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Abstract

There is limited research exploring how children learn to cycle. [&&ming process to
independent cycling generally occurs on an adapted bike (eg. two additional wheels, no
pedals). Balance bikes have recently gained attention as a more appropriate method to learn
to cycle. Currently, there is no evidence to support thigument and moreover, limited
exploration into the learning process to independent cycling. Four studies in total were
performed with children between -B years of age. Study 1 consisted of afwek
intervention whereby the intervention group were givealance bikes to free play on. Study

1 aimed to explore ability on a balance bike (BB) as a measure of the learning process to
independent cycling and explore the relationships between ability on a BB, actual motor
competence (AMC) and perceived motor quetence (PMC). Furthermore, study 1 also
investigated whether ability on a BB, AMC or PMC predicted how much a child would engage
2y GKS olflyOS 0A1S® 5dzNAy3I &aiddzRé m | O Of
ability to cycle independently (AGin a traditional bike. Study 2 and study 4 were reliability
studies used to assess the reliability of this scale and usability for practitioners. Study 3
consisted of 10 cycling classes over 5 weeks and was designed in order to teach preschool
children hdependent cycling on either balance bikes or bikes with stabilisers. ABB, AC, PC and
ACI were assessed along with balance measured using inertial sensors placed on the frame of
the balance bike. ACI was measured at 5 timepoints (pre, week 2, mid, wexlst},to

investigate how children progress along the cycling scale. This novel research has addressed

key questions on how children learn to cycle and started the journey to greater understanding.

viii



Chapter 1- Introduction to the Thesis

Learning tacycle independentlis a milestone for most children. The beginning of this learning
process generally begins between 3 and 5 years of age through practiceamstained
version of a traditional bike (i.ebalance bike bike with stabilisers Learning tocycle
independerly is an acquired skill, that is not easily attaingdbstrom, Klein, & Lennartsson,
2005) Cyclingsafun and a populapastimeandfurthermore,it opens upmore opportunities

for a healthy lifestyle through physical activity and transportatidine World Health
Organisatiorrecommendshat children receive 60 minutes of moderate to vigorous physical
activity a day(WHQ, 2010) which ontributes to the primary and secondary prevention of
several chronic disease@Varburton & Bredin, 2017)While there is ample evidence
supporting the importance of physical activity, more than 80% & thg 2 NX RQa | R2
population are not meeting the recommended guidelin@&HQO, 2017) Active travel
(including cyclindor transportation) can be an easy way for children to incorporate physical

activity into their daily routine.

Childhood is a critical period as many physiological and psychological changes take place
(Ortega, Ruiz, Castillo, & Sjostrom, 2008)ndamental movement skills (FMS) are generally
developed in early childhoofLubans, Morgan, Cliff, Barnett, & Okely, 20H3) they are not
naturally developed they must be learned through praciiGallahue, Ozmun, & Goodway,
2006) Having a broader experience of these fundamental movements provides a wealth of
information with which children base their perceptions of themselves and the world around
them (Gallahue et al., 2006hildren have the developmental potential to progress to the

mature stage of mosEMSby the age ofsix (Gallahue et al., 2006)As children progress

1



through this phase they are able to apply their combiké@dSto produce specialised skills in
sports and recreational activities like cyclif@ark, 2005)Therefore, the mastering of FMS
during ealy childhood is thought to be essential for successful participation in sports and
physical activitiegStodden, Langendorfer, & Roberton, 200Bifestyle behaviours that are
established during cldhood and adolescar® subsequently influence adult behaviours.
Cycling is a good example of this, as being able to cycle as a child opens up opportunities to
become more confident on a bike whichay subsequently lead to confidence to cydte

transportation later in life.

Hulteen and colleagues proposed an amendment to the current FMS structure and content
within motor development modeléClark & Metcalfe, 198%5allahue et al., 200Q@&o include

the addition of more skills that lead to lifelong physical actijitylteen, Morgan, Barnett
Stodden, & Lubans, 2018)he addition of these new skills alongside traditional FMS was given
0KS KSIRAY3I WC2dzyRIGA2y It a2@SYSyid {1AffaqQ«
seems to be an essential primary step in developing more apjat@pinterventions and
recommendations for policy make(blulteen, Morgan, et al., 2018The addition of several
skills to the motor development modelas proposedincludingcycling, in order to encourage

the uptakeof more skills during this crucial winda developmentHulteen, Morgan, et al.,
2018) It is necessary to highlight cycling as an important skill wittumdationalmovement

skills as along with its ample health benefitd, can promote continued physical activity

participation across the lifespan.

In order to promote cycling in early childhood, emphasis must be placed on the development
of the skill and its role alongside other accepted importBMSskills like locomotor, object

control and stability. Assessment tds are important drivers of focus within motor
2



development researchCurrently, interventions that look to improve motor competence in
early childhood are examined through a change in both subcomponents of FMS, and overall
FMS as a composite scofaltunstz, 2015; Bardid et al., 201®)nderstanding the role of
cycling within the motor development model, and subsequently determining the placement
of cycling within the model, would allow rese&ers to include cycling in their assessments of
motor competence. This, in turn, may steer researchers and policy makers to place

importance on the development of cycling within early childhood

With the addition of cycling to the motor development mogels also important to examine

the relationships that exist betweeaycling andactual and perceived motor competence.
Stodden and colleagues (2008) developed a model to demonstrate the interactions between
actual motor competence, perceived motor compete, health related physical fithess and
physical activity over time. As a result, these relationships have been examined in early
childhood(Lopes, Barnett, & Rodrigues, 2016; Robm<011) but have never been looked

at in relation to ability on a balance bike. Behavioural engagement is considered crucial for
achieving positive performance outcomes as it draws on the idea of participation and includes
involvement in extracurridar activities (Fredricks, Blumenfeld, & Paris, 200#€revious
research in behavioural engagement in motor skill contexts has defined motor skill
engagement (MSE) as the amount of praciicacy & Martin, 1994)it has been previougl
hypothesised thatncreasedperceived motor competence woulabsitivelyinfluence MSE in

an activity (Eccles & Harold, 1991; Eccles & Wigfield, 206@wever, to the authd®
knowledge, there hs been no research into the relationship between either actual or

perceived motor competencand MSE of a novel skill in early childhood.



Balance bikes have recently gained attention as a potentially more appropriate pretorrsor
independent cyclinghan bikes with stabilisersas a number omanufacturers claim that the
skills learm on a balance bike are directly transferable to riding a traditional fikalfords’
2019;"LIKEaBIKE2019T & { ,{i2020 R Sttebigbikes; 2019). Howevet no studies have
been undertaken to evaluate the accuracytbése statemens. Understanding how a child
learns to cyclavould perhapdirst statt with how a child learns on a balance bike ahdw
theythen progress onto cycling on a traditional bike with pedals. There is no research to date
examining the developmeat paths that children take during the development of
independent cycling. In ordeo understandthese developmenal paths, there must be a
measurement tool designed to assess the developrakptocess to independent cycling.
Such a measurement tool would enhance understanding of competence in the development
of cycling in the preschogkars, thereby facilitating the promotion of cycling as a lifelong skill
along with the FMS Specifically, itwould allow teachers and practitioners to assess
competence in cycling andhoreover, track changes in skill developmdntaddition having

a measurement todo assessability to cycle independently would allow investigation into the
possible transfepof skills (e.g. speedlynamicbalance) from balance bikes to independently

cycling on a traditional bike.

Thereforein summarythe overall aims of the current thesis are to understand how ability on
a balancebike fits within current motor development models and its relationships to
commonly researched variables within the area. Furthermtwedevelop a scale to assess
independent cyling andto use this scale to investigate how a child progresses through the

learning and developmeat process to independent cyctin



Primary Objectives:

1. To explore balance bikes as a commonly used tool for learning ®ingelpendently
and how abiliy on a balance bike fits within the motor development model as a
foundational movement skill alongside traditional fundamental movement skills
(Chapter X Study3).

2. To investigate how engagement on a balance bds measured through amount of

practice,relates to improvement bability on a balance bike (Chapterc4study 1).

3. To investigate the relationships between actual motor competence, perceived motor
competence and ability on a balance bike and whether these factors influence

engagement on a balardike (Chapter 4 Study 1).

4. To explore the developmeat paths to independent cycling and develop a tool to

assess the learning process to independent cycling (Chagt&tady 1, 23&4).

5. To investigatehe effectiveness of a-@eek cycling interventio on ability to cycle

independently on both balance bikes and bikes with stabili@@rapter & Study3).

6. To investigatevhether dynamic balance on a balance bike progresses following a 5

week cycling interventiofChapter & Study 2).



Chapter 2 z Review of Literature

2.1 Introduction

¢KS FTANRG 0A0e0tS 41 a AYyOBSYiSR Ay (GKS mynnQ

popular physical activities for adults and children a{iHalteen et al., 2017) earning to cycle
independently is a milestone for most children andithgarents. Once independent cycling is
achieved, this skill can be enjoyed throughout life for various purposes including
transportation, sport and leisure. Moreover, cycling offers many health ben@its et al.,
2011) However, while cycling imidoubtedlyan important lifelong skill, there is little research

exploring how the acquisition of this skill occurs.

2.1.1 Structure of the Literature Review

The presented review of literature gas with exploration into the learning process to
independentcycling(section2.2.1). Children generally learn to cycle independently in the
preschool years from-8 years of age. Consequently, motor developmentimythis time,
namely the fundamental movement phase, is thiiacussedsection2.3). Motor competence
isability at motor skillswith fundamental movement skills oftdmeingused to measure actual

and perceived rator competence. Therefore, assessments of actual and perceived motor
competence and the current literature that has explored the relationships between the two
are discussed. More recently it has been highlighted that research has focused on
fundamental m@ement skills without consideration for other skills that may contribute to
lifelong physical activity. Lifelong skills, including cycling were highlighted as important skills

to be considered in researchlulteen, Barnett, et al., 2018pubgquently, the limited theory



surrounding lifelong skills and engagement in skills is briefly rede{section 2.3.4).
Following on, the possibility of the occurrence of transfer of skills like speddlynamic
balance, from these constrained bikes and/or fundamental movement skills are explored
(section2.4). The benefits of cycling are thehscussedsection2.5). In order to investigat
the learning process to independent cycling, assessments of cycling, interventions to improve
cycling skills and interventions in the preschool years must be understood. Therefore, the

presented review of literature concludes with a review of thesgics (section2.6 & 2.7).

2.2 Introduction to Cycling

Cycling independently for the first time is a milestone for most children and their
parents/guardians. During early ddhood, cycling is one of the most commonly reported
active recreational pastime@®unst, Hamby, & Snyder, 2009; Nielsen, Pfister, & Andersen,
2011)and throughout life is one of the ast commonly reported physical activities globally
(Hulteen et al., 2017)Independent cycling can be defined as cycling a traditional bike (two
wheels and two pedals), without assistance of a person holding on to support the cyclist or
additional wheels. Independent cycling, alike mogitor skills, does not come naturally and
practice and experience are required for behavioural changes to ¢elaywood & Getchell,
2005) Practicing on a traditional bike cé® a daunting task, one that is likely to result in
multiple falls from the bike. As a result, most children go through the learning process to

independent cycling on a constrained version of a traditional bike.

2.2.1 The Learning Process to Independent C ycling

The learning process to independent cycling can be defined as the process a child goes through

when learning to cycle on a constrained version of a traditional bike before mastery or
7



independent cycling occurs. Traditionally the bike was constraiyextiding two extra wheels

to the back of the bikeallowing more support. This type of bike is commonly known as a bike
with training wheels or in Ireland and Europe known as a bike with stabilisers. More recently,
a constrained version of the traditiohbike with no pedals, allowing the child to use their feet
on the ground to propel themselves forward, has increased in popularity. Balance bikes,
running bike andstrider are common names given to this type of bike. Manufacturers claim
that balance biketeach children skills like balance which are directly transferable to cycling a
traditional biked & { (G NA 'S Nip[ L YHO19) Howeer, ¢heretisine empirical evidence

to support this claim. Similarly, there is no empirical evidence to suggest that bikes with

stabilisers teach children transferable skills to independent cycling.

The use of constraints in the learning process gkidl is not unprecedented and is in fact
O02YY2Yy3Z GAGK bSgSttQa Y2RSt 2F O2yaiuNrAyda
model to follow for acquisition of skil{®avids, Button, & Bennett, 2008; Haywood & Getchell,

2005; Newell, 198€) b SgStf Qa Y2RSt gl a FANRG LINRPLI2Z&AS]
all movements occur based on interactions between the individual, task and environment
(Haywood & Getchell, 2005; Newell, 1988Yhile all three constraints are in constant
interaction with one another, promotion ofkdl acquisition can occur throughfurther
manipulation of one or all three of these constrair{3avids et al., 2008)Iherefore,it is
possiblethat practicing on a balance bike or a bike with stabilisers allows mastery of parts of

the skill that can then be transferred to cycling independently. Howeaxgdence is needed

to back thisup and furthermore, exploration into which skills may be progressed and

subsequently used in cycling independently warrants exploration.



Cycling is a motor skill and therefore is a learned-go@ntated, voluntary movement of body
parts. Theprocess of motor development acknowledges itself mainly through changes in
movement behaviour over time. Acquisition of new motor skills is a vital part of life. From
fundamental skills like running, jumping and kicking to skills like cycling and swinweaing,
continue to learn and adapt to different motor skills that enable us to function optimally in
daily life. Successful acquirements of new motor skills are either learnt without prior learnt
behaviours (ay. walking) or are learnt as a transfer from ayously learnt skill (g. walking

to running). The formation of a new skill occurs through practice, engagement and experience
at askill (seesection 2.Jor discussion on motor development) that triggers mukigentral

nervous system processes that constitute learr(ikgntak & Winstein, 2012)

One proltlem that arises when learning a new skill is the degrees of freedom problem that was
first raised by the Russian psychologist Nikolai Berng&thmidt & Lee, 2005The problem

is that there are simply too many independent states that can move freely in various
directions, or in other words22 Yl y& RSIANBESE 2F FTNBSR2Y®P ¢K
control all these degrees of freedom at once when executing a new skill and so it instead
constrains as many degrees of freedas possiblevhile still allowing the skill or task to be
accomplishedThis is done in order to reduce the contribution of their independent variability.
When a person practices a skill and progresses from a beginner to a skilled performer, the
motor control system solves the degrees of freedom problem by realising andameising

the degrees of freedom. As degrees of freedom are released, the movement becomes
unstable which causes the motor control system to reorganise them in search for a more
stable movement{Kelso, 1995)The process from destabilised patterns to the emergence of

a different stable pattern is known as a setfanisation proces¢Kelso, 1995)This self

9



organisation process continues as the person practices and progresses, allowing more
complex communication networks between head, body and limb movement patterns,
resulting in higher levels of succgddagill, 2007)As the learner becomes an expert a new
movement will emerge that is more controlled and stable while still utilising more information

from the body due to the releasing of the degrees of freedom.

Independent cycling, alike other motor skills, is a skiittmost cannot perform without
practice. Cycling is also a skill that requires a certain amount of contralyarainic balance

in the movement pattern in order to independently cycle. Having a controlled and stable
movement pattern requires the degrees @feedom to first be gradually released and
reorganised into control statedKelso, 1995)As discussegreviously the learning process to
independent cycling generallyoccus on a constrained version of a traditional bike.
Constraining the bike reduces the complexity of the skills (i.e. no pedalling and/or balancing),
thus allowing the child to engage differently in the new tgstoviding more time for the
degrees of freedonto be released and reorganised into reew controlled and stable

movement pattern.

An interesting characteristic of learning motor skills is that human behaviour appears to go
through distinct stages when acquiring a skihile there are multiple modeland theories

GKFG OFly 06S RA&AOdzZaASR gA0GK NBtIFGA2y G2 €SN
Gg2 aidl 3S Y2RSt I { @&seA905 Magil, RO0K Schidt & Lie& Z)DER

the current thesis has chosen to focus on the commonly used dynamical systems theory and
CAGdG&a | yR t 23y SN&® dothiafe Ndesant andonthGally YeteRes! ftoby
researchers when eabcribing what changes within the motor control system when

transitioning from beginner to skilled performé elso, 1995; Magill, 20Q7he first stagen
10



CAGG&A YR t 2ay S Nkaerrdil o NSt caghitivedstage Biadarsiig. During
this stage performance igypicallymarked by a large number of large errors (Magill, 2007).
There is also a distinct lack of consistency from one attempt to the next due to the
restructuring of the degrees of freedom. After an unspecified amount of practice and
subsequent improvement iperformance transition into the associative stage of learning
ocaurs. It is the cognitive activity that changes at this stg®ghmidt & Wrisberg, 2008y the
person has learned to associate specific environmental cues with the movements required to
achieve the goal of the skilh an efficient mannefMagill, 2007). During this phasg¢hat is

often aptly referred to as the refining stage, performance becomes more consistent but still
improvement is warranted. After much practice, the third and final stage known as the
autonomous stage is reached. At this point, which in certain skdisy will never reach, the

skill becomes almost automatic or habitual (Magill, 2007). If this stage is reached, the person
is referred to as a skilled performer. These skilled performers can detect their own errors and
make the appropriate adjustments t@wect them (Schmidt & Wrisberg, 2008yhat is an
AYLRZNIGFYG FFEOG2NI 2F CAGOa FYR t2aySNRa Y2R

without practice, transition between stages would raxtcur (sed=igure 21).

I Cognitive stage Associative stage Autonomous stage I

Practice time

>

Figure 21. Fitts and Posner's model (Magill, 2007)
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Generally during the early stages of practice of a new skill there is a large amount of
improvement relatively quickly. As practice continues, the amount of improvement decreases
(Magill, 2007). This is known as the power law of pradi®reoddy, 1926)The difference in

rate of improvement can be partly attributed to the amount of improvement available at a
given stage in the skill acquisition process. The errors made by the learner at tin@ibggi

can be large and often easy to correct after some practice. The errors made in the later stages

of practice are much smaller and refined (Magill, 2007).

2.3 Motor Development in the Preschool Years

In order to explore the acquisition of cycling iarly childhood, it is necessary to discuss the
current motor development research during this time. Motor development is the study of
motor behaviour over time and is often represented in phases of motor develop(@atk

& Whitall, 1898) The process of motor development can be viewed as phiaseind stage

like as all humans from infants to adults are involved in the lifejmmogess of learning how

to move in response to constantly changing environments (Gallahue & Ozmun, ERQ6e

2.2 describeghe phases of motor devepment across the lifespan. The preschool years are
between the ages of 2 and 5 years. As sedugre. 2.2 these years fall into the fundamental
movement phase of motor development. More recently, Hulteen and colleagues (2018)
proposed an amendment tthe motor development model which included the addition of
lifelong skills within the FMS phase of developméthtlteen, Morgan, et al., 2018l).ifelong

skills will be discussddrther in section2.3.4
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Figure 22. Motor Development across the lifespan (Gallahue & Ozmun, 2

2.3.1 Fundamental Movement Phase

The fundamental movement phase of motor development occurs as children are actively
exploring and experimenting with howheir bodies move and the potential for new
movement (Haywood & Getchell, 2005). During this time stabilising, locomotor and
manipulative movements are explored, first in isolatiand then eventually in combination
with one another. Stability movementsrea any movements that involve gaining and
maintaining equilibrium in relation to gravity. Locomotor movements involve changing
location of the body relative to a fixed point on the surfaadile manipulative movements

are movements that use both fine argtoss motor skills to manipulate objects. Stability,
locomotor, and manipulative movements are known as fundamental movement skills (FMS)
as they are the most basic observable patterns of movement and motor behaviour and are
the building blocks for movemeiiGallahue & Ozmun, 2006). FMS are generally developed in
early childhoodLubans et al., 2010bheyare not naturally developed and so must be learned
through practice (Gallahue & OzmuB006). Having a broader experience of these FMS
provides a wealth of information on which children base their perceptions of themselves and
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the world around them. FMS are often used to describe motor competence, however motor
competence can be describeding various terminology such as motor proficiency, motor
ability, motor performance and motor coordinatiofRobinson et al.,, 2015)Motor
O2YLISGSyO0S OlFy 06S RSTFAYSR a | LISNaR2YyQa Y
performance outcomavhen undertaking different motor skil[&kobinson et al., 2015)

There are three stages within the fundamental movement phase: initial stage, elementary
a0F3AS FYR YIFOdzNE adlF3aSe ¢KS AYAGALl trmiagia- 3S N
fundamental skill. Correct performance of skills will be missing or have improperly sequenced
parts. Movement is generally restricted due to freezing of degrees of freedom (Kelso, 1995)
or exaggerated due to poor rhythmical flow and coordinatioal@ue & Ozmun, 2006). The
elementary stage involves greater rhythmical coordination leading to greater control
(Gallahue & Ozmun, 2006). Although this stage has greater coordination, movement is still
restricted or exaggerated. Advancement to this staggenerally seen through maturation

and is observed in the typical8Byear old (Gallahue & Ozmun, 2006). The mature stage is
characterised by mechanically efficient, coordinated and controlled performances (Gallahue
& Ozmun, 2006). Children have the dymental potential to progress to the mature stage

of most FMS by the age of 6 (Gallahue & Ozmun, 2006). Progression onto a mature form of
FMS proficiency depends on opportunities for practice, encouragement, feedback and
instruction in an environment thacontributes to learning(Lubans et al., 2010)The
development of motor competence (including FMS) is affected by positive and negative
influences within the task, individual and enviroent (Gallahue & Ozmun, 2006; Haywood &
Getchell, 2005)As children progress through this phase, they can apply their combined FMS

to produce specialised skills in sports and recreational activities. BMScrucial to
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participation in physical activities as they represent the essential behavioural competenci
for participation (Okely, Booth, & Chey, 2004Therebre, the mastering of FMS and
subsequent development of motor competence during early childhood is essential for
successful participation in sports and physical activifgtedden, Langendorfer, & Roberton,
2009) as early experiences with movement skdle crucial for the development of more

advanced, sport specific skills later in ([@ark, 2005)

Developing FMS during early childhood has b&fsmwnto lead to an increase in participation

in physical activity in early childho@Bigueroa & An, 2017in adolescencé.loyd, Saunders,
Bremer, & Tremblay, 20)4nd a 1759% likelihood of participation throughout lifeloyd et

al., 2014 Logan, Kipling Webster, Getchell, Pfeiffer, & Robinson,)20tBhout competence

in AMIS children are less likely to access the abundance of physical activity options available to
them to lay the foundations for an active lifestyleubans et al., 2010;Stodden et al., 2008)

On the other hand, children who develop a high level of proficiency in FMS in early childhood
and continue to become skilful into middle childhood and adolescence will subsequently have
more opportunities to partipate and be successful in activities that require fundamental
movement skills as adul{&todden et al., 2009Children that have a higher competency in
movement skills move more efficiently (Kelso, 1995), therefore requiring less energy
expenditure. This alone may contute to more physical activity and subsequently a healthy
body weight.FMS uses high levels of muscular and cardiorespiratory fitness to persist in the
activities. These performance criteria are foundational aspects of health related fithess
(Stodden et al., 2008Alow competence in FMS has been positively correlated with low levels
of cardiorespiratory fithes¢Barnett, Van Beurden, Morgan, Brools,Beard, 2008Haga,

2008 Hardy et al., 2012 ubans, Morgan, Cliff, Barnett, & Okely, 2Q0Z0high BM(Logan,
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ScrabigFletcher, Modlesky, & Getchell, 2010; Lubans et al., 20k8ly, Booth, & Chey, 2004)

and a high skinfold thickneg¢Barsons, Power, Logaf Summerbell, 1999As shown, there

has been an interest in researching the benefits of having a high proficiency at FMS. However,
other skills like cycling have been largely neglected and so at present there is limitedrwork
the possible benefitof learning to cycle during childhood and how these benefits may

correlate and predict higher levels of physical activity and subsequently a healthier life.

When children are more physically active and spend more time in moderate to vigorous
physical actiity they increase their motor competengfisher et al.2005; Saakslahti et al.,
1999; Williams et al., 2008Having a greater motor competency in the early years means
children are more likely to remain physically active throughout their lifet{ideyd et al.,
20140 ¢ KA& Yl & 0S8 SELX I ATAROA0RY OBK 5 | INSNIW2SINE S (i1
towards the end of the FMS phase of motor development. The proficiency barrier was first
proposed by Seefeldt (1979) in his motor development md8elefeldt, Nadeau, Halliwell,
Newell, & Roberts, 19807 he proficiency barrier theory originated from the idea that children
generally have inaccurate and inflated levels of perceivedomobmpetence in the early
years that becomes increasingly more accurate as they transition out of the FMS phase of
motor development and into middle childhodtlarter, 1999)If a child has a high level of FMS
when reaching the proficiency barrier theye more likely to break through the barrier and
apply these skills to sport specific skills, leading to a positive trajectory towards lifelong
participation in physical activityDe Meesteret al., 2018a) In contrast, if a child has not
mastered FMS by this time then they are less likely to want to engage in physical activity. De
Meester and colleagues found that almost 90% of children in their study (n=326) whose actual

motor competencewas below average did not meet the recommended physical activity
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guidelines of 60mins a dape Meester et al., 2018a; World Health Organization., 2004)
Therefore, the early preschool years are vital to the development of motor competence and

a subsequent physically active lifestyle.

2.3.2 Assessments of Motor Competence for Preschool Children

A wide variety of assessment tools are available to assess actual motor competencenlevels
children;however,a limited number exist for early childhood-£3years). Those tools that do
allow for assessment in early childibeither employ productor processoriented measures

or in some cases a mix of both. Prodocdiented measures the outcome of the skélg.speed
ran, or distance jumped. Processiented on the other hand measure the quality of the skill,
e.g.right am and right leg swinging alternate to each other or both knees bent before the
jump (Burton & Miller, 1998) Motor competence is often assessed through a variety of
different skills from gross motor skills, including subcomponents of FMS (locomotor, object
control, stability) to fine motor skillsand can be perform@ using observational methods,
subjective methods and motion devicéBardid, Vannozzi, Logan, Hardy, & Barnett, 2018)
Observational methods are the most commmethods utilised to assess motor competence

in preschool settings with the Movement Assessment Battery for Children, second edition
(MABG2) and The Test of Gross Motor Development (TGMD) being the most common
assessment tools for this age rangex(gears. Subjective methods commonly include proxy
reports and soare not appropriate in early childhood when children may not have the
cognitive skills to accurately assess their own competency at motor(8alidid et al., 2018)

The use of motiordevices is not common outside of the laboratory settings, however the

development of inertial measurement units to measure human movement has helped to
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overcome this by allowing assessment of motor competence in field settingstial

measurement units are discussédther in section 2.6.1.

The Test of Gross Motor Development (TGMD) is one of the most common poyeeded
assessment tools us€tlirich, 2017)The most recent edition of the TGMD series is the TGMD

3 (third edition) whichprovides processriented assessments for six locomotor skills and
seven object control skill®Jlrich, 2013)Each skill is assessed on a best of two trials after one
practice trial and is made up of between three and five components that are assessed on a
binary scale of the component being eitherpfe¢g & 60 a8 02 NB 2F WYmMQUO 2N Y

The TGME2 was designed for children between 3 and 10 years of age, and has been widely

used due to its high validity and reliabildy/ t AFF¥ SG | f ®X HamMmT | | NRE
2015a) Limitations of the TGM arethathA &t R2Say Qi | aasSaa IRuddoAf Al
et al., 2015)

The Movement Assessment Battery for Children is a commonly used prodencted

measure of motor comgience in preschool childre(Henderson et al., 2007)The most

recent edition is the MABE (second edition) and is designed for children betwedtyears

of age(S. Henderson et al., 2007) assess three manual dexterity skills, two object control

skills andthree stability skills with the tasks being al®R o6 aSR 2y (1 K@E. LI NI
Brown & Lalor, 2009)0Outcome scores for each skill are standardised and normative scores
are provided for each age category@3/ears; 710 years, 1416 years)individuals at risk of
movement difficulties are identified using a traffic light systédenderson et al., 2007A

limitation of the MABGH A & GKIFG Al R2SayQi I|-giégnedid €20

w
ax

measurementY S| yAy 3 GKFG AG R?2 yOi FaasSaa GKS o

a skill are executed using correct technique).
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2.3.2.1 Assessment of Perceived Motor Cdenue for Preschool
Children

There are a limited number of assessment tools available to measure perceived motor
competence in preschool childreHarter and Pike (1984ieveloped the first assessment tool
F2NJ LINBaOK22f OKAf RNBY at AQU2NAIFE {OFfS 27
Chi RNBy¢®d ¢KS LINBaOK22t aSOlAzy 2F GKAa (G22f
and within the motor competence domain measured perceived physical competence through
perceptions of ability at six items (swinging, climbing, skipping, runiymgg shoes and
hopping). Perceived motor competence is assessed by asking the children to indicate which
scenario they most identified with, through pictures of children performing each skill at four
different capabilities. The Pictorial Scale of Pera¢i@empetence and Acceptance for Young
Children is a validated and reliable tool for assessing preschool children motor competence
(Harter and Pike, 1984While this scale assesses typical childhood gross and fine motor
activities, it does not assess the more commonly measured skills in actuat owshpetence
assessment (eg. jumping, catching, throwing) or lifelong skills (eg. cycling, swimming). This
may be limiting when exploring the possible relationships between actual motor competence

at FMS or cycling ability and perceptions of competendbede skills as the skills measured

are not directly comparable.

¢CKS da/ KAf RNBYyQa t SNOSLIiAZ2Y 2F a 2Péraz\Ng Sar,Y LIS
(2005) This validated and reliable assessment too was dedigm measure children from 4
to 6 years of age in perceived motor competence of manual dexterity slellfifie motor

skills), object control skills and stability skills. The skills assessed are similar to those assessed
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in the MAB&2, allowing directomparison between the two to be magBrown & Lalor, 2009;

Pérez & Sanz, 2005)

Barnett et al. (2015)sed a similar approach by aligning the development of their asssgsm
G222t at AQU2NRALFE {OFfS 2F t SNOSAPSR az2@SYSy
TGMD. This scale has been validated and shown good reliability (ICC=0.83) for assessment of
perceived motor competence in children between 4 and 8 y€Besnett et al. 2015, 2016)

Skills assessed include object control and locomotor skills, to align with the TGMD, as well as
lifelong skills such as cycling, scootering and swimming. Each skill is assessed glonyg a 4
sale using two picture scenarios of children performing the skill with competently or not
competently. The child is asked to first indicate which child they think they are most like. From
this, the child is asked to indicate whether they are very like tikel én the picture or kind of

like the child. An advantage of the Pictorial Scale of Perceived Movement Skill Competence
for Young Children is that it allows direct comparison to commonly used assessments of actual

motor competence and with lifelong skiJsuch asycling.

In light of the abovethe current thesis chose to use the MAB@ue to the inclusion of fine
motor skills and stability as well as being a prodmgented measurement, allowing
comparisons to produebriented measurements of cycling ability to be made. The Pictorial
Scale ofPerceived Movement Skill Competence for Young Children was chosen as the
assessment of perceived motor competendee to its inclusion of lifelong skillsuch as

cycling.
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2.3.3 Relationship between Perceived Motor Competence and Actual

Motor Competence

As discussed previously, children have inflated levels of perceived motor competence in early
childhood that becomes more accurate as they progress into middle childhood. These high
perceptions have been thought to drive acquisition of actual motor compet. Therefore,
perceptions of motor competence are an important factor to consider when attempting to
increase actual motor competence. Consequently, Stodden and colleagues (2008) developed
a model to represent the interactions between actual motor comepee, perceived motor
competence and health related physical fithess and physical activitytower(Figure2.3)
(Stodden et al 2008)It was proposed that the relationships between the variables would
change as developmental age changed and therefore, early, middle and late childhood were
separated within the model. Research into the relationship between perceived and actual
motor competence in early childhood has shown conflicting resué&ear et al(2012)and
Robinson(2011)found significant weak and moderate positive associations betwearahc

and perceived motor competence in preschool childr&mmilarly, Barnett, Ridgers, and
Salmon (R15) found significant positive associations between actual and perceived object
control skills in preschool childreklowever, ¢ther research conflicts with these findings by
finding no relationshipgLopes et al., 2016; Spessato, Gabbard, Robinson, & Valentini, 2013)
It is clear from the above that more research is needed to explore thesearsdips.
Furthermore, as ability on a balance bike has not been previously explored, it is important to
investigate how actual and perceived motor competence relate to ability on a balance bike

and likelihood of engagement on a balance bike.
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Figure2.3. Developmental mechanisms influencing physical activity trajectories of childr
(Stodden et al. 2008)

2.33.1 Motor Skill Engagement

The theory that high perceptions of competence drive skill acquisition orgghfabm earlier
researchwhich theorised that perceived motor competence was tied to task engagement
(Harter & Pike, 1984; Nicholls, 1978; Nicholls & Miller, 1983)erefore, behavioural
engagement is also an important factor to consider when promoting skill acquisition.
Behavioural engagement is crucial for positive achievenmepéiformance as practice at skills

is necessary for improvemerfEredricks et al., 2004Previous research into behavioural
engagement has defined motor skill engagement as the amount of pratizmy & Martin,

1994 ! YRSNRAUGI YRAY 3 gKIF G Ay TskildeSgadgeiSent may b® Knk f R Q

important factor to consider when trying to encourage a child to learn a new skill and in
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designing interventions to improve motor competence. However, to the a®lanowledge

there has been no research into motor skill engageirin the preschool years.

2.3.4 Lifelong Skills

Childhood is a critical period as many physiological and psychological changes take place
(Ortega et al., 2008 ifestyle kehaviours are established during childhood and adolesegn

which may subsequently influence adult behaviours (Gallahue & Ozmun, 2006). Motor
competence has important implications in various aspects of the development in children
(Piek, Baynam, & Barrett, 200@n essential part of participation and a lifelong interest in a
physically active lifestyle comes from mastefypasic motor skills that predominantly evolve
during the preschool year@Nick et al., 201 ¢ KA A& YI & 0S5 I 4NX6 dzi
perceptions of competence in adolescence aridiogn mastery of skills in early childhood,
while their perceived competence is inflat€frue, Brian, Goodway, & Stodden, 201f7these

skills are not mastered inagly childhood when levels of perceived movement competence
are high, then as the child transitions into middle childhood their perceived movement
competence becomes more accurate and therefore is; lbwg may subsequentijead to an
increasedikelihoodof disengagement from physical activiiye Meester et al., 201&todden

et al., 2008) Therefore, during early childhood, it is important to research and promote all
skills that are important to learn during ihstage that may contribute to a physically active

life. FMS have been a sole focus of motor competence research during early childhood.
Hulteen and colleagues (2018) proposed amendments to the motor development model, one
of which was to include more dld that lead to lifelong physical activity alongside FF§ure

24). Theaddition of these new lifelong skillalong with traditional FMSwas giventhe
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KSFRAY3 WC2dzyRIFGA2y Lt a2@SYSyid {1AffaqQd C2
directed movement patterns that can be developed to increase the capacity to be physically
active across the lifespan. Cycling along with other skilish as eestyle swimming stroke,
bodyweight squat and scooteringvere proposed(Hulteen, Morgan, et al., 2018)The

addition of cycling and other skills to the motor development model encourages research into

the factors that affect the motor learning processéw these sHIs. In order to better
understand these skillassessment tools must first be designed in order to measure ability of

the skill.
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2.34.1 Assessment of Lifelong Skills

Figure 24. Motor Development Model (Hulteen at al., 2018)
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One valid and reliable test battery to assess lifelong skills #i61fear olds has been
developed(Hulteen, Barnett, et al., 2018Yhe included lifelong skills were jog, grapevine,
bodyweight squat, pushp, yward dog, warrior 1 and tennis forehand. These skills were
OK2aSy o6& SELISNI& GKNRIZAK 1jdzSaiA2yAy3a aKz2é
LIKEAAOIE | OGAQGAGEKE YR aAa GKSNB F ySSR
capturing the skills considered as popular physical activities in adulthood. Cycling was included
in this list but was not included within the test battery due to feasibility issues in assessing the
skill in a school settin@Hulteen, Barnett, et al., 2B). This kind of assessment of lifelong skills

is important, however this test was developed fbd-16 yearolds and considering the
importance of establishing lifelong behaviours in early childhood it would seem vital to
develop a test battery to asse these skills during that time. Cycling warrants more
investigation as a lifelong skill during the preschool years. Developing a measurement tool for
cycling would enhance understanding of competence in the development of the skill of in early
childhood.This would further facilitate the promotion of cycling as a lifelong skill along with
FMS. Specifically, it would allow teachers and practitioners to assess competence in cycling
and moreover, track changes in skill development which may highlight arwduadl motor
development issues a child may incur, giving an overall better understanding of their motor
capabilities. An assessment tool for cycling also opens up opportunities to explore factors that
relate to the development of the cycling or possiltansfer of skill from balance bikes or

stabilisers to independently cycling on a traditional bike.
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2.4 Skill Transfer

Skill transfer is the gain or loss in performance in one task as a result of practice or experience
on another task. The sequencing ofllskis paramount to allow learners to benefit from the
transfer of a previous learnt skl h QYSSTF TS X | | NNAThe ability t@ addpty & (i K
these learnt skills for performance through transfer of learning is essential in successful motor
behaviour(Rosalie & Miller, 2014Yransferring of learning refers to the influence of previous

practice or performance of skills on the learning of a new skill (Magill7)200

A skilled individual is capable of utilisittge information that is available to them about
environmental and taskelated constraints in order to adapt the multitude of motor system
degrees of freedom during performance of mdtticular actions (Davids, Button & Bennett,
2008). Adaptability, ithis instance, refers to a blend between persistent behaviours (stability)
and variable behaviours (flexibility) in achieving task goals (Davids, Bennett & Newll, 2006;
Warren, 2006) Utilising previous experiences is defined by the amount of adaptability
0S06SSy SIOK AYRAGDAR tahdéntigs arfl Ehe dyhainitHof tAsRk MR A Y
different environments with new ecological constraints to be satisfjdthrren, 2006) In

these skilled individuals, stability refers to the consistent achievement of performance
outcomes over time under varying environments and task constrg®egfert et al., 2013)
Stable motor behaviours are essential in acquiring new motor skills against a background of
pre-existing movement repertoire. Stable behavidh R2y Qi aA3IyArA¥Fe G(GKS
rigid movement patterns found when learning a new skill. Rather, dexterity underpins the
functional movement pattern, displaying regularities and similarities within their structural

components, without being Id®d into a rigid, repetitive performand&eifert et al., 2013)
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2.4.1 Skill Transfer from FMS to Sport Specific Skills

As discussegreciously irsection2.3.1, FMS are the building blocks for movement and sport
specific skillsn later life. When a child reaches mastery of FMS they are able to refine and
combine their skills and transfer them to other movements and sport specific (€kélsahue

& Ozmun, 2006)This is generally from®B years of age during the mature stage of the FMS

phase of developmen(iGallahue & Ozmun, 20Q6)

h QY S S a.F(8007&dnducted an intervention to assess the transfer of the fundamental
skill of an overarm throw to both badminton overhead clear and a javelin thaow also the
transfer of badminton overhead clear to a javelin throw. The intervention saeetigroups

of teenagers attend six PE sessions focusing on either overarm throw, badminton overhead
clear or neither (normal PE class). The groups were assessed on their overarm throw,
badminton overhead clear and javelin throw at greost and 2 weeks pst-intervention. The
overarm throw group who had been practicing the fundamental skithmwing improved
significantly pre to post itvoth the overarm throw (p=0.005) and the badminton overhead
clear (p=0.008), showing a skill transfer of 21%. The sgmmep also showed significant
improvements pre to post at javelin (p=0.004), showing a skill transfer of 57%. The badminton
overhead clear group only significantly improved in the badminton overhead clear pre to post
(p=0.003) with the control group natproving in any of the three. The improvements found
resulted in both specificity transfer and related skills transfer occurring. As mentioned
previously, the sequenda whichone learns skills is important to allow for optimum transfer
ofskilsThebadr Ay i 2y 2@OSNKSIFR Of SINJ ANRdzL LR GSYGAl

throwing and instead solely learnt the specific skill diaamintonoverhead clear. What is
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interesting about this study is the link with FMS. Research on FMS states that mgsheri

fundamentals is needed for more complex skills to be lef®tddden et al., 2009)

ChewBullock et al., (20129ssesed the relationship between kicking performance (accuracy
and velocity) and one leg balance in adults with different kicking abilities. Kicking off one leg
would theoretically be linked with balance, particularly degged balance. However, only
accuracywhile kicking off the preferred leg was correlated with balance. Accuracy while
kicking off the norpreferred leg and velocity while kickingf dfoth the preferred and non
preferred leg did not show any relationship with balance. As onlylegged balancevas
assessed in this study it cannot be concluded that dynamic balance tests would have shown a
relationship. The ondegged test is a common assessment of the fundamental skill of balance
Cycling igheoretically believed to be linked witkkills that nvolve balance, like kicking
However, ChewBullock et al., (2012have shown only partial relationshigsetween the
complex skill of kicking and balandewould therefore be interesting to explore whether
assessments of the fundamental skillstébility (i.e. balancegre in fact related to ability on

a balance bike.

2.4.2 Skill Transfer from FMS to Cyclin g

To the knowledge of the author, no research to date, apart from the research within this
thesis, has examined relationships or transfer of possible skills between FMS and ability on a
balance bike or bike with stabilisers. Given the intuitive demandd dycling places on
balance control in particular, it is surprising and intriguing that no evidence has been provided
to explore the possible importance of improving balance on a balance bike or bike with

stabilisers during the learning process to inde@ent cycling. While no studies have
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examined how FMS might relate to the learning process to independent cycling, studies have
been performed to examine how FMS relates to cycling skills in children who already knew

how to cycle independently.

Linus et al. (2015)erformed a crossectional study to examine the associasobetween

motor competence and ability at cycling safety skills-4ye@rold children (n=40). The FMS
assessment consisted fur skill components thaassessednotor coordination and dynamic

balance (walking backwards, moving sideways, hopping for height and jumping sideways). The
cycling assessment consisted of 13 basic cycling skills that were deemed important for children

to have in order to safely cycle irght hand traffic(Ducheyne, De Bourdeaudhuij, Lenoir,
Spittaels, & Cardon, 2013} full description of the cyaly skills test batteries are outlined in
section2.6. A significant positive association was found between motor competence and total
score for cycling safety skills (r=.434, p<.01). More specifically, a significaittve
F3a20AF0A2y ¢l a F2dzyR 0SG6SSy Y20i2NJ O2Y LIS ¢
ONIT dnmMpX LF dnm0x WOeOfAy3a Ay | OANDESQ ONT
ONIT dpmMpX LF dnm0O YR Wairany ik AfFaNE SFIRG | YRy N
Results from this study indicate that there is a strong relationship between cycling skills and
motor coordination and balance. This is not surprising as motor coordinatiorbalahce

require a child to have good coardtion between trunk and legs, leg strength, flexibility and
balance(Holm, Tveter, Fredriksen, & Vgllestad, 2009; Tveter & Holm, 20403h are skills

that are also necessary to cycle.

Vingon, Green, Blank, & Jenetzky, (204I8pperformed a study that explored the possible
relationships between components of motor competence (fine manual control, manual

O22NRAYIGA2YS 02R& O22NRAYIFGA2Y YR adNBy3i
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OKAf RQ& I o0Af Al eéngih d177AcHiBréLEStyeRIS 4 dind 148y€xfsAof age.
Significant relationships were found between ability at riding a bike and ulopér
coordination and strength subtests (p<0.001). It was hypothesised by the authors that
reported ability at cycling wouldorrelate with balance and/or bilateral coordination as
theoretically it would have been assumed that riding a bike would be associated with motor
functions of balance, body coordination and fithe@4ncon et al., 2017)However, this
hypothesis was rejected by the findings with only uppetb coordination and strength

having a significant relationship. It should be notedttithe children in this study all had
previously been diagnosed with Developmental Coordination Disorder (DCD) and so may not
be representative of a typically developing population as explored in the current thesis. There
are alsosome limitations toVincm et al., study when discussing the possibility of exploring
transferable skills to cyclinghestudy was designed to assess the ecological validity of the
BOFTH YR &2 loAfAdGe G2 Oeo0ftsS ¢gla y24d | NROdz
abhf AGe G2 0eO0fS o0& AYRAOFGAY3I 6KSUKSNI GKSAI
comparison to their peers. It was not stated whether every child was capable of cycling
independently and so it is not known whether a parent was comparing ttteid to a child

who knew how to cycle or a child who was still learning. Nonetheless, these findings lead to
guestions of whether it is the specifics of the assessment tools used that appear to be further
from the gestalt of balancing activities usectitling or whethehigh levels of balance are in

fact notneededwhen cycling independently and learning to cycle independently.

An interesting discussion emerges when exploring how cycling and FMS might relate in early
childhood, a time when learning amdastering of both cycling and FMS occur. Children often

go through the learning process to independent cycling and mastery of cycling (independent
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cycling) during early childhood -8 years), the same time as the learning process and
mastering of the vaaous FMS occurs. Therefore, it would seem unlikely that that these skills
are first mastered and then utilised in the learning process and mastery of independent
cycling. While direct transfer of mastered FMS are not likely, it would seem possible that the
skill of riding a balance bike is a subcomponent of an FMS. Balance bikes, as mentioned
LINEQGA2dzat 8% NS NBRS 08& dza Atyfsds fistypSrfarinedin&aS i
motion similar to a walking gait and then progresses into a motion sitt@larrunning gait

and then further progresses into the child being able to lift both their feet off the ground and
WONHZA A4S Q 2NJ WAf ARSQd ¢KSasS LINPINBaairzy LKI
stability skills. Additionally, balance bikeg @n object that the child must control, like object
control or manipulation skills. Another possibility is that ability on a balance bike is a skill
component of its own that has the possibility to be learnt alongside FMS. As cycling has now
been added as foundational movement skill alongside FEt&ilteen, Morgan, et al., 2018)

it is important to explore these possibilities.

As no research to date has looked at learning to cycle and the effect that FMS proficiency has,
it can only be speculated that either FM& more specifically balancehave no effect on
learning to cycleTherefore, mastery of FMS, or achieving a certain level before mastery, may
not be necessary tdearn to cycle independentlyrhe alternative question is then posed, do
balance bikes play a role mither progressing FMS in order to reach a level that can be
transferred to a traditional bike or do they improve the specific movement parameters that

transfer without consideration for FMS proficiency?
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2.4.3 Skill Transfer from One Skill to Another Rela ted Skill

There are limited studies examining skill transfer from one skill to another relatedsskitrt

et al., (2013Jound that experienced climbers showed the highest level of bditain upper

limb coordination, upper limb angles and lower limb coordination and subsequently could
GNF yaFSNI GKSANI a{1Afft FNRY NRBRO] ¢lftta (2 A0S
as successfulvith nonfluent climbers showing the wet variability and ability to transfer.

The greater range of movement shown by the experienced climbetigates how the
dexterity learnt in rock climbing can be directly transferred to a related task like ice climbing.
The lack of variability in movemeby the nonfluent climbers provides an example of the

rigid movement often observed when learning a new sihutieret al., 009)also found

expert gymnasts to have greater adaptability during a handstand task tharexyert

gymnasts, even though both groups were experts in handstands.

Ly OeoOfAy3as G2 GKS I dzi K2NRa& | Yy doashisRriréhdfery 2 &
of possible skills between ability on a balance bike or bike with stabilisers to independent
cycling, even though this is commonly assumed. While not commonly expeddrt et al.,
(2013)andGautieret al., 009)showed that skilled indiduals have the capability to transfer

and manipulate previous learnt skills to perform at a new task or in a new environment. It is
widely accepted that bikes with stabilisers are precursors to traditional bikes and more
recently balance bikes have gaindte same credibility. However, scientific evidence is

needed to back thistatementup and to explore the possible skills that are being transferred.
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2.5 Benefits of Cycling

Cycling is a fun and popular pastime, furthermore, it opens up opportunitiea fugalthy
lifestyle through physical activity and transportatioRhysical activity participation
throughout life has an overwhelming amount of evidence supporting its positive effect on
both physical and mental healtfHallal, Victoria, Azevedo, & Well2006; Warburton &
Bredin, 2017) Cycling can contribute to a physically active lifestyle, wiinyncountries
around the world altering their environments to include more bicycle friendly roads as a result
of cycling becoming a key focus of physicaivity promotion(Bul et al., 2010)Hollingworth

and colleagues performed a cressctional study or6,949 cyclists and found th&3% of
regular cyclists met the recommended physical activity guidelines through cycling alone

(Hollingworth, Harper, & Hamer, 2015)

Cycling appropriately taxes the cardiorespiratory and metabolic functions oktiode body

at different intensitieqOja et al., 2011Kelly et al., (2014)erformed a systematic review on
sevenstudies that assessed reduction in-edluse mortality and the ds®response curve of
cycling. Six studies showed either statistically significant orsagmificant but still beneficial
associations between cycling and-edluse mortality A systematic review byueller et al.,
(2015)showed that 27 out of 30 studies concluded that the health benefits of cycling
outweigh the risks and that people under 30 were estimated to experience a road safety gain

with a shift to cycling for transport

There is indisputable evider highlighting cycling not only as having health benefits and a
means to meet recommend physical activity guidelineg also as an economic benefit. The

Netherlands are well known for their cyeieendly infrastructure and with 27% of trips made
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on bigycles (statline.cbs.nl/Statweb). This cycling lifestyle has had major positive effects on
both health and the economy. Cycling in the Netherlands prevents around 6,500 deaths per
year and it is estimated that the Dutch live half a year longer due to gyElishman, Schepers,

& Kamphuis, 2015Fishman et alalso estimated the total economic health benefit of cycling

Ay GKS DbSGKSNIFYyRa |G emdp oAfEAZ2Yy LIBINI &S|

infrastructure for cycling.

It was once thought that many heakltonditions such aatherosclerosiswhich can lead to

heart attack and stroke, were only applicable to adults. This is no longer the case as risk factors
and developed conditions in ctifen are evident, and with increasing frequen@aniels,

2006) Coronary heart disease risk factors have been linked with inactivity in children as young
as 34 (Saakslahti et al., 1999PDbesity is a major risk factor for healtlated conditions.

Nader et al., (20063ssessed 1,042 children over 10 years and found that children who are
overweight between the ages of®2are more than 5 times more likely to be overweight at

the age of 12. Therefore, encouraging children to learn to cycle is important as this can

promote engagement in important daily routines of physical activity in early childhood.

Over the last number of years there has been an increased awareness that chiltrdawi
motor competence are at risk of psychological difficul{i2ewey, Kaplan, Crawford, & Wilson,
2002; Piek et al., 2006; Poulsen, Ziviani, & Cuskelly, 2006; Skinner & Piek A2§igmjficant
indirect relationshiphas been found between measures of motor competence in sphits
(soccer, volleyball, and ultimate frisbe@)d mental health outcomes (depressive symptoms
and quality of life) through health related physical fitness iAlBlyear old§Gu, Zhang, Chu,
Keller, & Zhang, 2019Moreover, a systematic review on thirteen studies concluded that

exercise in childhood and adolescence has positive gkam effects on selesteem and is
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inverselyrelated to depressive symptongbslallal et al., 2006 Physical activity reduces anxiety
sensitivity whi@ acts as a precursor to panic attacks and panic disorders. If a child has a high
seltesteem for physical activity then they are less likely to avoid engaging in physical activity
(Haywood & Getchell, 2005). Increasing-esifeem is an important effectfghysical activity

LI NOAOALN GA2y & AG y2i 2yfte LINRPOARSE || RAN
motivation to join and sustain a lifetime of physical activitfysical and ental health is not

within the scope of the current thesisiowever, it is important to understand the benefits

that an exercise intervention like the current cycling one may provide or moreover learning a

lifelong skill like cycling which can contribute to increasing physical activity levels.

2.5.2.1 Risky Plaip Childhood

Risk awareness and the value of risk are important factors to consider in preschool education.
Risky play can be defined as any exciting activity that provides opportunity for challenge and
exploring boundaries that could cause physical j(little & Wyver, 2008; Sandseter &
Beate, 2007) Learning to cycle irgbendently could therefore be considered risky play.
Furthermore, learning to cycle interventions could be considered risky play interventions.
Exposing children to risky play situations and overcoming challenges like learning to cycle is
an essential parbf living a meaningful and satisfying li{&ill, 2007) While ri&k taking
undoubtedly important, a fall from a bike when a child was not ready to cycle without
assistance may discourage a child from wanting to try again. Therefore, it is important to
understand when a child is more likely to be ready to independenttiecyA measurement

tool to assess the development of independent cycling would be an extremely useful tool in
this instance to allow teachers and practitioners to have better insight into when it would be

appropriate to remove assistance.
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2.6 Assessments d Cycling Ability

Objective measurements or tools developed to assess independent cycling ability are limited.
Independent cycling assessment tools that have been developed have been used to evaluate
cycling skills interventions and have focused on thisskécessary to cycle saféQucheyne,

De Bourdeaudhuij, Lenoir, Spittaels, et al., 2013)

Ducheyne and colleagaeleveloped a test battery to assess cycling ability in children who
already know how to cycle. This test was validated, and reliability tested (ICC--6®@8%on

9-10 year oldgDucheyne, De Bourdeaudhuij, Lenoir, Spittaels, et al., 201#) test consists

2F mo OeOfAy3a aiAftta owWglt]l] sAGK (K oAOe Of
rightwhile@ Of Ay3 Ay | &A0NIAIKEG ftAYSQX wOoeotsS Ay
OANDEf SQ> wOoeoOoftS 2yS KFEYRSR Ay I OANDtE SQ> W

daK2dzZ RSN gKAES OeOftAy3a Ay QE &ONPOAZTIKEYf Ay &ao:
WaArA3aylrt €STd FYyR NARIKG gKAES OeOfAy3a Ay | ¢
WRAAY2dzy i GKS 0AO8&Of SQU ( Kdourse Figufe 25).J5 it NI S R
scale was used to assess each skikefl and fluency of the performanead ability to keep

balance and to perform thé&stswithout interruptions were used in the scoring of geal
performance Ability to complete a specific point of interest was also considered for 11 of the
tests.For each specific point of interest that was fulfilled, one point was added to the general
performance score. The general performance score for ekihwas then converted to a

score on a ten. The sum of all the scores is then converted to a score out of 100 and used as
the total cycling skill score. Factor analysis was used to explore how each of the 13 tests

related to each other and to the totalycling skill score. Eight of the skills loaded together and

36



these skills were mainly the skills that were performed when cycling was ongBidg@(Of S Ay
AO0NIAIKG tAYS 20SNI I aylrfft 20adGl Ot SQ woe o
s lf2Y AYy FYR 2dzi 2F YIFINJSNBRQI Wf221 20SNI (K
2PSN) 20aidl Of SaQx wOeotS 2y | aft2LIIAy 33 adzNFI
fAYySQU FyR (KSaS ¢SN@climDlI aPANAASREKNES 2R
023SGKSNI GKIFG NBLINBaASYGSR 0ST2NB FyR | F3GSNJ
GKS 0A020fS YR aidFNI G2 0e0fSQ IyR WRAAYZ2
Ayi2 &0 ScHlnyBikfl FAIENE KS NBYIFAYAY3I v G0SadGa 6wt
AO0NFAIKEG ftAYSQ YR WoNIX{1S G2 02YS (2 + Ozy
OOt Ay3d alAfftacdd ¢KS dzasS 2F FIL OG2NJ | yidrf @ a A
three categories of cycling skills to be explored when assessing improvements or relationships

to other variables, however, this was not utilised in proceeding experiments using this scale
(Ducheyne, De Bourdeaudhuij, Lenoir, & Cardon, 2014, 2013; DucheyBaubieaudhuij,

Lenoir, Spittaels, et al., 2013; Linus et al., 20Ngnetheless, development of a reliable
measurement tool to assess independent cycling ability is extremely valuable to allow
exploration into the factors that may contribute to higlyating skills and to assess the

effectiveness of interventions designed to improve cycling skills.
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Figure 25. Obstacle Course Design for the assessment of Cycling Sk
(Ducheyne et al., 2013)

Other cycling skill assessments have been used throughout the literature but these
assessments have focused on either-sefforted questionnaires that relate to cyclisgfety
behaviours(Hatfield et al., 2015; Montenegro, 2015; Richmond, Zhang, Stover, Howard, &
Macarthur, 2014)or subjective observation of safety behavioRichmond et al., 2014)
More tools should be developed to assessliogeskills at different stages along the learning
process to independent cyclingrom ability at riding a balance bike/bike with stabilisers to
ability to cyck independentlyon a traditional bike. This would allow further explorations into

how childrenlearn to cycle independently and the factors that contribute to this process.
2.6.1 Inertial Measurement Units

Inertial measurement units (IMUs) are wearalblevicesthat consist of accelerometers and
gyroscopes that allow measurement of thrdemensionabcceleration and angular velocities.

While IMUs have gained popularity in the field of human motion analfGamomilla,
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Bergamini, Fantozzi, & Vannozzi, 2018; J. J. Kavanagh & Menz tBép&ye not common in
the assessment of motor competence. However, the feasibility of udfigs to examine
developmental differences has been demonstrated in both locomotor and object control skills
in children aged from A0 years(Grimpampi, Masci, Pesce, & Vannozzi, 2016; Masci et al.,

2013)

IMUs are common assessment tools for human gait movement anglyeiorri, Palermo,
Rossi, & Cappa, 2018é)d in analysing performance in motor skills from recreational to elite
athletes(Camomilla et al., 2018\ systematic review by Camomilla and colleagues identified
286 papers that had used IMUs to explore performance in atyaoemotor skills, with 10
papers exploring cyclingcamoniia et al., 2018)Cycling skills assessed includexyolution

rate, velocity, bicycle roll and crank angle (both with the aim of exploring posture of the
participant), lower limb vibrations, angular displacement of the hip and ankle and symmetry
in arm movements. All of the included studies that assesgeling performance using IMUs,
along with others not included in this review, were performed on adults and were performed
for the purpose of improving performance in cyclists or for rehabilitaf@amomilla et al.,
2018; Cordillet, Bideau, Bideau, & Nicolas, 2019; Farjadian, Kong, Gade, Deutsch, & Mavroidis,
2013; Xu et al., 2015)There have been no studies to date that have looked at cycling
performance in childgn and more specifically, performance during the learning process to

independent cycling in preschool children.

While the use of IMUs in the assessment of motor competence in children is limited, the few
studies that have started the exploration into tpessible use of IMUs in this way have shown
positive results. Cristina Bisi and colleagues investigated whether objective measurement

using IMUs could be used to assess locomotor skills in 6yed®old children (n=45)Cristina
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Bisi, Pacini Panebianco, Polman, & Stagni, 20M0)s were placed on the lower back, ankles
and wrists to capture the movement of the children duringessment of 6 locomotor skills
using the validated TGMBP protocol (aglescribed irsectin 2.3.2. Acceleration and angular
velocity from the IMUs were used to automatically score the performance of the children
based on performance criteria used to score the skills in the T@MBood agreement was
found between observational scoring (TGMPand automatic object measurement (IMUS)
with the lowest agreement found for the horizontal jump {82% agreement) and thadghest

for the slide (91100% agreement(Bisi et al. 2017)This study provided evidence for the use
of IMUs in the analysis of performance of motor skills from which qualitative performance

criteria already exist.

Masci and colleagues investigated if IMUs could be used to distinguish between
developmental level of hoping and running as scored using an observational assessment that
allowed categorisation of children into 4 developmental le@ksci et al., 2013; Masci,
Vannozzi, & Getchell, 201For the hoping experiment, 40 children between 4 and 10 years
of age had IMUs placed on their trunks and were instructed to hop al&getre path for 5
consecutive hops. The children were subsequently categorised into 1 or 4 categories (1 being
low) using an observational check list. Both temporal and kinematic parameters were
calculated from the IMUs using acceleration and angulavoigl along threeaxes(vertical,
medio-lateral and antereposterior). Results indicated that both temporal and kinematic
parameters were able to distinguish between the 4 development levels of the hop, with
accuracy of prediction of placement strongertire 15t (80%) and % (90%) developmental
levels than the ™ (40%) andBo6 p k> 0 £ S@St & 02 Af 1 a <(Mascbetmp >

al., 2012)
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Masci and colleagues further explored if IMUs could distinguish between developmental
levels of running using similar methodoleg{Masci et al., 2013)Fortyfour children between

2 and 12 years were assessed onithianning performance over a ifetre straight track
using performance criteria that subsequently allowed them to be categorised into 4
developmental levels of running, with the first developmental level being the lowest. During
the run the children hadaIMU placed on their lower trunk, allowing temporal and kinematic
data to be captured. Step frequency, root mean square of both the acceleration components
along all axes (vertical, mediateral and antereposterior) and the angular velocities along
the same axes were calculated. Objective measurements of running performance temporal
and kinematic parameters were found to significantly distinguish between the different
observational measurements of the developmental levels of running with accuracy of
prediction strongest for the % (87%) and '3 (87%) developmental levels and then for tHg 2
67%)and¥oc 120 £ S@St A 62Af1a < [(Maseiepa,2018Usmgp S0 0T
IMUs to distinguish between development levels of cycling could be an interesting and useful
aspect to consider. As mentioned previousty section 2.5.2.1 a fall from a bike can
discourage a child from wanting to continue trying to cycle independently. Therefore, it raises
an interesting question as to whether IMUs could be used on balance bikes to detamnén

a child nay be ready to independently cycldus providing more knowledge before the child

attempts to cycle independently on a traditional bike.

Grimpampi and colleagues aimed to investigate if IMUs could be used to detect differences in
developmental levels of the overarm throf@rimpampi et al., 20165imilar methodologies
to the studies by Masci and colleagues were utilised. {€iffirt children between 80 years

were instructed to overarm throw a ball to a wall 6 metres awakias as they could. During
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the trials the children were qualitatively assessed and categorised into one of three
developmental levels, with 1 being the lowest. During the throw the children also had IMUs
worn at the wrist, trunk and pelvis from which linreacceleration and angular velocity
parameters were obtained and used to objectively assess the throw. Results indicated that
the objective assessment of the throw was significantly different for each developmental level
obtained through qualitative analys [F(10,102)=10.526, p<.0005] with pbsic analysis
revealing significant differences between all three developmental le{@smpampi et al.,

2016)

The research discussatiove orthe use of IMUs in objectively measuring motor competency
at different skills has provided a convincing argument for their use in determining skill or
developmental levels in locomotor and object control skills. Consequently, they may be useful
tools in quick and automated assessment of motor competence without the need for a
qualified observerWhen assessing what factors are progressed through practicing on a
balance bike, IMUs may provide useful information as they can objectively mdasanreatic

parametersand thus, provide fuher insight into the skills being learnt.

2.6.1.1 Assessment of Dynamic Balance
Dynamicbalanceis afacet of an underlying motocontrol system(Kelso, 1995; Mancini &
Horak, 201Q0) and is important in all whole body movement skills, including cycling.
Furthermore, investigation into the changes in dynamic balance with practice allows
exploration into the possible transfer of skills bewvebalance bikes and traditional bikes.
While observational assessments have their advantages, they are lindgtiagto inter
observer variations andnter-individual differenceghat may rot being large enough to

distinguish between participantéMasci et al., 2012; Miller, Vine, & Larkin, 20Q0While
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time/speed along a track may be viable measures of performance on a balance bike, there is
a possibility that a child may presewith similar times but may differ in dynamic balance
Therefore, when assessimnlynamic balancen a balance bike, it may be useful to use IMUs

to detect changes that may not be otherwise detected through time/speed analysis atone

visual observation.

In measurement of dynamic balance, centre of pressure is probably the most common method
(Hubble, Naughton, Silburn& Cole, 2015; Whitney et al., 2011hlowever,low inertia
accelerometerdhiavebecome widespread for assessing dynamic balance due toltiveitost

and ease of us€Hubble et al., 2015)Assessing balance through accelerometery has been
found tobe a valid and reliable measure in distinguishing between populsitima conditions
(Hubble et al., 2015; Mohlilssen & Helbostad, 2002nd correlateshighly with centre of

pressure(Whitney et al., 2011)

Manufactures claim that balance bikes teach children how to balance first before progressing
to independent cycling'Halfords; 2019;"LIKEaBIKE2019; "Strider;' 2019; "Littlebigbikes;

2019) however there is no empirical evidence to back upsthelaims. As mentioned
previously in section 2.4.2 the FMS subset of stability warrants exploration into its
relationship with abiliy on a balance bike. However, improvement in balance skills may be
more detectable a®bjective measures using/lUs have the potential to provideccurate,
stable, and sensitive biomarkers f@sting of dynamic balancgMancini & Horak, 2010As
highlighted, there is a need to research whether dynamic balance improves with practice on
a balancebike. Following on from this, research into whether practice on a balance bike

improves dynamic balangthat is then aiding in learning to cycle independentywarranted.
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2.7 Cycling Interventions

To the knowledge of the author, there havedn no evidencdased cycling interventions that
aimed to teach children how to cycdledependently Instead, cycling interventiongenerally
performed in primary schod, invariablyfocus on cycling safety with children who are
presumed to already know how to cycle independelfiyicheyne et al. 2014; Goodman, van
Sluijs, and Qlyie 2016; Hatfield et al. 2015; Montenegro 2015; Richmond et al. 20h&kse
interventions have provided children with an increase in cycling skills, confidence on the bike
and knowledge of cycling safgfpucheyne et al. 2014; Heeld et al. 2015; Montenegro 2015;
Richmond et al. 2014)t should be noted thatvhile most of these studiepurported to
S@rftdz 6S GKS STFSOGAQSySaa 2F 0OelOtAy3a AydS
skills within each study vas; rangingfrom observational measurement of ability to perform
different cycling taskéDucheyne et al., 2014; Ducheyne, De Bourdeaudhuij, Lenoir, & Cardon,
2013)to selfreported knowledge of safety features of cycling sucas S+ NAy 3 | KSf
WFSSEt Ay al gHatfield & alf 150Moadénagyd 2015; Richmond et al., 2014)
Assessments of cycling ability, including the ones used in some of these studies, were

described previously isection 2.6

Richmondand colleagues performed a systematic review on schaskd cycling skills
training interventiong Richmond et al., 2014Ywentyfive studies met the inclusion criteria
and lasted between a one-l8our training block and 4 months of sessions. Five out of 11
observational studiefound a significant increase in cycling safety behaviours/skills with O out
of 2 randomised control trial (RCT) studies finding a significant increaseperstention. Five

out of 11 observational studies and 3 out of 5 RCT studies also found a signifcaase in
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knowledge of cycling safety pesttervention. Seven studies investigated injury rates with
none of the studies reporting a significant decrease potarvention. Overall the results of

this review indicated that the cycling skills interiens were not highly effective aeducing
bicyclerelated injuries, increasing observed safe bicycling behaviour, orregmifted
knowledge or attitudes. Moreover, none of the studies in this review assessed cycling skill
levels based on ability to ingendently cycle and rather focused on cycling safety behaviours

and knowledge of safe cycling.

Since Richmond and colleagues review, more cycling intervention studies have been
conducted, aimed at increasy cycling skills. Ducheyne and colleagues desigard
evaluated a cycling training course for children ageldears (9.31 £ 0.5 yearfpucheyne

et al., 2014) The study consisted of 94 children that completed all stages. The children were
split between an intervention gup (n=25), an intervention involving a parent group (n=34)
and a control group (n=35). The cycling training course involved one session a week for 45
minutes each over 4 weeks and was designed to teach children basic cycling skills that children
should acomplish to safely cycle in traffic using games, practical cycling exercises and at home
worksheets to be completed. The intervention involving a parent group additionally had the
assistance of a parent for completing the at home worksheets. Cyclingvakibsmeasured

using a 13skill assessment as describedsection 2.6 A significant interaction effect was
found between the three groups over time (ppest5-Y 2 Yy 0 K L2 a0 F2NJ OKAf F
skill (F=9.5, p<.001). From pr® post intervention a significant difference was found
between the three groups (F=16.9%001) with the intervention groups increasing more than

the control group. Furthermore, from preto 5-month postintervention a significant

interaction effect was found (F=16.8, p<.001) with the intervention groups increasing more
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than the control groupNo significant interaction was found from pe$d 5 months post
intervention (F=0.3, p>.05). Similar results were also found in the pilot study of this larger
study, with an increase in total cycling skill from pt@ 3 week posintervention (F=46.9,

p<.001)(Ducheyne, De Bourdeaudhuij, Lenoir, & Cardon, 2013)

Hatfield and colleagues evaluated the effects of the scliobld SR O& Of Ay 3 LINE 3
| & OMH&field et al., 2015)0ne hundred and eight childréretween 10 and 12 years of age
(11.78 £ 0.98) took part in every aspect of the/®ek programme. Description of the contents

of intervention, how often it was conducted and for how long was unfortunately not provided.
| KAt RNBy Qa 02y T pdcdive® Safetg Whilef cgcling) &rowlddgeFélating to
cycling safety information given throughout the programme and reported crashes and near
missed while cycling was obtained using a survey that was given to students,giqeteand

14 weeks posintervention. Teacher interviews were also conducted. There was a significant
increase in confidence while cycling from pte postintervention (t99 = 2.35, p<.05) with a
6.9% increasebut not from pre to 14 weeks posintervention with the mean confidence
scores returning close to baseline after a 5.3% decrease from pwmsi4 weeks post
intervention. Significant differences were also found between- poepostintervention for
knowledge of information relevant to cycling safety (199 = 5.51, p<.001)ani®5% increase

and from pre to 14 weeks posintervention (199 = 5.51, p<.05) with a 5.2% increase. A
significant difference was found in the number of children who reported a crash (p<.05) but
no significant difference was reported in neaisses.No sgnificant differences were
observed in perceived safety. A limitation to this study was that the results were not compared

to a control group.
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Montenegro and colleagues evaluated the schodl 8 SR O&@ Of Ay 3 LINPINI Y
(Montenegro,2015p ¢ KS G/ /[ 9 YAR&{¢ LINBranabed MByeassr & RS
to teach them cycling skills including cycling safety, benefits of physical activity and healthy
nutritional habits through a practical cycling education course and through at home
information booklets. The programme consisted déSsons over 4 weeks. Montenegro and
colleagues qualitatively assessed 1,451 children (mean age 10.2 years) on cycling skills and
cycling frequency using a questionnaire fprand postintervention and a teacher
guestionnaire. Cycling skills were evaluatesing questions on safe cycle behaviours with a
OAYEFNE NBalLlRyasS 2F SAGKSNI wasSaQ 2N wyz2Q 2N
j dzZSaGA2ya AyOf dzZRSRT W52 @2dz (y2¢ K2g (2 NAR
I KSEtYSHQYTa W2 AYOBSNKMRAZ R2 &2dz 6SFNI I KSt YSit
O2NNBOGf @KQT W52 @2dz 1y2¢ K2¢g (2 OKz22asS GKS
K2g (G2 dzaS KFIyR airaylfta gKSYy NARAY3IolouoAOe
GKAY]l] GKSNB FINB GKAy3Ia @&2dz O2dz R fSIFNY | 0z
@2dzNB St T 6KSYy @2dz NARS | 0A080t SKQ® ! MHPp:
frequency was reported with no statistical analysis perfechto assess significance of these

results.

In teacher evaluations of two of the schedlF & SR O0& Of Ay3 LINRPINI YYSax
/ @ 0f SQ3 G S| theKiSpdant dliEadeNdl B&Rintervention aghe programme
increased the desire to cyclingutside of school, increased excitement about exercising,
overcoming fears of riding bicycl@dontenegro, 2015and increasing confidence and cycling
participation (Hatfield et al., 2015)Furthermore, students were reported as having higher

collaboratie and empathetic behaviours towards other students and improving on their
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relationships with teacher@ontenegro, 2015)One challenge mentioned by teachers on the
W{IFFS /@80ftSQ LINRPANIYYS gl a GKIG GKS LINEINI Y
which was not the case and caused sassies. A recommended solution to this was delivery

of a learning to cycle programmes in the earlier years.

Delivering learning to cycle programmes in the preschool years has benefits that extend
further than ensuring every primary school student can cycle independently before
participating in these types of cycling programmes. Cycling safety is the commomnfgoal
cycling interventions in primary school children and were introduced to children between 8
12 years of agéDucheyne et al., 2014; Ducheyne, De Bourdeaudhuij, Lenoir, & Cardon, 2013;
Hatfield et al., 2015; Montenegro, 2019) is evident that cycling interventions in primary
school are effective at increasing cycling skills and increasing safety behaviours. However
children generally begin to cycle independently from 3 years and accorditng tairopean

Road Safety Observatory(ERSQ) cyclist fatalities in children occur most commonly between

6 and 14 years of ag@uropean Commission, 2018)hus, introducing learning to cycle
programmes in the preschool years may allow correct ability, increase canédend safety

behaviours to be introduced at a more critical time.

2.7.1 Interventions in the Preschool Years

Positive habitual lifestyle behaviours that are learnt and established in early childhood persist
through adolescece and adulthoodOrtega et al., 2008; Telama, Yang, Sciences, Leskinen, &
Hirvensalo, 2013)Accordingly, many interventions have been delivered during the preschool
years with the aim of improving lifestyle behaviours and subsequently health throughout life.

Recent systematic reviews have found that intervening in the preschool years has been
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successful at increasing moderate-vigorous physical activitfHnatiuk et al., 208),
cardiovascular fitnes§Szeszulski et al., 2019undamental moement skills(Wick et al.,
2017) social and emotional competendBlewitt et al., 2018)and decreasing sedentary

behaviour(Downing, Hnatiuk, Hinkley, Salmon, & Hesketh, 2018)

2.7.1.1 Interventions to Improve Motor Competence
Several interventions have been successful in improving motor competence in early childhood
(3-5 years)Altunstz, 2015; Bardid et al., 2013, 2017; Duff, Issartel, & Brien, 2019; Riethmuller,
Jones, & Okely, 2009; Van Capelle, Broderick, van Doorn, Ward, & Parmenter, 2017; Wick et
al., 2017; Wood, Eddy, & Hill, 202 in middle childhood (@2 years)Burrows, Keats, &
Kolen, 2014; Cohen, Morgan, Plotnikoff, Callister, & Lubans, 2015; Han, Fu, Cobley, & Sanders,
2018; Tompsett, Sanders, Taylor, & Cobley, 20Mfrgan et al., (2013performed a
systematic review on 19 FMS interventions with children. All the reviewed studies reported
significant inervention effects for at least one FMS. More specificalgn Capelle et al.,
(2017)performed a systematic reviewno20 FMS interventions aimed at preschool children
(4.3 £ 0.4 years). They found a significant increase in FMS with intervention (SMD = 0.31, p =
0.001).Van Capelle et al., (201@)so distinguished between teachkd (n=13), parented
(n=1) and child centred (n=6) interventions with results showing the most significant increases
in FMS in the teachded category (SMB 0.13; p = 0.008)This was also supported in a
systematic review b¥ngel et al.(2018) who found that interventions in preschool were
effective at hcreasing FMS when teachied and performed at least three times a week. The
interventions reviewed lasted 21 + 17 weeks, 3 + 1 times per week for 35 £ 17 minutes and all
specifically looked to increase FM@an Capelle et al., 2017)he design and benefits of

cycling interventions in early childhood have not been discussed in the literature and so when
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designing an intervention with the aim of improving cyclingighiFMS interventions may

offer some foundations.

2.7.1.1 Intervention Components
While there are many studies that have investigated the effectiveness of interventions aimed
at improving FMS in the preschool years, there is a gap in the literature diagar
interventions aimed at improving other lifelong skills, like cycling. Therefore, developing an
intervention aimed at improving cycling skills and subsequently teaching children to cycle
independently and investigating its effectiveness would be thst step in encouraging

positive lifelong behaviours.

Understanding the effective components or strategies to utilise when designing an
intervention in the preschool years is of vital importanReethmuller, Jones, and Okely (2009)
conducted a systematic review of the efficacy of interventions to improve motor development
in preschool children. In conclusion to the review, some recommendations were made. One
recommendation was to involve teachers in the implementation of the intetioas
(Riethmuller et al., 2009)Previais research has also suggested that children have a higher
likelihood of being physically active when they have positive interactions with teachers
(Dowda, PateTrost, Almeida, & Sirard, 2004) was also recommended to involve parents as
they are a key factor in habitual and lifelong developm@iethmuller et al., 2009)This is
further highlighted in recommendations for preschool children, that emphasise the pivotal
role parents have for providg encouragement, opportunities and support for physical
activity (American Academy of Pediatrics. Council on Sports Medicine and Fitness, 1992;
Hagan, Shaw, & Duncan, 2017; Wright & Stork, 20A3jurther recommendation was to

ensue that those administering the intervention are carefully chosen as they have a direct
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AYFEdzZSyOS 20SNJ OKAf RNBY QA LI NGAOALI GA2Y Yy
competence and confidence to deliver the program(fReethmuller et al., 2009Brian and
Taunton (2018)provided some insightful evidence from their research on implementation
strategies in preschool motor skill interventions. They compared expert and novice instructors
and direct and indirect pedagogical approaches when delivering their intervention. A direct
approach refers to a structured lesson plans are adhered to with all ehiloerforming each

task at the same time, while an indirect approach allows the child autonomy over what task
they choose to partake in, at what level of difficulty and for how I@Rigk, 2014)It was found

that when the intervention was expeted, there were no significardifferences between

direct and indirect approaches. However, when novest a direct approach showed
significantly greater improvements in locomotor and object control skills (p<.05). In
FANBSYSyYyd sAGK wASOKYdz t SNJ -led/iiRervénfiohst sBowatdzS & Q
significantly greater improvements over the nowieel interventions, regardless of approach
(p<.05)(Brian & Taunton, 2018; Riethmulletral., 2009) It should be noted that both expert

led and novicded using both approaches showed significantly greater improvements over a

control group who received no intervention (p<.@Byian & Taunton, 2018)

When designing an intervention to teach children to cycle, consideration for the involvement

of teachers and parents may be important. There aifeecent ways to involve teachers and
parents in interventions through direct involvement (i.e. delivery of the intervention) to
indirect involvement (i.e. been given information relating to the intervention). As
RSY2YAGN)F G§SR o0& . NI bweef SRR AtylIGd3yNIBSWAIA 2 ¢ ANJI SNE
expertf SR® 2 KSy O2yaARSNAYy3a RSEAGSNAY3I +y Ayl
YR GSFOK GKSY (G2 080tS AYRSLISyRSyatesz Al
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would be experts. Concerrgnteachers, a solution to this is to allow for a combined
partnership approach by delivering the intervention with the assistance of the preschool
teacher(Riethmuller et al., 2009 similar approach may not be suitable for parents as the
logistics of a parent being involved for each child inmed in the intervention at the same time

may not allow the expert control of delivering the intervention and furthermore, issues with
vetting for each parent to work within the whole group of children may be invasive and
impractical. However, parents castill influence their child through being present without
directly involving themselves in the interventioRebold et al. (2016jound parents to
AYyTFtdzSyO0OS GKSANI OKAtRQa OGA@GAGE fS@Sta Rd
watching theNJ OKAf R LI NIAOALI S ! OKAfRQ& LISNDS
shown topositivelyinfluence physical activity leve®Vilk, Clark, Maltby, Tucker, & Gilliland,

2018) therefore, a parent being present may provide perceived parental support for the child

and increase their active involvement in the intervention.

The setting of the intevention has also been highlighted as a potential important indicator of
intervention efficacy(Riethmuller et al., 2009)It was hypothesised by Riethmuller and
colleagues that the setting in which a preschool motor skills intervention is delivered would
have a strong influence on the outcomedioe intervention as a consequence of an increased
likelihood of having a positive experience, and thus increased likelihood of learning, if they felt
comfortable in their surrounding¢Riethmuller et al., 2009)Furthermore, in a literature
review aimed to understand how to enhance physicaiigt among preschool children, it
was suggested to focus on activities that the children find(flimmons, Naylor, & Pfeiffer,

2007)
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As there have beeno previously published interventions to date that have sought in increase
LINS&EOK22f OKAf RNBYyQa OeoOf Ay3a ai A f-dodpakbeR | 0
evidence can used in designing such an intervention. HoweMeaght of this reviewmportant
considerations should be made including: teacher or parent participation and the setting in
which the intervention is deliveredzurthermore, an exploration into these recommended
strategies may provide insight into the factors that influencecrald learning to cycle

independently.

2.8 Conclusion

It is clear from the presented review of literature that cycling offers many benefits and is an
important skill to understand. Understanding cycling begins by exploring how children
progress through théearning process to independent cycling. Cycling was only recently added
to the motor development model, therefore, understanding how it fits within the model and
exploring how it relates to other important skills during the vital years of early childaoad
AYLRZNIGFYG FANBRIG adSLEADP CAdZNIKSNXY2NBZ dzy RSNA G
engagement may be an important factor to consider when designing interventions to improve
cycling and/or when trying to encourage a child to learn toeyatiependently. In order to
better understand cycling and to investigate what factors might relate to it, an assessment
tool must first be designed in order to measure ability to cycle independently. After the
development of an assessment tool, developrtepaths to independent cycling can be
investigaed along with what factors on a balance bike may be learnt and subsequently used
in independent cycling on a traditional bike. While it is assumed digamicbalanceis an

important factor when it comesat cycling independently, there is in fact no research that has
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examined thisFurthermore, there is no research to suggest that either balance bikes or bikes
with stabilisers do in fact aid in learning process to independent cydiimg presented thesis

addresses these topics in Chapter6.3
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Chapter 3 - Quantifying Cycling as a Foundational Movement

Skill in Early Childhood

Kavanagh, J. A., Issartel, J., Moran, K., 2019. Quantifying Cycling as a Foundational Movement
Skill in Eayl Childhood. Journal of Science and Medicine in Sport (in press).
https://doi.org/10.1016/j.jsams.2019.08.020

This paper has been reformatted to fit the current thesith minor changes madesaa result
of examiners revisions.

3.1 Abstract

The addition of cycling to the fundamental movement phase of the motor development model
has been proposed. Lifelong physical activity behaviours, like cycling, are established during
childhood and it is V&l that research focuses on these skills. In order to determine the position

of cycling within this newly proposed model, the learning process of this skill must be
examined. The current paper will quantify the skill of cycling as a learning process and
y@dSaaGgA3alriasS OeoOftAy3aQa LIXFOS a | C2dzyREFEGAZY
composite score could be derived from combining fundamental movement skills proficiency
scores and ability on a balance bike (as a measure of the learning proasssing) will also

be conducted. Ninetgeven preschool children were assessed on ability on a balance bike
(bike with no pedals) using two separate timed tracks (straight and curved) and fundamental
movement skill proficiency. Data analysis included dpsee statistics, Pearson product
moment correlations and principal axis factoring. Statistically significant correlations were
found between ability on a balance bike and all three subcomponents of fundamental

movement skills (locomotor, objeciontrol & stability). Principal axis factoring revealed the
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presence of one component that all four variables could explain. Ability on a balance bike is a
standalone Foundational Movement Skill and is not a representation of locomotor, ebject
control or stability.Furthermore, ability on a balance bike can be combined with locomotor,
objectcontrol and stability to produce an overall composite score for Foundational

Movement Skills.

3.2 Introduction

Locomotor, object control and stability are three subcomponents that make up fundamental
movement skills (FMSGallahue &0zmun, 2006ps they are the most basic observable
patterns of movement and are the building blocks for more sport specific $Kilésk &
Metcalfe, 1989) FMS are developed between the ages of 2 and 7 as children are actively
exploring and eperimenting with how their bodies move, leading to mastery of FMS and
discovery of new skilliHaywood & Getchell, 2005There are a wide variety of instruments
currently used ¢ assess FMS (TGMD®, MABC®, KTK®. BOT®). These instruments were al
designed to measure the FMS components included in the motor development model
(Gallahue & Ozmun, 20Q6)hese assessment tools support policy makers and researchers to
design interventions tailored to improve FMS with the lgéagm goal of increasing physical
activity levels across the lifespan. Interviemts have been successful in improving FMS in early
childhood (35 years)(Altunsdz, 2015Bardid et al., 2013; Wick et al., 201ahd in middle
childhood (612 years)(Burrows et al., 2014; Cohen et al., 2018)organ and colleagues
performed a systematic review on 19 FMS interventions with childrenl aigals(Morgan et

al., 2013) All the reviewed studies reported significant positive intervention effects for at least

one subcomponent of FMS. While it is imperative thaementions have been successful in
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improving FMS, the current FMS may not necessarily be the only skills that are foundational

to successful adoption of lifelong physical actiyiiylteen, Morgan, et al., 2018)

Lifelong physical activity behaviours are established dwhhilgihood as many physiological

and psychological changes take place during this t{@egega et al., 2008)which may
subsequently influence adolescence and adult behavi@Robinson et al., 2015 herefore,

it is vital that theory within motor development includes all skills that need to be addressed
during this critical time, not solely FMS, to ensure that children are encouraged to establish
appropriate behaviours that will lead to lifelong igal activity. Hulteen and colleagues
proposed an amendment to the current FMS structure and content within motor
development modelqClark & Metcalfe, 1989; Gallahue & Ozmun, 20@6)nclude the

addition of more skills that lead to lifelong physical actiytulteen, Morgan, et al., 2018)

The addition of these new skills alongside traditional FMSwas givént K S| RAy 3 WC2 dz
az2@SYSyild {1Affae@ HWXSH LWNSWAIRZOAZY KBt RAy 3 WCdzyF
allow for the inclusion of additional lifelong skills alongside traditional FMS. Foundational
Movement Skills are defined as any skill timtdeemed important for promoting lifelong
physical activity and other positive trajectories of health and include both traditional FMS and
other skills (eg. catching a ball, cyclifglulteen, Morgan, et al., 2018)dentifying these
additional foundational skills seem® the an essential primary step in developing more
appropriate interventions and recommendations for policy makers. The addition of several
skills was proposed to the motor development model, such as cycling, freestyle swimming
stroke, bodyweight squat anstootering, in order to encourage the promotion of more skills
during this crucial development windofiulteen, Morgan, et al., 2018)pening the door to

further investigate their role and impact.

57



Cycling is an important lifelong skill as it can be used recreationallysdort or for
transportation and is a skill that can be utilised throughout the lifespan. Cycling currently has
one of the highest activity participation rates globagliulteen et al., 2017)Jnderstanding

the development of the skill is a necessary step in research and to furth@osugoaches,
practitioners and parentdzurthermore, it is necessary to highlight cycling as an important skill
within Foundational Movement Skills as it promotes continued physical activity participation
across the lifespan. Cycling has many fitness lealth benefits in childhood and into
adulthood. A systematic review by Oja and colleagues showed a consistent strong positive
relationship between cycling and cardiorespiratory fitness in both children and adolescents,
with those who cycled to school berfive times as likely to be in the top quartile of fithess
compared to those who walked or passively commufgh et al., 2011)One finding found

that fitness significantly increased by28% in children who changed from not cycling to
school to cycling to school after 6 yeddanssen & LeBlanc, 201®iddle-aged and elderly
adults who commuted to wi by cycling were also found to have significantly less risk of all
cause cardiovascular or coronary heart disease mortality, cancer mortality and morbidity and
in men were less likely to be overweight and ob€3@ et al., 2011)Promoting cycling from

the early preschool years may influence positive commuting and lifestyle behaviours that

would subsequently have fithess and health benefits throughout life.

In order to promote cycling inhe early childhood, emphasis must be placed on the
development of the skill and its role alongside other accepted important skills like locomotor,
object control and stability. Assessment tools are important drivers of focus within motor
development reseah. Currently, interventions that look to improve motor competence in

early childhood are examined through a change in both subcomponents of FMS, and overall
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FMS as a composite score of the FMS subcompor{@itisnséz, 2015; Bardid et al., 2013)
Understanding the role of cycling within the motor development model, and subsequently
determining the placement of cycling within the model, woaltbw researchers to include
cycling in their assessments of motor competence. This, in turn, may steer researchers and
policy makers to place importance on the development of cycling within early childhood

motor development research.

FMS have been exandd and assessed as a learning process to mastery of the individual skills
(Altunsdz, 2015; Bardid et al., 2013; Burrows et al., 2014; Cohen et al., 2015; Morgan et al.,
2013) Therefore, when determining the position of cycling within this newly proposed motor
development model, the learning procesk aycling must be considered. Previously cycling
has been placed alongside other sport specific skills, as only FMS were placed in the FMS phase
of development(Hulteen, Morgan, et al., 2018Parents and guardians frequently teach
children to cycle using a constrained éiki.e. no pedals (balance bike/strider) or with
additional wheels (bike with training wheels)] before progressing to cycling with no assistance
on a traditional bike. It is because of this that the authors of this paper believe that the skill of
cyclingas a Foundational Movement Skill, to begin on a constrained bike as a learning process.
In the past, bicycles were constrained by adding two extra training wheels to the back of the
bicycle, allowing the bicycle to stand upright on its own. In more regeats, bicycles have

been constrained by removing the pedals, allowing the child to use their feet to propel
themselves forward. This type of constrained bike (as used in this study) has been given many
different names such as balance bike, strider bike&l aanning bike. Balance bikes are
becoming increasingly popular as manufacturers are claiming that they teach the skills

necessarytocycl@ & [ LYO9 | . LY9 X €& H.Thedse Bf cangtraiMinRi e Narding H 1 m
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process of a skill is not unique to cycling and dates back to the 1980s when it was first proposed
08 bSgStt AY Moy c darspbmdsed réae congrRiGsenvidddmer® 2 v a
task and individuak that could be manipulated to provide better opportunities for skill
acquisition. Since the 1980s this constrailei$ approach has been extensively recognised as

a motor learning modeto follow for acquisition of skill§Davids et al., 2008)n motor
learning, pactice and experience are required for behavioural charjgeswood & Getchell,
2005) It is not common for a child to be able to cycle independently without prior practice on
aconstrained version of a traditional bike. Practicing on a balance bike allows mastery of parts
of the skill prior to attempting to cycle on a traditional bike without constraints. Assessing
ability on a balance bike (BB) could therefore be recognisedrasasure of cycling ability
during early childhood, when the initial motor learning takes place and continues along a

motor development pathway.

With the addition of cycling to the motor development model, its placement within the model
during early childood must be quantified to confirm that the learning process of cycling, as
measured by ability on a BB, should be placed alongside FMS. In order to do so, one needs
first to demonstrate that ability on a BB is not representing ability at another subcoergon

of FMS. For example, if ability on a BB is strongly related to the skill of locomotor then it is
possible that ability on a BB is another measure of locomotor as opposed to its own skill entity.
Ability at the subcomponents of FMS are typically scobgdcombining assessments of
different representations of the skill to produce one overall composite s@oedgtz, Kartin, &

Kopp, 2010; Henderson, Sugden, & Barnett, 20B@) instance, object control in the current
article was assessed through combining scores of abilities at angaemnid a catching task.

Furthermore, the subcomponent composite scores are combined to produce an overall
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composite score for FMS or motor competence. Providing standardised composite scores for
overall FMS has allowed researchers to compare findings swaberent test batteries
(Altuns6z, 2015; Bardid et al., 2013; Burrows et al., 2014; Cohen et al., 2015; Morgan et al.,
(2013) If moderate relationships between ability on a BB and the subcomponents of FMS are
found, then it may be possible to conniei ability on a BB scores with locomotor, object control
and stability scores to produce one composite score. This would be a way to represent an
assessment of Foundational Movement SkiHsilteen, Morgan, et al., 2018 his overall
composite score for Foundational Movemt Skills would highlight the weight of cycle within
motor development research and thus provide rationale for the inclusion of cycling, together

with FMS, as important skills to be learnt.

It is hypothesised that ability on a constrained bike, in thgeaabike with no pedals (balance
bike), and ability at three components of FMS (locomotor, object control and stability) will be
moderately related. Moreover, the components are hypothesised to be capable of being
combined to provide a wider assessmentmbtor competence, as a composite score of

Foundational Movement Skills.

3.3 Methods

Participants included ninetgeven preschool children (4.1 -+/48 years, 56% female).
Participants were assessed on ability to cycle a balance bike (bike with no pathltjeir

FMS proficiency (object control, stability, locomotor).

Participants fundamental movement skills (FMS) were examined through assessment of
object control, stability and locomotor. Object control and stability subcomponents were

assessed using ¢hMovement Assessment Battery for Children, second edition (MABC
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(Henderson et al., 2007he MAB& | a34Saa4SR GKS LI NIGAOALI yia
(throwing a beanbag to a mat and catching a beanbag) and three stability skills (one leg
balance jumping on mats and walking a line) and the best score of the two trials was obtained
for both locomotor and object control. Raw scores of object control skills and stability skills
were used. The locomotor subcomponent was assessed using a 15m sptinane a
horizontal jJump distance tegEspafigRomero et al., 2010)The 15m sprint test was measured
using time through two pairs of timing gates (Brower timing system, USA), where the first
timing gates were 10cm from the stdine. Participants were asked to run as fast as they could
and the average of two trials was used in the analysis. The horizontal jump distance test was
a two footed takeoff and landing task, with participants asked to jump as far as possible. The
jumpwas on a soft horizontal jump mat (Atreq, UK) and the average of two trials was used in
the analysis. The results from two locomotor tests were then standardised into z scores and

combined to produce one score for locomotor skill.

| KAt RNByQa FoAftAdGe 2y | olflyOS oAl $ete. . 0 ¢
straight track and a twaurn curved track ffigure 3.). Foreach of them, the average of two

time trials over was calculated and the times were combined as auneas ability on a BB.

For the straight track, time to complete was measured using timing gates that were set up
15m apart with the first timing gate 10cm from the start line. For the4wm curved track,

time to complete was measured using timing gattest were set up at the start and the end

of thetrack Figure 3.]. Participantsvere instructed to go as fast as they could. Seat height

was adjusted per child so that while seated, both feet lay flat on the ground and there was a
slight bend in the kees. Children were required to wear a helmet and given one practice trial

on each track with the instruction to go as fast as they could.
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This study was approved by Dublin City University Ethical Committee and written informed
consent was provided from the parents or legal guardians for all participants-dolggtion
was conducted by a group dafained examiners specialised in skills acquisition in early

childhood education.

Descriptive statistics were performed to assess the means and standard deviations for all the
variablesPearson produetnoment correlations were run to assess the relatioips between

ability on a BB and the three subcomponents of FMS (locomotor, object control and stability).
Interpretation of the relationships was performed usih@®? K SciA<ification where r = 0.10

¢ 0.29 signifies a small relationship, r = 0¢30.49 signifies a moderate relationship and r =
0.50¢ 1.0 signifies a large relationship (Cohen, 1988).
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A principal axis factoring (PAF) was conducted to investigate if ability on a balance bike and
ability at the three components of FMS (locomotor, object tconhand stability) can be
O2YO0AYSR (2 3IAGBS | O2YLRAAGS a02NB F2N I f
{1Affta O2YLISGSyOeéd t NA2NJ G2 LISNF2NXYAYy3I (KSE
assessed using Kaigdeyer-Olkintestand Barf SG G Qa ¢ Said 2MeyefQBinS NRA O A
greater than 0.6 is deemed acceptable and greater than 0.7 is deemedlgaiser, 1974and

I AA3AYAFAOlI Y 0Lk ®np@artlett, NB7) Bgénvalias gedei than2 T {
were used to assess how many groupings or components the variables could ¢Rplant,

2011) All analyses were completed using SPSS versidB&PANnalytics, n.d.)

3.4 Results

The mean * standard deviation for each of the skill categoriedetagled inTable 31.

Table 31. Descriptive statistics [Mean and Standard Deviations (M £]3@)each skill category

Skill M+ SD

Locomotor (Run) 53+1.1(s)

Locomotor (Jump) 56.2 £ 20.8 (cm)

Object Control 10.8+35
Stability 24.2+16.1
Ability on a BB 33.1+14.7 (s)

1Balance bike

The relationships between ability on a BB and locomotor, object control and stability were
investigated using Pearson produtbment correlation coefficient. Preliminary analyses

were performed to ensure no violation of the assumptions of normality, limeaand
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homoscedasticity. There were significant moderate relationships found between ability on a
BB and both locomotor (r=.474, p<.001) and object control (r=.412, p<.001), with high ability
on a BB associated with high ability at locomotor and objentrob There was a significant
weak relationship found between ability on a BB and stability (r=.269, p<.05), with a high
ability on a BB associated with a high ability at stability. The results of this analysis support the

placement of cycling alongsidMS within the motor development model.

The three subcomponents of FMS (locomotor, object control and stability) and ability on a BB
were subjected to principal axis factoring (PAF) to investigate they could be combined to give

a composite scoreforF G Sy i @F NAIF6fS yIFYSR aC2dzyRFEGAZ2Y
Prior to performing PAF, the suitability of data for factor analysis was assessed. Inspection of
the correlation matrix revealed the presence of all coefficients of .3 and above. The-Kaiser
Meyerhf {1 Ay @I fdzS g1 & dtHc FYyR . IFNIftSGdiQa ¢Sa
supporting the factorability of this analysis. PAF revealed the presence of 1 component with
eigenvalues exceeding 1, explaining 57.2% of the variance in thesefateneaning all four
variables (ability on a BB, locomotor, object control and stability) were related enough to
explain one componeniTable 32 representsthe relationships between each of the skills and

the latent factor, in this case Foundational Movement Skills. The results of this analysis provide

a rationale for the inclusion of ability on a BB and traditional FMS within a Foundational

Movement Kill assessment.
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Table 32. Factor loadings indicating the relationship of the individual skills to the latent variable
wCc2dzyRIGA2y L a2@SYSyid {{1AffaQ

ltem Factor Loadings
Locomotor .783
Object Control 775
Stability .723
Ability on a BB 742

1Balance bike

3.5 Discussion

The results of this study support the hypothesis that ability on a BB and FMS proficiency at
locomotor, object control and stability are related. This indicates that participants with higher
balance bike ability are more likely to be proficient at locomptibject control and stability

and vice versa. However, ability on a BB is not strongly related to any of the subcomponents
of FMS, indicating that ability on a BB, as a measure of the learning process of cycling, can be
considered as a separate skill ggal that place alongside FMS within the motor development
model(Hulteen, Morgan, et al., 2018)Vhile the exact commonalities between ability on a BB

and the subcomponents of FMS are not the focus of this paper, the reasons as to why there is
a relationship between the dks can be discussed. In order to move quickly and efficiently on

a balance bike, children must use lower body strength and coordination to push their feet off
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the ground, propelling them forward. These requirements are not dissimilar to the
requirementsused during locomotor running and jumping activities where the body must be
propelled through spacéHaywood & Getchell, 2005¢hildren must also control the balance

bike usingthe handlebars which requires coordination between the upper and lower body,
similar to locomotor and object control where manipulation of objects is required to

effectively throw, catch or bounce an objgeétaywood & Getchell, 2005)

The results of this study also support the secondary hypothesis that ability on a BB and the
subcomponents of FMS can be combined to produce one composite score for Foundational
Movement Skills. Fdings from the principal axis factoring identified which of the variables
(ability on a BB, locomotor, object control and stability) could be used to explain the latent
variable. The results of this analysis placed ability on a BB and all three subcortspafifed S

into the one component which explained 57% of the variance in the data set. This provides a
rationale for ability on BB and subcomponents of FMS to be combined as a composite score

and used in a measurement of Foundational Movement Skills.

Hulteen and colleague@Hulteen, Morgan, et al., 201§)roposed that cycling be placed
alongside FMS within the motor development model due to the positive lifelong implications

for both physical activity anthealth Figure 3.). Theyproposed that cycling would be a
Foundational Movement Skill as cycling has both the capability to progress into a sport specific
skill and become a lifelong skill outside of sporting contékfihin the motor development

model, cycling and other skills (eg. bodyweight squat, scootering, rewignstrokes) with

similar path options were subsequently proposed to be included alongside traditional FMS
dzy RSNJ 6 KS KSI RAY3d WC2(Hnltden, Kldrguy, ét &l., 201BS sty 0 { |

appear to compliment this approach by demonstrating the significartieiship between
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cycling and FMS and the lack of a strong relationship between any one component of FMS and
cycling, which could suggest cycling to be a subset of that FMS. Furthermore, the results have
provided rationale for the inclusion of cycling withmotor development assessments, thus

highlighting the importance of cycling within this newly established developmental model.

This learning process of cycling has the capability to begin and end within the FMS phase of
the motor development modelHulteen, Morgan, et al2018) a time when children are still
exploring traditional FMS and have not yet mastered them in order to refine and combine to
produce sport specific skil{€lark, 2005)As a result, in theory, ability on these constrained
bikes and abilif to cycle independently should not be dependent on a certain skill level of
FMS, alike sport specific skills, but instead ability to cycle and traditional FMS can be developed
and mastered in parallel to one another. The current paper has shown thayaila balance

bike can be categorised alongside traditional FMS and furthermore that their ability scores
can be combined to produce an overall score within the newly termed Foundational
Movement Skill§Hulteen, Morgan, et al., 2018 ombining scores to produce an oakiscore

is important as it promotes measurement of all the components that make up the composite
score.While there are many studies that assess FMS, stability is not included within many test
batteries assessing FMS and therefore not included in thbisesquent compensate scores of

FMS proficiencyEngel et al., 2018; Lubans et al., 2010; Rudd et al., 2By ot including
stability within the overall assesgent and scoring of FMS, it is often neglected in both
measurement of FMS and design of interventions to improve KEtgel et al., 2018)
Demonstration that ability on a BB and FMS scores can be combined means that assessment

tools can look to give an overall assessment of Foundational Movemelld &kd thus
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increasing the perceived importance of the skill and possible likelihood of increased

measurement of the skill.

Models in motor development have, for many years, influenced the variables that are
investigated as pathways to a healthier ({@ark & Metcalfe, 1989; Gallahue & Ozmun, 2006)
C2NJ SEFYLX S5 DI f f | KadsDf MotriDevl@pimérSdllahueR Damun, 2 dzNE
2006)F YR / fFN] IyR aSdiOFrf¥FSQa YSil LK2Z2Carke&F (K:¢
Metcalfe, 1989oth include fundamental movement skills as the most important measures

of motor competence in early childhood as they form basic competencies frommhwhi
combination and skill transfer to more specific skills od€llark & Metcalfe, 1989; Gallaé&

& Ozmun, 2006)These investigations have led to numerous studies conclusively showing how

a higher proficiency in FMS relates to physical activity levels and He#dyd et al., 2014; S.

W. Logan et al., 2015ubans et al., 2010As a result, typically FMS are the focus when seeking

to improve motor competence in the early and middle childhood yéaltsinséz, 2015; Bardid

et al., 2013; Burrows et al., 2014; Cohen et al., 2015; Morgan et al.,.20&8)growing
emphasis placed on FMS in schools mayttsébated to this growing body of evidence on the
benefits of improving FM@.loyd et al., 2014; S. W. Logan et al., 2015; Lubans et al.,. 2010)
Highlighting other important skills, such as cycling, and ensuring tiegt are not neglected

in research by combining ability scores with ability at already emphasised skills, such as FMS,
is the first step in increasing awareness of the importance of these lifelong skills. Moreover,

by placing cycling alongside traditionaM& and combining ability scores to highlight
importance and increase measurement, more research will be directed to explore the
potential benefits of learning and improving the skill of cycling in the preschool years, like has

been accomplished with traddnal FMS. Cycling is a valuable lifelong skill and also one of the
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top activities for many societies and cultur@dulteen et al., 2017)Hulteen and colleagues
acknowledged the importance of providing relevant lifelong skills based on societal and
Odzt G dzNJ f y 2 NI &cufoiRdzNIRIR AlYYIR 3 SIBARNIALIK A OF £ Q F A f
model(Hulteen, Morgan, et al., 2018y including cycling alongside traditional FMS, research
will be encouraged to provide investigation into a highly common and relevant skill in many
societies and cultures artthus provide the best opportunity for physical activity promotion
(Hulteen, Morgan, et al., 2018; Hulteen et al., 20IM)ture studies should investigate the
other relevant lifelong skills and how they relate to traditional FMS and assessment of
Foundational Movement Skills. With the substantial amourgwfience supporting the health
benefits of physical activity it is imperative that we encourage and support the factors that

contribute to a physically active life.

3.6 Conclusion

The results of this study provide evidence for ability on a BB to be intlamgside FMS.

Also, the main findings highlight that the scores of ability on a BB and the subcomponents of
FMS (locomotor, object control and stability) can be combined to produce a composite score
of motor competence as a single measurement of Fouiodal Movement Skills proficiency.

By combining the scores to produce one score, holds emphasis on all skills and the needs to
integrate them all in one assessment and therefore may reduce the likelihood that ability on

a balance bike would be neglected mmeasurement and the design of interventions. An
increased proficiency level of these skills would subsequently improve both physical and
mental health in childhood and into adulthod®ja et al, 2011) By including other lifelong

skills within the motor development model, a more holistic assessment of motor competence
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can possibly be achieved. This change may drive researchers and policy makers to include
additional relevant skills in theimterventions which may subsequently contribute to a greater
increase in lifdong physical activity levels and improved health. Cycling is an important
lifelong skill to promote as it is not only a specialised sport skill but also a leisure and
commutingactivity that can be enjoyed throughout life with many health bendf®g et al.,

2011) Including ability on a BB alongside traditional FMS, as asetubf Foundational
Movement Skills, mans that future research will be guided to include cycling within their

frameworks, providing a more ahcompassing view of motor competence.

Future research should investigate the role of other constrained forms of cycling (i.e.
additional training wheels) and the other proposed skills (swimming, vaglght, squat etc.)
within Foundational Movement Skills and assessment of motor competent@erResearch
should also consider developing scales to assess cycling from a pooieeted approach and
subsequently assess ability to cycle and fundamental movement skills through process
oriented measures.This will allow further exploration into willeer processoriented
measures also correlate in similar ways to prodoicented measures. Such endeavour would
provide further evidence for the inclusion of ability on a balance bike alongside traditional
FMS.Furthermore, the factors that contribute tearning to cycle independently should be
examined through cycling interventions and questioning of the role of the commonly used

constrained bikes.
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Linking section from Chapter 3 to Chapter 4

From Chapter 3, it was concluded that ability on a balanke bould be included alongside
fundamental movement skills within the motor development model. Furthermore, it
concluded that ability on a balance bike could be combined with ability at traditional
fundamental movement skills (locomotor, object controtlestability) to produce a composite
score to be used as a measurement of Foundational Movement Skills. Much of the previous
scientific literature on motor development in early childhood has focused on traditional

fundamental movement skills, excluding otH#elong skills such as cycling.

While Chapter 3 set the precedent for the inclusion of ability on a balance bike as an additional
measure of actual motor competence, Chapter 4 aims to aid the understanding of the
relationships that ability on a balantéke has between traditional measures of actual motor
competence, perceived motor competence and how these factors influence engagement of

the skill of a balance bike.

Including ability on a balance bike to the motor development model, denotes the impr#ta

to investigate what factors influence the learning of this skill. Previous theories and models
have been derived from research into factors that influence actual motor competence and
perceived motor competence. Chapter 4 examintbe relationship betwen actual and
perceived motor competence as well as investigating their relationship with ability on a
balance bike. Chapter 4 also examines if actual and perceived motor competence and balance
bike ability influence motor skill engagement. Motor skill aggment has not been

extensively researched in the area of motor development yet has implications for the
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development of skills as understanding what factors might contribute to a child engaging in a

skill may aid the understanding of how best to encouragtake.
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Chapter 4 - How actual motor competence and perceived
motor competence influence motor skill engagement of a

novel cycling task

Kavanagh, J. A., Issartel, J., Moran, K., 2019. How actual motor competence and perceived
motor competence influencenotor skill engagement of a novel cycling taSkandinavian
Journal of Medicine and Science in Sport (in pregpk://doi.org/10.1111/sms.13492

This paper has been reformatted to fit the current thesigh minor changes made as a result
of examiners revisions.

4.1 Abstract

In early childhood, factors that contribute to motor skill engagement (MSE) are unknown. Our
aim was to explore the relatiships between actual and perceived motor competence and
their influences on MSE on a balance bike (bike with no pedals). A secondary aim was to
investigate if MSE had an effect on ability on a balance bike. This study comprised of 45
children (29% femalegged4.5 +-+ 0.5 years MSE was assessed using distance travelled on a
balance bike over an-8eek period. Actual motor competenceas assessed using the
Movement Assessment Battery for Children, second edition. Perceived motor competence
was assessed umj the Pictorial Scale of Perceived Movement Skill Competence. Ability on a
balance bike was measured using timed trials on a specifically designed track. Pearson
productmoment correlations were used to assess relationships between actual and perceived
motor competence and ability on a balance bike. Linear regressions were used to examine if
actual or perceived motor competence or ability on a balance bike predicted MSE. Repeated

measures ANOVA was used to examine if there was a difference in abilithadanze bike
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between three MSE groups over 8 weeks. No relationships were found and none of the
variables predicted MSE. There was a significant difference between the MSE groups on ability
on a balance bike over time (p=.019). Investigating the contritsuim MSE on a novel cycling

task during early childhood provides knowledge to ensure children are given the best

opportunities for practice and acquisition of skills.

4.2 Introduction

az2lii2N O2YLISGSYyOS OFy 6S RSTAYSR lFa | LISNREZ2Y
performance outcome when undertaking different motor skifobinson et al., 2015Motor
competence includes fine motor skills and gross motor sHilians et al., 2010)The
Movement Assessment Battery for Children, second edition (MAB£a welrecognised test

battery for assessing both fine and gross motor skills-i6 ¥ear old (Ted Brown & Lalor,

2009) Fundamental movement skills (FM&e measures of gross motor skills and are
considered the most basic observable patterns of mogetrand are the building blocks for

future movement and physical activifZlark & Metcalfe, 1989; Seefeldt et al., 198@ptor
development is the study of motor behaviour, including motor competence, avex and is

often represented in phases of motor developmé@iark & Whitall, 1898The FMS phase of
development, which occagrduring early childhood, is a critical developmental period for
childrenas many physiological and psychological changes take flaxtega et al., 2008)
Moreover, childrenr N& YSUG 6AGK | K8LRIKSUGAOFE AGLINRTFA
phase of developmeniSeefeldt et al., 1980At this point, greater mastery of FMS increases

the likelihood of breaking through the barriand applying these FMS to sport specific skills,

leading to a positive trajectory towards a lifetime participation in physical ac{DgyMeester
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et al., 2018a)Being on a positiverdjectory means a child will be more likely to engage in
physical activities throughout adolescence and into adulthood. The proficiency barrier was
first proposed by Seefedlt (1979) in his motor development md¢8ekfeldt et al., 1980)
Hulteen and colleaguesiave more recently highlighted the importance of this proficiency
barrier by placing it in their motor development modgigure 4.} (Hulteen, Morgan, et al.,
2018) TheLINE TA OA Sy O& oF NNASNJ 6KS2NE 2NRAIAYI GSR
their motor competence or perceived motor competence, are inaccurate and generally
inflated in early childhood, but become increasingly more accurate as they transition int
middle childhood(Harter, 1999) In early childhood, inflated levels of perceived motor
competence have been thought to drive the acquisition of actual motor compettoelden

et al., 2008a) This is as a result of theorit®m earlier research suggesting that perceived

motor competence was tied to task engageme@darter & Pike, 1984; Nicholls, 1978; Nicholls

& Miller, 1983)
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Figure 41. Motor Development Model as proposed by Hulteen et al., depicting the development o
foundational movement skills for physical activity across tlifespan 9. Reprinted with permission.
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Behavioural engagement is considered crucial for achieving positive performance outcomes

as it draws on the idea of participation and includes involvement in extracurricular activities
(Fredricks et al2004) Previous research in behavioural engagement in motor skill contexts

has defined motor skill engagement (MSE) as the amount of prati#omy & Martin, 1994)t

has been previously hypothesised that perceived motor competence would influence MSE in

an activity (Eccles & Harold, 1991; Eccles & Wigfield, 2002)] 2 4 S@SNE (2 @K
knowledge, there has been no research into the relationship between either actual or
perceived motor competence or MSE of a novel skill nyezhildhood. In the current study a

novel skill represents a never before attempted skill.

Stodden and colleagues (2008) developed a model to demonstrate the interactions between
actual motor competence, perceived motor competence, and health relatggipal fithess

and physical activity over timgtodden et al., 2008Early childhood, middle childhood and

late childhood were separated as they proposed that the relationships among the variables
would change as developmentaj@changed. Research into this hypothesised model in early
childhood has focused on the relationships between actual motor competence and both
perceived motor competence and physical activity ley€lsane, 2017; LeGear et al., 2012,
Lopes et al., 2016; Lubans et al., 2010) most studies in early childhood, actual motor
competence was measured through ability at fundamental movement skills )(FEM&
physical activity was assessed through an assessment of the amount of moderate to vigorous
physical activity achieve(Crane, 2017; LeGear a&t, 2012; Lopes et al., 2016; Lubans et al.,
2010) Research in early childhood has shown some conflicting results when assessing the
relationship between actual motor competence and perceived motor competedamett,

Ridgers, & Salmon, (201%pund significant positive associations between actual and
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perceived object control skills in children age8 #ears(Barnett, Ridgers, & Salmon, 2015)
Similarly,LeGear et al., (2013nd Robinson, (2011jound significant weak and moderate
positive associations between actual and perceived motor competence in preschool childre
(LeGear kal., 2012; Robinson, 2011ontrary to these results, other research has found no

relationshipsLopes et al., 2016; Spessato et al., 2013)

Hulteen and colleagueproposed the addition of relevant lifelong skills, like cycling and
swimming, to the FMS phase of development within the motor developmendel Figure

4.1) as it was thought that skills learnt at this age were being neglected in res@dndteen,
Morgan, et al., 2018Relevant lifelong skills along with traditional FMS are defined together

as foundational movement skil{slulteen, Morgan, et al., 2018Fycling in particular is one of

the most commonly reported active recreational pastimes during early childliDodst et

al., 2009) With the varying levels of participation relevant lifelong skills in childhood, such

as cycling, it is extremely important to understand the factors that may contribute to the
positive engagement in these skills during the time of the initial learning process. In order for
a child to learn aa@mplex skill like cycling, engagement and persistence in the task is required.
The main aim of this paper is to investigate the relationships between actual motor
competence, perceived motor competence and ability on a balance bike (timed trial on a
bicyck with no pedals) and the influence of actual motor competence, perceived motor
competence and ability on a balance bike on MSE at a novel cycling skill during early childhood.
These investigations are important as they may provide a better understantiiigad drives

I OKAfRQ&a Sy3ar3asSvySyid Fad tAFStz2y3 airatfta R
willingness to engage in a new skill being a potential important indicator of lifelong physical

activity.
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Learning to cycle is an acquired skill that riegsi practice to mastefAstrom et al., 2005)
Being able to ride a bike isrf and a popular pastime but it also opens up more opportunities
for a healthy lifestyle through physical activity and transportatiGhildren are frequently
taught to cycle using a constrained bike [i.e. no pedals (balance bike) or with additional wheels
(bike with training wheels)] before progressing to cycling with no assistance on a traditional
bike. Balance bikes are a type of constrained bike that have recently gained attention as a
potentially more appropriate precursor to riding a bike, with a n@nlof manufacturers
claiming that the skills learned on a balance bike are directly transferable to riding a traditional
biked [ LY® I HioweT o { .0HdKeRef NE résearctn ta diaie appears to have
examined ability on a balance bike or whether practice on a balance bike increases
competency on the balance bike. The power law of practice theory would suggest that large
amounts d improvement should occur during the early stages of practice on the balance bike
(Magill, 2007) Therefore, a secondary aim on this paper is to investigate the praffieets

of a balance bike, to examine if it is in fact a skill to be improved through practice.
Furthermore, if ability on a balance bike is associated with actual motor competence or

perceived motor competence.

4.3 Materials and Methods

Participants

Ninety children in total were recruited from ten preschools. Fdite children (4.5 +/0.5

years; 29% female) were given balance bikes for eight weeks to free play on and were included
in the current study. Participants were included if yheere between 3 and 5 years of age and

had never used a balance bike before.
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Procedure

This study was approved by Dublin City University Ethical CommRie€/2016/031and
written informed consent was provided from the parents or legal guardiansifpasgicipants.
Datacollection was conducted by a group of trained examiners specialised in skills acquisition
in early childhood educationThe principal investigator provided further training to two
examiners in the assessment protocols over two day#) w hours of training required in
total. The principal investigator also trained one of the examiners in the intervention design
and the games, with an additional 5 hours of training for thisvarmup was used at the
beginning of the testing session wh was found to provide encouragement for the children

to take part in all of the data collectiohe warmup consisted of a group jog up and down a
length of approx. 15m and some active stretches. Autonomy was also given to the children to
showcase theiown body movements that the group would then mimic. The warmup took

roughly 10 minutes.

Motor Skill Engagement

Inertial Measurement Units (CATEYE Velo 5, Boulder, USA) were attached to the wheel of the
balance bikes given to the children to measure easlolution of the wheel which was used

to measure distance covered over ther@ek intervention period and this was subsequently
used as MSHParents were instructed to not allow anyone other than the participant to use
the bike and to hold onto the wheelith the counter attached when moving the bike to
control for additional wheel spinning during nemling time. Parents were instructed to allow

the child to decide when they wanted to play on the bike. In an attempt to assess changes in

greater detail, theparticipants were split into high (>10.5km), medium (2&5km) and low
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(<2.5km) MSE groups based on distance covered on the bike over the 8 weeks. Participants

were split through calculation of tertiles.
Actual motor competence

Fine motor skills, objeatontrol and stability, as assessments of actual motor competence,
were assessed using the Movement Assessment Battery for Children, second addition (MABC
2). The MABRQ is a wellvalidated standardised test that assesses fundamental movement
skills (FMS)f children between 3 and 16 years of gded Brown & Lalor, 2009)he MABE

2 assessed the participants in three fine motor skills (placing coins in a box, threading beads
and drawing trail), two object control skills (throwing a beanbag to a mat and catching a
beanbag) and three stability skills (one leg balance, jampn mats and walking a line). The
children were assessed on each skill twice and the best score was converted into a

standardised score based on their age on a scalel®f. 1
Perceived motor competence

Perceived motor competence was assessed usingdhdated and reliable Pictorial Scale of
Perceived Movement Skill Competen®&arnett et al., 2016)Perceived competence at each

skill (run, jump, leap, hop and kick, riding a bike, riding a scooter and skating) was scored from
1-4 with a minimum score achievable of 8 and a maximum scbB20The participant was

first asked to compare themselves to one of two pictures of a child performing the skill, either
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assessed individually at the beginning of the test period.
Ability on a Balance Bike

| KAt RNBY Q& | 6Af AVeb, DRbYn, IFelandl)-wid nye&sGred pak fdreSanddpost
intervention, using the sum of the average of two time trials ovspecifically designed track

that included a 4m straighine path and a curvegath Figure 42). A track with both a
straight and curved path was used to align the movements typically observed when playing
on a balance bike. Timing gates that were set up at the start and the end of the track with the
first timing gate 10cm from the start line. Rigipants were instructed to go as fast as they
could as ability was measured using the outcome measure of time. Seat height was adjusted
per child so that while seated, both feet lay flat on the ground and there was a slight bend in
the kneeg(Cox, 2019)thildren were required to wear a helmet and given one practice trial.

All children were willing and able to successfully complete the course.
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Data Analysis

the variables.
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Figure 42 Track setup to measure ability on a Balance Bike

Arrows used to indicate direction of travel.

Descriptive Statistics

Descriptive statistics were performed to assess the means and standard deviations of each of

Pearson Produd¥ioment Correlations

To examine if the children have inflated levels of perceived motor competence relative to
actual motor competence, Pearson produnbment correlation analyses were run between

perceived motor competence and actual motoompetence. Pearson product moment
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correlations were also run to assess relationships between actual motor competence [and the
subcomponents of actual motor competence (fine motor skills, object control and stability)]

and initial ability on a balance bikeand between perceived motor competence and initial

ability on a balance bikd. Y § SNILINB G F GA 2y 2F GKS NBtIFGA2Yyar
classification where r = 0.190.29 signifies a small relationship, r = 030.49 signifies a

moderate relatonship and r = 0.5 1.0 signifies a large relationship (Cohen, 1988).
Linear Regression

Six linear regression analyses were run to examine if actual motor competence [and the
subcomponents of actual motor competence (fine motor skills, object controktatallity)],

perceived motor competence or ability on a balance bike predicted MSE.
3x2 Repeated Measures ANOVA

A 3x2 repeated measures ANOVA and Bonferroni-posttest was used to examine if there
was a difference in ability on a balance bike between three MSE groups (high MSE, medium

MSE, low MSE) from pre to post of thev@ek intervention period.

All analysesvere completed using SPSS version 22 (IBM Analytics, USA). Significance level was

set at p=.05.

4.4 Results

Descriptive statistics

All participants were assessed on their perceived motor competence, overall actual motor

competence, fine motor skills, object control skills, stability, ability on a balance bike (pre and
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post) and motorskill engagement. The meat standard deviation foreach of the skill

categories are detailed ihable 41.

Table 41. Descriptive statistics [Mean and Standard Deviations (M + SD)] for each variable

(M £ SD) Scoring range
Overall Actual Motor Competence (a.u) 7.9+£3.2 1-19
Fine Motor Skill{a.u) 81+29 1-19
Object Control (a.u) 9.8+34 1-19
Stability (a.u) 8.1+3.6 1-19
Perceived Motor Competence (a.u) 28.1+3.9 8-32
Ability on a Balance Bike (pre) (s) 146+5.4 N/A
Ability on a Balance Bike (post) (s) 10.1+£3.9 N/A
Motor-skill Engagement (km) 10.3+12.4 N/A

a.u; arbitrary units, s; seconds, km; kilometres

Pearson Produdvloment Correlations
Relationships between actual motor competence perceived motor competence, and between
perceived motor competence ariditial ability on a balance bike and between actual motor

competence and initial ability on a balance bike are presentddhlrie 42
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Tabk 42. Correlations (r) between actual motor competence, perceived motor competence and

ability on a Balancdike

Perceived Motor
Competence (a.u)

Ability on a Balance Bike
pre-intervention (sec)

r p r p
Overall Actual Motor Competence .024 .955 .123 .618
(a.u)
Fine Motor Skills (a.u) .023 .705 .008 .810
Object Control (a.u) .014 .989 .008 T71
Stability (a.u) .089 .762 .118 .339
Ability on a Balance Bike pre 119 .196
intervention (s)

*Correlation is significant at the 0.05 level (p<0.05). a.u; arbitrary units, s; seconds.

Linear Regression Analyses

The results of six linear regressions to investigate whether (i) perceived motor competence (ii)

actual motor competence (combined score) (iii) fine motor skills, (iv) object control, (v)

stability or (vi) ability on a balance bike at preervention, coud predict the dependent

variable of MSE are present@&u Table 43. Noneof the variables significantly predicted the

MSE on a balance bike>(05).
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Table 43. Linear regression results (r?) to the dependent variable MSE

Predictors of MSE (km) r2 p

Overall Actual Motor Competence (a.u) .003 .729
Fine Motor Skill{a.u) .009 .545
Object Control (a.u) .000 .930
Stability (a.u) .000 .889
Perceived Motor Competence (a.u) .010 .537
Ability on a Balance Bike (pre) (s) .002 .782

*Correlation is significant at the 0.05 level (p<0.05). MSE; motor skill

engagement, pre; pre8-week intervention, a.u; arbitrary units, s; seconds, km;

kilometres.

3x2 Repeated Measures ANOVA

Differences in ability on a balance bike between three groups of MSE (high, medium and low)

across two time periods (prmtervention and posintervention) can be seem Figure 4.3.

¢KSNE gl a

AAIYATFAO Y

AYUGSNI OGA2y STFSOIU

K2,33) = 4.45p= .019. The posghoc analysis revealed a significant difference between the

high and the low MSE groupp<(.025) with the high MSE group prodéug the highest

improvements in ability on a balance bike over the 8 weeks, followed by the medium group
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H1,33) = 22.9<.001, with both the medium and high M§Bups showing an improvement

in ability on a balance bike over time (dégure 4.3. There was no significant main effect for

MSE groupd{2,45)=.416p=.663.
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Figure 4.3.Ability on a balance bike from pre to post8eekintervention per high
medium and low MSE groups. (Lower values indicate faster times over the cc
and therefore better ability).

4.5 Discussion

The main aim of this paper was to examine the relationships between actual motor
competence, perceived mot competence and initial ability on the balance bike and to
examine if any of these variables predict the MSE of a novel cycling task (on a balance bike). It
has been suggested that during early childhood children have inflated levels of perceived
motor competence(Harter, 1999) The current results support children having inflated levels

of perceived motor competence as their average perceived motor competence score was 28.1
+ 3.9(Table 4.2, whichwas much closer (top 25% range) to the maximum score of 32 than
the minimum score of §Barnett et al., 2016)ndicating that children perceive themselves to

be very good at most of the skills assessed. Moreover, the results also support children having
inflated levelsof perceived motorcompetencerelative to their actual motor competence as
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there were no correlations between their perceptions of ability and actual motor ability,
including when actual motor competence was split by subcomponents (fine motor skills,
objectcontrol and stality) (Table 4.3. Furthermore these results agree with the theory that
perceived motor competence has little to no relationship to actual motor competence in early
childhood(Stodden et al., 2008aYhe high levels of perceivedotor competence found in

the current study are consistent with ranges previously reported in preschool childe€sear

et al., 2012)Additionally, neither perceivethotor competence nor actual motor competence
were related to initial ability on a balance bikeopes et al(Lopes et al., 201&nd Spessato

et al. (Spessato et al., 2013und similar results with no significant relationship between
perceived motor competece and actual motor competence in preschool children. In contrast,
Barnett et al.(Barnett, Ridgers, & Salmon, 20I86)nd positive relationships betwedhese
factors in children aged-8 years, with RobinsofiRobinson, 2011f)jnding weak relationships

in children aged 4 years ah@&Gear et al., (2012nding moderate relationships in preschool
children. The lack ofssociations found in our study is probably due to children in early
childhood not having the cognitive ability to make accurate-gelgements of abilitfWeiss

& Amorose, 2005)r to be able to differentiate between actual motor competence and effort

(Harter, 1999; Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002)

The tendency towards inflated levels of perceived motor competence found in the current
and previous studies has been hypothesised to drive acquisition of actual motor competence
(Stodden et al., 2008)nd MSEHarter & Pike, 1984; Nicholls, 1978; Nicholls & Miller, 1983)
However, the current study foundhrying levels of MSE of a novel skill that was not predicted
by perceived motor competence. Investigation into other measured contributors showed

similar results, with neither actual motor competence (fine motor skills, object control,
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stability and overthmotor competence) nor initial ability on a balance bike showing predictive
power toward MSE of a novel cycling task. This would indicate that it is not the perception of
motor competence, actual levels of motor competence or initial ability at the ainek#l that

are driving MSE. While no comparison to other studies could be made when investigating
perceived motor competence as a predictor of MSE, it is not surprising perhaps that if no
relationship exists between perceived motor competence and achuwdbr competence then

no relationship would also exist between perceived motor competence and MSE. Engagement
of the skills used to measure actual motor competence (i.e. fine motor skills, object control
and stability) are required in order to improve atyilat these skills, as they must be learned
through practice as they are not developed naturglallahue & Ozmun, 20Q6kuture
research should investigate which other factors, for example parental influgfrcesberg &
Payne, 2018)environment(De Barros, Camara Fragoso, Bezerra de Oliveira, Cabral Filho, &
Manhaes de Castro, 20Q3)ulture and individual differences (body composition, motivation,
personality/emotional makeip) (Clark & Metcalfe, 1989; Gallahue & Ozmun, 2006y

explain why a child chooses to engage or not in a novel skill or physical activity.

A secondary aim of this paper was to examine if the volume of practice on the balance bike
affects the amount of improvement in the ability of that skill. It was found that those who
rode the balance bikes over greater distances (high MSE group) imprigweficantly more

than those who did not (low MSE group) with the high MSE group improving by 101%, the
medium MSE group by 13% and the low MSE group b¥iguré¢ 4.3. The large improvement
made by the high MSE group fits within the power law of pradtie®ry as generally during

the early stages of practice of a novel skill there is a large amount of improvement relatively

quickly(Magill, 2007) This is due to the leaer making large errors in the beginning that are
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often easy to correct after some practice. Previous studies have also shown that when you
practice a certain skill you will subsequently improve at that gkitins6z, 2015; Morgan et

al., 2013) The improvement observed is likely due to significant improvements on the balance
bike emerging from greater interactions between tiedividual characteristics, the task
constraints and the properties of the environmgmtavids et al., 2008Consequently to these
interactions, new coordination patterns emerge allowing for greater performance on the

balance bike.
4.6 Limitations

The nonprescriptive nature of the intervention, while imperative to assastial MSE, is not

without limiting factors. The parents of the participants were asked to not allow anyone other
than the participant to use the balance bike; however, there is no evidence that each
participant was not the sole rider contributing the diste covered on the bike and
subsequently the MSE group allocated. The counters used also only allowed for distance
covered to be measured and not amount of practice which may have had an effect as some
children may have moved slower but had longer practimes. Furthermore, environment,
parental influences, physical activity levels, previous experience with similar toys, family
RSY23ANI LIKAOAZ LI NByiliQa ©OASga 2y AYLERNIIFYyOS

practice were not recorded during the siw.
4.7 Perspectives

The current study has taken a unique approach to investigating the MSE of skills in early
childhood. Until recently, lifelong skills like cycling, which are first learnt during the early

childhood years, have been neglected in earljdttood research. It was hypothesised that
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perceived motor competence would drive skill acquisition as children would have inflated
levels of perceived competence that would increase likelihood to engage and persist at a novel
task. The current results haxshown that while children do have inflated levels of perceived
competence, this does not appear to be a prominent driving factor in MSE of a novel cycling
task. Similar to perceived motor competence, neither actual motor competence nor initial
abilityonl ol t+FyO0S 06A1S LINBRAOGSR I OKAftRQa Sy3atr
these relationships opens up opportunities for future research to investigate possible
contributors to MSE during the early childhood years. Understanding the predafttSE of

lifelong skills like cycling would mean that more effective strategies could be designed to
ensure that children are given the best opportunities for practice and acquisition of skill during

a critical developmental window, when perceptions & ¥ LIS Sy OS I NSy Qi T

limiting factor.
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Linking Section from Chapter 4 to Chapter 5

From Chapter 4 it was found that there were no relationships between actual motor
competence, ability on a balance bike and perceived motor competence. Furthermane

of the variables predicted motor skill engagement on a balance bike. The results from this
study were not surprisingperhapsas previous research into these relationships has been
conflicting. Both Chapter 3 and Chapter 4 introduced researchtiredield on ability on a
balance bike. Ability on a balance bike was examined as a balance bike is a commonly used
tool to learn to cycle independently and so describes a commonly used process to

independent cycling.

Chapter 5 aims to examine another asp of the process to independent cycling, which is
development of the skill of independent cycling itself. As no research to date has examined
any aspect of the development of independent cycling, there are no tools available to quantify
performance on draditional bike and consequently no research on stages that a child may go
through during this development process. Therefore, Chapter 5 was designed to develop a
scale that could assess ability on a traditional bike as a developmental process and to
investigate the learning patterns that children go through when learning the lifelong skill of

cycling.
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Chapter 5 - Development and Reliability of the KIM Cycling
Scalez A Measurement Tool for the Development Process to

Cycling Independently

Kavanagh, JMoran, K., Issartel, J., 2019. Development and Reliability of the KIM Cycling Scale
¢ A Measurement Tool for the Development Process to Cycling Independé@ttygical
Education and Sport Pedagogy press.

This paper has been reformatted to fit the current thesigh minor changes made as a result
of examiners revisions.

5.1 Abstract

Cycling has gained more attention as an important lifelong physical actie#yning to cycle
independently without asstance is a milestone for most childrénat requires time and
practice to master. Cycling was recently added to the motor development model and so a valid
and reliable measure of cycling ability is required to allow accurate assessment of the skill.
Cyclng has many health benefits along with being a commonly reported physical activity
globally and therefore is an important skill to promote in early childhood and throughout life.
To date, there are no measurement tools examining the developmental proagss t
independent cycling in the early childhood years. The current study aimed to develop and
assess the interaterandtestNS 0 Sa G NBf Al oAf AGe 2F GKS aYLa
scale occurred in four phases: (1) development of criteria andestaghich used observation

of children when learning to cycle and expert panels to develop the initial developmental
stages, (2) review of instructions and criteria and pilot inser and testretest reliability, to

ensure that the scale could be used¢ @ standalone scale without requiring further
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instructions (3) cycling intervention, which allowed assessment of the developmental nature
of children along the scale as they learn to cycle independently and to assess typical and
alternate routes to indepedent cycling and (4) intaater and testretest reliability. Ninety
children took part in phase 1, thirgix children took part in phase 2, seveifityir children

took part in phase 3 and one hundred and feniyie children took part in phase 4. All tlere
hundred and fortynine children were between 2 and 6 years. The developed scale included
eight stages in total. The scale was found to have excellent-iater reliability (ICC = 0.97,

95% CI = 0.96.98) and good to excellent testtest reliability [ICC = 0.91, 95% CI = 6.87
0.94) & (ICC =0.90, 95% CI =-@.88)]. Typical routes to independent cycling along the scale
were examined and reported as being stefse on all occasions except one where a+{wo
stage jump was as common as the steigseroute. Alternate routes were also reported. The
current study developed a reliable measurement tool for assessing children between 2 and 6
years of age on the developmental process to independent cycling. Having a cycling scale will
allow teachers and practidners to assess competence in cycling and moreover, track changes
in skill development. Furthermore, parents could also use the scale to better understand and

0SUOGSNI aaSa GKSANI OKAf RQa LINPINBaAarAzy @KSy

5.2 Introduction

Independent cyahg is the ability to cycle a traditional bike without the assistance of a person
K2f RAYy3a 2y (2 &dzZJR2 NI GKS 0Oedftiraid 2N | RR
independently without assistance is a milestone for most children and is one of the most
commonly reported active recreational pastimes during early childh@uhst et al., 2009;

Nielsen et al., 20113s well as being one of the most commonly reported physical activities
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globally (Hulteen et al., 2017)A systematic review on thhealth benefits of cycling in
childhood and into adulthood have shown consistent, strong, positive relationships between
cycling and cardiorespiratory fitne¢®ja et al., 2011)importantly, Oja and colleagues also
found that those who cycled to school were fitrmes more likely to be in the top quartile of
fitness compared to those who walked or passively commuted. A longitudinal study found
fitness to have significantly increased b2 B%in children who changed to cycling from ron
cycling to school over 6 yeaiSooper et al., 2008)Moreover, cycling is an important lifelong

skill as it can be used recreationally, for sport or for transportation. The importance held for
cycling globally is evident through the allocation of specific strategies and funds to increase
cycling participation and improve infrastructure for everyone and specifically children

69dzNRPLISIY /eO0fAaailiaqQ CSRSNI (A 2 yEncowayimgrehildrén2 NI R
to learn to cycle independently from a young a@e be central to many people in increasing

opportunities for a physically active life.

While assessment tools have been developed to evaluate the level of cycling siiB year

olds, with a focus on cycling saféfyrnberg, Ohlson, Westerberg, & Ostrom, 1978; Ducheyne,

De Bourdeaudhuij, Lenoir, Spittaels, et al., 2013; Macarthur, Parkin, Sidky, & Wallace, 1998)
these tools areforchidBy ¢ K2 OFy > It NBFReX 0Oe0ftS AYRSLY
no studies have assessed the developmental process to cycling independently in chiiren (2

year olds).

Typically research on physical activity and motor competence has focused omfent
movement skills such as locomotor and object control as these were thought to be the
building blocks of motor developmei(Clark, 2005jrom which more specialised skills arise

(Stodden et al., 2009Many interventions have been designed with the aim of iowprg
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fundamental movement skills in the preschool yeghdtunsodz, 2015; Bardid et al., 2013)
While fundamental movement skill acquisition is undoubyeidhportant at this ag€l.ogan et
al.,, 2015; Lubans et al.,, 2010; Robinson et al., 2045) demonstrated imumerous
interventions (Altuns6z, 2015; Bardid et al., 201&)has been proposed that more lifelong
physical activities such as cycling warrant fo@asticularly during the critical development

window of 26 years of agéHulteen, Morgan, et al., 2018)

Cycling interventions that focus on cycling safety with children who already know how to cycle
independently are common in primary school educatibacheyne et al. 2014; Goodman, van
Sluijs, & Ogilvie 2016; Hatfield et al. 2015; Montenegro 2015; Richmond et al. 2bib4e
interventions have shown an increase in cycling skills, confidence on the bike ankdké&gew

of cycling safetyDucheyne et al. 2014; Hatfield et al. 2015; Montenegro 2015; Richmond et

al. 2014) In evaluations of two of the scheol 8 SR O&@ Of Ay 3 LINPINI YYSaz
/] @0f SQ (S OKSNA raiBeideastdRthe déslrelito aydking outsiNeg ci
school, increased excitement about exercising, overcoming fears of riding bicycles
(Montenegro, 2015and increasing confidence and cycling participatidatfield et al., 2015)

to be important outcomes ofhe interventions. Furthermore, students were reported as
having higher collaborative and empathetic behaviours towards other students and improving
on their relationships with teacheréMontenegro, 2015) One challenge mentioned by
0§SFOKSNAR 2y GKS W{I FS / & O0f S assundetRtiziN studedts ¢ I a
could ride a bike, which was not the case and caused some issues. A recommended solution

to this was delivery of a learning to ride programme in the earlier years.

Risk awareness and the value of risk are important factors to consider in preschool education.

Cycling and particularly learning to cycle is a risk and so interventions based around learning
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to cycle could be considered as risky play interventions. An fitapbfactor in exposing
children to risky play is that overcoming challenging situations like learning to cycle is an
essential part of living a meaningful and satisfying(ld@l, 2007) Cycling interventions in the
preschool years may provide many benefits to children; however, tools need to be developed
to aid teacters and practitioners in understanding the developmental process to learning to
cycle independently in order to provide them with the information needed to carry out an
intervention seeking to teach children to cycle independently. While risk taking rtiamp,

a fall from a bike when a child was not ready to cycle without assistance may discourage a
child from trying again. A measurement tool to assess the development of independent cycling
would be an extremely useful tool in this instance to allow teaas and practitioners to have

better insight into when it would be appropriate to remove assistance.

Hulteen and colleagues developed a test battery to measure some of the other proposed
lifelong physical activities (grapevine, golf swing, jog, pysisquat, tennis forehand, upward

dog and warrior) in 146 year olds in an effort to capture the proficiency levels of skills
considered as popular physical activities in adulth@ddlteen, Barnett, et al., 2018)n a list

2F AYLRNIIFyYy(d aijArAttas OeOftAy3a RAR NIGS KA3IK
RSTAYAGAZ2Y 2F fAFSE2y3a LKe&aAOFt OADAGEKE
GKA& alAffés (Kdza R Sa¥izeyhéntitdoltaiaksgs3 thaidévdlopyfhénSoR F 2
cycling ability. Unfortunately, cycling was not included within the test battery due to feasibility
issues in assessing the skill in a school setthhgiteen, Barnett, et al., 2018 Such a
measurenent tool would enhance understanding of competence in the development of the
skill of cycling in the preschool years, thereby facilitating the promotion of cycling as a lifelong

skill along with the fundamental movement skills. Specifically, it will atachers and
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practitioners to assess competence in cycling and moreover, track changes in skill
development. This could also be used as a guide for parents when teaching their children to
cycle. This would allow more effective intervention design to beimgployed and may also
highlight any individual motor development issues a child may incur, giving an overall better
understanding of their motor capabilities. The overall aims of the present study are to: (1)
develop a scale that assesses cycling ability?-6 year old children, and (2) test the
developmental nature, interater and testretest reliability of the scale in a sample of Irish

preschool children.

5.3 Materials and Methods

The development of the KIM (Kavanagh Issartel Moran) Cycling Scateeddaufour phases
(Figure5.1). Thedevelopment was performed using an iterative approach where each phase
informed further amendments to the scal®ecruitment was performed by the principal
investigator through school visits and information she@tsase 1 was the initial development

of the scale through observation. Phase 2 was a part pilot assessment of cycling ability
using the scale. Firstly, discussions were had with two testers to ensure the scale was self
explanatory without needing furthenstructions. Instructions or explanations that were not
understood were noted and changes subsequently made. Secondly, a pilotrateerand
test-retest reliability was performed to see if any changes to the stages needed to be made.
Phase 3 was perfornaeto investigate if children progressed stefse through the stages and

thus confirming the scale as developmental. As the scale used in phase 2 relied on researchers
verbally clarifying and explaining the scale to the testers, phase 4 involved a feralaiter

and testretest reliability, using the amended scale, with two new testers who solely used the
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written instructions for implementing the scale. This was done so that reliability of the scale
could be determined in the same setting as it woulddakninistered by users (e.g. teachers,

practitioners and parents).

Figure 51. Development of the KIM Cycling Scale.
*Assistant refers to those providing assistancettte child on the bike by holding on and gaining some
control of the bicycle to help the child cycle
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