran for one hour a week for the six weeks and
replaced one out of two statutory PE lessons, whilst the control group
remained with the two statutory PE lessons. The intervention was designed
to increase the competency of all eight FMS (run, hop, gallop, kick, catch,
throw, balance and jump) with the aim to increase PA participation and
increase physical self-perception. The session that focused on improving
FMS was a combination of circuit training to popular music and group
activities to songs. The content of this intervention was not based solely on a
previous intervention, but it took different positive aspects from other
research to contribute to creation of this intervention. Firstly, research has
identified that interventions need to engage children and should not become
boring so that the children disengage (Logan et al., 2011), thus the use of
circuits. By using circuits it allows the children to partake in each station and
move on to a new station before they disengage. By changing activities after
a few minutes it should help keep the children engaged and they will be more
likely to learn (Sigelman and Rider, 2012). Secondly, Martin (1988) reported
that with the use of music children can use the rhythm to help sequence the
components of the skills and perform them better, therefore the use of songs
to perform the skills were included in the session. Derri and Patcha (2007)
identified that different teaching styles such as guided discovery may help
retention of FMS mastery. The different methods of circuits and dance were
used to maximise the child’s learning. Finally, Mitchell et al., (2011) identified

that if children have input in to interventions then FMS mastery can be
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significantly increased, the children were involved in choosing the songs that
were included in the intervention. By using the songs that are the children’s
preference they will be less likely to find it boring and disengage, which

previous research has highlighted.

Children completed the same session for three weeks and then a
different session for the remaining three weeks (see table 6.1). This allowed
for progression to be made by the children. Gallauhue and Ozmun (2006)
identify that progressions are vital for motor skill development to be
displayed. The first three weeks concentrated on the technique of the skill
and during the second three weeks the skills were made harder or put in to a
competitive situation to aid the development of the skill (Yu and Liu, 2009;
Chen and Chen, 2014). All children were progressed on after three weeks,
whether the technique had been gained or not. This was done to maintain
motivation of all the children and save any embarrassment and potential
disengagement from the intervention. The second half of the intervention
progressed the skill; children were still encouraged to practice the correct
technique and peer reviewed each other, which has also been highlighted as

an effective technique of learning (Gauvain and Rogoff, 1989; Fawcett 2005).
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Table 6.1 The content of the six week intervention (30 second rest between each activity).

Weeks 1-3 Aim Content Equipment
Warm up To steadily increase the children’s Dancing to a song (cha cha slide, DJ Casper). This song is CD player
(5 mins) heart rate. Prepare the body for popular for the age group completing the research and

similar movements that they are includes instructions that the children have to follow, for

about to undertake. example, hopping, jumping and sliding.
Instruction  To identify key coaching points of Coaching points from the POC (NSW, 2003) were explained N/A
time each skill to the children. and demonstrated to the children.
(8 min)
Circuits The wuse of the hurdles wil Running over hurdles. Hurdles would start on the lowest level Five agility
(83mins) encourage children to lift their knees (10cm) and increase in height each week (17.5 and 25cm). hurdles

. higher to increase efficiency of the Children were instructed to stay on the balls of their feet and (Appendix VI)

LRunning  gprint (NSW, 2003). drive their arms.
2. Balance For children to control the board by Standing on balance boards. They were instructed to not let Eight wobble
(83mins) engaging core muscles to improve the board touch the floor. If they found this to easy then they boards

balance.

were told to close their eyes. They were instructed to tense
their stomach muscles.
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3.Throwing
and
catching
(83mins)

4 .Kicking
(3mins)

sSongs
1 Jumping
(Kriss
Kross,
Jump).

2 Hopping
(One
direction,
One way or
another).

3 Gallop
(PSY,
Gangnam
style)

For children to learn the correct
technique to throw and catch a ball.

For the children to learn the correct
technique of the kick.

For children to learn the technigue of
the jump through a song that they will
engage with.

For children to learn the technique off
hopping through a song that they will
engage with.

For children to learn the technique off
galloping through a song that they
will engage with.

Children were in pairs standing five metres apart and
practiced throwing and catching to each other with a tennis
ball. They were given instructions for the throw; start standing
side on and to step forward with the opposite leg, and the
catch; meet the ball with your hands and bring it in to your
body.

Children stood five metres from each other in pairs and kicked
a ball back to each other. Children were instructed to take a
step and swing back the leg, and keep their eye on the ball.

Children were demonstrated the correct technique of a
counter movement jump and were asked to complete this
jump every time they heard the word jump in the song.

Children were split into four teams. The children were
demonstrated the correct technique of the hop with coaching
points such as ‘stay on your toes’. Children then completed
hopping relays in their teams.

Children were demonstrated the correct technique of the
gallop and given coaching points such as, ‘make sure your
hips and shoulders stay straight and do not twist’. Children
would gallop in a circle around the room and when the chorus
came on they would all come to the middle of the hall and

Eight tennis
balls and 16
cones

Eight small
soft round
playground
footballs

CD player

CD player,
cones

CD player
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perform the ‘gangnam style’ dance to the music

Cool down- To progressively cool the body down Children had to pick a skill that they had performed in the CD player

song with lighter exercise to decrease the session and mime it to the speed of the music. This was
(Harlum children’s heart rate and to recap the repeated three times with them choosing a different skill each
shake) movements learnt in the session. time.
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Weeks 3-6 Aim Content Equipment
Warm up To steadily increase the children’s Pirate ship game. Children were shouted out commands to N/A
_ heart rate. Prepare the body for Wwhich they had to perform a response to. These were:
(7mins) similar movements that they are e Starboard: side gallop to the right hand side of the hall
about to undertake. e Port side: hop to the left hand side of the hall
¢ Climb the riggings: pretend to climb up a ladder getting
their knees high and parallel to the ground.
e Scrub the deck: the children had to get in the floor on
their hands and knees pretending to wash the floor.
e Invasion: children had to pretend to throw bombs at
other pirates
e Spying: children had to pretend to throw bombs at
invading pirates.
o Walk the plank: children had to stand on one leg as if
they were on the end of a plank.
Instruction  To identify key coaching points of Coaching points from the POC (NSW 2003) were explained N/A
time each skill to the children. and demonstrated to the children.
(8 mins)
Circuits To be able to hop over all the Hurdles were set at the lowest level and children were asked Five agility
1.Hopping hurdles without the use of the other to hop on one leg over each hurdle. Legs were then alternated hurdles
(3mins) leg. between goes. (Appendix V1)
2.Kicking To put the technique of the kick that Yellow stars were stuck on the wall and children had to kick Six cardboard
(83mins) the children have learnt in to practise and aim at the star. If they hit a star they scored one point. stars and four

small soft
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3.Throwing
(3mins)

4.Jumping
(3mins)

5.Balance
(3mins)

Relays
(6 mins)

Cool down-
game

(7mins)

via competition.

To put the technique of the throw
that the children have learnt in to
practice via competition.

To complete the jump on a trampet
to help increase height and
encourage children to control the
jump.

To successfully walk along the

benches without falling off.

To successfully complete the gallop
and the run in a competitive
situation.

To play a more static game to
decrease heart rate and to
successfully catch the ball in a
competitive situation.

Children would compete against their partner

Multi coloured cut outs of hands were stuck on to a wall and
children had to throw a tennis ball aiming at the hands. If they
hit a hand then they would score one point. Each child
competed against their partner.

Children would do three consecutive jumps on a trampet, with
the final jump landing on a mat in front.

Balance. Children would walk along three upside down gym
benches with a cone on their head.

Children remained in their five teams and completed running
and galloping relay races. Children were demonstrated the
correct technique and given coaching points.

Children were split into two teams. Within each team children
had to stand in two lines with a partner in front of them.
Children had to throw the ball back and forth, from person to
person, and work it up the line so that everyone had to touch
the ball. If someone dropped that ball then that team had to
start again from the beginning. The first team to get the ball to
the other end without dropping it were the winners. To begin

playground
footballs
(Appendix VI)

Six cardboard
hands and four
tennis balls
(Appendix VI)

Trampet
(Appendix VI)

Three
gymnasium
benches.
(Appendix VI)

10 cones

Two tennis
balls
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with, children had to have the hands behind their backs before
catching that ball. This was to prove that it is much harder to
catch a ball if you don’'t have your hands prepared to catch. It
then would progress to having your hands waiting in a cupped
position with a stable stance and as a consequence each
team would complete the challenge quicker, therefore
reinforcing the importance of being prepared.
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6.2.7 Statistical Analysis

Firstly, the Q-Q plot and the kurtosis and skewness values for each
variable were assessed to identify whether each variable was normally
distributed. The values for skewness and kurtosis were all between <1 and
>-1 and therefore normally distributed (Kline, 2005), allowing the use of

parametric testing.

Discriminant function analysis was carried out on the complete data
set to identify whether boys and girls were significantly different groups and
should be analysed separately. For boys and girls the Wilks’ Lambda value
(0.499, p<0.001) was significant indicating that boys and girls were
significantly different. As a result, statistical analysis was completed on girls

and boys combined and separately.

For the analysis in this study, the FMS were analysed using the
categorical data. If children displayed all components of each skill then they
were given mastery, if they performed all but one of the components then
they would be awarded near mastery, if they performed anything less the
children were awarded no mastery. The distribution between these three

categories is displayed as percentages.

Odds Ratios were calculated to describe how likely the children who
completed the intervention were going to be at gaining mastery for all eight
FMS compared to the control group. When completing this analysis, children
who had full mastery at baseline and therefore could no longer improve were

removed from the analysis. The number of children with full mastery at
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baseline can be seen in table 6.1, 6.8 and 6.12, for all children, girls and

boys respectively.

Paired samples t-tests were conducted to identify if there was a
significant difference in sprint speed and jump height across the intervention

and control period.

Raw data were analysed via a repeated measure ANOVA to identify if
there were any significant differences between with pre, post and six week
follow up intervention, pre and post control for changes in PA and self-
perception scores. If a significance (p<0.05) was highlighted a Bonferroni
post hoc analysis was completed to identify where these differences were.
Also, delta values were calculated and analysed via a one way ANOVA with
Bonferroni post hoc analysis to identify if the change in PA was significantly

higher in the intervention or control group.

6.3 Results

6.3 Results for girls and boys combined

6.3.1 Changes in subjective FMS

The number of children who are classed as having Mastery (M), Near
Mastery (NM) and No mastery (NO) for all eight FMS pre and post
intervention is displayed in Figure 6.2 . The same data for the control group
is displayed in figure 6.3. Table 6.2 contains the exact percentage values

that figure 6.3 and 6.3 are representing.
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Figure 6.2. Percentage of children classed as M (Mastery), NM (Near Mastery) and
NO (No mastery) for all eight FMS pre and post the six week intervention.
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Figure 6.3. Percentage of children classed as M (Mastery), NM (Near Mastery) and
NO (No mastery) for all eight FMS for pre and post a six week control.
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Table 6.2 Percentage of children classed as having full mastery, near mastery and no mastery for all of the eight FMS pre and post for
intervention (n=165) and control (n=89) groups and six week follow up for the intervention group.

Pre (%) Post (%) 6 Week Follow up (%)
Intervention Control Intervention Control Intervention

Skill M NM NO M NM NO M NM NO M NM NO M NM NO
Run 0.61 9.09 90.30 0.00 4.49 95.51 3.64 59.39 36.97 0.00 29.21 70.79 4.1 68.7 27.2
Hop 0.00 17.58 82.42 0.00 20.22 79.78 38.18 35.15 26.67 4.49 33.71 61.80 55.8 38.1 6.1
Gallop 21.21 30.91 47.88 12.36 26.97 60.67 70.30 16.97 12.73 25.84 32.58 41.57 77.6 21.1 1.4
Catch 12.73 30.30 56.97 8.99 32.58 58.43 21.82 20.61 57.58 8.99 22.47 68.54 354 58.5 6.1
Throw 3.03 6.67 90.30 3.37 6.74 89.89 61.21 22.42 16.36 37.08 39.33 23.60 61.21 27.9 10.89
Kick 0.61 1.21 98.18 1.12 2.25 96.63 16.36 38.79 44.85 1.12 2.25 96.63 16.36 354 48.24
Jump 1.21 10.91 87.88 0.00 11.24 88.76 67.88 16.97 15.15 4.49 19.10 76.40 87.1 8.2 4.8
Balance 31.52 21.82 46.67 30.34 28.09 41.57 76.36 8.48 15.15 43.82 25.84 30.34 91.2 7.5 1.4

M = Full mastery, NM = Near Mastery, NO = No mastery
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For both the intervention and the control group the number of children
classed as having mastery increased post intervention. For the control group,
the number of children who are classed as having M increases for all skills
accept the run, catch and kick which all remain the same. For the skills that
increase in number of children who have mastery in the control group, this
increase is not to the same magnitude compared to the intervention group.
The number of children who are classed as having mastery in the six week
follow up to the intervention increases for all skills Except for the throw and
kick. To examine if children are more likely to become mastered in each skill
as a result of the intervention Odds Ratios (OR) were calculated and are
presented in table 6.3. Children are more than three times as likely to master
the catch and the jump as a result of the intervention compare to the control
group. This is closely followed by the kick and the run, where children are
over twice as likely to gain mastery compared to the control group. The throw

is the least likely skill to be mastered as a result of the intervention.

Table 6.3 Odds ratios (OR) to predict the likelihood of having mastery of each skill if
children completed the six week intervention compared to the control group.

Skill OR 95% CI
Lower Upper
Run 2.01 1.45 2.79
Hop 1.66 1.29 2.15
Gallop 1.56 1.29 1.89
Catch 3.02 2.12 431
Throw 0.98 0.91 1.06
Kick 2.3 1.96 3.01
Balance 1.32 1.09 1.59
Jump 3.55 2.45 5.14
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6.3.2. Changes in objective FMS

The mean (£SD) for the jump height and sprint speed for the
intervention and control group at each experimental stage are displayed in
table 6.4. The intervention and the control group significantly increase jump
height post intervention (t(165) -2.918, p=0.004; t(82)-3.590, p=0.001,
respectively). For the sprint speed the intervention group did not significantly
improve on their time post intervention (t(165) 1.93, p=0.055). However, the
control group did get significantly slower post the six week control (t(82) -

2.846, p=0.0086).

Table 6.4 Mean * SD for objectively measured FMS pre and post intervention and
control.

Intervention Control Intervention
Pre Post Pre Post 6 week follow up
Jump height 21.45+4.41 24.27 + 19.28 + 6.47 21.70 £ 3.94%* 25.30+ 18.84
(cm) 11.71*
Sprint speed 2.34£0.59 2.21+0.80 2.20+0.81 2.41+0.54* 2.18+0.81

(secs)

*significantly different from pre intervention or control (paired samples t test;
p<0.05)

6.3.3 Changes in PA

Table 6.5 displays the mean (xSD) for the pedometer step counts at
each experiment stage for both the intervention and control group. Bonferroni

post hoc analysis identified that PA levels, measured by pedometer step
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counts, significantly increased both from baseline to post intervention and
from baseline to the six week follow up (Table 6.5; p<0.05). Although all
three measures of PA at the six week follow up were still significantly higher
than baseline, they had decreased from the post intervention measure with
the average daily steps significantly decreasing (Bonferroni post hoc;
p<0.05). Children in the intervention and control groups were both
significantly more active on weekdays compared to weekends (Bonferroni
post hoc; p<0.05) at baseline. In the post measures both groups still had
higher weekday steps compared to weekend steps, however, this was no
longer significant (Bonferroni post hoc; p>0.05). The control group did not
significantly increase in their PA levels in the post six week control measure.
The intervention group increased significantly more than the control group
post six weeks in all three PA measures (Bonferroni post hoc
p<0.05)..0Overall children in the intervention group significantly increased PA

levels, whilst those in the control did not.
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Table 6.5 Mean (xSD) for pedometer step counts for intervention group at baseline (n=166), post six weeks (n=150) and six
week follow up (n=150) and for the control group at baseline (n=83) and post six week control (n=83).

Baseline Post six weeks Six week follow up
Intervention Control Intervention Control Intervention
Average
Daily 9582 + 6109 10036 + 8527 15190 + 7782* 10683 + 8387 12076 + 7896**
Steps
Average
Weekend 8005 + 3716 7433 + 2885 14865 + 9882* 10078 +1351 11090 + 7920*
Steps
Average
Weekday 10616 + 6400 10200 + 4117 15491 + 8372* 12635 + 1063 13123 + 11330*
steps

*Results were significantly higher compared to baseline, Bonferroni post hoc; p< 0.001. ** Results were significantly lower
compared to post intervention. Bonferroni post hoc; p< 0.001
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6.3.4. Weight status

The mean (xSD) for the measures of weight status (BMI, BMI z score,
BMI centile, BF%) are presented in table 6.6. The table also includes the
percentage of children who were classed as overweight/obese (categorised
using the centile cut offs provides by Cole et al.,1990), at each experimental

stage of the intervention or control measures.
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Table 6.6. Mean and SD BMI, BMI z score, BF% and the percentage of overweight/obese children according to the 85™
centile cut off for the intervention group at baseline (n=166), post six weeks (n=150) and six week follow up (n=150) and for
the control group at baseline (h=83) and post six week control (n=83).

Weight Status Baseline Post intervention Baseline Post control 6 week
control follow up
BMI (kg/m?) 18.0 +2.9 18.0 +3.0 18.3 +3.3 18.3 +3.1 18.0 +3.8
BMI z 04+£1.1 0.3+19 0.6+1.1 0.6 1.1 0.5+1.2
BMI centile 62.2 +29.4 62.1 +30.0 65.7 £29.4 65.1 +29.4 63.6 +29.9
% of OW/OB 33 34 39 35 32
BF% 21.2 +10.69 21.6 +8.4 225+8.4 21.2+8.4 21.7+9.5
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6.3.5 Changes in physical self-perception

For the intervention group, physical self-perception scores significantly
increased from baseline to post intervention (Bonferroni post hoc p=0.027),
and from baseline to the six week follow up (Bonferroni post hoc p=0.003).
However, for the control group there was no significant change in self-
perception scores (Bonferroni post hoc p=0.593). Table 6.7 displays the
mean and confidence intervals for the self-perception scores for the

intervention and control group at each experimental stage.

Table 6.7. The mean and confidence intervals for self-perception according
to the PPCSC for intervention group at baseline (n=166), post six weeks
(n=150) and six week follow up (n=150) and for the control group at baseline
(n=83) and post six week control (n=83).

95% Confidence interval

Mean Lower Higher
Intervention
Group
Baseline 25.6 24.4 26.9
Post intervention 29.9 28.8 31.0
6 week follow up 28.5 27.2 29.7
Control Group

Baseline 26.9 24.1 29.7
Post control 26.1 23.7 28.4
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6.4 Results for boys individually

6.4.1 Changes in subjective measures of FMS

The number of boys who are classed as having Mastery (M), Near
Mastery (NM) and No mastery (NO) for all eight FMS pre and post
intervention is displayed in Figure 6.4. The same data for the control group is
displayed in figure 6.5. Table 6.8 contains the exact percentage values that

figure 6.4 and 6.5 are representing.
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Figure 6.4. Percentage of boys classed as M (Mastery), NM (Near Mastery) and NO
(No mastery) for all eight FMS pre and post the six week intervention.
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Figure 6.5. Percentage of boys classed as M (Mastery), NM (Near Mastery) and NO
(No mastery) for all eight FMS for pre and post a six week control.
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Table 6.8 Percentage of boys classed as having full mastery, near mastery and no mastery for all of the eight FMS pre and post for

the boys in the intervention (n=165) and control (n=89) groups

Pre (%) Post (%) 6 week follow up (%)
Intervention Control Intervention Control Intervention

Skill M NM NO M NM NO M NM NO M NM NO M NM NO
Run 1.3 9.1 89.6 0 4.8 95.2 4.2 62.9 32.9 0 29.2 70.7 5.5 69.9 24.7
Hop 0 21.3 78.7 0 30 70 44.3 30 25.7 8.6 37.1 54.3 52.1 39.7 8.2
Gallop 25.3 213 53.4 17.5 20 62.5 76.1 20.1 3.8 26.8 36.6 36.6 80.8 19.2 0
Catch 6.5 29.9 63.6 7.1 9.5 83.3 54.5 39.4 6.1 7.3 26.8 65.9 35.6 56.2 8.2
Throw 6.5 9.1 84.4 7.1 9.5 83.3 71 24.6 4.4 52.8 44.4 2.8 60.3 23.3 16.4
Kick 2 0 98 2.4 0 97.6 24.6 45 30.4 2.4 2.6 95 15.1 38.4 46.6
Jump 0 13 87 0 14.3 85.7 68.2 21.7 10.1 2.4 24.4 73.2 86.3 11 2.7
Balanc 30.3 26.3 43.4 325 32.5 35 81.2 8.7 10.1 43.9 31.7 24.4 84.9 12.3 2.7

e

M = Full mastery, NM = Near Mastery, NO = No mastery
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For the intervention group the amount of boys who were classed as
having mastery, increased for all eight skills. This was similar for the control
group; except for the kick which remained the same for children being
classed as having mastery. Similar to the combined gender data, the
magnitude of increase in numbers of children being classed as having
mastery was much bigger in the intervention group. Table 6.9 displays the
OR to determine how likely the boys will be to gain mastery or near mastery
as a result of the intervention compared to the control group. With
consideration of the OR, boys are over three times more likely to master the
jump if they complete this intervention. This is closely followed by the catch
and run which is just under three times and just over twice as likely to gain
mastery as a result of the intervention, respectively. The skill that boys are
least likely to master as a result of the intervention compared to the control

group is the throw.

Table 6.9 Odds ratios (OR) to predict the likelihood of having mastery of each skill if
boys completed the six week intervention compared to the control group.

Skill OR 95% ClI
Lower Upper
Run 2.29 1.39 3.80
Hop 1.62 1.10 2.39
Gallop 1.63 1.23 2.17
Catch 2.96 1.84 4.77
Throw 0.99 0.93 1.07
Kick 1.4 0.46 2.4
Balance 1.34 1.00 1.78
Jump 3.35 2.01 5.59

6.4.2 Changed in objective FMS

The mean (£SD) for the jump height and sprint speed for the

intervention and control group at each experimental stage are displayed in
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table 6.10. The boys in the intervention group do not significantly increase
their jJump height (t(76) -1.821, p=0.073) but they do significantly increase
their sprint speed (1(76)2.018, p=0.047). For the control group the boys sprint
time became slower, but this was not significant (t(41) -2.248, p=0.075),
however the control group did significantly increase their jump height (t(41) -

1.828, p=0.03).

Table 6.10 Mean + SD for objectively measured FMS pre and post intervention and
control.

Intervention Control Intervention
Pre Post Pre Post 6 week
follow up
Jump height 21.6 4.9 25.3+16.5 19.4+6.4 21.3 £4.2%* 23.8 4.5
(cm)
Sprint speed 2.09 +0.69 1.96 +0.86* 2.18 +0.75 2.36 £0.45 2.17 £0.67
(secs)

*significantly different from pre intervention or control (p<0.05)

6.4.3 Changes in PA

The mean (£ SD) of pedometer step counts are presented in table
6.11 for all three measure of PA (average daily, weekday and weekend
steps) for both the intervention and control group at each experimental stage.
Figure 6.6 displays the mean (xSD) of pedometer step counts for boys for
intervention group at baseline, post six weeks and for the control group at
baseline (n=41) and post six week control. For the boys in the intervention
group they significantly increased in all three measures of PA post
intervention (Bonferroni post hoc; p< 0.001). In the six week follow up of the
intervention group all three measures had decreased from the post
intervention measures and this decrease was significant for average
weekday steps (Bonferroni post hoc; p< 0.001). All three measures at the six
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week follow up were still significantly higher compared to the baseline
measure (Bonferroni post hoc; p< 0.001). The boys in the control group
increased in all three measures, however these were not significant. For
average daily steps the intervention group increase significantly more

compared to the control group (Bonferroni post hoc; p< 0.001) (figure 6.6).
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Table 6.11 Mean (xSD) of pedometer step counts for boys for intervention group at baseline (n=77), post six weeks (n=69) and six
week follow up (n=69) and for the control group at baseline (n=42) and post six week control (n=42).

Boys Intervention Control Intervention
PA Baseline Post Baseline Post Six week Follow up
ADS 9769 + 3178 15786 + 8324* 9441 + 3425 12172 + 10898 13240 + 8038*
AWDS 8329 + 3233 15631 + 11519* 7846 + 3102 11848 + 1806 12660 + 11184**
AWES 11158 + 4257 15917 + 8748* 10925 + 4965 14739 + 1352 14104 + 8207*

ADS - Average Daily Steps, AWDS — Average Weekday Steps, AWES — Average weekend steps *significantly higher
compared to baseline (Bonferroni post hoc; p< 0.001) **significantly lower compare to post intervention (Bonferroni post
hoc; p< 0.001)
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Figure 6.6 Mean (+SD) of pedometer step counts for boys for intervention
group at baseline (n=77), post six weeks (n=69) and for the control group at
baseline (n=42) and post six week control (n=42). * Intervention group
significantly increased more than the control group (Bonferroni post hoc; p<
0.001).
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6.5 Results for girls individually

6.5.1 Changes in subjective FMS

The number of girls who are classed as having Mastery (M), Near
Mastery (NM) and No mastery (NO) for all eight FMS pre and post
intervention is displayed in Figure 6.7. The same data for the control group is
displayed in figure 6.8. Table 6.12 contains the exact percentage values that

figure 6.7 and 6.8 are representing.
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Figure 6.7. Percentage of girls classed as M (Mastery), NM (Near Mastery) and NO
(No mastery) for all eight FMS pre and post the six week intervention.
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Figure 6.8. Percentage of girls classed as M (Mastery), NM (Near Mastery) and NO
(No mastery) for all eight FMS for pre and post a six week control
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Table 6.12 Percentage of children classed as having full mastery, near mastery and no mastery for all of the eight FMS pre and post
for the girls in the intervention (n=165) and control (n=89) groups

Post (%)
Pre (%)
Intervention Control Intervention Control Intervention

Skill M NM NO M NM NO M NM NO M NM NO M NM NO

Run 0 9.1 90.9 0 7.3 92.7 3.6 65.1 31.3 0 38.5 61.5 2.7 67.6 29.7

Hop 0 14.9 85.1 0 15 85 39 45.1 15.9 2.8 47.2 50 59.5 36.5 4.1
Gallop 18.4 40.2 41.4 12.5 40 47.5 80.2 17.3 2.5 333 35.9 30.8 74.3 23 2.7
Catch 18.2 30.7 51.1 14.6 39 46.3 40.9 47.7 114 15 20 65 35.1 60.8 4.1
Throw 0 4.5 95.5 0 4.9 95.1 64.2 24.7 11.1 38.9 52.8 8.3 59.5 32.4 8.1

Kick 0 2.3 97.7 0 4.9 95.1 12.3 40.7 46.9 0 7.2 92.8 9.5 32.4 58.1
Jump 2.3 9.1 88.6 0 9.8 90.2 80.2 16 3.7 7.7 17.9 74.4 89.2 4.1 6.8
Balance 33.7 18.6 47.7 35 30 35 86.4 9.9 3.7 53.8 25.6 20.5 95.9 4.1 0

M = Full mastery, NM = Near Mastery, NO = No mastery
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For the intervention group the amount of children who were classed
as having mastery, increased for all eight skills. This was similar for the
control group; except for the kick and the run which remained the same for
children being classed as having mastery. Similar to the combined gender
data, the magnitude of increase in numbers of children being classed as
having mastery was much bigger in the intervention group. Table 6.14
displays the OR to determine how likely the girls will be to gain mastery or
near mastery as a result of the intervention compared to the control group.
With consideration of the OR, the girls are over three times more likely to
master the jump and catch if they complete this intervention. The skills that
the girls are least likely to master as a result of the intervention compared to

the control group are the throw and kick.

Table 6.13 Odds ratios (OR) to predict the likelihood of having mastery of each skill
if girls completed the six week intervention compared to the control group.

Skill OR 95% CI

Lower Upper
Run 1.79 1.17 2.23
Hop 1.68 1.28 2.36
Gallop 1.5 1.17 1.93
Catch 3.1 1.82 5.27
Throw 0.97 0.86 1.10
Kick 0.47 0.37 0.60
Balance 1.29 1.02 1.65
Jump 3.75 2.20 6.41
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6.5.2 Changes in objective FMS

The mean (xSD) for the jump height and sprint speed for the
intervention and control group at each experimental stage are displayed in
table 6.14. For the intervention group the girls significantly increased in their
jump height (t(88)-5.636, p<0.001). Although the girls in the intervention
group improved their sprint time this was not significant (t(88) 0.812,
p=0.419). For the girls in the control group, they could jump significantly
higher (t(40) -2.795, p=0.008) but sprint significantly slower(t(40) -2.167,

p=0.036).

Table 6.14 Mean * SD for objectively measured FMS pre and post intervention and
control.

Intervention Control Intervention
Pre Post Pre Post 6 week
follow up
Jump height 21.2+40 23.2x45* 194+6.4 21.3+ 4.2* 26.8%+6.1*
(cm)
Sprintspeed 2.41+068 234+085 218+0.75 236x045 213x1.03
(secs)

*significantly different from pre intervention or control (paired sample t test; p<0.05)

6.5.3 Changes in PA

The mean (x SD) of pedometer step counts are presented in table
6.15 for all three measure of PA (average daily, weekday and weekend
steps) for both the intervention and control group at each experimental stage.
Figure 6.8 displays the mean (xSD) of pedometer step counts for girls for

intervention group at baseline, post six weeks and for the control group at
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baseline (n=41) and post six week control. For the girls in the intervention
group they significantly increased in all three measures of PA post
intervention (Bonferroni post hoc; p< 0.001). In the six week follow up of the
intervention group all three measures had decreased from the post
intervention measures and this decrease was significant for average daily
steps (Bonferroni post hoc; p< 0.001). All three measures at the six week
follow up were still significantly higher compared to the baseline measure
(Bonferroni post hoc; p< 0.001). The girls in the control group increased in all
three measures, although these were not significant. For all three measures
of PA the intervention group increase significantly more compared to the
control group (Bonferroni post hoc; p< 0.001) (figure 6.9). Suggesting,
children who complete this intervention will increase the amount of steps per

day, whereas children who do not complete this intervention will not.
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Table 6.15 Mean (xSD) of pedometer step counts for girls for intervention group at baseline (n=88), post six weeks (n=81)
and six week follow up (n=81) and for the control group at baseline (n=41) and post six week control (n=41).

Girls Intervention Control Intervention
PA Baseline Post Baseline Post Six week Follow up
ADS 9419 + 7857 14757 + 7403* 10745 + 1218 8821 + 2515 11293 + 7775**
AWDS 10141 + 7822 15181 + 8146* 6939 + 2593 7954 + 3061 12463 + 1306*
AWES 7721 + 4100 14309 + 8558* 9293 + 2561 10198 + 3653 10014 + 4317~

ADS - Average Daily Steps, AWDS — Average Weekday Steps, AWES — Average weekend steps *significantly higher
compared to baseline (Bonferroni post hoc; p< 0.001) **significantly lower compare to post intervention (Bonferroni post
hoc; p< 0.001).
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Figure 6.9 Mean (xSD) of pedometer step counts for girls for intervention
group at baseline (n=88), post six weeks (n=81) and for the control group at
baseline (n=41) and post six week control (n=41). Average Daily Steps
(ADS), Average Weekday Steps (AWDS) and Average Weekend Steps
(AWES). * Intervention group significantly increased more than the control
group (Bonferroni post hoc; p< 0.001).
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6.6 Discussion

Previous research has identified the importance of the mastery of
FMS for maintenance of PA levels (Bryant et al., 2014) and a healthy weight
status (Erwin and Castelli, 2008). There is a growing amount of evidence
supporting the relationship between FMS competency and PA participation
(Okley 2001; Van Beurden 2003; Graf 2004; Fisher 2005; Hamstra-wright
2006; Hume 2008; Williams 2008; Barnett 2009; Clif 2009; Dhondt 2009;
Vandrope 2011; Mitchell 2011;). Therefore, the next stage and the purpose
of this study was to understand if it was possible to teach, develop and
increase FMS mastery in children by replacing one out of two statutory PE
lessons for six weeks and to recognize the effects this might have on PA
level. This current study has identified that the children who completed this
intervention are more likely to gain mastery of FMS, significantly increase
pedometer step counts and physical self-perception, thus accepting the first
part of the hypothesis (that by replacing one PE lesson a week children will
show positive changes in FMS mastery, PA and physical self-perception).
However, the second part hypothesised (that the control group would not
significantly change scores for FMS, PA and self-perception) was not
accepted as this was the case for all these variables except FMS which also
increased. Although, it is important to note that the amount of children in the
intervention group who were classed as having mastery of the different skills
increased to a higher magnitude compared to the control group.

Furthermore, the use of odds ratios indicates that the children who
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completed the intervention were more likely to gain mastery of the FMS

when compared to the control group.

The study is novel as it presents a low cost FMS intervention which
positively influenced FMS, PA and physical self-perception compared to a
control group. Stodden et al., (2008) identified that a combination of AMC
and PMC will influence PA and then weight status. To the author’s
knowledge, no other study has identified if all three of these variables will be
influenced from an increase of AMC through an intervention. This study is
also novel in that it sought to modify one school PE lesson per week rather
than add additional PA sessions (such as work by Cliff et al., 2007; Graf et
al., 2008) or to completely change the PE curriculum (Jones and Riethmuller,
2011). Thus, not only is the intervention effective it is ecologically valid (the
materials and methods could realistically be repeated in a school by class

teachers) and feasible for primary schools to implement.

6.6.1 Overall changes in FMS

The number of children who were classed as having mastery for all
eight subjectively measured skills increased post intervention, with six of the
skills continuing to gain more children as having mastery in the six week
follow up (kick and throw remained the same). This is consistent with the
findings of Mitchell et al., (2011) who reported a significant increase in the
number of children who were classed as having mastery for all 12 FMS that
were assessed after a minimum of a six week intervention. Mitchell et al's
(2011) intervention was conducted on children aged 5-12 years old which
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provided teachers with a FMS manual to use through PE lessons and fitness
classes. At baseline, the children in Mitchell et al's study had a higher
amount of children classed as having mastery levels (21.4-84.6%) compared
to the children at baseline in this study (0-25.3%). Post intervention, the
percentage of children now classed as having mastery of the skills in Mitchell
et al’'s (2011) study ranged from 49.8-98.3%, compared to 3.6%-81.2 in the
present study. Although Mitchells et al’'s (2011) study reports a larger amount
of children as having mastery of the skills; the TGMD-2 was used to assess
the FMS. Although it is still a process orient based method it only has 3-4
components for each skill and therefore it is much easier for children to gain
mastery of the skills. This is similar for Hardy et al., (2010) who reported that
20.5-76% of children had mastery of the same FMS and they also used the
TGMD-2 to assess FMS. In this current study the POC, which was used to
assess FMS has 5-6 components for each skill, therefore making it much
harder to gain full mastery of them. Okely and Booth (2004) also used the
POC and also reported lower numbers of children classed as having mastery
0-35%. Although two different scales have been used between this
intervention and Mitchell et al’'s (2011) intervention, the two skills with the
lowest and highest percentage of children classed as having mastery, is also
the lowest and highest skills post intervention. This finding suggests that if all
skills are focused on throughout an intervention then they will develop at

similar rates.

The current study’s intervention lasted for six weeks, which
according to the odds ratios that were calculated, was more successful at

gaining FMS mastery compared to the control group who continued with their
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normal PE lessons. It would seem logical that the longer an intervention the
more of an increase in skill level would be shown. However, Graff et al.,
(2008), who conducted the four year intervention, did not report a significant
increase and Van Beurden et al., (2003) who conducted the six month
intervention did not report as big an increase in skill level compared to the
current study’s six week intervention. Furthermore, Logan et al., (2011)
conducted a review on the effectiveness of FMS interventions and reported a
non-significant relationship between effect size of pre to post intervention
and the duration of the intervention. Interventions that are too long, may
become boring and children will disengage from the programme, therefore
explaining why longer interventions do not report significant increases or
don’t achieve increases of a higher magnitude when compared to shorter
interventions. Therefore, highlighting the importance of the content of an
intervention compared to the duration. Furthermore, interventions that have
been reported tend to focus on purely the teaching of the skill or just
providing time for children to play (Beurden et al., 2003 and Graff et al's
2008), unlike the current intervention that focused on using fun and relevant

methods that the children would engage with, to maximise learning.

Logan et al., (2011) suggests that FMS mastery begins to plateau and
that there is a critical amount of instruction time needed when teaching FMS.
This would support the theory that FMS do not develop naturally but must be
learnt and practiced (Haywood and Getchall, 2002). Although van Beurden et
al., (2003) and Graff et al's (2008) studies were longer interventions than
most, neither of the studies concentrated on teaching the FMS but instead

provided support or training for the teachers delivering the P.E lessons. By
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concentrating on providing support it would suggest that primary school
teachers need more formal training for teaching these skills and that there

needs to be a focus on developing FMS in a PE lesson.

Although, the number of children who were classed as having mastery
increased for all eight subjectively measured FMS post intervention, in the
six week follow up, the two skills that did not gain any more children as being
classed as having mastery were two object control skills; kick and throw. To
be able to practice and maintain these skills children would need access to
equipment (such as different sized playground balls), potentially limiting the
time that children would be able to practice outside of the intervention and
suggesting why they have not continued to improve in performance by the
follow-up data collection. In contrast to this, all the other skills gained children
who were classes as having mastery. The two skills that improved the most
were the hop and jump. Children do not need any equipment to practice and
develop these skills and are therefore more likely to practice them in their
own time. Therefore, maximising the potential amount of time children may
spend rehearsing these skills in their own time. A further explanation as to
why certain skills may have been maintained better than others could be to
do with the method in which they were taught throughout the intervention. In-
between each circuit (where the children were aware of learning and
practicing a skill; explicit learning) the children would dance to a popular
song. Children were taught different moves to the music, but unknown to
them they were actually the movement patterns for running, hopping,
galloping and jumping. All of these skills carried on improving in the follow up

assessments. This suggests that performing skills to relevant songs that
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children will engage in will have long term positive effects on FMS
performance. Martin (1988) reports that by performing the skill to music it can
aid the learning of the skill. Martin (1988) explains that by using rhythm,
which is naturally found in the human body, children can organise rhythmic
stimuli and translate them into the execution of the skill. This can also be
explained by Schmidt’'s (1975) schema theory. Schmidt (1975) explains that
children do not need prior experience of performing that specific skill, but an
experience of performing a similar movement pattern. This creates a recall
schema that will be used to perform the skills. So by performing the
movement pattern as a dance move the children would then use that recall
schema to perform the skill in a physical activity or sport situation. This
should be investigated further and to be taken into account for future

interventions looking at increasing FMS competency.

As stated, the percentages of children that are classed as having
mastery increased or remained the same in the six week follow up. Other
studies have reported overall FMS competency at follow up (CIliff et al.,
2007). Therefore, this does not allow conclusions to be made about the
individual skills that carry on improving and those skills that don’t. This
highlights the importance of reporting the scores individually for FMS and not
stating an overall motor score, as used in some previous research (Cliff et
al., 2007; Lopes et al.,, 2011; Vandrope et al., 2011). By reporting the
individual FMS scores it has identified that some skills are harder to master
for more children and will need extra practice, or access to equipment, to
master them. In the case of this study, it is the object control skills that need

extra maintenance and this suggests that children need to be given time and
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access to equipment, such as balls, to allow them to develop and maintain

these skills.

Out of the two skills that were measured objectively the jump height
significantly improved post intervention, however the sprint speed
(acceleration) did not. Research has identified that locomotor skills such as
the sprint run are harder to master (Westerndorp et al.,, 2011). This is
reflected in the subjective result of the sprint run as it was the skill that the
least amount of children could master. This suggests that the new/correct
technique that the children have learnt is not yet autonomous and that the
children still have to concentrate when performing the skill which inhibits their
objective performance outcome of the sprint run. Further research is needed
to identify how long it takes for each skill to become autonomous to influence
the amount of time needed to be spent in PE lessons in primary school.
When children learn a new skill for the first time, they will get to the
autonomous stage of learning quicker compared to when having to re learn a
new skill (Fitts and Posner, 1967). The objective measure of the sprint run
was measured over 10m, therefore assessing acceleration rather than sprint
speed. The technique that the children would have learnt is appropriate for
sprinting at speed, not the acceleration phase of the sprint. This this would
explain why the children improved in the subjective measure and not the

objective measure.

The percentage of children classed as having mastery increased for
six out of the eight skills in the control group (not for the run and kick). Initially
when the control group improved alongside the intervention group it would

suggest that the change was not down to the intervention. However, the
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control groups were in a different class but in the same year group and from
the same school. The children in the intervention group had friends in the
control group and were teaching them the skills they had learnt in the
playground; this was reported to the lead researcher by the children who
participated in the intervention sessions. This finding is consistent with
Foweather et al., (2008) who also found an increase in skill level in the
control group when running an intervention to increase FMS competency.
Similar to the current study, Foweather et al., (2008) used control groups
from the same school, however, other intervention studies that have used a
control group from a different school do not find significant improvements in
the post measures for controls (Van Beurden et al., 2003). This highlights the
importance of using separate schools as control groups to control for this
limitation. Although, the control groups did significantly improve, the odds
ratios that were calculated highlight that children who participated in the
intervention were more likely to gain mastery of all the skills compared to the
control group. This supports Logan et al's (2011) theory that children need a
critical amount of instruction time to optimise the learning and mastery of the
FMS. The children in the control group would have only gained instructions
from their peers and would not have been able to watch a completely
accurate demonstration of each of the skills. When humans observe a
process ‘mirror neurons’ are activated and then reactivated when performing
that skill (Gazzola et al., 2007). Therefore, the children in the intervention
group would have been subject to more demonstrations, which would have

activated more ‘mirror neurons’ and aided the development of the skills.
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The findings from this study indicate that an intervention in one group
of children has wider benefits by significantly increasing FMS mastery in
another group of children. From the perspective of the children this is a
positive consequence. As stated the number of children who are classed as
having mastery of the FMS increases for both the intervention group and the
control group. This is inconsistent with previous research that had control
groups at different schools to the intervention groups (Van Beurden et al.,
2003). Although the odds ratios that were calculated highlight that children in
the intervention group are more likely to gain mastery of FMS compared to
the control. If the control group from this study was at a different school and
the children did not improve then the odds ratios potentially could have been
much bigger. Therefore, these results do not reflect the true effect of the

intervention.

The reasons discussed as to why the control group also increased
numbers of children who had mastery of the skills is speculative and this
improvement could be down to the development of the children or a learning

effect of repeating the tests just six weeks apart.

6.6.2 Changes in FMS for boys and girls separately

Children at this age (8-10 years) are pre pubertal and should be
somatically the same (Malina et al., 2004). Previous research has identified
that there tends to be a gender bias in FMS performance, whereby girls are
relatively better in balance and the jump and boys in the kick, catch and
throw (Bryant et al., 2013; Jones et al., 2010; Hardy et al., 2011). This has
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been concluded to be a result of socialisation into gender specific activities
(Blakemore and Renee, 2005). From this gender bias in FMS performance
some studies have suggested that future interventions should take into
account this gender bias (Beurden et al., 2003). In this current study the
percentage of boys and girls who reached mastery of the six skills is very
similar (table 6.8 and 6.12). This suggests that by creating a broad
intervention that children will engage in, it will be suitable for both genders at
this age. In contrast to this, the number of boys classed as having mastery of
the kick improved by 22.6% compared 12.3% of girls. These results are very
similar to Van Beurden et al., (2003) who also found an increase in the
number of boys classified as having mastery of the kick was 21.1%
compared to 12.1% of girls. Furthermore, in this study the number of boys
who were classed as having mastery of the catch improved by 48%
compared to 22.7% of girls. This is the opposite for Van Beurden et al.,
(2003) who reported that the number of girls classed as having mastery of
the catch increased by 22.72% compared to 11.38% of boys. In addition to
this Van Beurden et al., (2003) reported that the number of boys classed as
having mastery for the throw was double the amount of the girls (14%
compared to 7%). Van Beurden et al’s (2003) study was also a very broad
intervention that concentrated on providing support for teachers, lesson
plans to teach FMS and funding for equipment. From the inconsistent results
between the two studies for the amount of boys and girls that gain mastery
for the different skills there does not seem to be an overall pattern. However,
more interventions would need to be conducted to conclude any kind of

pattern. This does suggest that the magnitude of children that will gain
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mastery in certain skills will be dependent on the content of the intervention
sessions. Therefore, the methods used to teach the kick and the catch in this
current study would seem to favour boys and girls respectively. Although, the
girls improved more than the boys, the number of boys classed as having

mastery of the catch was still higher than the girls post intervention.

In regards to the odds ratios, both girls and boys from the intervention
are more likely to gain mastery in all eight skills compared to the control
group. For six out of the eight skills, boys are more likely to gain mastery in
the skills compared to girls (jump and catch for the girls). This suggests that
actually the boys benefited more from the intervention compared to the girls.
As stated the girls and boys all improve by similar amounts post intervention
for the majority of skills (six out of eight). Suggesting, that girls are more
likely to teach their friends in the playground, which resulted in more of the
girls in the control group to gain mastery and explain why the odds ratios for
boys were higher compared to girls. This is speculative and again this study

would have benefited from having the control group from a different school.

6.6.3 Physical activity changes

Children who completed the intervention were associated with having
higher PA levels compared to the children who did not complete the
intervention. PA levels significantly increased in post intervention and in the
six week follow up compared to baseline for the intervention group (Table
6.5). Van Beurden et al., (2003) also found a significant increase by 7.8% of
time spent in MVPA post intervention. Although the latter study mentioned is

not completely comparable with the present study due to the method and

211



reporting of PA, it still highlights and supports the positive effects of
interventions on PA levels in children. On the contrary, Cliff et al., (2007)
reported an overall decrease of 18% of time spent in MVPA. It was explained
that the decrease was due to a ceiling effect (novelty of using new
equipment) and that baseline measures were 20% higher than the average
for children that age in the area (Cliff et al., 2007). There are limited studies
that have reported PA data alongside an intervention for FMS, however
when they have, such as these two aforementioned studies, it has been
MVPA that has been reported. Conversely, Westerterp and Plasqui (2004)
have highlighted that it is activities of low and high intensity that are the main
contributors to a child’s PA level. Therefore, by measuring their habitual PA
level, like the current study, it includes all levels of intensity that will
contribute to a child’s PA status. This allows for the results to provide a better
indication of the overall effect that an increase in FMS will have on habitual
PA, which has been highlighted to be important to health (Westerterp and

Plasqui, 2004).

Consistent with previous research, children were more active on
weekdays compared to weekend days (Riddoch et al., 2004; Rowlands et al.,
2008). Although the average weekend steps significantly increased the most
(66%), the amount of average weekend day steps was still not as large as
the average weekday steps (14865 steps compared to 15491 steps,
respectively). Due to the intervention being part of the school day it would
have been interesting to see if this increase in weekday steps came from
during or after school activities. Mota et al., (2003) conducted a study which

reported that girls PA in the weekdays were made up from the school day
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whereas a boy’s PA is made up from afterschool activities. If this was
assessed in the current study, then the effect of the intervention on PA could
have been more specific. Unfortunately it was not possible to collect this
information in the current study due to school constraints. However, some
may argue that, although this information might be interesting, one of the
main aims of the intervention was to increase PA, which was successful. The
control group increased their PA levels, however this was not significant.
This supports the argument that the intervention group’s increase in PA was

due to the intervention itself and supports the hypothesis.

As stated PA is significantly higher post intervention and although PA
was still significant higher in the six week follow up compared to baseline, PA
had significantly decreased from the post intervention measure. From the
post intervention measure to the six week follow up the ADS decreased by
3114 steps. If ADS kept decreasing at this rate in another six weeks ADS
would be lower than the baseline measure. Therefore, this questions whether
the rise in PA was an intervention effect and will PA just revert to back to
original levels. Further follow up assessments would have beneficial to
identify if PA did revert to back to normal or if they did stay higher compared
to baseline. Bryant et al., (2014) reported that FMS mastery is associated
with PA levels one year later. Therefore, it might be that there is a time delay
between gaining mastery in FMS and it influencing PA levels. However,
Bryant et al., (2014) only conducted a one year follow up, so it may be that it
is a different amount of time needed for mastery in FMS to be associated

with PA levels.
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6.6.4 Changes in PA for boys and girls separately

Both girls and boys increased similar amounts in the post intervention
for average daily steps and average weekday steps. However, for weekend
steps girls increased by 9% more than boys did. In the six week follow up,
girls weekend steps decreased by 38% compared to boys increasing by 9%
(Figures 6.6 and 6.9). As mentioned, there is sparse data on the effect of
FMS interventions on PA levels and from this literature there is limited data
reporting differences between genders. Fairclough et al., (2013) reported that
there was no intervention effect on PA level, but did report that it was more
beneficial to girls and suggested this was because they were less active at
baseline. This would explain the immediate rise in girls compared to boys for
the present study. Although the girls decrease by the follow up, they are still
significantly more active than baseline, suggesting that the intervention is still
effective for both boys and girls. As stated above if both boys and girls keep
decreasing steps at the same rate as they did in the follow up, in another six

weeks they would revert back to their original level.

6.6.5 Changes in weight status

Descriptive statistics were provided for the weight status data, due to
the short duration of the intervention weight status was not likely to
significantly change, which was also the case for similar research of this kind
(Cliff et al., 2007; Graf et al., 2008; Fairclough et al., 2013). Although BMI in
the six week follow up decreases, the z score increases. By using z scores, it

takes into account their sex and age. To a non-expert a decrease in BMI may
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be thought to be positive, however an increase in z score indicates that
children are becoming further away from a normal weight, thus highlighting
the importance of using z scores to identify the relevance of the change.
BF% for the intervention group stays the same. BMI z score increases but
the number of children classed as overweight/obese decreases. Over the 12
weeks children will grow and become heavier, however, by reporting that
BF% does not change the increase in BMI and the change in BMI z scores
must be due to an increase in fat free mass. Research has reported that
when adults increase PA, specific strength training/plyometric training will
result in an increase of muscle mass (Yarasheski et al., 1993; Fiatarone et
al., 1994). The present intervention did feature plyometric aspects, that could
potentially cause an increase in muscle mass (fat free mass). However,
strength training studies in children that have all lasted more than eight
weeks did not report any increase in muscle mass (Weltman et al., 1986;
Siegel et al, 1989; Faigenbaum et al., 2009). This highlights the importance
of measuring BF% alongside BMI. Although the control group also
decreased the number of children classed as overweight/obese, the control
group started with a higher percentage (39% compared to 33%) and the
intervention group ended with a lower amount of children classed as
overweight/obese (36% compared to 35%). In contrast to this, Graff et al.,
(2008) reports an increase in BMI and the number of children classed as
overweight/obese (15%-18%) post intervention. Graff et al., (2008)
concludes a more intense intervention is needed to see positive effects on
weight status. Similarly to the present study Fairclough et al., (2013) reports

an initial increase in BMI z scores but then decreases to lower than the
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baseline in the follow up study. However, this intervention is six weeks and
not of high intensity (one hour a week). Therefore, you would not expect to

see a weight change over this short period of time (Graff et al., 2008).

6.6.6 Changes in weight status for boys and girls separately

Girls were the only group to progressively decrease in the number of
children classed as overweight/obese at each measurement stage. Similarly
Fairclough et al., (2013) identified that interventions had a more positive
effect on the weight status of girls compared to boys. Both the present study
and Fairclough et al., (2013) both report that boys are more physically active
and the percentage of overweight and obese is higher in girls compared to
boys. Therefore, there is more opportunity for girls to increase their PA
which should have a direct effect on their weight status in the longer term.
The changes in weight status across the intervention are limited by the
length of the study and research suggests that children need to have a
sustained increased level of PA participation to increase motor competence

to influence a positive weight change (Vandorpe et al., 2011).

6.6.7 Changes in Self Perception Scores

PPCSC scores significantly increased from baseline to post
intervention and were then maintained in the six week follow up. Previous
research has suggested that children who have a higher self-perception are

more likely to have better FMS competency (Southall et al., 2004; Stein et
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al., 2006; Hands et al., 2010; Jones et al.,, 2010). Ekeland et al., (2004)
completed a systematic review on exercise/PA and self-esteem in children
and concluded that exercise has positive short term effects on self-esteem.
Authors also identified that no studies conducted follow up data to distinguish
and long term effects. The current study makes an important contribution to
the literature as it conducts a follow up assessment and identified that
physical self-perception (self-esteem) remains significantly higher than the
baseline measurement, along with FMS and PA level. Previous studies that
have assessed the relationship between physical self-perception and PA
have used a variety of methods such as; physical activity only, some physical
activity plus skills training and counselling and some used high intensity
exercise and strength training. The current study used PA and skills training
in one PE lesson and highlighted that this method had a significant positive
effect on physical self-perception post and six weeks after the intervention.
Whilst these studies have identified this relationship between the two
variables, the cause and effect relationship has still remained unanswered. It
could be that if children perceive themselves as being more competent, in
turn perceiving tasks as being easier, they then spend more time
participating in PA, resulting in an increase in ACM (Goodway and Rudisill,
1997; Weiss and Amorose, 2005). Or on the other hand, do children who
spend more time in PA allow themselves to develop these skills, thus
increasing their PMC due to a higher AMC. Bois et al., (2005) has reported
that a child’s physical self-perception is directly influenced by their parent’s
perceptions of them. Also, Biddle and Matrie (2007) have suggested to

theories of the relationship between physical self-perception and PA. The
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first being the ‘motivational approach’ or ‘personal development hypothesis’
this explains that children with higher self-esteem (physical self-perception)
are more likely to engage in PA to enhance their self-worth. The second is
the ‘skill development hypothesis’ this suggests that self-esteem (physical
self-perception) is modified throughout experiences and is a product of PA or
exercise. Biddle and Matrie (2007) report that initial uptake in PA may need
to be externally motivated, which will then enhance self-esteem or physical
self-perception. By mastering FMS, this will prepare the children to have the
skill set for the initial up take of PA to start the positive relationship between

the latter and physical self-esteem/perception.

Similar to the PA results, the PPCSC scores at six week follow up
were significantly higher compared to baseline, but the scores had
decreased from the post intervention measurement. Therefore, these
findings question whether the PPCSC scores would just revert back to
original levels in further follow up assessments. Once children have mastery
of a skill they cannot lose it and according to Stodden et al., (2008) the age
of the children in this study should be able to accurately perceive their AMC.
Therefore, with the number of children who have gained mastery of the FMS
the PPCSC score should not revert back to its original score (Stodden et al.,
2008). However, if it were to then it would challenge Stodden et al's (2008)
conceptual model. Again, further follow up assessments are needed for

these conclusions to be made.
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6.6.8 Conclusion

This study trialled modifying the content of one out of two statutory PE
lessons that the children have per week. This intervention can conclude that
by focussing one PE lesson on the development of FMS (one hour a week
for six weeks) it will have a positive benefit on PA level, weight status and
physical self-perception. The ultimate aim of PE is to provide children with
the skills needed to lead an active lifestyle outside of school and in the future
(QCA, 2007). Therefore, the current intervention offering what the existing
statutory PE does not (providing children with the skills to lead an active
lifestyle, British Heart Foundation, 2009; Lubans et a., 2010; Bryant et al.,
2013). Although, further research is required to assess any presence of a
dose response gained from the modified PE lesson. For example, would it be
even more beneficial conducting it twice a week? The effects of this
intervention can only be generalised to doing the intervention within the
school day. Further follow up assessments need to be conducted to

understand the lasting effects of the intervention on the measured variables.

The limitations of this study are discussed in the section 7.2

(Strengths and limitations).
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7.0 Overall discussion

Study 1 identified, unlike previous literature (Hands et al., 2008), that
there was not a graded increase in FMS mastery as children got older. In the
analysis of children in Years 2 to 6 it was reported that Year 4 (8-9 years)
children had lower mastery level of locomotor skills than other ages reported,
and Year 5 (9-10 years) children had higher object control skills than other
ages reported. A few explanations are discussed in study 1 as to why these
year groups have lower mastery levels compared to other year groups. For
example, it could be due to the neuromuscular development of the children
not occurring at the same rate of growth (McMorris, 2004; Lenroot and
Giedd, 2006) or the teaching quality of PE that the children receive. From
just assessing children in one school it is not possible to conclude the exact
reason for these inconsistencies in FMS mastery or to ascertain whether
these changes are likely to be consistent across schools containing similar
children. Other research is equivocal for understanding why these changes
have happened; research has both agreed (Lopes et al., 2011) and
disagreed (Hands et al., 2007) with the findings from study 1. However, study
3 (the intervention) also completed research on children in Year 4 and Year
5, which were the ages that exposed the ungraded response. In study 3,
both Year 4 and 5 children showed lower mastery in object control skills
(throw and kick) and the jump compared to the rest of the FMS, this is
inconsistent with study 1 which reported the locomotor skills as having the
lowest mastery. Also inconsistent with study 1, study 3 showed a decrease

from Years 4 to 5 in the mastery of the sprint run. Study 1 and 3 were
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completed on the same aged children, from the same area in Coventry with
the same Socio-Economic Status. With these two aforementioned studies
having conflicting results regarding the graded FMS response with age it can
be concluded that an ungraded response to FMS is unlikely to be as a result
of neuromuscular development but more likely due to the inconsistency in

quality of the PE teachers and content of the PE lessons.

Study 2 identified an association between mastery levels in FMS and
future PA participation. Research has identified a link between PA level,
cognitive function and academic achievement (Donnelly et al., 2009; Fox et
al., 2010; Kantomaa et al., 2010; Howie and Pate, 2012). A protein that
underpins cognition in the brain is the Brain Derived Neurotropic Factor
(BDNF) (Go"mez-Pinilla et al., 2002; Molteni et al., 2002; Vaynman et al.,
2003). Research has reported that a sustained level of exercise/PA can
increase the expression of genes that encode for BDNF (Neeper et al., 1995;
Carro et al., 2003; Van Hoomissen et al., 2003). An increased cognitive
function has been associated with improvements in attention, memory and
Intelligence Quotient (IQ) which have all been associated with academic
achievement (Howie and Pates, 2012). Therefore, an increase in PA can
positively influence academic achievement. Study 2 has identified that
mastery in FMS in primary school is associated with PA participation. No
research has been conducted to identify if there is a direct link between FMS
and academic achievement. However, Howie and Pate (2012) produced a
model (Figure 7.1) to identify the mechanisms between PA, cognitive
function and academic achievement. This model could be adapted to explain

a potential indirect link between FMS and academic achievement (Figure
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7.2). This could be a potentially important link to highlight the importance of
FMS mastery in children to their class teachers. Teachers and schools are
assessed on their Ofsted reports and one of the main components they are
assessed on is academic achievement. Therefore, if teachers could
understand that by teaching FMS in the correct way and ensuring that
children have mastery of the skills, it would influence PA and feed into Howie
and Pate’s (2012) model, shown in figure 7.2, and then those teachers might

be more likely to engage and promote improving FMS mastery in children.
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Figure 7.1 Howie and Pates (2012) model to explain the relationship of
physical activity, cognitive functions, and academic achievement as defined

for this review
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Figure 7.2 Modified version of Howie and Pates (2012) model to explain the
relationship of FMS, physical activity, cognitive functions, and academic

achievement.

In study 2 it was reported that a combination of previous FMS and
current FMS predicted the highest amount of variation in PA levels. However,
the intervention reported in study 3 found that there was an immediate
increase in FMS and PA. The results from study 2 would have suggested
that this increase in FMS would have had a delayed effect on PA level. In
study 2 only a one year follow up was conducted which identified prediction
of the variation in PA one year later from when the FMS had been recorded.
Due to only one follow up data collection conducted it is not possible to
quantify the exact delay in which PA will become a consequence of FMS
mastery. The intervention did conduct a six week follow up which still showed
a significant increase in PA, although this was lower than when assessed

immediately post intervention. Study 2 and 3 cannot be compared in regards
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to the association between FMS and PA. The children in study 2 had not had
any form of specialist FMS programs and had just been subject to their
normal PE lessons. Whereas in study 3, the children had been through a six
week FMS program as a result of which more children gained mastery of the
FMS, and children initially increased their PA. Primarily this provides more
evidence between FMS and PA levels. In the six week follow up PA levels
started to decrease and if this continued at the same rate in a further six
weeks PA levels would have reverted back to original levels. Further follow
up assessments are needed to understand the lasting effects of FMS
interventions on PA level. Furthermore, if these longer follow up
assessments were conducted from intervention studies and similar statistical
analysis could be completed as seen in study 2, then conclusions could be
made between the effect of FMS programs in association with current and
future PA levels. This would then give information on whether a gain in FMS
mastery through an intervention can be associated with PA levels or whether
children must have a natural ability to complete the skills which consequently

allows them to be more physically active.

Study 3 reports that the hop and gallop in girls and sprint speed in
boys was significantly important in the prediction of PA levels. This is unlike
Barnett et al., (2008) and Okely et al., (2001) who also predicted small
variation in PA but they do not report which skills significantly contribute to
the model and were therefore unable to conclude whether certain skills were
more important in PA participation. Therefore, elucidating the importance of
reporting individual skills as this would enable identification of which skills

may need more time spent in teaching of them. Some research has not
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reported individual FMS score but just given an overall score (Cliff et al.,
2007; Lopes et al., 2011; Vandrope et al., 2011). This proposes two
problems, firstly authors cannot identify individual skills which may need to
be focused upon, and secondly it does not allow any gender bias between
skills to be exposed. In contrast to these studies, Mitchell et al., (2011)
highlighted the weaker skills in the pre-tests that the children possessed and
concentrated on mastering them throughout an intervention. The results from
study 2 would support this as it identified that some skills (hop and gallop for
girls and sprint speed for boys) are better predictors of PA participation than
others, concluding that mastery in certain skills may be more important to
enable PA. It could then be argued that you need mastery of all FMS to give
children a wider option of what physical activities they may like to participate
in. If different skills were singled out for focus then gender differences in FMS
mastery would need to be controlled for. Study 1 reported gender bias for
certain skills and study 2 reports different skills being important for PA
participation. However, study 3 concludes that a broad intervention will
increase, to a similar amount, the percentage of boys and girls who reached
mastery of the six skills. In addition by keeping the intervention broad it
allows every child to improve on every skill, rather than the skills that the
majority of children need to improve on. Although gender socialisation will
most likely always occur, at least if children can master all FMS it will give
them the opportunity to partake in a wider range of activities and increase
their self-perception to increase motivation to stay in an activity (Southall et
al., 2004; Stein et al., 2006; Hands et al., 2010; Jones et al., 2010). This is

with hope that in future research the gender bias will be removed from
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literature when investigating FMS in boys and girls (Okely and Booth, 2004;

Jones et al., 2010; Vandaele et al., 2011).

In Study 1, the objective and subjective measurement of the run
showed a significant negative correlation, identifying that the better the
technique of the skill the faster the children would run. However, the
intervention in study 3, the number of children who had mastery or near
mastery of the run increased post intervention, whilst the sprint speed got
slower by 0.4%. This emphasizes the need to teach children the correct
technique of the skills at an early age so they do not have to be retaught the
skill and do not have to wait longer for it to become autonomous with the
objective measurement suffering as a consequence (Fitts and Posner, 1967).
Though, this was not the case for the jump and jump height as both
improved post intervention. The subjective technique that was taught for the
jump is the same technique to maximise the jump height. This was not the
case with regards to the sprint run. The subjective technique of the sprint run
that was taught was the technique of how to run fast when the child is at full
speed. The sprint run was assessed over a 10m distance, which would be
purely acceleration and thus not performing the correct technique of the
sprint run. Therefore, explaining why there was only an increase by 3.3%
increase in the number of children who gained mastery of the run post
intervention and why there was not a consistent increase in the objective and

subjective measure of the sprint run.

When children participate in sport or PA they will continue to do so
according to their enjoyment, which often comes from success from

increased skill level to maintain their motivation (Weiss, 2013). In the

226



children’s eye, the success will be down to the objective result of the skill; for
example if a child can throw further then they will be able to field successfully
in rounders. Although the correct technique of the throw would underpin the
distance of the throw, it is unlikely that children would understand this and
have the motivation to persist practicing the new technique of the skill until it
became autonomous and an improvement in the objective measurement was
observed. This therefore highlights the importance of PE teachers teaching
children the correct movement patterns from a young age to maximise PA

participation to maintain a healthy weight status.

From all three studies the importance of teaching FMS correctly from
an early age has been concluded. It has also been established that it is
possible to increase FMS mastery in children through an intervention. This
leads us to question which would be the most effective method to teach
children the FMS. Traditionally, it is thought that the learning of a motor skill
relies on working memory and once the skill has been repeated enough it will
become autonomous and removed from the working memory control
(Alloway and Gathercole, 2006). This is a form of explicit learning
(Fairbrother, 2010). The intervention in study 3 included explicit learning by
using a circuit based session which involved repeating the same movement
patterns. It is thought that working memory has a capacity and learning can
be inhibited by this capacity (Alloway and Gathercole, 2006). In conjunction
with the circuits that were used, children also learnt moves to ‘up to date’
popular songs. Unknown to the children they were actually learning some of
the FMS. Out of all eight FMS the four skills that improved the most

throughout the intervention were the skills that were taught via the method of
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song. This is a form of implicit learning, where children are not conscious that
they are learning a skill and therefore they are not using up the capacity of
their working memory. The reason why children improved more in the skills
that were learnt to songs could be a result of the intensity of that activity.
The circuits were timed and the children completed them at their own pace
and therefore would not have to push themselves to a higher intensity.
However, when completing the moves to the songs, the children would have
to keep up with the movement patterns to the music and have no choice but
to increase the intensity they were working at. When skills are completed at a
higher intensity the degrees of freedom are reduced and skills are developed
(Berthouze and Lingarella 2004). Therefore, the reason why the skills that
improved the most that were conducted to music could be down to the
intensity of it and not the rhythm. However, intensity measures were not
taken throughout the intervention and further research would need to test this

speculation.

In a holistic view of all the findings from this research and when
considered in the context of Stodden et al’'s (2008) model the results develop
and extend this model and offer further understanding of the underlying
mechanisms of this topic in a unique way. Stodden et al's (2008) model
explains that motor competence, PA level and weight status are a systematic
chain of events. However there is no consideration for a time delay between
these variables in the development of a child. Results from study 2 indicate
that a combination of prior FMS mastery and current FMS mastery contribute
to the prediction of the variance in PA. Therefore to develop the model an

extra arrow (highlighted in red) has been added to the model to identify and
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display an understanding that this is not solely a direct consequence (Figure

7.3).
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Figure 7.3 A development of Stodden et al’s (2008) conceptual model.

As stated the relationship between these variables are multi
mechanised and interactions between the variables do not systematically
flow as Stodden et al., (2008) originally proposed. The results from the
research throughout this thesis support the model but also help develop it
further in a unique way by taking time in to consideration. The time delay that
has been added to this model has been developed from the results reported
in study 2. Study 2 investigated a time delay of one year to understand the

relationship between previous and current FMS with PA levels. The fact that
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more variance in PA was predicted from a combination of prior and current
FMS mastery suggests there is some sort of time delay. However, there is no
evidence to suggest that it is exactly a year for this association to be
displayed. Study 2 only assessed one time point (one year later) and there is
no evidence to suggest that this time delay is neither longer nor shorter than
a year. Therefore, for the foreseeable future the addition of the arrow must
state a time delay that has not been quantified until future work can

determine this.
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7.1 Practical implications of the research

The results from the research in this thesis lead to some
future recommendations. Firstly, the results from study 1 highlight that there
are large numbers of children who do not have mastery of the eight FMS.
Thus, recommending that FMS needs more of a focus in primary schools. In
addition, Study 2 identified an association between mastery levels in FMS
and future PA participation. It is recommended that results such as these
should be used to influence primary school PE policy in the UK, to ensure
that programmes are in place not only to teach the FMS but to monitor the
progression of the children’s FMS development. Children are taught
England’s national curriculum for primary schools that comprises of 172
pages dedicated to English, Maths and Science which includes targets for
each year of the two key stages with information on what exactly needs to be
taught and how. In comparison to this P.E only have three pages with very
limited information (Department for Education, 2013). It states that FMS
needs to be mastered, but gives no information on targets for the mastery of
these skills. To become a primary school teacher you need to complete a
primary PGCE. Throughout this course it mainly focuses on the teaching of
the core subjects (English, Maths and Science) with significantly less time
spent on other subjects, including PE. An example from the University of Hull
who run a one year Primary PGCE, only spend two days of the whole
degree, on the teaching of PE, of which they are taught how to teach
activities such as gymnastics, games, dance, athletic activities, outdoor and

adventure activities (University of Hull, 2013). However, to have success in
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performing these gross motor skills and sporting activities children must have
mastery of the FMS first (Gallahue and Ozmun, 2002). If teachers are not
being directed, or given the knowledge, that it is these FMS that need to be
mastered first and how to do this, then it would explain the inconsistency in
mastery level throughout primary school that was highlighted throughout the
studies in this thesis. Teachers need to be trained to understand the
importance that FMS has on a child’s future PA level and how to teach

children to master these skills.

Study 3’s results suggests that by conducting broad
interventions at an early age and allowing both girls and boys to develop all
FMS it may help minimise children being socialised in to gender specific
activities (Blakemore and Renee, 2005). In addition to this it may be argued
that the skills performed to the songs are easier to master and that is why a
higher improvement was demonstrated. However, three of the four skills that
were performed to music are locomotor skills which previous research
identified as being the hardest to master (Westerndorp et al., 2011). This
finding from study 3 is novel and should be taken into consideration for the

teaching of FMS in the early stages of primary school

7.2 Strengths and limitations

A strength from the research in this thesis is that multiple schools
were used throughout all three experimental studies which increased the
applicability of the results to a broader population. Study 1 used BMI as a

measure of weight status, which as mentioned holds its own limitations

232



(Nevill et al., 2006). A particular strength of the research is that this limitation
of the use of BMI was taken into consideration in studies 2 and 3, resulting in
the use of BF% in conjunction with BMI. It was important to still include BMI
as it is the method to classify weight status that is recommended by the
International Obesity Task Force (IOTF).Furthermore, in the UK it is the
method by which government assesses weight status in children and is the
most widely used tool to determine weight status. Additionally, BMI is the
method most commonly used in other literature (Erwin and Castelli, 2008;
Okley et al., 2004; Graf et al., 2004; Southall et al., 2004; CIiff, et al., 2009;
D’Hondt et al., 2009) and its use makes this current research comparable
with such previous studies. In study 2 and 3 BMI and BF% were both used to
classify weight status and both methods produced very similar results.
Therefore, this increases the strength of the use of BMI in study 1 and the

literature.

Identifying habitual PA in children was the aim of studies 2 and 3, an
additional strength of this research is the appropriate method chosen to
assess this by the use of pedometers (Clemes and Biddle, 2013). Although
children can be unreliable in wearing pedometers for the required amount of
time this was limitation was minimised by the use of diaries to record, with
their parents, when they did not wear the pedometer. Only children with four
full days of data were included in the analysis and children who had values
<1000 steps or >40,000 steps per day were excluded from the analysis
(Rowe et al., 2004; Clemes and Biddle, 2013). By attempting to control for
the limitations of the pedometery methods elucidates strengths and reliability

of results throughout this research.
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An additional methodological limitation was some of the components
included in the POC. For example, when assessing the balance skill one of
the components is ‘non-support leg bent’. There is no specific angle
requirement for this and is down to the assessor’s digression. For most of the
skill components very specific guidelines were given, including joint angles in
the kick and run. To overcome this limitation, inter and intra reliability
measures were conducted to ensure consistency and reliability of the results.
Furthermore, out of the different process orient measures that are within
literature to assess FMS (discussed in section 2.1) the POC has additional
components and they are more specific. Therefore, this increased the

reliability of this chosen method.

The predominant limitation in study 1 was the cross sectional design.
The explanation of why different year groups displayed differing mastery
levels was speculative due to the cross sectional nature of the study. If
longitudinal data was collected then conclusions could have been made on
whether this was due to individual differences or the effect of having different
class teachers taking PE lessons. In study 1 age is categorised by using
Year group. By categorising the children into year groups it assumes that all
the children are the same age, when in fact there could be up to twelve
months between two children in the same year group. If exact age was used
then perhaps these difference in mastery levels between the age brackets of

using year group may have been eliminated.

In study 2 the main limitation was the design of this study by not
having a PA assessment at baseline. If PA data were available in the first

year of measurement (baseline) then analysis would have been able to
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identify how much FMS influences current and future PA and the cause and
effect relationship could have been concluded. Also, delta values for PA
could have been calculated and analysed highlight magnitude of change in

relation to the change in FMS levels.

Study 2 only conducted a follow up at one time point. Therefore, it can
only be concluded that variance in PA is associated with current FMS levels
and FMS levels from one year previous. However, if shorter and longer FMS
follow up assessments were conducted then more precise conclusions could
have been made about the delay in the association between FMS mastery

and PA level.

A key limitation in the intervention in study 3, was the use of the
control group from the same year group and school as the intervention
group. It was speculated that the reason for the increase in the percentage of
children classed as having mastery was due to the children in the
intervention group teaching the control group in the playground. If a control
group in a different school was used, the true effect of the intervention would

have been reported.

A major limitation from the intervention was not having the
measurement of intensity. A target for PE is that children spend 50% of their
lesson at MVPA (NICE, 2009). To achieve this teachers often use team
games to increase the intensity of the session (Fairclough, 2003; Warburton
and Woods, 1996). There are some arguments that children should have
lower intensity lessons that concentrate on the teaching of the FMS for long

term benefits. If both aims could be met in one PE lesson then the benefits to
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the children would be increased. Unfortunately this conclusion was not able
to be made as a measure of intensity was not collected during the

intervention.

After the intervention only one six week follow up was conducted. It
would have been useful to have further follow up measures conducted to
determine any lasting effects of the intervention or whether the changes seen
in the variables measured were due to a one off intervention effect.
Specifically, in the six week follow up that was conducted PA levels started to
decrease and if they continued to decrease at the same rate in another six
weeks they would have reverted back to their original levels. Therefore, if
further follow up measurements were made more accurate conclusions
about the effectiveness of the intervention could be made. If a year follow up
was conducted then the conclusion made from study two could have been
tested (a combination of previous and current FMS level if associated with

PA level).

Throughout the thesis eight FMS were measured subjectively. Only
two skills were measured objectively, the sprint run and the jump. The
reason why just these two skills were measured objectively is explained in
chapter 2.2. For the skills where the objective outcome could play an
important part in the success of PA and sport it may have been of benefit to
measure these (catch, throw, kick, balance). This would have been particular
interest in study 2, to determine if the subjective measure or the objective
measure predicted more variance in PA levels. It would also have been
interesting to see if changes in the two measures correlated. Study 1 reports

a significant correlation between the subjective and objective measures,
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however these are very weak and further work should determine which
method of measuring FMS is the most important. Although, research has
identified that it is the technique of the skill that is associated with an
increased PA and a lower weight status (Okley et al., 2001; Okley et al.,
2004; Hamstra-Wright et al., 2006 McKenzie et al., 2002; Fisher et al., 2005;
Barnett et al., 2009; CIiff et al.,, 2009; D’'Hondt et al., 2009), therefore

justifying the main use of the subjective measure.

As stated above, only eight FMS were measured subjectively
throughout this research, yet there is a multitude of other FMS that could
have potentially been used to contribute to the predictive models. If other
FMS were found to be better predictors to PA then this would be important
information not only to PE teachers and policy, but to influence future

interventions that aim to increase PA.

After three weeks of the intervention the children were progressed on
to allow them to perform the skills in different or competitive situation. All
children were progressed on together. The children were not reassessed to
identify if they had gained mastery in the skills to highlight if they should be
progressed on to the next stage. If children did not have mastery and were
progressed to early then it could hinder their learning. The assessment of
FMS is a timely process and would not be realistic for teachers to carry out
regularly. If this were possible and only children who had gained mastery of
the skills progressed on to the next stage, this could have hindered the
children’s physical self-perception which is important to maintain motivation

to keep participation (Stodden et al., 2008).
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8.0 Future research

Results presented in this thesis have highlighted some novel findings
regarding FMS, PA and weight status in children. Results have indicated that
the increasing high rates of obesity that are seen in the UK could be reduced
via mastery of FMS to aid PA participation level. This thesis has identified
that by replacing one of two statutory PE lessons with a focus on the
development of FMS it can have positive benefits on FMS mastery, PA,
weight status and physical self-perception. However, a dose response is
unknown to this and future research should trial different variations of the
FITT (Frequency, Intensity, Time, and Type) principles, particularly intensity,
to identify the most effective method to teach the FMS to maximise the

positive long term benefits.

In addition to trialling the FITT principles, future work should focus on
different methods of teaching or developing FMS. Results in study 3 indicate
that FMS taught via an implicit learning style could potentially be more
effective. This conclusion needs to be researched further to validate this
finding. The most appropriate method to assess this would be to conduct
multiple interventions throughout multiple schools with the use of control
schools. Interventions should include an implicit and explicit learning group to
identify if one method will significantly improve FMS more than the other. PA,
weight status and physical self-perception should be assessed to identify if
either technique shows stronger positive relationship with these variables. If
one method were to be highlighted as more beneficial than this should be

taken in to account by PE policy and implemented into the curriculum.
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Furthermore, research needs to be conducted to identify target ages
that particular FMS needs to be mastered by to gain the health enhancing
PA. Initially this could be done by recording baseline measure of FMS and
PA at different ages and then identify the children who meet the
recommended guidelines of PA, assess their mastery and identify if this
mastery is higher than those children who do not meet the recommended
guidelines for PA. Once these targets at different ages have been
established they could be worked in to the curriculum for PE and assessment
tools should be provided. This will allow teachers to identify children who
may need extra assistance with mastering the FMS and ensure that all
children are getting the coaching they need to maximise their opportunity to

partake in PA.

Study 2 identified that some FMS are associated with PA levels more
than other FMS; however this finding needs further research to test this in
detail. An option for how to do this would be to conduct multiple interventions
that only focussed on increasing mastery in certain skills with the
assessment on PA level in the children. It could then be identified whether an
increase of mastery in a particular skill would significantly increase PA levels
more than mastery of other skills. Findings from this study would be
extremely important for primary school teachers as there is limited time for
PE and if research could identify the importance of specific skills then PE

lessons could be optimised.

From the proposed future research, resource packs could be
produced for multiple use; PGCE training degrees and current primary

school teachers to ensure that all teachers are trained to understand the
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importance of children mastering the FMS and to be able to teach and
analyse FMS mastery in children. Resource packs would include information
on the optimal methods to teach FMS, assessment and analysis tools,
guidelines for mastery levels for each age/Year group and example lessons.
If this resource pack could be produced then children would be in a much
better position to learn the FMS needed to maximise PA participation and
maintain a healthy weight status. However, the link between FMS, PA and

weight status still needs to be developed further before this can be done.
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9.0 Conclusions

Mastery of FMS is not obtained by a large proportion of children by
the age that other research has suggested. A combination of mastery of prior
and current FMS is associated with current PA levels. The results from this
thesis have established that it is possible to increase FMS mastery level via
changing the content of one PE lesson a week, which has immediate positive

effects on habitual PA, weight status and physical self-perception.

Results from this thesis should be used to influence PE curriculum
and policy in the UK, to give teachers further training and guidance on how
important FMS mastery is, including the potential beneficial effects on PA

and weight status.
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Appendix I: Invite letter to schools for the intervention.
Dear (School name)

We would like to invite your school to take part in a research project run by Coventry
University. The project will involve a physical activity intervention with the aim to increase
children’s Fundamental Movement Skill (FMS) Levels. For the past two years | have
assessed the FMS levels in children at Coundon Primary school and found that children’s
FMS levels are far below what they should be and physical activity guidelines are not being
met!!

For our research projects we work closely with the Ken Adamson Education and Learning
Consultant for PE at Coventry Education Service. He has recommended your school to
participate in the research project.

We would welcome the opportunity to discuss the project with you further and the
benefits of taking part in the project for your school.

We can be contacted at the following address:

Miss Lizi Bryant e-mail: bryante2 @uni.coventry.ac.uk

Dr Samantha Birch e-mail: samantha.birch@coventry.ac.uk

We look forward to hearing from you with the possibility of working with you in the near
future.

Yours Faithfully

Lizi Bryant
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Appendix Il: Sample informed consent.
Dear Parent/Guardian,

For the past three years the Department of Biomolecular and Sport Science at Coventry
University in partnership with Coventry Education Service have been conducting a research
study assessing factors affecting physical activity in primary and secondary school children
in Coventry. Both Coundon Primary School and Coundon Court Secondary School have
again kindly agreed to be involved in this on-going research therefore, we would like to ask
permission for your child to participate once again. The majority of children at Coundon
Primary will have already participated previously in this work.

The children involved in the study would be asked to complete 8 Fundamental Movement
Skills (FMS) during their PE lessons. These skills include: Static balance, sprint run, vertical
jump, kick, hop, catch, overhand throw and a side gallop. All of these are the under pinning
skills in sporting activities. These FMS are no more strenuous than what is usually carried
out as part of a normal Physical Education lesson. Physical activity levels will also be
measured at home and school using a 4 day pedometer step count. Other measurements
such as height, weight, body composition and heart rate will also be assessed in their PE
lesson. All these measurements were carried out in January 2013 and we are writing to you
again for permission to repeat the same tests in January 2014.

All the procedures used are safe, will be conducted by trained personnel and do not require
you/your child to do anything extra in your day to day routine. The data will be anonymous,
treated in confidence and solely used for the purposes of the research study. Participation in
the study is entirely voluntary and you/your child have the right to withdraw from the study
at any time. Participation in this project will help our scientific understanding of the
influences that contribute to the mastery of FMS. We hope you will be interested in allowing
your child to participate in this project once more and should you have any queries please do
not hesitate to get in touch.

Yours Sincerely

Elizabeth S Bryant

Principle investigator

PhD Student, Coventry University
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| give permission for my son/daughter (insert name)

Class to participate in the above mentioned study. | understand that

the data will remain anonymous and will only be used for the purposes described
above, that | have the right to withdraw at any time and that participation is entirely

voluntary.

Signed: (Parent/Guardian) (Date)

Other information you may find useful

What the study involves

The children involved in the study would be asked to complete 8 Fundamental Movement
Skills (FMS). These skills include: Static balance, sprint run, vertical jump, kick, hop, catch,
overhand throw and a side gallop. The skills will be filmed with a video camera for analysis,
and will be destroyed at the end of the project. All of these are the under pinning skills in
sporting activities. Physical activity will be measured using a 4 day pedometer step count
reading. Other measurements will be height, weight, heart rate and body composition.

Withdrawal

If at any time during the testing your child would like to withdraw (or you would like to
withdraw them), you are free to do so without any recourse.

What are the benefits?

It cannot be guaranteed that the study will benefit you/your child directly but the information
will increase our knowledge on how mastery of FMS is influenced by different factors.
Recent research has suggested that there is an association between mastery of FMS and
participation in physical activity. Therefore a greater understanding of this relationship could
give schools the knowledge on how to maximise this and increase physical activity and
reduce disease risk in the future.

What are the risks?

The risks that your child may encounter during the testing are minimal and no more than
encountered during their day to day physical activities.
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What happens to the information?

Procedures for handling, processing, storage and destruction of their data match the
Caldicott principles and the Data Protection Act 1998. All data gathered will be anonymous
and treated in strictest confidence. It will only be used for the purposes described above and
only the principal researcher will have access to the data.

Who has reviewed this study?

This study has been reviewed and approved by the Ethics Committee at Coventry University
and the procedures in place in the study adhere to the Code of Conduct of the British
Association of Sport and Exercise Sciences

What if | have more questions?

If you have any further questions please get in touch with the principal researcher for the
study, Elizabeth Bryant, Telephone:07814186168 or e-mail bryante2@coventry.ac.uk

Or Dr Samantha Birch or Dr Michael Duncan (The project Supervisor) at Department of
Biomolecular and Sports Sciences, James Starely Building, Coventry, CV1 5FB, Telephone:
02476 888559/ 02475 888613 or e-mail: s.birch@coventry.ac.uk/
michael.duncan@coventry.ac.uk

Further relevant information can also be gained from the British Association of Sport and
Exercise Sciences on their website www.bases.org.uk should you feel that your child’s
participation in the study has raised any issues.

AN

COVENTRY PE &
SCHOOL SPORT

Supported by
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Appendix Ill: Process Orient Checklist

Skill Description Components
Year{z) tested
Static Stand and bakancs i Support kg still, foot fist on ground
balance on ooe leg 2 Hon support bsg bent, not touching support leg
3 3 Head stable eyes focussad foreard
4 Trunk stable and uprighi
5 N eEcessive 3rm movamants
Sprint run Rum az fast as possible 1 Land on ball of foot
3 betwesn two points 2 Non-zupport foot bent at least 90° in recovery
0 metres apart 3 High kn=a lifi, thigh paralisl to ground
4 Head and trunk stable eyes forward
5 Elbowes bent at 90°
&  Amms drive forward and back, oppasite kegs
Yartical Jump up vertically as high 1 Eyes focussed forward or upward throughout
jump a3 possible from knees- 2 Crowch with knses bent. Arms behind the body
Jand 4 bent standing position 3 Forceful forward and upward swing of arms
4 Legs siraighten in zir
5 Land on balls of feet. Bend knees io absorb land
& Controllsd landing with < = 1 step any dirsction
Kick Ruri up to and kick 3 1 Eyes focuszad on the ball throwghout
Jand 4 20cm playgrowund keall 25 2 Forward and sidewsays swing of apposite arm
far az possible with top 3 Non kicking foot placed beszide ball
of foot 4 Berd knee of kick leg 90'+ during backswing
5 Contact ball with top of foot
& Kick leg follows through high towards target ares
Hop Hop between two points 1 Gupport beg bant Eanding then straight to push up
Jand 4 15 metres apart 2 Push off and land on ball of foot
3 Nonsupport leg bent and swings with other lag
4 Head stable and eyes focussed forward
5 Armz bent and swing forward 25 support leg pushes off
Catch Catch a soft ball thrown i Eyes focuszad on the object throwghout
Jand 4 uniderarm from 2-5 metres 2 Feet move to place body in line with objact
distance to 2 meires high 3 Hands move to mest the object
4 Hands and fingers relzoed and slightly cupped
5 Cateh/eontral object with hands enly. Well timed clasure
@ Elbows beand to absark force of object
Owarhand Thiroe @ zoft ball owararm 1 Eyes focussad on target area throughout
throw as far as possible 2 Gtand side on to target
4 3 Thirowing arm in downward and backward anc
4 Step towards target area with foot opposite throwing arm
5 Hips then shoulders rotate forsards
i Thirow arm folows throwgh down and across body
Side Gallop sidewszys batween i Smooth rhythmical mowemant
gallop twia points 15 metres apart 2 Brigf pariod whers both fest are on the ground
4 3 ‘Weight on the balls of the feet
4 Hips and shoulders point to the front
5 Head stable, eyes focussad foreard or in direction of traval
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Appendix IV: Pedometer data collection sheet.
Pedometers!!

Day Step Counts and
information

other

Friday

Saturday

Sunday

Monday

Number: Pedometer
Number:

Instructions!

e Wake up and press the yellow button to reset to 0.

e Attach it to your clothes (trousers, skirt, leggings, shorts) on
the hip.

e Wear all day and put it on every change of clothes you wear
and for every activity you do.

e If you complete an activity that you are unable to wear the
pedometer. Write what activity you participated in and how
long for.

e Do NOT get it wet, Do NOT wear it swimming or in the
shower!!

e At the end of the day before bed, open the pedometer and
record the number in to the record table above.

e Repeat this process Friday, Saturday Sunday and Monday.

e On Tuesday please hand the pedometer and the record
sheet in to your teacher.
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Have fun using the pedometer and thank you for your help! ©
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Appendix V: The Perceived Physical Competence Subscale for
Children (PPCSC), (Harter, 1982).

Imitial

Physical Education Efficacy Scale

Modification to Harter's PPCSC

Circle one: Boy or Gird

Really Sart of Sort of Really
frus s trus =
for me for me for me for me
Some kids ofien Chther kids can
have difficulty but perform
performing carwhesls
cartwheels eFsily

2.
Realhy Sort of Sort of Really
true true tru= rue=
far rmie far me fair rne far e
Some kids often Other kids can
have difficulty but perform
performing aymnastics
gymnastics. aasily.

3.

Really Saort of Sort of Realhy
true true trus rus=
far rne far me fair rne far e

Some kids ofien Cher kids can

hawe difficulty but dothe mile nun

doing the mile aasily.

nun.
4.
Realhy Sort of Sort of Really
true s trus =
for me for me for me for me

Some kids ofien Chther kids can

hawve difficulty but do pull-ups

daoing easily.

pull-ups.
A.
Realhy Saort of Sort of Really
true s trus =
far rne far me fair rne far e

Some kids ofien Chther kids can

hawe difficulty but dance

damcing. eFsily



i

Really Dot of Sort of Realhy
rue nus= trus trnu=
for me for me for me for me
Some kids often Cther kids can
hawe difficulty but perfom
performing sit-ups
sit-ups. aasihy.
T.
Really Dot of Sort of Realhy
rue pi g trus tru=
for me for me for me for me
Some kids often Cther kids can
have difficulty but shoot a
shooting a baskethall
basketiall. easihy.
8.
Really Sort of Sort of Realhy
rue true trus tru=
for me for me for me for me
Some kids often Cther kids can
have difficulty but shoot baskets
shooting from the
baskets from the free—throw lime
free-thirow lins. easihy.
a.
Really Sort of Sort of Realhy
rue true trus tru=
for me for me for me for me
Some kids often Cther kids can
hawe difficulty but fioot dribble
foot dribbling a soocer ball
a soccer ball. easily.
10.
Really Sort of Sort of Realhy
e rus trus trus
far rne far e far rne far rmie
Some kids often Cther kids can
hawe difficulty but play tag games
playing tag easily.
games.

280



Appendix VI: Pictures from the six week intervention weeks 3-6 circuits
(Chapter 6).

Station 1: Hopping

Hopping over agility hurdles at the lowest height
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Station 2: Kicking

Kicking a ball at the yellow stars on the wall.
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Station 3: Throwing

Throwing at the coloured hands on the wall.
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Station 4: Jumping

Jumping on the trampet.
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Station 5: Balance

Walking along a bench to improve balance.
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