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The design, development, implementation and evaluan of the
Youth-Physical Activity Towards Health (Y-PATH) int ervention.

Wesley O’ Brien

Abstract
Introduction: Recent evidence suggests that young people ar#icnsuily active to benefit
their current and future health, and of particulate is the age related decline occurring during
adolescence. Underpinning the necessity of an edtiestyle, fundamental movement skills
(FMS) are deemed the building blocks for movemewbst recently, the World Health
Organisation (WHO) identified the need for schoaséd policy interventions to increase
physical activity (PA).

Purpose: The purpose of this research was the design, dewent, implementation and
evaluation of a targeted whole school PA inten@nt(Y-PATH: Youth-Physical Activity
Towards Health) for early adolescent youth (124q/éars) in Irish post-primary schools.

Methods: Information was gathered on participants (n = 2B&els of PA, BMI, and FMS
proficiency. A sub sample of participants (n = &80 participated in focus group interviews to
explore their perceptions of health. Based ondhis, and an exploration of the literature, the Y-
PATH intervention was developed. A quasi-experimgnhon-randomised controlled trial
involving two schools was implemented to evaluate tY-PATH intervention efficacy.
Participants’ data (n=174) was collected at 3 tipwnts (pre, post and retention) on the
following variables; PA levels, FMS proficiency aBiI.

Results:Both schools showed significant increases in dBdyand FMS proficiency over the
three time periods. Aepeated measures ANOVA showed a significant iotena effect
between school attended and time for PA (F(2, 8)%7, p=0.005) and FMS (F(2, 100)=4.132,
p=0.019), with a significantly greater increaseFA and FMS observed in the intervention
school.

Conclusion: Preliminary findings provide support for the sinameous focus on health related
activity (HRA) and FMS in school PE class, alonghwparent and teacher involvement, in
efforts to improve PA levels of adolescent youthrtRker research involving a randomised trial
with a larger sample size is warranted.



Chapter 3
Table 3.1

Table 3.2

Chapter 4
Table 4.1

Table 4.2

Chapter 6
Table 6.1

Table 6.2

Chapter 7
Table 7.1

Table 7.2

Table 7.3

Chapter 8
Table 8.1

Table 8.2

Table 8.3

List of Tables

Mean (SD) of variables by gender acrdsgrieuping

with significant main effects and effect size of@Way ANOVA'’s 144
Percentage and raw score, and 95% cocgdatervals (95% CI)

of mastery of fundamental movement skills 146

Mean (SD) score, prevalence (%) and 95% confidarieevals (95% CI)
of mastery of fundamental movement skills among

males (N=123) and females (N=100) 173
Prevalence of failure among participhetsw mastery level (%)
in each of the 9 fundamental movement skill comptse 174

The anthropometric characteristics andmng€D) values for average
accelerometer and self-report daily minutes of MVPA

of Irish post-primary adolescent youth from 2012042

(pre, post and retention data collection phasejrding to

intervention and control condition 215
FMS (n=15) raw mean scores at pre, paktetention phases for
intervention group relative to control 217

Descriptive data for the physical chamastics and PA of

early adolescent youth 245
Descriptive data for the physical chamastics and PA of

early adolescent youth 246
Pearson correlations among FMS, PA ant€lres according to

gender 247

Descriptive data for the physical chaastics and types of
screen time activities according to gender 268

Overall screen time and adherence tagheciated recommendations
according to gender and weight status 269

Coefficients for correlations among typescreen time activities,
overall screen time, PA and BMI scores accordingeioder 272

Xi



Chapter 1
Figure 1.1

Chapter 2
Figure 2.1

Figure 2.2

Figure 2.3

Chapter 3
Figure 3.1
Figure 3.2

Chapter 4
Figure 4.1

Chapter 5
Figure 5.1

Chapter 6
Figure 6.1

Figure 6.2

Chapter 7
Figure 7.1

Figure 7.2

List of Figures

Introduction to the Thesis
Medical Research Council - Phases astigation in the evaluation of
a complex intervention 12

Review of Literature

Health Education AuthoriBymposium “Young and Active’

(Biddle et al., 1998);

the policy for young people and health-enhancingsigal activity 36
A conceptual diagram of the Youth Phaisictivity Promotion Model
highlighting the different variables that lead toypical activity

(taken from Australian Sports Commission adaptethfiVelk, 1999) 49
The phases and stages of motor develtpme

(taken from Gallahue and Ozmun, 2006) 57
The YPAP model as presented in Rowe €@07) 137
The Youth-Physical Activity Towards HealY-PATH) intervention

structure 151

Percentage of 12-14 year old particp@Nt223) advanced skill
Proficiency 17

Key elements of the development and evaluationga®c 191

Y-PATH Study: A descriptive overviewating to the outcome variables
measured in this 1 year study 214
Percentage of participants self-reportt minutes of MVPA on
all 7 days per week at pre, post and retention 216

Locomotor subtest prevalence of magtegar mastery by gender.

VJ = Vertical Jump. HJ = Horizontal Jump 244
Object related and stability subtest prevalencmadtery/
near mastery by gender 244

Xii



Chapter 8
Figure 8.1

Figure 8.2

Figure 8.3

Descriptive overview and protocol fortggpants with PA, screen time
behaviour and BMI data 267

Percentage of male and female partitspaeeting 30 to 60 minutes
MVPA per day 267

Percentage of normal weight and over&gese participants meeting
30 to 60 minutes MVPA per day 267

Xiii



Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J
Appendix K

List of Appendices

Xiv

14
22
24
26
31
34
48
50
53
56



Chapter 1

Introduction to the Thesis



1.1 Publications and Conference Proceedings

JOURNAL ARTICLES

O’Brien, W.R., Issartel, J & Belton, S(in press).Evidence for the efficacy of the
Youth-Physical Activity Towards Health (Y-PATH) envention. Advances in

Physical Education.
Belton, S.,O’Brien, W.R., Wickel, E., Issartel, Jin press).Patterns of non-compliance

in adolescent field based accelerometer resedamlrnal of Physical Activity and
Health.

REVISE AND RESUBMIT

O’Brien, W.R., Belton, S., & lIssartel, JFundamental movement skill proficiency

amongst adolescent youtPhysical Education and Sport Pedagogy.
O’Brien, W.R., Belton, S., & Issartel, Deciphering the adolescent obesity epidemic —

Interaction effect between physical activity, fundntal movement skills and weight

status European Physical Education Review.

UNDER REVIEW

O’Brien, W.R., Issartel, J & Belton, S. The relationship betwebysical activity, screen
time and weight status among adolesceRtssearch Quarterly for Exercise and

Sport.

Belton, S., Issartel, J., Meegan, S., Woods@Byrien, W.R. Y-PATH: Youth-Physical
Activity Towards Health. Evidence and backgroundhe development of a physical

activity intervention for adolescenBMC Public Health.



CONFERENCE PROCEEDINGS

O’ Brien, W.R., & Hegarty, D. Current directions in physical a@gwesearch in Ireland.
PEPAYS Conference Proceedings.

POSTER PRESENTATIONS

O’Brien, W.R., Belton, S., & Issartel, J2013).The effectiveness of the “Y-PATH”
intervention in promoting adolescent fundamentalverent skill proficiency.

Learning to Move, Moving to Learn conferenCayrk (Ireland).

O’Brien, W.R., Belton, S., & Issartel, J2013). A whole school approach in the
implementation of the “Youth-Physical Activity Towds Health” intervention.
ISBNPA conferenc&hent (Belgium).

O’Brien, W.R., Belton, S., & lIssartel, J(2013). A disturbing childhood trend
towards high daily screen time can be interruptédough the effective
implementation of the Youth Physical Activity Towdsr Health (Y-PATH)

intervention. European Child Health Conferenc@ublin (Ireland).

O’Brien, W.R., Belton, S., & Issartel, J. (2012). The “Health B&ts” of the
relationship between physical activity, fundamemadvement skills and body

mass index in adolescent youHlEPA conferenceCardiff (UK).

O’Brien, W.R., Duff. C., Belton, S., &8ssartel, J(2011).Y-PATH - Youth Physical
Activity Towards HealthAIESEP conferencéd.imerick (Ireland).

Belton, S.,O’ Brien, W.R., & lIssartel, J.(2011). Subject compliance in field based

motion sensor researd€AMPAM conferenceGlasgow (UK).



ORAL PRESENTATIONS

O’ Brien, W.R. (2013). The evaluation of the Youth-Physical Ait}ivil owards Health
(Y-PATH) intervention PEPAYS Research Forulublin (Ireland).

O’ Brien, W.R., Belton, S., & Issartel, J. (2012). Gender and sthype differences in
objectively measured physical activity in early Bdoent youthEuropean Youth
Heart Symposiuniadeira (Portugal).

O’ Brien, W.R., Belton, S., & lIssartel, J. (2012). “Health Relat@dtivity” and
“Fundamental Movement Skills” for physical activipyomotion in Irish second level
educationEuropean Youth Heart Symposiudadeira (Portugal).

O’ Brien, W.R. (2012). Youth Physical Activity Towards Health fATH). PEPAYS
Research Foruni,imerick (Ireland).

Belton, S.,O'Brien, W.R., Issartel, J.(2011). Physical activity level and motor skill

mastery of Irish youth: Influence of gendA&tESEP conferengé.imerick (Ireland).

INVITED SPEAKER — RESEARCH WORKSHOP

O’Brien, W.R., & Kirwan, K. (2013). Engaging Teenagerd.earning to Move,
Moving to Learn conferenc€&ork (Ireland).



1.2 Introduction

1.2.1 Progressive Development as a Researcher

In September 2006, upon commencing a Bachelor afc&dn Degree in Physical
Education, a question was posed during day onbeofihiversity’s induction programme; why
do you want to pursue the career of Physical EdutdPE) teaching? Albeit, | was naive, my
immediate response was:

“I want to make a positive contribution to the hiaand wellbeing of Irish post-primary

youth.”

Four years later in September 2010, another thqugivoking question was asked of me during
an interview for the ‘Youth-Physical Activity Towds Health’ (Y-PATH) PhD research study;
why have you applied for this full-time position Insh adolescent Physical Activity (PA)

promotion? Despite my limited research experienger go the interview, my response was
based on the most recent evidence-based literatnde specific to the lIrish environmental
context:

“Recent Irish research amongst 12 to 18 year oldlagcent youth suggests that 1 in 4

are now overweight, obese and/or have high bloa$sure.”

“I will embrace this challenge in helping to combaiesity levels amongst young people

in Ireland.”

In recent weeks a postgraduate student asked medwlyou want to increase adolescent PA
levels? As this question absorbed, | seamlesslstoocted my response, heavily grounded
within the most relevant Irish research:

“In Ireland, evidence suggests that only 12% aofHrpost-primary youth are meeting the

PA guidelines for current and future health bersefihd only 10% of post-primary youth

receive the recommended minimum number of minateBE per week. These are just

two of the many culturally relevant yet alarmingtstics in the field of youth PA in

Ireland.

Now more so than ever, it is time for change; ittime to map the importance of

innovation within PA intervention research; it ime to provide an evidence-base for PA

intervention effectiveness amongst this criticatiportant population in Ireland.”



1.2.2 Setting the Scene in Ireland - Why Physictivity?

A recent report published for the ‘Lancet PA Seifésrking Group’ (Lee et al., 2012)
highlighted that the incidence of non-communicab&zase in Ireland which can be attributed to
physical inactivity include: 8.8% Coronary HearsBase, 10.9% Type Il Diabetes, 15.2% Breast
Cancer, 15.7% Colon Cancer and 14.2% all causeatitgriThis evidence-based article relating
to physical inactivity is not a new ‘phenomenondasupports many other pieces of scholarly
work, particularly amongst young people (BHF Na#ibrCentre for Physical Activity and
Health, 2013a; Lee et al., 2012; Moore et al., 20¥8ods et al., 2010).

In Ireland the most recent cross-sectional datan fthe “Children’s Sport Participation
and Physical Activity Study” (CSPPA) (Woods et &010), found that only 14% of 10 to 18
year olds were meeting the national recommendedi@delines of at least 60 minutes moderate
to vigorous physical activity (MVPA) everyday (Depaent of Health and Children, 2009). In
terms of age, the CSPPA study found that 13% ofafesnaged 12-13 years old and 24% of
males the same age self-reported at least 60 rsifi¥éPA daily. By ages 14 to 15 years old,
there was a decline in those meeting the PA guidglith 8% and 16%, of females and males,
respectively accumulating 60 minutes MVPA dailye$a low levels of PA, the associated age-
related decline in PA, and the evident gender ffees amongst Irish adolescents are in line
with the World Health Organization’s (WHO) reporitiéded the ‘Health Behaviour in School-
Aged Children’ (HBSC) study (Currie et al.,, 201¥Yhen we consider the global rise in the
incidence of obesity (Al-Nakeeb et al., 2007; Cenfer Disease Control and Prevention, 2011;
Mitchell et al., 2013; Wang and Lobstein, 2006) &setientariness’ (Biddle, Cauvill, et al., 2010;
De Bourdeaudhuij et al., 2012; Rey-Lopez et alQ80amongst youth, the Irish statistics for
young people’s weight status and screen time pigrsare again consistent. There is now
evidence to suggest that one in four Irish child(@®s 1215; 13.4 + 2.1 yrs) are unfit,
overweight, obese and/or have high blood pressWao(ls et al., 2010). Furthermore, Canadian
Sedentary Behaviour Guidelines (Tremblay et all,130ecommend ‘limiting recreational screen
time to no more than two hours per day’, in anhigentext less than 1% of children and youth
self-reported to meet this minimum sedentary behaviguideline (Woods et al., 2010).

Worldwide evidence indicates that time spent ines¢ary behaviour increases as children age,



paralleled by a decline in PA participation (BiddRearson, et al., 2010; Jones et al., 2013;
Marshall et al., 2002).

In 2010, the U.S. National PA Plan containing ampecehensive set of policies,
programmes and initiatives to increase PA (Evensbml., 2013) was disseminated to PA
practitioners working in public health. In an Irisbntext, the outlined low levels of PA and high
prevalence of overweight/obesity amongst youth magyart be attributed to the fact that Ireland,
unlike the U.S., has no public health policy for.RAs therefore particularly concerning that the
young people of Ireland are no longer choosingetmdla physically active lifestyle and are
continuing to develop higher levels of obesity. Huese reasons, it is unsurprising why Woods
et al., (2010) suggested as part of their strataediice for PA promotion in Ireland to ‘Invest in
People as the Human Resource’, particularly chidreirthermore, Woods et al., (2010) suggest
that ‘Fundamental Movement Skill' (FMS) programnaésied to develop the overall skills and

abilities of youth common to all sports and acigstare warranted in Ireland.

1.2.3 Setting the Scene in Ireland — Why Fundanh&fdgaement Skills?

Young people engage in sports and activities teaeldp foundation skills (Department
of Education Victoria, 1996; Gallahue and OzmunQ&0 Recent evidence from Sport New
Zealand (2012) found that activities such as swingniathletics and gymnastics aimed at
developing young people’s FMS all featured in tbp 10 sports and activities which young
people take part in. FMS are the basic observadtienms of behaviour present from childhood
to adulthood; often examples exhibited during PE BA include running, hopping, skipping
(locomotor), balancing, twisting (stability), throvg, catching and kicking (object control)
(Department of Education Victoria, 1996; Gallahnel ©zmun, 2006; Stodden et al., 2008). In
terms of literature findings, researchers now arthat children and young people have the
developmental potential to master many FMS by Gsyed age (Gallahue and Ozmun, 2006).
For this reason, it seems logical, therefore, ggsst that these basic movement patterns should
be already mastered by early Irish adolescents bgideen 12 to 14 years old. Furthermore in
terms of youth PA promotion, FMS are now considesiepotentially viable correlate, due to
their positive relationship with PA (Fisher et &Q05; Lubans et al., 2010; Okely et al., 2001;
Wrotniak et al., 2006). Interestingly, McKenzie @t (2002) examined childhood FMS as a



predictor of PA in adolescents and found no sigaift association between variables. More
recently, Barnett et al. (2009) conversely foundt thdolescent time in MVPA was positively
associated with childhood object control proficignc

From this conflicting evidence, it appears thatitolidal research is necessary to heighten
our understanding of FMS, particularly in the adoknt context. In Ireland, there is a noticeable
absence of data in relation to adolescent FMS qeofcy, clearly indicating a gap within the
literature. Considering that the development of FM&iciency during PE instructional periods
are now positively associated with PA participateonongst young people (Kalaja et al., 2012;
Mitchell, McLennan, et al., 2013; Van Beurden et, &003), this is an area that merits

exploration in the Irish context.

1.2.4 PE Background and Overview in Ireland

A plethora of scientific research supports the riePE in the prevention of chronic
illness, increase of PA and promotion of healtligsliyle behaviours (Le Masurier and Corbin,
2006; Sallis et al., 2012; Trudeau and Shephar@5;2Woods et al., 2010puring childhood
and adolescence, PE during school hours providescae opportunity to practice and reinforce
skills likely to enhance lifelong fitness and gdoehlth (European Commission et al., 2013). In
Ireland, the PE curricula at both primary and pm#nary level developed by the National
Council for Curriculum and Assessment (NCCA) consisa number of similar strand units,
namely, athletics, outdoor and adventure activit@guatics, dance, gymnastics and games
(Department of Education and Skills, 2003, 1999)thWwhe exception of the health-related
activity (HRA) strand at post-primary level (Depaént of Education and Skills, 2003), a large
proportion of content within both of these PE atula often overlap.

At Irish primary level, PE classes are delivered fmyn-specialist teachers posing
challenges for effective PA intervention. A recBairopean report (European Commission et al.,
2013) on ‘Physical Education and Sport at Schoaolind that Irish primary schools had the
lowest minimum time of PE teaching per year (37rhdotal) across 30 countries. Many other
factors impede full implementation of the primark Burriculum, including poor facilities, a
lack of equipment, large class sizes and insufiicieacher education and ongoing professional

development (Irish National Teachers OrganizatRe07). Yet, with all these difficulties and



barriers, primary schools in Ireland are encourageddopt a flexible approach in their PE
curricula delivery, and to offer a range of indivad and team based choices to participants
(Department of Education and Skills, 1999).

In the United States, the characteristics of quddE at middle and secondary school
level have been identified by the National Asseecratfor Sport and Physical Education
(NASPE) as instructional periods totalling 225 mesiper week (NASPE, 1995). In an Irish
context, the Department of Education and Skills $pEecommends that every post-primary
pupil have a minimum of 120 minutes of PE per weael; most recent evidence suggests that
Irish post-primary PE provision is the fourth lowés Europe (European Commission et al.,
2013). In 2010, research in Ireland indicated tmy 10% of post-primary schools met the DES
recommended minimum minutes of PE per week (Woads.e2010). Most recent evidence
suggests that PE policies, their implementatiord &E environmental variables can have
positive implications (Lounsbery et al., 2013).their recent policy guidelines aligned to the
HBSC results, the World Health Organization (Cureieal., 2012) identifies the need for
interventions to increase PA in young people; inlrésh context, the school-based PE climate

appears to be a sensible intervention setting.

1.2.5 Intervention Evidence and Examples

Observations from many systematic reviews overlalsé decade highlight that multi-
component school-based interventions can incre#sedl®ing and outside of school hours
amongst youth (Kahn et al., 2002; Kriemler et 2011; Salmon et al., 2007; Van Sluijs et al.,
2008). One of the most effective strategies acceiptéhe literature for youth PA promotion is to
provide enhanced PE focusing on increasing lessos providing substantial MVPA and the
delivery of programmes by well-trained specialidte Masurier and Corbin, 2006; McKenzie
and Lounsbery, 2009; McKenzie et al., 2004, 200ysizal Activity Guidelines Advisory
Committee, 2012; Sallis et al., 2012, 1997). Inltlmted States, a health-related PE programme
‘Sports, Play and Active Recreation for Kids’ (SPRRSallis et al., 1997) is the most evaluated
evidence based PE programme in the world. SPARKeB&bNns consist primarily of two parts:
1) health-fitness activities (cardiovascular endaeg abdominal and upper body strength) and 2)

skill fitness activities (sports units such as ledis&ll and soccer) (Sallis et al., 1997). The



original evaluation (Sallis et al., 1997) was dovith fourth and fifth grade students (mean age
range 9.49 to 9.62 years) to test the effectivermésss curriculum, led by PE specialists or
trained classroom teachers, as compared to traditPE programmes. It was found that students
spent significantly more minutes per week beingsidally active in specialist-led (40 min) and
teacher-led (33 min) PE classes than in contr@ses (18 min). Since its inception, the SPARK
intervention has evolved to include programmesafeariety of age groups (Ward et al., 2007).

Similar to SPARK, the ‘Middle School Physical Adtiw and Nutrition’ (M-SPAN)
intervention had a specific focus and awareneskeatth-related PE. M-SPAN consisted of an
enhanced PE programme, targeting middle schookstaq11-14 years old), through curricular
materials, staff development, and on-site follow{MrKenzie et al., 2004). The main results,
after a two-year implementation period, highlight®dignificant increase of 18% in MVPA
during PE class (McKenzie et al., 2004).

Another Australian school-based PE interventidMpve it Groove It' in New South
Wales (Van Beurden et al., 2003), aimed at simelasly improving FMS and PA amongst
children aged 7 to 10 years old. This interventl@tivered significant increases in movement
skill proficiency for both genders and for PA levethe intervention was associated with a non-
significant increase in MVPA (Van Beurden et aDQ2). In terms of targeting FMS during class
time, this is the first study to show that by mgdify existing PE lessons, substantial gains in
movement skill proficiency can be gained withouverdely affecting children’s MVPA levels.
While not as prevalent in the literature amongsti@gtents, most recent evidence (Kalaja et al.,
2012) examined the development of early adolesdetS and PA in a PE intervention setting.
This adolescent study found significant improversem the balance, overall movement
proficiency and PA as a result of the interventiwogramme. In a European context for early
adolescents, this is one of the first interventidos explicitly highlight the potential of
simultaneously developing FMS and increasing PAugh PE.

Understanding the effective components from thesabéshed interventions can inform
future intervention design, development and evalnatYet, some unanswered questions from
these evidence-based programmes remain and maumg fahallenges in terms of developing
novel approaches towards intervention innovatiastekish PA interventions for young people
appear to be calling for new and previously un&dimaterial. A recent commentary (Narayan

et al., 2013) entitled ‘Beyond magic bullets: Traeovation in health care’ suggested that :
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“Success in the evolving health-care environmetitivéied to broaden their definition of
innovation even further and move towards developiogel 'integrated solutions'.”
(Narayan et al., 2013, p.1)

1.2.6 Summary and Significance of Study

In Ireland, this PhD research study is a uniqugitodinal pilot exploratory intervention
trial describing the design, development, impleragoh, and evaluation of the Y-PATH
‘Whole-School Approach’ to PA promotion amongstslri adolescents. Specifically, the
synchronized holistic integration of the studemiacher, parent, community and efficacy of
online resource utility is rich in originality arrdoted within previously successful intervention
evidence. With the recently documented low levdlyauth PA in Ireland and the resulting
threat of ill health (rising levels of obesity asddentariness), the initiation of the Y-PATH
intervention is timely, innovative and indeed novihis feasible and cost-efficient intervention
programme is the first of its kind in an Irish agkdent population, which simultaneously targets
the increase of PA and FMS proficiency along st promotion of health education through
the deliverable mechanism of PE by trained qudaifspecialists. It is equally important to
acknowledge that there is a dearth of sufficiend@ad literature in relation to adolescent FMS
proficiency both in Ireland and worldwide; this dyuwill address this absence by providing
contextual information relating to movement skitbficiency amongst 12 to 14 year old Irish
youth.

The Y-PATH study was initiated at Dublin City Uniggty in 2010, in accordance with the
Medical Research Council (MRC) (2000) framework foials of complex interventions.
Specifically, this framework (as shown in Figur& below) served as a template for the phases
of investigation in the evaluation of the Y-PATHogramme. This PhD will address the Pre-
clinical, Phase 1 (Modelling) and Phase 2 (Exptusatrial) of this MRC framework.
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1.3 Aim and Objectives of the study

Aim of Research

« To design, develop, implement, and evaluate a tadgechool-based intervention
designed to promote the quantity and quality ofip@ation in PA within and outside of
school among Irish youth.

Primary Objectives
1. To collect baseline data (2010-2011) on PA, FMSgdybanass index (BMI),

psychological correlates and focus groups of 12 yelar old Irish youtlichapter 3).

2. To extensively monitor levels of FMS proficiencypesifically at the behavioural
component level across all ski(lshapter 4).

3. To evaluate if involvement in the Y-PATH interventi leads to an overall increase in
minutes of MVPA participation in the experimentabgp over time, and in comparison
to a control grougchapter 6).

4. To assess changes in levels of FMS proficiency, (pest and retention) of the
experimental group receiving the intervention, daadmake comparisons to a control
group(chapter 6).

Secondary Objectives

1. To examine if an overall relationship between PAtipgation, FMS proficiency and
weight status existed amondstyear post-primary youth at pre-téshapter 7)
2. To examine possible differences in both PA paréitgn and screen time according to

the weight status df*' year post-primary youth at pre-téshapter 8)

13



1.4

1.

Research Questions

What are the PA levels of Irish post-primary yoatped 12 to 14 years of age (at
baseline, 2010-2011)?

What are the FMS proficiency levels amongst a |lagmple of rural Irish adolescent
youth (again at baseline, 2010-2011)?

What are the essential components required forloewve, designing and implementing
an Irish adolescent PA promotion intervention (aglgd by the literature and baseline
data measurements)?

Is it possible to increase levels of PA and FMSiiprency over time (pre-test, post-test
and retention) in 12 — 14 year old youth through YRPATH intervention, specifically
the focus on health education and FMS (moving afsay the traditional approach to
PE instruction)?

Finally, in terms of pre-test data (prior to antenvention roll-out), is there an associated
relationship between 1) PA, FMS and the weighustaf Irish post-primary youth?

2) PA, screen time and the weight status of Irigtyprimary youth?

14



1.5 Thesis Structure

Following this introduction, chapter 2 criticallyeviews and evaluates youth PA
literature. Chapters 3 to 6 are the primary obyestiof this thesis consisting of studies relating t
the design, development, implementation and evialuaif the Y-PATH intervention amongst
early adolescent youth aged 12 to 14 years oldeiarid. Chapters 7 and 8 are cross-sectional
studies exploring the pre-test data gathered poidhe intervention roll-out and are considered

secondary outcome objectives of this thesis.

Chapter 2- Review of LiteratureFollowing from Chapter 1, this first introductochapter, the
review of literature outlines the various concefitg]ings and evidence upon which this thesis is

based.

Chapter 3 Y-PATH: Youth Physical Activity Towards Health.d&rice and background to the
development of a physical activity intervention &ololescentsThis third chapter examines the
baseline PA and FMS daté 12 — 14 year old Irish adolescent youth, aloritty @ata on current
and preferred types of PA, and various psychologioaelates of PA. Focus group interviews
were then used to explore barriers and motivator®A of the cohort. Based on the data
analysis, chapter 3 introduces the reader to theldement of the ‘Y-PATH’ intervention

specifically tailored for the needs of this ageugro

Chapter 4- Fundamental Movement Skill Proficiency Amongst dstt#nt YouthOne of the
main pillars for the Y-PATH intervention was FM3agration within PE; for this reason, the
levels of FMS proficiency needed to be assessedgst@n Irish adolescent cohort in order to
inform the development of the intervention. Thisygter assesses the performance of nine FMS
in a sample (n=223) of 12-14 year old adolescenttyduring PE class prior to intervention roll-
out. The findings on the prevalence of skill magtaccording to gender are documented and
illustrated for intervention provision considerai$o The chapter further assesses the range of
FMS at the component level of performance withdbgective to identify common weaknesses
within and between FMS. The unique FMS componeatyais of this chapter has guided the
research team and helped inform the developmetiteok’-PATH intervention, specifically the

delivery of the modified PE curriculum fof' year post-primary youth. Collectively, chapters 3
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and 4 combined provided meaningful informationtfoe overall design and development of the
Y-PATH intervention.

Chapter 5 -An overview of the Y-PATH intervention — componeamis content.Chapter 5

introduces the reader to the rationale for the YFHAntervention and most importantly, gives
an accurate and descriptive account of the intéiseicomponents. In chapter 5, the reader will
be introduced to the guiding principles of the Rsdal intervention, specifically the educational

focus.

Chapter 6- Evidence for the efficacy of the Youth-Physicaiui{gt Towards Health (Y-PATH)
intervention. The purpose of chapter 6 was to provide prelinyireidence in the evaluation of
the Y-PATH intervention after 9 months (end of amadt school year) and 12 months (follow-
up), respectively. Chapter 6 evaluates the effécthe Y-PATH intervention on daily PA

participation and levels of FMS proficiency whemymared to the control condition.

Chapter 7— Deciphering the adolescent obesity epidemic - m@hship between physical
activity, fundamental movement skills and weightust A secondary objective of this thesis
(using pre-test data) is explored in this chaptemivestigating possible differences in both PA
participation and FMS proficiency according to theight status of early adolescent youth. The
chapter further determines if an overall relatiopdbetween PA participation, FMS proficiency

and weight status exists amongst early Irish adelgsyouth aged 12 to 14 years old.

Chapter 8- Relationship between Physical Activity, Screen Tand Weight Status Among
AdolescentsThis final chapter examines possible differencesatih PA participation and screen
time behaviours according to the weight status aflyelrish adolescent youth prior to

intervention roll-out.

16



1.6  Definition of Terms

Accelerometer: Araccelerometer is a small device which when worrthenbody can provide
guantitative information relating to the verticaicalerations of the trunk and body segments at
user-specified time (Dale et al., 2002; Trost, 200@st et al., 2005). Accelerometers derive PA

data pertaining to intensity, frequency, patterd daration (Berlin et al., 2006).

Body Mass IndexA measure of body composition using a height-wefghthula - Weight (kg) /
Height (nf). High BMI values have been related to increassease risk (Corbin et al., 2006).

Children and Young Peopléised to describe those aged 5-18 years. The teitdren is used
when specifically referring to those aged 5-12 yeard the term young people when referring
to those aged 13-18 years (BHF National CentreiPalyActivity and Health, 2013b).

Fundamental Movement SkillBundamental movement skills are the basic obskrvzditerns
of behaviour present from childhood to adulthooitiero examples exhibited during PE and PA
include running, hopping, skipping (locomotor), daing, twisting (stability), throwing,
catching and kicking (object control) (DepartmeftEmlucation Victoria, 1996; Gallahue and
Ozmun, 2006; Stodden et al., 2008).

Locomotor Subtestn the context of FMS, the locomotor subtest measthe gross motor skills
that require fluid coordinated movements of theybas the child moves in one direction or the
other (Ulrich, 2000).

Mastery/Near Masterytn the context of FMS, 'mastery' is defined agedrperformance of all
components of a skill (Van Beurden et al., 200R}ear mastery' is defined as correct

performance of all components but one (Van Beueteal., 2002).

Moderate Intensity Physical Activitctivities usually equivalent to brisk walking, v might

be expected to leave the participant feeling wamchsightly out of breath (Cavill et al., 2001).
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Non-communicable diseas& non-communicable disease is a medical condibordisease
which is not contagious and is non-transmissibl®ergnpeople (BHF National Centre Physical
Activity and Health, 2013Db).

Obesity:Excessive fat accumulation that may impair healibrbin et al., 2006).

Object Control Subtestn the context of FMSthe object control subtest measures gross motor

skills that demonstrate efficient throwing, strigirand catching movements (Ulrich, 2000).

Physical Activity:Physical activity is described as any body moverpeoduced by the skeletal
muscles that results in a substantial increase @ating energy expenditure (Bouchard et al.,
2007). Examples of physical activity include plafgstyle activities such as walking and cycling
(active transport), sport and recreational acwsitihousehold chores and gardening (BHF
National Centre Physical Activity and Health, 2013b

Physical Activity InterventianProgrammes which are defined as planned effortmftuence
individuals, groups, or populations to alter, mgdidnd increase their physical activity or
exercise levels, with the ultimate goal of prodgcpositive health outcomes (Bouchard et al.,
2007).

Physical Education:A school-based subject providing children with feag opportunities
through the medium of movement and contributefi¢ir overall development by helping them
to lead full, active and healthy lives (DepartmehEducation and Skills, 1999).

Physical Inactivity:Physical inactivity is described as doing no orydtle physical activity at

work, home, for transport or during discretioname - not reaching physical activity guidelines
deemed necessary to benefit public he@ibuchard et al., 2007).
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Post-Primary EducationStudents are required to complete between fivaxtyears of post-
primary education in Ireland (pending the studetdsision to undertake transition year upon
completion of the junior cycle). Most often, stuttenomplete the junior cycle (lower secondary
education) between the ages of 12 and 15 and Heesenior cycle between the ages of 15 and
18 years old (higher secondary education) (DepantimieEducation and Skills, 2004)

Reliability: Reliability is a determination of whether two admtrations of an instrument

produce a similar result (Thomas et al., 2011).

Screen Time: Mean daily hours of television, videos and commitarmputer games. High

screen time is considered greater than 2 hourdge(Anderson et al., 2008).

Sedentary BehaviourSedentary behaviour refers to activities that do imcrease energy
expenditure substantially above the resting lewel iacludes activities such as sleeping, sitting,
lying down, and watching television, and other feraf screen-based entertainment. (Pate et al.,
2008). The low energy requirements distinguish stag behaviours from other behaviours that
also occur whilst seated but require greater efiod energy expenditure, eg, using a rowing
machine (BHF National Centre Physical Activity dtealth, 2013Db).

Static Balanceln the context of FMS, the static balance is tteersal prerequisite of almost all
movement skills. A static balance is defined andeable to maintain a stationary position
throughout the movement. The static balance onfookis an important non-locomotor skill
that is used in gymnastics, dance, diving and meagn sports (NSW Department of Education
and Training, 2000).

Test of Gross Motor Development Criterion- and norm-referenced instrument desigteed
measure the process of how children coordinate theik and limbs during FMS (a movement

task) rather than assessing the end product rgdulth, 2000).

Validity: Validity is a determination of the extent to whiah instrument measures what we

think it's supposed to be measuring (Thomas ef@all1).
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Vigorous Intensity Physical Activitctivities usually equivalent to at least slow jagg which

might be expected to leave the participant feetingof breath and sweaty (Cavill et al., 2001).
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1.7 List of Abbreviations

BMI = body mass index

BOT-2 = Bruininks-Oseretsky Test of Motor Proficogr2
ClI = confidence interval

CVE = cardiovascular endurance

DCU = Dublin City University

DCUREC = Dublin City University Research Ethics Guitiee
DLW = doubly labelled water

FMS = fundamental movement skills

H/D = hours per day

HR = heart rate

HRA = health related activity

M = mean

MIN/DAY = minutes per day

MNM = mastery and near mastery

MVPA = moderate-to-vigorous physical activity

PA = physical activity

PE = physical education

SD = standard deviation

TGMD-2 = test of gross motor development-2

VPA = vigorous physical activity

Y-PATH = Youth-Physical Activity Towards Health
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1.8

Delimitations
This Y-PATH study was delimited to first year p@stmary youth in the age bracket of

12 to 14 years inclusive.

The Y-PATH PE component of the intervention wasmdigéd to PE specialists teaching
first year post-primary classes only. All PE spksia within the school not teaching first

year students were excluded from the Y-PATH study.

This intervention study was carried out in two naixgender-schools (1 intervention, 1
control) with 174 participants initially providingonsent during the pre-testing phase of

September 2011. Participants from single sex sshwete not considered.

PA measurement amongst 12 to 14 year olds was itedinto self-report and
accelerometer techniques. Other PA measuremens tath as direct observation,
pedometers and heart rate monitoring were notsatliat any stages within the

longitudinal phases of data collection.

The study was delimited to the examination of pgéints’ fundamental gross motor

skill proficiency. Fine motor skill proficiency wast considered.
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1.9 Schematic Overview
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Literature Review

2.1 Physical Activity
The purpose of section 2.1 is to review the releVigerature regarding physical activity
(PA) participation and assessment in children amahyg people. The first theme explored is the

rationale for participation in PA.

2.1.1 Rationale for Participation in Physical Activty

During the last century, lifestyle changes to peaplindustrialised countries has resulted
in the decline of people engaging in PA (Bouchatdale 2007). As PA has diminished,
sedentary pursuits such as television viewing, iptagomputer games and using the internet
have become the preferred mode of passive enterainin daily living, particularly amongst
young people (Bickham et al., 2013; Biddle, Cawali,al., 2010; Biddle, Pearson, et al., 2010;
Oliver et al., 2012). With the rise of “sedentass” (Rey-Lopez et al., 2008) worldwide, people
need to become aware that regular PA is an eske@hiiment of a healthy lifestyle during
childhood and adulthood (Fulton et al., 2004; Leale 2012; BHF National Centre Physical
Activity and Health, 2013b). The meaning of PA hashained consistent amongst public health
professionals over the last two decades and aatdisdd PA definition has become accepted as
any bodily movement produced by the skeletal mgsitiat results in a substantial increase over
resting energy expenditure (Bouchard et al., 2@¥5persen et al., 1985; Woods et al., 2010;
BHF National Centre Physical Activity and Healt)13b). Under this broad and diverse
definition, PA considers leisure time physical watyi exercise, sport, transportation,
occupational work and chores (Bouchard et al., 2007

There is now a plethora of strong research evideteraonstrating that the physical
fitness and health status of children and adoldésgauth are substantially enhanced by regular
PA participation (Physical Activity Guidelines Acdary Committee, 2008; Dobbins et al., 2013;
Rauner et al., 2013). Recent evidence also higislighat the amount of time spent being
sedentary is an important risk factor for sevesgeats of ill health, including overweight and
obesity and associated metabolic diseases (Bid@dlk,2011; Biddle, Cavill, et al., 2010; Owen
et al., 2009; Troiano et al., 2012). A previous Aiten Cancer Society study found that
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increased periods of sitting significantly reduckf@span; furthermore, this finding was
independent of PA and exercise levels (Patel et2810). A recent report conducted by the
American PA Guidelines Advisory Committee foundtthahen compared to inactive young
people, physically active children and youth:

“have higher levels of cardiorespiratory enduranaed muscular strength, and well-

documented health benefits include reduced bodyhe$at more favourable

cardiovascular and metabolic disease profiles, emeal bone health, and reduced
symptoms of anxiety and depression(Physical Activity Guidelines Advisory

Committee, 2008, p. A2-A3)

It has now become evident that regular PA partiopadecreases numerous health risks for
children and youth and is associated with a reduisédof developing chronic disease such as
coronary heart disease, type Il diabetes, cancetdhgpertension (Cavill et al., 2001; Fulton et
al., 2004; BHF National Centre for Physical Actwand Health, 2013a; Woods et al., 2010).
Chronic diseases are the most serious public héaittlen that the world faces today (World
Health Organization, 2002). Physical inactivity Heeen well established as one of the leading
risk factors for non-communicable (not contagiond & non-transmissible) disease (Lee et al.,
2012). Most recent evidence (Murray et al., 201ighights that two-thirds of the burden of
cardiovascular diseases can be attributed to timbic@tion of all physical inactivity and dietary
components. In 2010, physical inactivity was idieedi as the fourth leading risk factor for
global mortality causing an estimated 6% of deatbbally (World Health Organization, 2010);
most recent research, indicates that physical ivigctvas attributed to 5.3 of the 57 million
deaths worldwide in 2008 (Lee et al., 2012).

From the evidence outlined, it is clear that mahyhe leading causes of ill health in
today’s society could be prevented if more inacpeeple were to become active (World Health
Organization, 2010). In terms of identifying targeipulations, there is an escalating prevalence
of youth physical inactivity (Currie et al., 2012aton et al., 2012; Woods et al., 2010) and an
unprecedented rise in the incidence of obesityha last decade amongst young people (Al-
Nakeeb et al., 2007; Centers for Disease Contrdl Rmevention, 2011; Mitchell, Pate, et al.,
2013; Wang and Lobstein, 2006). Naturally, childeex adolescents have become the centre of
attention for the promotion of PA to enhance heattt reduce levels of overweight and obesity.

From a European perspective, surveillance dataames that the proportion of overweight and
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obese children has dramatically increased in tee3@ years through emergent growing trends
(Ledergerber and Steffen, 2011). In the UK, thesglence of overweight children aged 7 to 11
years old rose from 8% to 20% between 1984 and 1868stein et al., 2003). In Spain,
overweight prevalence among children aged 6 toarsyeld rose from 23% to 35% in the period
1985 to 1996 (Moreno et al., 2002). Most recerghlrcross-sectional data from the “Children’s
Sport Participation and Physical Activity Study'ufad that one in four children (N= 1215; 13.4
+ 2.1 yrs) were unfit, overweight or obese and hagh blood pressure (Woods et al., 2010).
There is now a platform of evidence from the litera highlighting that lower body mass index
(BMI) and girth is inversely associated with gredRé levels (Andersen et al., 2006; Ekelund et
al., 2012, 2004; Metcalf et al., 2011; Mitchell,t®aet al., 2013), indicating that PA is an
important mechanism in maintaining healthy bodyghieiand preventing the chronic health
conditions connected with obesity (Woods et all®®BHF National Centre Physical Activity
and Health, 2013b). PA levels have the potentigidsitively impact on life expectancy; most
recent evidence suggests that individuals classdie active but overweight have an equal life

expectancy as active and normal weight individ@éisore et al., 2012).

2.1.2 Physical Activity and Sedentary Behaviour gdielines

In the previous section, physical inactivity andlesgtary behaviour were recognised as
important determinants for chronic disease amongmggeople (Biddle et al., 2011; Cleland et
al., 2013; Lee et al.,, 2012; World Health Organarat 2010; Wennberg et al., 2013). Yet
documenting the scientific evidence about the irtgyare of regular PA participation among
youth is of little value if the target populatioarmot practically apply this behaviour to their
lives. Therefore, for the past three decadesethas been gradual and progressive development
in the dissemination of information relating to PArticipation and sedentary behaviour among
young people (Biddle et al., 2011; Strong et al0% Tremblay et al., 2011; Twisk, 2001)
through public health messages known as PA gueklior health (Bouchard et al., 2007;
Department of Health and Children, 2009) and sedgntbehaviour guidelines and
recommendations (Currie et al., 2012; Tremblay.e2811).

In 1988, the American College of Sports Medicini€€@M) developed a Position Stand
(American College of Sports Medicine, 1988) on tngantity of PA needed for optimal
functional capacity and health by proposing thaldcén and adolescents should obtain 20 to 30
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minutes of vigorous intensity activity each dayg®fious intensity emerged in the late 1980’s as
the recognition of importance for moderate-intgn$A had evolved during the early 1980’s
through a growing body of research evidence (Boutkaal., 2007). Ten years later in 1998, a
policy framework for young people’s PA was proposkeugh the primary recommendation
that:
“all young people should participate in physicaltizty of at least moderate intensity for
one hour per day.(Biddle et al., 1998, p.3)
In addition, inactive young people were to paritgin physical activity of at least moderate
intensity for at least half an hour per day (Biddleal., 1998) These recommendations also
flagged that young people should engage in bomagtinening exercises at least twice a week
(Biddle et al., 1998). Figure 2.1 below illustrattese recommendations launched at the 1998
Health Education Authority Symposium.

Recommendations for Young People and Physical Activity
Primary Recommendations Secondary Recommendations

All young people should participate in physic#t least twice a week, some of these activifies
activity of at least moderate intensity for onghould help to enhance and maintain musqular
hour per day. strength and flexibility, and bone health.

Young people who currently do little activity
should participate in physical activity of at
least moderate intensity for one hour per day

Figure 2.1: Health Education Authorit$ymposium ‘Young and Active’ (Biddle et al., 1998);
the policy for young people and health-enhancingspal activity.

At present, the most recent and widely endorsedglileline in the US and UK
stipulates that in order to enhance health andd#rbenefits, youth should accumulate at least 60
minutes of moderate-to-vigorous physical activifMPA) daily (Physical Activity Guidelines
Advisory Committee, 2012; BHF National Centre fdmyBical Activity and Health, 2013a).
Consistent with the UK and US, the current Irish Béidelines for health specify that all

children and young people (2-18 years) should bieegcat a moderate to vigorous level, for at
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least 60 minutes everyday incorporating musclengtieening, flexibility and bone strengthening
exercises up to 3 times a week (Department of Headtd Children, 2009).

Interestingly, the UK PA guidelines for childrendayoung people were updated in 2011
(Deptarment of Health, Physical Activity, Healthgrovement and Protection, 2011). The key
difference between the 2011 UK PA guidelines (Depé&nt of Health, Physical Activity, Health
Improvement and Protection, 2011) and the curresi IPA guidelines (Department of Health
and Children, 2009) for youth has been the additiba new guideline relating to reducing the
amount of sedentary behaviour. In 2011, these Uldalnes specified that all children and
young people should minimise the amount of timensjpeing sedentary (sitting) for extended
periods (Department of Health, Physical Activityedith Improvement and Protection, 2011).

This sedentary behaviour guideline acknowledgedhieyUK in 2011 is supported by
recently published recommendations from the Cama&eadentary Behaviour Guidelines for
Children (5-11 years of age) and Youth (12-17 ye&rsge) (Tremblay et al., 2011) which state
that for health benefits, recreational screen tgineuld be limited to no more than 2 hours per
day. Recent findings suggested that women are 94% fikely to die prematurely if sedentary
for more than 6 hours a day (Patel et al., 201@)ddnce in Ireland and from many other
countries worldwide, highlight that there is a n@awneed to develop specified sedentary
behaviour guidelines for children and youth (Haamlet al., 2008; Woods et al., 2010).

To summarise, many of the recent PA guidelines dvade for children and youth have
seen the inclusion of vigorous physical activityP@) in recognition of i) the additional health
benefits, ii) the commonality of a minimum of 60mates PA per day and iii) the inclusion of
activities to strengthen muscle and bone. Yet, rampte these guidelines effectively, it is
critical that researchers and clinicians have acdes precise and practical tools for PA

measurement in children and adolescents (Trosi)200

2.1.3 Physical Activity Measurement

In the aforementioned section, the worldwide PA sedentary behaviour guidelines for
health among children and youth were outlined whthevidence suggesting that the case for PA
promotion is now a public health priority (BHF Natal Centre Physical Activity and Health,
2013a; Sallis et al.,, 2012; Woods et al., 2010).cémjunction with the advocacy for PA
promotion, it is critical for researchers and dians to access practical tools for measuring PA
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among children and adolescents; previous resedssttifies that varying methods are available
to measure and assess the complex behaviour oh Pagulation surveillance (Bauman et al.,
2006). Evidence over the last decade identifiestiypes of PA measurement for young people:
self report and objective techniques (Kohl et2000; Trost, 2007).

The purpose of this section, therefore, is to mtevan overview of the current methods
for measuring PA in children and adolescents; paldr attention will be given to the validity
and reliability of accelerometry and self-report asgrement techniques. Each type of PA
measurement technique discussed carries certaimgstis and weaknesses (Hands et al., 2006;
Kohl et al., 2000; Trost, 2007). This further adolshe debate in identifying the most appropriate
tool for measuring PA in young people (Corder et 2009; Ward et al., 2005) due to the

multiple dimensions of PA which include frequendyration, intensity and type (Trost, 2007).

2.1.3.1 Self-Report Physical Activity Measurement

As acknowledged above, a variety of self-reporthods have been used to assess PA in
children and adolescents (Trost, 2007) includindf-administered recalls, interviewer
administered recalls, diaries, and proxy reportsgeted by parents and teachers. Self report
techniques are the most widely used measure oHAds et al., 2006; Murphy, 2009) with the
most frequently cited advantages including easadphinistration, the ability to characterize
activity historically, and low cost. A recent stuslyggests that self-report methods are important
for assessing aspects of PA not easily measuregttolgly, namely types of activity (Corder et
al., 2008). Trost (2007) highlights that self regercommonly used in epidemiological research
due to the impracticality of objective measurentenhniques.

Despite the convenience of self-report PA measengnlimitations include participants
inability to accurately recall activities and ddffilties associated with quantifying the time of
activity (Hands et al., 2006; Trost, 2007). Pregicvidence reviewing and synthesising the
reliability and validity of PA assessment technisj@nong children and adolescents highlights
that self-report recall methods should not be wseadng children younger than ten years of age
(Kohl et al., 2000)In addition, young children may not fully undersiathe concept oPA,
previous evidence from Trost et al., (2000) whwestigated children’s (mean age 9.8 = 0.3
years) understanding of PA highlighted that 60%aticipants had difficulty in differentiating

between sedentary activities and active pursuitheOevidence (Belton and Mac Donncha,
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2010), conversely provide support for the use of vadidated self-report tool designed
specifically for use with younger populations in RAeasurement. With this conflicting
evidence, it appears that precise caution mustxbecised when attempting to use self-report
instruments in children aged ten years and younger.

Valid and reliable measures of PA are a necessistudies designed to document the
frequency and distribution of PA (Armstrong, 1998ohl et al., 2000) with a number of
evidence based reviews for self-report in childaex adolescents (Trost, 2007). Corder et al.
(2009) investigated whether it was possible tossgee-living PA in young people (12 -13 yrs)
by self-report; this study provided evidence foe #toncurrent validity of the Youth Physical
Activity Questionnaire (YPAQ). The Y-PAQ was found have a moderate correlation with
accelerometry (r=0.42, p<0.05), suggesting thas thstrument is valid at ranking MVPA.
Furthermore, of the four questionnaires assesséudrstudy (Corder et al., 2009), Y-PAQ was
the most reliable questionnaire, which showed déactltest retest reliability coefficients for
MVPA (0.92). Chinapaw et al., (2010), in a systematic revigWPA questionnaires for youth,
found that correlations between self-report measwt PA and accelerometer scores are
significantly strengthened in adolescent populaifmean age >12 and <18 years) compared to
children (mean age >6 and <12 years). Authorsisfdystematic review (Chinapaw et al., 2010)
recommend using accelerometry in either a full darop subsample in conjunction with a valid

self-report instrument to heighten the strengtRAfaccuracy.

2.1.3.2 Objective Physical Activity Measurement

The low-validity coefficients observed for self-oep instruments in young children
(Armstrong, 1998; Kohl et al., 2000; Trost, 200épgests that objective measurements of PA
may be most appropriate for older children (Rowtaadd Eston, 2005; Troiano et al., 2008;
Trost, 2007; Ward et al., 2005). Objective PA measware now considered most appropriate in

overcoming the limitations associated with selfer¢n older populations (Murphy, 2009).
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The following five objective techniques for PA messment will be discussed:
Direct observation

Doubly labelled water

Heart rate monitoring

Pedometers

o~ 0 DbdPRE

Accelerometers

1. Direct Observation:Direct (systematic) observation is the formal obagon (by
trained individuals) typically consisting of obsery a child at home or in school for extended
periods of time and recording data into either angoter or coding form providing an
instantaneous rating of the child’s PA level (Tr&Q307). Recent research observing PA and its
contexts suggests that direct observation excetb@ds BA measurement techniques by providing
contextually rich data on the social and physicalimnment (McKenzie, 2010). PA category
ratings are often recorded during direct observabio a momentary time-sampling basis at time
intervals ranging from 5 seconds to 1 minute (Tr@807). PA has been assessed via direct
observation for a number of years in a variety afuralistic settings (McKenzie et al., 2006,
2000, 1991; Trost, 2007). Direct observation hasativantage of being able to describe what
took place in the PA setting (Dale et al., 2002y. this reason, many consider direct observation
as the gold standard of PA assessment in thatlipvavide the most accurate quantitative and
gualitative information about PA, particularly ftnose interested in assessing group PA in open
environments (Sirard and Pate, 2001; McKenzie, POA® with any measure, direct observation
does have certain disadvantages: extensive timagjigred to train observers, the length of the
observation period, the complexity associated wata-coding and the huge expense associated
with this highly labour intensive measurement (Trd&007). Direct observation is therefore
often confined to minor studies over brief periagime (Dale et al., 2002; Sirard and Pate,
2001).

Over the years, many types of PA observation msysthave received considerable
attention for use in specific environments, forrapée at home and in PE classes (McKenzie,
2010), namely the ‘BEACHES’ (Behaviors of EatingdaActivity for Children’s Health:
Evaluation) and ‘SOFIT’ (System for Observing Fagednstruction Time) systems (McKenzie,
Sallis, and Nader, 1991; McKenzie, Sallis, Nadérale 1991). The BEACHES evaluation
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system provides data on children’s PA and sedertahaviour at home and their selected
environmental variables which may influence thesents (McKenzie, Sallis, Nader, et al.,
1991). Another observation system requiring traiokservers is SOFIT, an instrument primarily
used within PE classes lessons (McKenzie, Salid,Nader, 1991). A recent study (McKenzie,
2010) outlines that SOFIT provides simultaneouh&se data on student PA levels, the lesson
context and teacher interactions relative to pramgoPA and fitness. In more recent years,
systematic observations of youth PA levels havergetkin school play areas (SOPLAY —
system for observing play and leisure in youth)mpownity and park settings (SOPARC —
system for observing play and active recreatiorcammunities) and free-play environments
(SOCARP - system for observing children’s actiatyd relationships during play) (McKenzie
et al., 2006, 2000; Ridgers et al., 2010). Whileheaf the five observation systems (BEACHES,
SOFIT, SOPLAY, SOPARC and SOCARP) use similar coftesPA, only two focus on
assessing group PA in open environments (McKe28ig0)), namely SOPLAY and SOPARC.

From this short overview of direct (systematic) etstion, it appears that much research
has been generated towards assessing PA in a aiggywof environmental settings (homes,
schools, parks and recreation centres); for theasons, systematic observation in PA is a
unique measurement in children for which the typaativity, the place, the time and the setting
is robustly observed.

2. Doubly labelled waterDoubly labelled water (DLW) is considered one o tmost
accurate secondary measures of PA as the techreguesents an unobtrusive and non-invasive
means to measure total daily energy expenditures(T2007). DLW has been acknowledged as
the gold standard technique to measure energy dikpem over time (Murphy, 2009). This
method uses isotope ingestion to provide a direzdsure of carbon dioxide production and an
accurate estimate of energy expenditure in PA (&isamd Pate, 2001; Trost, 2007). DLW has
been validated in adults and children by comparisth indirect calorimetry as this technique
has proven to be accurate to within 5% to 10% argy expenditure (Trost, 2007). Indirect
calorimetry measures energy expenditure and is nlest common criterion measure for
laboratory-based studies (Trost, 2007). DLW is abered hugely expensive and unsuitable for
PA measurement of large groups in the field howébate et al., 2002; Kohl et al., 2000).
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3. Heart Rate MonitoringHeart rate is not a direct measure of PA, but asuee of the
relative stress being placed on the cardiopulmosgsiem by the activity (Armstrong, 1998). As
an objective measure of PA, heart rate monitorsralagively inexpensive providing multiple
day storage capacity for minute-by-minute hearegdfTrost, 2007). These monitors are now
considered a more feasible method providing goddriamation on intensity, frequency and
duration of activity (Dale et al., 2002; Kohl et,a2000; Sirard and Pate, 2001). Heart rate
monitors are an acceptably valid and reliable measti PA (Brage et al., 2006; Trost, 2007).
There are of course disadvantages; data can behiagtgh signal interruptions, other factors
beside PA can influence heart rate (such as saedstiredness for example), the financial
expense and participant discomfort can occur oxtaneled periods of time (Dale et al., 2002;
Sirard and Pate, 2001; Trost, 2007).

4. PedometersA cost effective alternative to direct observati@LW and heart rate
monitoring is the electronic pedometer (Trost, 2J0®kdometers are used to directly measure
the number of step counts taken over a periodned {iCraig et al., 2010; Duncan et al., 2008;
Tudor-Locke et al., 2010). Hands et al., (2006) parad the validity of pedometer counts to
ratings obtained from directly observed free plRgsults from this study highlighted a strong
correlation (.90) between pedometry and direct sMag®n during free play, indicating that the
pedometer may be useful in research studies tage@simple, reliable, and valid measurement
of PA in young people (Hands et al., 2006). Anotstedy (Tudor-Locke et al., 2002) reviewing
25 articles determined pedometers to be stronglyeladed with accelerometers (median r
=0.86) and time observed in activity (median r 2).8edometers however, are insensitive to
some forms of movement and generally do not posssddime data storage or downloading
capabilities (Trost, 2007). Thus, accelerometeke meen shown to be the most useful tools for
guantifying PA amongst youth (Berlin et al., 200& Vries et al., 2011; De Vries et al., 2006;
Trost, Pate, et al., 2000).

5. AccelerometersBerlin et al., (2006) highlight that acceleromstelerive PA data
pertaining to intensity, frequency, pattern andation. Activity monitors have been developed
in response to the lack of reliability of self-repdhe intrusiveness of direct observation, the

complexity of heart rate monitoring (Puyau et 2002) and the lack of quantitative information
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provided by the pedometers (intensity, duratiorg).eAccelerometers provide quantitative
information relating to the vertical acceleratiaighe trunk and body segments at user-specified
time (Dale et al., 2002; Trost, 2007; Trost et aD05). Accelerometers are considered an
effective PA measurement instrument for childred adolescents because of their small size,
robust design and relatively modest cost (Dalel.et2802; De Vries et al., 2006; Trost et al.,
2005; Yildirim et al., 2011). Many studies reportstong correlation between accelerometer
output and energy expenditure and/or exercise sitie{Freedson et al., 2005; Trost, 2007). A
study comparing MVPA as measured by acceleromety the SOFIT direct observation
technique highlights that a correlation of r = (P& .01) was demonstrated (Scruggs et al.,
2005).

The most widely used accelerometer used in pediagsearch is known as the
ActiGraph, formerly known as the MTI and CSA 71&4dedson et al., 2005; Trost, 2007; Trost
et al.,, 2002). The ActiGraph accelerometer is ateresively validated accelerometer among
children and adolescents (De Vries et al.,, 2011 Mdes et al., 2006; Trost, 2007) which has
been in existence for over 20 years (Bassett ahd, 2010). These small devices are usually
worn at the waist (Bassett and John, 2010) andidhimuas close as possible to the body’s centre
of mass (Trost et al., 2005). There are numerousngercial ActiGraph accelerometers on the
market (Crouter et al., 2013; Sasaki et al., 20tast, 2007). One of the most recent versions of
the ActiGraph model is the GT3X (John et al., 20dB8)ch measures movement in three planes.
Previous studies hypothesised that that the tlizacaelerometer may be better at capturing
children’s activity than a uniaxial accelerometBe(Vries et al., 2006; Freedson et al., 2005).
Most recent evidence (Sasaki et al., 2011), whalidated and compared the ActiGraph GT1M
(uniaxial) and GT3X (triaxial) found that there wemno significant inter-monitor differences in
vertical axis counts. This finding (Sasaki et 2011) further rationalises that high inter monitor
agreement between ActiGraph GT1M and GT3X exists that counts between both types of
devices are comparable on the vertical axis, stiggeshat both types of these ActiGraph
monitors can be used during field research.

Standardizing and optimising the use of accelerendta for free-living PA monitoring
is now a core consideration (Esliger et al., 20@%)young people. Screening data is one such
consideration (Esliger et al., 2005; Masse et28lQ5) with evidence now suggesting to 1) omit

the first day to allow for subject reactivity anyl streening spurious datal5,000 counts per
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minute which exceeds biological plausibility amopauth (Esliger et al., 2005). The minimum
number of days that youth wear the accelerometeirhportant implications for compliance and
habitual levels of PA (Basterfield et al., 2011p3t;, Pate, et al., 2000). Research conducted by
Trost (2007), indicates that the number of monmgrdays required to achieve a reliability of
0.80 varies considerably between studies from 4day®s amongst youth; the 7 day monitoring
protocol now appears most sensible for youth (8iretr al., 2008; Sutherland et al., 2013;
Troiano et al., 2008). An accurate representatibrhabitual PA amongst youth requires
participants to provide a minimum of 600 minutesorded wear time per day (Anderson et al.,
2005; Masse et al., 2005; Nyberg et al., 2009).eReevidence highlights that the minimum
number of valid days required for inclusion in as#& is 3 weekdays and 1 weekend day
(Gorely et al., 2009; Rowlands et al., 2008). Femtmore, in order to increase participant
compliance with meeting these wear time criterexeiving an SMS reminder message each
morning significantly enhances wearing the accetetter (Belton et al., 2013) (see appendix K).
Most recent evidence (Lounsbery et al., 2013) litd that compliance was strengthened when
schools offered monetary incentives for participatisimilarly another recent study (Sirard and
Slater, 2009), found that compensation strategisslted in the highest participation rates and
quality data for inclusion.

With the extensive use of the ActiGraph accelerem@de Vries et al., 2011; De Vries et
al., 2006; Trost, 2007), considerable controversigte about how to covert PA output into
estimates of PA intensity (Trost, 2007). The exiseeof numerous sets of intensity-related PA
cut points for many accelerometer models has sagmifly hindered research efforts to quantify,
understand, and intervene on youth PA behaviows{JT2007). Most recent evidence suggests
that at least five sets of youth specific ActiGrapit-points have been independently developed,
namely Evenson, Freedson, Mattocks, Puyau and Areutpoints (Evenson et al., 2008;
Freedson et al., 2005; Mattocks et al., 2007; Puwftaal., 2002; Treuth et al., 2004). When
determining minutes of accelerometer derived datg (ninutes of MVPA per day), researchers
must choose among multiple sets of cut-points thatstantially vary in magnitude and
consequently, report varying estimates of PA pidiion amongst youth (Trost et al., 2011).
The recently published comparative validity of deo@meter cut-points for predicting activity
intensity in youth (Trost et al.,, 2011) was a webeoaddition to the research literature and a

positive move towards a standardised approachdel@ometer data reduction. From this study
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(Trost et al., 2011), the Evenson minute by mirnutigpoints (Evenson et al., 2008) for sedentary,
light, moderate and vigorous PA appear the mostogpjate and validated amongst youth
allowing researchers to reach a consensus regartiegapplication of intensity-related
accelerometer cut points for children and adolescen

This section summarised the key attributes forniwst commonly used methods (self-
report, direct observation, DLW, heart rate momitgy pedometers and accelerometers) of free
living PA measurement among children and adolescéntlescriptive overview for each type of
measurement was outlined by addressing the keyeptsof validity, reliability, gold standards,
feasibility and practicality. Furthermore, all metls were assessed on ability to measure
frequency, intensity, type or time of activity.

It must be noted that no single measurement isogpiate for all purposes as most recent
evidence suggests that objective and subjectivesumes may reflect different constructs and
contexts of PA and sedentary behaviour (Syvaom.eP013). The outlined evidence suggests
that for early adolescents aged between 12 to #syeld, a combination of self-report and
accelerometry may be a sensible approach (Chinagtaal., 2010). Specifically, the recently
validated and reliable YPAQ questionnaire (Cordeale 2009) and the extensively validated
ActiGraph accelerometer (De Vries et al., 2011;\Dies et al., 2006; Trost, 2007) may be most
appropriate for youth of this age. With such a ¢joesaire and stringent accelerometer
inclusion criteria, an accurate assessment of y@#thand sedentary behaviour levels can be

made.

2.1.4 Physical Activity Levels

The evidence to date highlights that regular PAchildren and adolescents promotes
health and fithess (Physical Activity Guidelineswsbry Committee, 2008; Dobbins et al.,
2013; Rauner et al., 2013). In the past, the devedmt of chronic diseases and illnesses have
been rare in children (Physical Activity Guidelinadvisory Committee, 2012) but a growing
body of literature is now showing 1) that the ptemnae of these risk factors is increasing during
adolescence (May et al., 2012; Woods et al., 2ah@)2) that levels of PA decline dramatically
during adolescence (Kimm et al., 2000; O’'Donovaalgt2010; Ortega et al., 2013). Despite the
known importance and associated benefits of regedain promoting lifelong health and well-

being, lack of measurement precision has maddfitwt for researchers to truthfully determine

45



the proportion of children and adolescents meetivegrecommended PA guidelines for health
(Riddoch et al., 2004; Sisson and Katzmarzyk, 2008 principal barrier to progress in this
field has been the lack of a valid measurementunsnt that can capture the full complexity of
PA behaviour in youth (Riddoch et al., 2004). Yetent evidence worldwide resulting from
both self-report and objective PA measurementsdAét al., 2012; Currie et al., 2012; Eaton et
al., 2012; Riddoch et al., 2004; Troiano et alQ20Woods et al., 2010) found that the majority
of youth are not meeting the recommended guidedin@0 minutes of PA everyday (Physical
Activity Guidelines Advisory Committee, 2012).
The most recent Health Behaviour in School-Ageddzén (HBSC) study (Currie et al.,

2012) found that in Ireland, 31% of females agedyddrs old and 43% of males the same age
self-reported accumulating at least 60 minutes P daily. By age 13, a substantially lower
20% of females and 36% of males report to be mgekis PA guideline (Currie et al., 2012).
The low levels of PA, the associated age relatedirge in PA, and the apparent gender
differences reported in this HBSC study for Irelamds consistent with almost all countries
surveyed in the Currie et al. (2012) study. Sirylarmany other international studies
acknowledge age related differences in PA leveit) & noticeable decline occurring during
adolescence and into adulthood (Kimm et al., 2@@onovan et al., 2010; Riddoch et al.,
2004, Trost et al., 2002; Twisk, 2001). A recerdteynatic review (Dumith et al., 2011) further
observed PA changes during adolescence, with therityaof studies assessed by questionnaire;
findings indicated that although the decline ama@gnds was higher in younger ages (9-12
years), it was higher in older ages (13-16 years)reg boys. Acknowledging this age-related
decline, many international studies also demorestitar gender differences in PA engagement,
with males appearing to be significantly more axtthan females in the majority of cases
(Currie et al., 2012; Eaton et al.,, 2012; Riddothale 2004; Sisson and Katzmarzyk, 2008;
Woods et al., 2010). The Riddoch et al., (2004tis one of the first to report objectively
measured accelerometer PA data in a representdivple (n = 2185) of European children
aged 9 to 15 years old; this study confirmed tihgitiBcant gender differences in PA exist with
boys 21% and 26% more active than girls respegtival 9 and 15 years of age. More recent
updated evidence (Kaczynski et al., 2013) examgesdler differences in the directly observed
(SOPARC) MVPA of children and adolescent youth ivedse areas of 4 parks in Kansas City,

Missouri. Results from this recently published stdidrther complement the existing evidence
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with male adolescent youth more active on playgdsuand pools or splashpads than female
youth.

Most recent nationally representative Irish dateb@97; mean age=13.8 + 2 years) from
the ‘Children’s Sport Participation and Physicaltigity Study’ (CSPPA) (Woods et al., 2010)
found that only 18% of adolescents aged 12 to 1&rsyeld self-reported meeting the
recommended 60 minute MVPA guideline everyday. T®PPA findings are similar to
previous studies in recent years on youth PA lewelseland (Fahey et al., 2005; Woods et al.,
2007). Compared to Irish adolescents, recent relseéarthe US (Eaton et al., 2012) found that a
higher percentage of adolescents (29%) self-repoathieving the recommended 60 minute
MVPA guideline. Similarly, a recent systematic ewiof PA levels in Canada and the United
States observed between 26.5% (self-report) to¥d§pedometry/accelerometry) of youth (<18
years) meeting the recommended guidelines (Foulds, €013). The prevalence of PA amongst
Irish adolescents is also very low when compared ifturopean context with 35.9% of
adolescents (14.45 + 0.67 years) in France anchSpeeting the 60 minute guideline (Aibar et
al., 2012) when measured by ActiGraph GT3X accetetoy.

Examining the sedentary behaviours of children wmgth has also emerged in recent
years (Biddle, Pearson, et al., 2010; Marshall.e2802). Many studies now provide evidence
that a high proportion of children and adolesceottly engage in high amounts of daily
television viewing, video games, with screen tiraereation (defined as two or more hours of
television, computer and/or video game usage) b#wegmost common (Eaton et al., 2012;
Hardy, King, Espinel, et al., 2010; Oliver et &Q12). The recent HBSC report (Currie et al.,
2012) found that between 63% to 65% of adolescéiBsto 15 years old) worldwide watch
television for more than 2 hours per day on weekddyis likely that if time spent playing
computers or video games been added to this valude HBSC report, this statistic for
sedentary behaviour would be much higher. Fromrih perspective, this concerning trend
towards sedentary behaviour seems most apparetht,l@gs than 1% of children and youth
(Woods et al., 2010) meeting the Australian Governtrhealth recommendations of no more
than 2 hours of screen time during daylight hoOrsp@artment of Health and Ageing, 2004). The
evidence now suggests that the daily sedentaryvimeira of young people are increasing
(Basterfield et al., 2012; Biddle et al., 2011; kel et al., 2012; Ortega et al., 2013).
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It has been documented that PA is a preventivesateaand strategy against health
problems such as obesity and other related chitisgases (Bouchard et al., 2007; Lee et al.,
2012; Organization, 2010). The literature suggdéistd there is a clear need to increase the
current PA levels and decrease sedentary behavesnong children and adolescents (Biddle,
Pearson, et al., 2010; Currie et al., 2012; Wodaas.£2010). In order to address low PA levels
and high sedentary behaviour engagement amongsh, yadditional attention is warranted to
examine the factors that predict PA amongst yourtbluding individual and environmental

correlates (Giles-Corti and Donovan, 2002).

2.1.5 Correlates of Physical Activity

Correlates of PA amongst youth have been identifeesd including biological,
psychological, social/cultural, and physical enmirental (Sallis et al., 2000; Van Der Horst et
al., 2007). Based on the existing low levels ofthdaA worldwide (Currie et al., 2012; Oliver et
al., 2012; Troiano et al.,, 2008), researchers arattitioners are particularly interested in
identifying which factors are the most modifiabledaresponsive to intervention to increase PA
(Kenyon et al.,, 2012). Understanding the factorat tmfluence PA among children and
adolescents can aid in the design of more long-tdfective interventions for increasing PA and
decreasing time spent in sedentary behaviours (Bawhal., 2012; Leggett et al., 2012; Sallis
et al., 2000; Uijtdewilligen et al., 2011).

There are many variables that have an effectouthyPA participation, with substantial
evidence documenting hoshildren and young people are influenced by tharepts, peers, and
siblings (Fitzgibbon et al., 2012; Kahn et al., 2p08almon et al., 2007; Trost et al., 2003; Van
Sluijs et al., 2008), as well as their environm@uauchard et al., 2007; Sallis et al., 2000; Van
Der Horst et al., 2007). These different varialades often associated with the terms ‘correlates’
and/or ‘determinants’ which are used interchangedbtoughout various review articles in
young people (Sallis et al., 2000; Uijtdewilligenad., 2011; Van Der Horst et al., 2007); in this
literature review, the term ‘correlates’ will beeasprimarily. Evidence from a quality synthesis
of prospective studies (Uijtdewilligen et al., 201é&xamining the factors that influence PA and
sedentary behaviour in young people, highlight thate attention should be paid to the different
types of correlates of behaviour, such as the pgggical and social influences of PA during the

development of interventions.
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2.1.5.1 Psychosocial Influences (Predisposing Fagton Physical Activity

In the literature, the terms ‘psychological’ (Ugtdilligen et al., 2011) and ‘psychosocial’
are often used interchangeably when examining thec@rrelates amongst youth; for the
purpose of this literature review, the specifiarisras used in each of the individual research
papers will be referenced. A recent study (Crimiaét 2009) examining the psychosocial
correlates of PA in children and adolescents suggdst the factors for young people’s
engagement in regular PA include attitudes towdAs perceived physical competence, and
parental support. The Youth Physical Activity Padion (YPAP) model (Welk and Schaben,
2004; Welk, 1999) is a theoretical model developedrder to gain a greater insight and
understanding of the factors that influence youthbRhaviours. Some research suggests that the
YPAP model (shown in Figure 2.2 below) is one @& taw that have been designed specifically

to explain the influences on youth PA (Crimi et 2D09).
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Figure 2.2: A conceptual diagram of the Youth Physical Activifromotion Model
highlighting the different variables that lead tbypical activity (taken from

Australian Sports Commission adapted from Welk,9)99
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The YPAP model suggests that different predispogihg likelihood that youth will
participate in PA), reinforcing (the influencesttleacourage participation), and enabling factors
(child’s physical skills, access to facilities, aplaysical fithess) can directly influence youth PA
participation (Welk and Schaben, 2004; Welk, 1999)e model was constructed based on a
variety of studies that found significant corredats between these broad areas of influence
(Crimi et al., 2009). A previous study conducted296 children (mean age= 12.4 + 1.3 years)
provides good internal validity evidence and acaklaet external validity evidence for a brief set
of questionnaire items to investigate the theoaétimasis for the YPAP model (Rowe et al.,
2007). In light of this evidence, the YPAP modelves as an effective theoretical basis for
intervention design; more research, however, isramded in order to evaluate this model on
youth, particularly regarding the predisposing egidforcing factors (Crimi et al., 2009).

The predisposing factors of the YPAP model are thdables that have a strong
influence on the likelihood that a child will engaim regular PA, examples include self-efficacy,
attitudes and beliefs (Crimi et al., 2009). A cosf@nsive review which examined the correlates
of PA in the literature from 1970 to 1998 (Sallis &., 2000) found significant positive
associations between PA and self-efficacy, and iAadtitudes in adolescents aged between 13-
18 years of age. A more recent review by Van DensHet al., (2007) examined the correlates of
PA and included studies published between Janu@®9 and January 2005; of the 40 included
adolescent related studies, 28 examined psychealogirelates with attitude, self efficacy and
goal orientation found to be most positively asaterl with PA. Specifically, this review (Van
Der Horst et al., 2007) found a positive assocmbetween PA and self-efficacy in 14 studies.
No association was found between PA and perceieseflis, self perception, fun/enjoyment
and depression. Evidence linking PA and intentpmrceived barriers and sport competence was
also found to be inconclusive (Van Der Horst et2007).

Over the past decade social-cognitive researclspedfically identified self-efficacy for
PA as a strong correlate of PA among children, tyoamd adults (Davidson et al., 2010;
Dishman et al., 2004; Pan et al., 2009; Trost et18199). Perceived self efficacy is defined as
the belief in ones capabilities to organise andcceteethe courses of action required to manage
prospective situations (Bandura, 1994). A recamtlysexamining the neighbourhood influences
of PA and body weights among Canadian childrerfoetes that self efficacy is the confidence

to participate in PA (Davidson et al., 2010). Apoais study (Allison et al., 1999) examining
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the relationship between self-efficacy and paréitign in vigorous PA amongst youth
highlighted that self-efficacy is predictive of PAhe Dishman et al. (2004) study provides
additional evidence that targeting self efficacgreases PA among black and white adolescent
girls. As a strategy for youth PA promotion, theseow sound evidence to suggest that the use
of self-efficacy as a targeted, mediator variabléenterventions seems appropriate (Sallis et al.,
2000; Trost et al., 1999; Uijtdewilligen et al.,120 Van Der Horst et al., 2007). While the
importance of self-efficacy is outlined above fayugh PA promotion, most recent evidence
suggest that mechanisms other than self-efficacy beamore important for increasing PA
among adults (Olander et al., 2013).

2.1.5.2 Social Influences (Reinforcing Factors)Ritysical Activity

The reinforcing factors of the YPAP theoretical rabdre different to the predisposing
factors, since they are conditions that suppotiila’s physical activity behaviours (Crimi et al.,
2009). These include supportive influences andab#ées such as family, peers, teachers and
coaches. Social support can be defined as a ‘sysyewhich an individual receives assistance,
reinforcement and or stimuli in daily living’ (Thiaf Activity for Adolescent Girls, 2004). Some
recent evidence would suggest that social supmora ipotentially important mediator of
increased PA in young people (Morgan et al., 2@8;er et al., 2010; Van Lippevelde et al.,
2012) and has been targeted by several intervergrogrammes(Fitzgibbon et al., 2012;
Haerens et al.,, 2006)A systematic review of literature examining the retates of PA
participation for adolescent girls (Biddle et aRP05) found that peer support had an
indeterminate effect on PA, with three studies reépg a positive effect and three studies
reporting no effectHowever, family support was found to a have a smeathoderate effect on
PA levels in seven of the eight studies reviewedd® et al., 2005). Thirteen studies included
in the Van Der Horst et al., (2007) review examirsedial variables as correlates of activity.
Family influences and friend support were foundeopositively associated with PA. Craggs et
al., (2011) reviewed prospective quantitative stadiinvestigating change in PA and
determinants of change in children and adolescéntstal of 46 studies were included in the
analysis, 31 of these used self-reported PA meamnts. Higher scores on social support

measures were found to be consistently associatbdsmaller declines in adolescent PA levels,
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further supporting the importance of social supporjpromoting and maintaining youth PA
engagement.

During the last decade, a detailed study of theulei time pursuits of Irish adolescents
(12-18 years old) was conducted by Connor (2003ptal of 312 adolescents were interviewed
and completed a questionnaire as part of this gmadtocol. A common theme which emerged
from the interviews (Connor, 2003) was the influemxerted by the family unit on adolescent
PA levels.

“It was a tradition, it was in the family. Everyome my family and area either

played hurling or camogie.{Female aged 14)

Similarly, Vu et al., (2006) used focus groups e tTrial of Activity for Adolescent Girls’
(TAAG), and found that the majority of adolescemisgidentified the family to be the most
positive influential factor in their decisions tee kphysically active. Davison et al. (2011)
examines the supporting influences on US adolesdeAtlevels. Results highlighted that both
boys and girls in the high activity group reporggnificantly higher levels of paternal logistic
support, peer support and sibling support thanesgeints in the low activity group. A recent
study conducted by the British Association of Sportl Exercise Sciences (O’Donovan et al.,
2010) examining the ABC of PA for health highlightsat it is critical for beginners to find
activities they enjoy and gain support in beconmmgye active from family and friends.

From the outlined studies and research relatinthéoreinforcing factors of the YPAP
model, there appears to be robust evidence thanh{zrand peer support, whilst also coming
from a ‘sporty family’ can positively contributew@ards youth PA participation. Strategic advice
by Woods et al. (2010) on increasing the PA paudton levels of Irish children and youth
indicates that family and teacher support are atunfluences for developing PA opportunities.
Interestingly, the CSPPA report (Woods et al., 380 suggests that fundamental movement
skill (FMS) programmes aiming to develop the oveskills and abilities of youth common to all
sports and activities is warranted in Ireland. lorenrecent years, movement science has become
overlooked due to the perception that movementaadlur naturally as part of life (Cools et al.,
2009); however, evidence now suggests otherwigh¢cating that FMS may be a potentially

viable correlate of youth PA participation.
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2.1.5.3 Fundamental Movement Skills Influencesloysiéal Activity

Fundamental movement skills are the basic observaditerns of behaviour present from
childhood to adulthood; often examples, exhibitediry physical education (PE) and PA,
include running, hopping, skipping (locomotor), daing, twisting, dodging (stability),
throwing, catching and kicking (object control) (k2etment of Education Victoria, 1996;
Gallahue and Ozmun, 2006; Stodden et al., 2008emeesearch, underpinning the necessity of
a physically active lifestyle, suggests that FM8 #re building blocks for movement as they
provide the foundation for the acquisition of mooemplex skills in the specialised sport specific
movement stage (Gallahue and Ozmun, 2006; Hardyg,KiEspinel, et al., 2010). Research
commissioned by the Victorian Department of Edusat{1996) states that all FMS can be
mastered by 10-11 years. Okely et al. (2001) hageea that the mastery of FMS in relation to
their transfer to sport specific skills is an im@mt contributing factor to PA participation
amongst youth. A recent systematic review by Lubahsl. (2010) found strong positive
relationships between FMS and PA in both childnet adolescents.

Overall, the influencing factors of PA among yoy@pple are often not well understood
due to the complexity and undetermined nature stilte (Van Der Horst et al., 2007). One
particular correlate which requires additional ekaation in the literature is the levels of FMS
proficiency amongst young people, specifically adoknts, and this association with PA (see
section 2.2 for a complete discussion of FMS)edrss logical to hypothesise that:

“Since fundamental movement skills are considerpteeequisite to, or foundation of,

the specific skills used in popular forms of adafftysical activity, it is reasonable to

assume that there may be a relationship betweandividual's participation in physical

activity and his/her mastery of fundamental movenskils.” (Okely et al., 2001,

p.1899)

2.1.6 Discussion

In the introductory section to this literatureiexw, PA for youth was contextualised and
rationalised under specific sub-headings. In sac®d.1, the rationale for PA amongst children
and adolescents was evaluated using empiricalatiter and evidence to highlight the
importance of this behaviour. To summarise, thdifigs strongly indicate that participation in

regular PA by those aged 2-18 years of age is mdedcwith the following; improved
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cardiovascular health, improved bone health, redilboely fat and healthy weight maintenance,
improved cardiorespiratory fitness, stronger musal@proved self confidence, improved social
skills and reduced symptoms of anxiety and depsas&Cavill et al., 2001; Fulton et al., 2004,

BHF National Centre for Physical Activity and HéalP013a; Woods et al., 2010). Indeed, PA
can prevent chronic disease and premature mortdlitthermore, most recent findings now

illustrate that if 88 million physically inactive mAericans increased their participation in
moderate PA, direct medical healthcare costs cdddreduced by $76.6 billion dollars

(Schneider et al., 2013).

In section 2.1.2, the guidelines for PA and sealgnbehaviour over time were outlined
for children and adolescents. In terms of the reuended PA guidelines for health, it has
become widely accepted in the literature and acmoasy countries that all children and young
people should engage in moderate to vigorous iityeR#\ for at least 60 minutes every day.
(Department of Health and Children, 2009; Physheetivity Guidelines Advisory Committee,
2012; BHF National Centre for Physical Activity amealth, 2013a). Yet, guidelines for
sedentary behaviour amongst youth are not welhddfivorldwide, with a significant gap in an
Irish context. Of the countries (e.g. Canada) wihiakie developed specific sedentary behaviour
guidelines (Tremblay et al., 2011), it is suggested recreational screen time should be limited
to no more than 2 hours per day.

In section 2.1.3, the various measurement teclesiqd PA were evaluated in terms of
ability to assess frequency, intensity, type antetof activity (Trost, 2007). Many measurement
techniqgues were discussed including direct obsematdoubly labelled water, heart rate
monitoring and pedometers etc. Yet in terms oflelity and validity, no single measurement is
appropriate to accurately assess all conditionsczaed with frequency, intensity, type and time
of activity (Hands et al., 2006; Kohl et al., 200Drost, 2007). While acknowledging this
limitation between measurement techniques, a resgstematic review of PA questionnaires
(Chinapaw et al., 2010) for youth found that catieihs between self-report measures of PA and
accelerometer scores are significantly strength@madolescent populations compared to young
children. Guided by the literature, Corder et €&009) provide evidence for using the YPAQ
self-report instrument having validated this measwagainst accelerometry among early
adolescents aged 12 to 13 years of age.
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In section 2.1.4, the review progressed on toszesg the current levels of PA and
sedentary behaviour among youth. Despite the irapog of regular PA in promoting lifelong
health and well-being, evidence from this sectioggests that levels of PA among youth remain
low (Currie et al., 2012; Eaton et al., 2012; RtsisActivity Guidelines Advisory Committee,
2012; Troiano et al., 2008). Furthermore, evideower the past decade suggests that levels of
PA decline dramatically during adolescence (Kimmalgt2000; O’'Donovan et al., 2010), with a
noticeable gender divide emerging in many inteomati studies of males appearing to be
significantly more active than females (Currie bt 2012; Eaton et al., 2012; Riddoch et al.,
2004; Sisson and Katzmarzyk, 2008; Woods et all0R0In the case of sedentary behaviour,
evidence now acknowledges that a high proportioohdifiren and adolescent youth engage in
high amounts of daily screen time (Bickham et 2013; Eaton et al., 2012; Hardy, King,
Espinel, et al., 2010; Oliver et al., 2012). Inlash context, the cause for action seems most
urgent. Recent evidence (Woods et al., 2010) stggleat only 12% of adolescents (12 to 18
years old) meet the recommended 60 minute MVPAaue and less than 1% meet the screen
time health recommendations. Most recent evidengeliphts that the decline in MVPA and
increased sedentary time observed from childhooddmescence are of concern and might
increase the risk of developing obesity and othepmic diseases later in life (Ortega et al.,
2013).

Finally, section 2.1.5, examined the correlatesP8f in particular the psychological
(psychosocial), social support and FMS influencedPd participation. In line with the YPAP
theoretical model (Rowe et al., 2007; Welk, 1998% identification of self-efficacy, parental
and family influence and perceived skill competersze considered to be the potentially
important mechanisms promoting PA. Welk’'s (1999)A¥Pmodel suggests that physical skills
and fitness promote PA, with increased fitnessskilfliiness leading to increased persistence in
PA and enhancement of perceived competence anéfBeHicy (Stodden et al., 2008). In this
section, self-efficacy was the only psychologicalrelate which was consistently associated
with youth PA participation in many of the mosteatreviews over the last decade (Sallis et al.,
2000; Uijtdewilligen et al., 2011; Van Der Horstadt, 2007). Similarly, when the results of the
Sallis et al.(2000) and the Van der Horst et 42007) reviews of PA correlates are compiled,

positive associations between social support areldef adolescent PA are prevalent.
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Finally, this literature review briefly described/S as a important and viable correlate
for youth PA engagement with positive associatimsd in the literature (Lubans et al., 2010).
FMS development is the equivalent of the ABCs morld of PA (Stodden et al., 2008). There
is now an undeniable plethora of research examitiiegrelationship between PA levels and
FMS proficiency in youth. Yet without further exarmg the literature on the importance of
FMS (see next section), researchers may be ignénmdnypothesis that FMS are the stepping-
stones to motor development and ultimately, lifgloRA (Stodden et al., 2008). There is
evidence emerging that developing FMS during clutith may be a significant step towards
establishing a lifelong commitment to PA (Barnetale, 2009) and, importantly, that mastery, of
FMS among children and adolescents is associatdd avhumber of health benefits such as
higher levels of PA, cardiorespiratory fitness leveelf-esteem, and lower levels of
overweight/obesity (Lubans et al., 2010).
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2.2. Fundamental Movement Skills
The purpose of section 2.2 is to review the relelitarature regarding the development
of FMS proficiency and assessment in children amehyg people. The first theme explored is an

overall introduction and description to FMS.

2.2.1 Introduction and Description of Fundamental Movement Skills:

In the previous section, FMS were defined as babgervable patterns of movement
(Department of Education Victoria, 1996; Gallahuel ©®zmun, 2006). The hourglass model as
proposed by Gallahue and Ozmun (2006) is a helpduristic device outlining the sequential
progression of motor development across the lifesgras model, conceptualises, describes and

explains the rate of movement skill acquisitionnfranfancy throughout life (see Figure 2.3

below).
T Lifelong Lifelong Lifelong
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utilization utilization utilization

THE STAGES OF
MOTOR DEVELOPMENT

APPROXIMATE AGE PERIODS
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6 to 7 years old Mature Stage
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Birth to 1 year old MOVEMENT PHASE
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Figure 2.3: The phases and stages of motor development (taken Gallahue and Ozmun,
2006)
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Children at the FMS stage (3-10 years) are buildipgn previously learned movements from
the reflexive and rudimentary movement phases aaceeparing for the acquisition of more
advanced skills within the sport specific stage li@ae and Ozmun 2006; Department of
Education Victoria 1996). Figure 2.3 inadvertenthyghlights that children have the
developmental potential to master most of the FM$ke ages of 6 to 7 years old (Gallahue and
Ozmun 2006). While this outlined model shows theonblogical age related process and
maturation of movement skill acquisition, Clark (Z) denotes that FMS are not naturally
acquired, therefore needing to be learned, prattael continuously reinforced. Clark (2007)
examines the problem of motor skill development emacludes that:

“Motor skills do not just come as birthday preseriifiey must be nurtured, promoted,

and practiced. If we recognize the cultural misapton that motor skills just mature,

then we must be proactive in dispelling that misemtion.” (Clark, 2007, p.43)

Evidence over the past decade suggests that & ggggoximately 10 hours of instruction
for most children aged 3 to 10 years old to master FMS (Booth et al., 1999). In more recent
years, it has become accepted in the literaturdlglde and Ozmun, 2006; Hardy, King,
Espinel, et al., 2010; Okely et al., 2001; Stoddeal., 2008) that FMS are the building blocks
for movement as they form the foundation for mamythe specific motor skills required in
popular sports and leisure activities.

It has been suggested that many of the performagleged skills used in sports and
movement activities are advanced versions of FM&édtment of Education Victoria, 1996;
Gallahue and Ozmun, 2006; Haywood and GetchellQR0this hypothesis has been trialled and
examined in a recent study (O’Keeffe et al., 200if)ereby authors investigated the relationship
between fundamental overarm throwing and relatemt gpecific skills in an Irish adolescent
cohort. The investigation verified the transferdpibetween FMS and sport specific skills; in
this case, the results indicated that the learnintipe overhand throw is positively related with
the sport specific skills of the badminton overhebghr and the javelin throw (O’Keeffe et al.,
2007). Evidence now suggests that children andhystobuld learn generalisable movement
skills, specifically during PE, to ensure a suchtidssansfer into diverse activities, sports and

games occurring later in life (McKenzie and Loungh2009).
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Yet, the importance of movement is sometimes owé&dd with a common
misconception emerging in the literature that FM8 @aaturally’ acquired during childhood
(Cools et al., 2009; Stodden et al., 2008). A gngnbody of literature however, illustrates that
children and adolescent youth do not obtain preficy in FMS development (Booth et al., 1999;
Hardy, King, Espinel, et al., 2010; Mitchell et,&2013; Okely and Booth, 2004). Most recent
evidence from the Australian New South Wales Sahé&Wlysical Activity and Nutrition Study
(SPANS) highlights that the majority of childrerosiftd have mastered the key FMS by ages 9 to
10 years (Hardy, King, Espinel, et al., 2010) priorthe transition of more advanced skills
within the sport specific stage (Department of Edian Victoria, 1996). With this age related
association to motor learning, it seems logicat tha early elementary years are identified as
critical periods in a child’s development and mastéd FMS (Hardy, King, Farrell, et al., 2010).
A recent meta-analysis of the effectiveness of mskdl interventions in children (Logan et al.,
2011) highlights that early learning centres arev meemed effective environments to instigate
change in FMS competence through instructional mm@are programmes. FMS skills need to be
learned, practiced and reinforced (Robinson andd@ag, 2009). Based on the outlined
evidence, it is reasonable to expect, thereforai #dolescent youth (12-14 years) should
demonstrate competency in FMS during PE at secaral school. A recent study suggests that
school-based PE programmes have the potential @cohtegeneralisable movement and
behavioural skills to children and youth;

“If exercise is medicine, physical education is th#l not taken.” (McKenzie and

Lounsbery, 2009, p.219)

2.2.2 Importance of Fundamental Movement Skills dung the School Setting and

during Physical Education

Data from the aforementioned CSPPA report (Woodal.et2010) acknowledges that
FMS programmes, with the overall objective of depatg skills amongst youth are warranted in
an lIrish context. The school based PE setting 8 nonsidered (McKenzie and Lounsbery,
2009) as one of the key settings where young peaple accumulate vigorous PA and learn
important generalisable FMS.

Strong et al. (2005) acknowledge the importancbasic movement skills being taught

through the guided instruction of qualified professls (teachers, coaches and mentors).
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Despite this evidence, the aims and objectiveb@turrent Irish second level PE curriculum for
qualified PE teachers do not specify the importasfogeveloping FMS for youth aged 12 to 16
years of age (years 1 to 3). This may not be sprisimg as evidence from the last decade
examining PA for school-age youth (Strong et 800%) acknowledges less emphasis has been
placed on the development of FMS during adolesceYieg the authors of this paper argue that
FMS is a central component for adolescent PA pramot

“refinement of those skills (FMS) is important anelwv movement skills can be learned

and can contribute to a physically active lifesty/l€Strong et al., 2005, p.736)

School is however perceived as a particularly salienvironment for primary
(elementary) school children (Lounsbery et al.,30d&ith PE being identified as an important
contributor for active behaviours. Contrary to thish second level PE curriculum, there is a
focus in the Irish Primary School PE Curriculumtba:

“Childs holistic development, stressing personaldasocial development, physical

growth, and motor developmen{Department of Education and Skills, 1999, p.6)

In the Irish education context, there appears ta laek of continuity on the importance of motor
skill proficiency as children make the transitioorh the primary PE to the post-primary PE
environment. While motor skill development is aa@fie focus for the Irish Primary School PE
Curriculum, no such recommendation or guidelinestsxin an Irish post-primary PE context. It
is possible that Irish PE practitioners assume théddren will ‘naturally’ (Cools et al., 2009;
Stodden et al., 2008) acquire FMS during primatos!| years. In the past, the development of
FMS during childhood was not a concern but a grgwibody of evidence suggests that
adolescent levels of FMS proficiency are low (Bosethal., 1999; Hardy, King, Espinel, et al.,
2010; Hardy et al., 2013; Mitchell, McLennan, et 2D13). For these reasons, policy changes at
Irish post-primary PE level may be warranted; a¢ trery least, an examination of Irish
adolescent FMS levels is needed.

In countries such as the United States, the rdgofma the promotion of motor skills
during school based PE (elementary to high schisoinore apparent within the literature
(McKenzie and Kahan, 2008; McKenzie and Lounsb20@9; McKenzie et al., 2009; Sallis et
al., 2012). Dating as far back as 1995, the Nati8saociation for Sport and Physical Education
(NASPE) defined that the physically educated irdl}al should be able to demonstrate
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competency in many movement forms for the developneé motor skills (NASPE, 1995).
Furthermore, in 2006, the American Heart AssocmilfdHA) released a scientific document
entitled “Promoting Physical Activity in Childremd Youth: A Leadership Role for Schools”; in
this document, the importance of teaching childmstor skills was attributed to lifelong PA
engagement (Pate et al., 2006). One of the primbjgctives in this document was to improve
the quality of PE programmes in the US by recomnmanthat:
“Schools should deliver evidence-based health-sslaPE programs that meet national
standards to students at all school levels. Thesgrpms should provide substantial
amounts of moderate-to-vigorous physical activii9% of class time) and should teach
students the motor and behavioral skills needeénigage in lifelong physical activity.”
(Pate et al., 2006, p.1220)

The Sports, Play, and Active Recreation for KidBARK) PE programme is one of the
most evaluated evidence based PE programmes wdhé (Dowda et al., 2005; McKenzie et
al., 2009; Sallis et al., 1997). SPARK was origynaiitiated in 1989 as a strategy to combat the
low levels of children’s PA and physical fitneallis et al., 1997) Since SPARK’s original
inception, a specific focus of the programme hasnbihe development of a variety of basic
movement and manipulative skills for youth throutle mechanism of PE (SPARK, 2013).
Motor skills are specifically addressed within SRARuring the instructional units through the
age-appropriate prescription of skills used in mapwprts(McKenzie et al., 2009)A more
specific Australian teaching aid with establishedidity and reliability amongst children and
adolescents is ‘Get Skilled: Get Active’ (NSW Depaent of Education and Training, 2000).
Originally designed for Australian primary schooE Reachers, this tool outlines general
considerations which teachers should keep in mihdnwincorporating FMS in their Personal
Development, Health and Physical Education (PDHRIEg sport programmes (NSW
Department of Education and Training, 2000). Theouece informs the teacher about the skill
(description, breakdown and key points) and howlawelop the skill (teaching cues, common
errors, suggested activities and lesson planniNg\W Department of Education and Training,
2000).

A recent study by Tsangaridou (2012) investigatthg importance of teaching PE

emphasised the positive contribution of FMS in suppg students development of social,
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cognitive and affective skills in order to develdptime PA engagement. When measuring FMS
proficiency during PE through an outcome appro#uoh teacher will need to make a judgement
about students’ performance and achievement; thedgements are made on the basis of
assessment evidence (NSW Department of Educatidianing, 2000). FMS proficiency can
be assessed using a variety of assessment to@sdieg on the context in which the assessment
is planned (Gallahue and Ozmun, 2006; Hands, 2B@3wood and Getchell, 2009; Ulrich,
2000). Many of these assessment tools discussttt inext section are often implemented in a
European or worldwide context (Cools et al., 2008)e subsequent section will outline the

convenience of four existing FMS assessment taotsngst general population samples.

2.2.3 Fundamental Movement Skills Measurement

A multitude of clinical motor skill assessments @deen designed and integrated, with
the primary focus on the outcome of what the irdiral can achieve, but seldom on the process
of performance within specific movements. For exemm the skill of running, the product of
assessment is concerned with the individual(s)oitgi@f movement. Conversely, the process of
assessment is concerned with examining the compomérhow the individual(s) execute the
run. Teachers can use FMS assessment to evaleapedtess of performance which have been
identified as critical for all children to learn. ithin each skill, the teacher can identify the
specific component(s) for which the teaching shdatdorganised (Department of Education
Victoria, 1996).The aim of regularly assessing children and yoafart from establishing basic
movement skill patterns, is to plan and carry ouirdervention (Gard and Résblad, 2009).

“The planning of an intervention requires that ald® movement’'s execution, or quality,

be analysed and described, and this analyse togeiitle the analyse of functional level

will then form the basis of an understanding of ¢théd’s test performance.(Gard and

Rdsblad, 2009, p.51).

Emerging evidence in previous literature sugges&t too often, the focus of FMS
assessment is on the product, rather than on theegs (Cools et al., 2009; Ulrich, 2000),
particularly amongst older children. Stodden et @009) examine the relationship between
FMS competency and measures of health related qaiyiness in young adults aged 18 — 25
years of age (mean age= 20.4 years old). All 3 BkBs (jumping, throwing and kicking) were
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measured based on the product mode of assessmeriximum ball speed and maximum
jumping distance. The assessment of movement skidfisritical component of many disciplines
and professions (Hands, 2002). In order to implénaéfective movement programmes, it is
imperative to gather quantitative information abtheé FMS level of the child (Hands, 2002).
Moving away from the outcome or product, criteri@fierenced tests compare the participant’s
performance to predetermined criteria.

“A criterion-referenced test takes into account tngalitative aspects of the movements

required to perform the movement skill itertCools et al., 2009, p.154).

Unlike the product mode of assessment, processtedeassessments of FMS are more accurate
in identifying specific topographical aspects oé tnovement (Hands, 2002). In other words,
gualitative process-orientated measures surpas®ribduct outcome by identifying specific
gross motor skill strengths and weaknesses, allpscically designed instruction for those
experiencing gross motor skill delays and annualggoan be easily developed from test results
(Ulrich, 2000).

Many different tools to assess FMS proficiency dgrchildhood are available with many
aimed at a specific target group and hence, hageifgpcontent. Cools et al., (2009) review
article of seven movement skill assessment toaéines these measurement instruments as
either norm- or criterion referenced.

“A norm-referenced test compares the child’s parfance to that of a normative group,

and quantifies the child’'s movement skill competen& criterion referenced test

compares the child’s performance to predeterminderia. A criterion-referenced test
takes into account the qualitative aspects of trevements required to perform the

movement skill item.(Cools et al., 2009, p.154)

The Movement Assessment Battery for Children (ABC)dentifies and describes
children with movement difficulties. The MovemekBBC —2 Test is a standardised assessment
tool that requires children and adolescents tooperfa range of motor tasks in order to acquire
an objective measurement of motor impairment (Hesaieet al., 2007). The Movement ABC —
2 is a revision of the Movement Assessment Batt@ryChildren, originally named the Test of
Motor Impairment (TOMI) (Cools et al., 2009). Tkemponents of the Movement ABC -2

within each age band, include 8 tasks that arepg@dun three categories: manual dexterity,
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aiming and catching, and balance skills (Hendersbral., 2007). This assessment tools is
available in several countries and has cross alltalidity based on the comparison of local

sample data (Smits-Engelsman et al., 1998; Van Wekkd et al., 2004). Furthermore, the test
has simple administration and facilitates largegamcreening over a short period (Cools et al.,
2009). The major disadvantage as outlined by Johretnd Watter (2006) is that the Movement
ABC only reveals that a child cannot perform ané assult, a more qualitative interpretation on

impact of the score is recommended. The instrunsenbnsidered an effective screening tool

(Johnston and Watter, 2006) but not yet represgritie gold standard measurement for gross
motor skill proficiency.

The Movement ABC-2 as described identifies motowpairments; the Bruininks-
Oseretsky Test of Motor Proficiency-2 (BOT-2) idd0 assess fine and gross movement skill
abilities (Cools et al.,, 2009). Similar to the Mowent ABC-2, the BOT-2 also identifies
participants (4-21 years of age) with mild to m@demotor coordination deficits. The BOT-2 is
targeted by practitioners and researchers as dardisative and evaluative measure to describe
motor performance, with particular emphasis on fir@nual control, manual coordination, body
coordination, and strength and agility (Deitz ef 2007). There are many advantages associated
with BOT-2 including ease of administration, constrvalidation, the face validity of the items
representing daily childhood movement skills and thoderate to strong inter-rater and test-
retest reliability (Deitz et al., 2007). While thest has been normed on a representative US
sample of children (N=1520) (Cools et al., 2008)iability limitations regarding some subtests
and composites for some age groups have led tlst&san be sceptical in using this test to
determine a child’s skill level in specific areas motor development (Deitz et al., 2007).
Authors conclude that until further research is ptated, caution is recommended.

Another Australian FMS measurement tool ‘Get ®killGet Active’ has been developed
to help support teachers with the increase of pgrsahool students levels of gross motor skill
proficiency (NSW Department of Education and Tna@ni2000). This process-orientated FMS
instrument consists of 12 FMS; a unique strengtthefGet Skilled: Get Active’ resource is that
all categories of FMS are included within this asseent protocol (locomotor, object-control
and stability) (Gallahue and Ozmun, 2006; Haywood &etchell, 2009). These 12 skills (run,
balance, vertical jump, catch, hop, side gallofp,skverarm throw, leap, kick, two-handed strike

and dodge) were selected because collectively, réqaesent a platform for the development of
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specialised skills, enabling students to parti@pata wide range of physical activities (NSW
Department of Education and Training, 2000). All ERMS are composed of observable,
behavioural components that together constituteatura performance of the skill (Okely and
Booth, 2004). Each individual FMS has been brokanrdinto individual components which are
developed at different stages of learning; chetkfisr teachers also exist to help identify student
performance (NSW Department of Education and Tingini2000). A substantial amount of
evidence in Australia highlights that the ‘Get &dt Get Active’ FMS assessment protocol is an
appropriate, reliable, culturally acceptable antddvastrument for measuring levels of gross
motor skill proficiency amongst children and adokr#s (Barnett et al., 2010, 2009; Hardy,
King, Espinel, et al., 2010; Hardy et al., 2013 e@kand Booth, 2004; Okely et al., 2001a).

Finally, the Test of Gross Motor Development -Z5(MD-2) (Ulrich, 2000) has been
recently considered in a meta analysis of FMS vwatetions (Logan et al.,, 2011) as the only
measurement instrument satisfying all the incluswiteria. The TGMD-2 is designed to
measure gross motor skill proficiency through acpss orientated qualitative protocol (Ulrich,
2000). The TGMD-2 was normed on a sample of 1,288 qipants in the United States, with
gender normative tables created for the objectrobstibtest (Ulrich, 2000). The TGMD-2 is
composed of two subtests (locomotor and objectrohrthat measure the gross motor abilities
which develop early in life. Participants perforach of the 12 FMS with each gross motor skill
including several behavioural components preseasegerformance criteria (Ulrich, 2000). The
TGMD-2 is designed to assess the FMS in childrehleas been used in many studies (Cliff et
al., 2011; Hardy, King, Farrell, et al., 2010; Mi&dl et al., 2013), due to its empirically
determined reliability and established validity @ggelinou et al., 2002; Houwen et al., 2010;
Wong and Yin Cheung, 2010).

Evaggelinou’s et al., (2002) study investigateddbestruct validity of the earlier version
Test of Gross Motor Development (TGMD) (Ulrich, B38employing confirmatory factor
analysis as the evaluation tool. Results from s$higly provide strong support for the construct
validity of the TGMD with correlations between tlubject control and locomotor factors
yielding a high positive value (0.82). More recgntWong & Cheung’'s (2010) study
investigated the validity of the updated TGMD-2r{th, 2000) version amongst 626 children
(mean age= 6.45 = 2.10 years) from Hong Kong. Tdraposite reliability of locomotor (.82)
and object control (.81) factors highlights that {lGMD-2 is a usable process orientated gross
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motor assessment. Finally, Houwen et al., (2010Ghéu evaluated the reliability and validity of
the TGMD-2 in primary school school-age childrer={B, 6-12 years old) with visual
impairments; all factor loadings were again statidly significant with construct validity

evident.

To summarise, the TGMD-2 is a process and produetiated test which refers to a
criterion and a norm (Cools et al., 2009). A shamig of TGMD-2 may be the absence of a
stability subtest with some evidence (Gallahue @achun, 2006; Haywood and Getchell, 2009)
suggesting that locomotor, manipulative and stigbidikills be incorporated in the overall
assessment process. Of the 3 assessment toolss#idcthe rationale for selecting the TGMD-2
seems apparent and most convincing.

The TGMD-2 is designed to assess the gross motatituining in children 3 through 10
years of age and has empirically determined réifgland validity for this age cohort (Ulrich,
2000). Although the instrument is not specificallgsigned for youth over the age of 10 years,
other studies (Frey and Chow, 2006; Houwen et2809, 2007) have obtained a measure of
motor proficiency (raw scores only) using the TGMDRA adolescent populations, not making
normative comparisons (i.e. regardless of thei).dg@ these reasons, the TGMD-2 seems to be
the only assessment tool that can be used relialshainstream settings (Cools et al., 2009).

There are a great variety of assessment toolsadlaifor measuring FMS competency,
particularly during childhood (Cools et al., 2009kt, these tests do not prevent the relatively
low levels of FMS proficiency emerging worldwidetime literature, amongst children aged 5 to
12 years old (Booth et al., 1999; Hardy, King, Bspi et al., 2010; Mitchell et al., 2013; Okely
and Booth, 2004).

2.2.4 Fundamental Movement Skill Levels

One of the first studies to highlight low levelsyafuth FMS proficiency was Okely and
Booth's (2004) study which presented findings a ghoportion of children’s (n=1288, school
years 1 — 3) FMS mastery (n=6) from New South WEESW). Results from this study confirm
that no skill exceeded 35% mastery level, suggggshat the prevalence of FMS proficiency is
low to moderate across a cohort of NSW primary etkbildren. This finding is supported by
more recent studies amongst Australian primary alchbildren (Hardy, King, Espinel, et al.,

2010; Hardy et al., 2013) which indicate that calds FMS proficiency is consistently low.
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While the evidence from the above two studies gl discrepancies in FMS
proficiency between children, recent research ghks that adolescent youth are not performing
FMS to their expected developmental capability {Baet al., 1999; Hardy, King, Espinel, et al.,
2010; Hardy et al., 2013; Hume et al., 2008; Mitckeal., 2013). For example, the Australian
New South Wales School Nutrition and Physical Atgistudy (Hardy, King, Espinel, et al.,
2010) documented the low percentage of early adetgsyouth (11-12 years) achieving skill
mastery across a range of seven FMS. Research bth B al., (1999) reported that skill
mastery did not exceed 40% for five of the six FMBongst children and adolescent youth aged
9 to 15 years old. Mitchell, et al. (2013) in thekamination of school based FMS proficiency
indicated that at baseline measurements, less laHnof the children and early adolescents
(aged 5-13 years old) exhibited proficiency in kngk (21%), throwing (31%) and striking
(40%). In other countries similar trends have bebserved, for example, in an Irish context
results from a PE study (O’Keeffe, Harrison, andy8n2007) indicated that fundamental over
arm throwing amongst adolescent youth (15-16 ye@aas)low. The evidence would suggest that
while levels of FMS vary from country to countryerformance levels remain consistently low
across the spectrum with the majority of childred adolescents failing to surpass 50% mastery
in most skills. Globally, there appears a needntprove the skill proficiency levels of both
children and adolescents (Hardy, King, Espineblgt2010; Lubans et al., 2010; Stodden et al.,
2008; Van Beurden et al.,, 2002); furthermore a mudé of studies have found gender
differences across the age spectrum between madefemales in their associated levels of FMS
proficiency (Barnett et al., 2010; Breslin et @D12; Hume et al., 2008; Wrotniak et al., 2006).

2.2.4.1 Gender Differences in Fundamental Mover8é&itis

Breslin et al., (2012) in their assessment of chités (n=170; 7-8 years old) motor
competence from the effect of teachers trained IAM& programme found that significant
gender differences existed between males and fenrakgpecific subtests. In this study, authors
observed that males were scored more proficiemt imales on all object control related skills
except the locomotor log roll skill, where fematasgtperformed males. Evidence over the last
decade (Hardy, King, Farrell, et al., 2010; Ulri@®00) defines locomotor skills as those that
measure the coordinated movement of the centreaofty from one point to another and object

control related skills as those that measure thgpting and receiving of objects. Recent studies
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would suggest that gender differences in FMS peréorice are emergent from an early preschool
age (CIiff et al., 2009; Hardy, King, Farrell, dt,&#010) with findings reporting that males are
more proficient in object control related skillspdafemales reporting greater proficiency in
locomotor movements. CIiff et al.,, (2008xamine the relationship between FMS and
objectively measured PA in preschool children ($¢5) with findings indicating that males
having a stronger correlation with object relatkitlssuch as kicking and striking.

In accordance with the above finding, Okely and tBq@004) examine primary school
FMS performance in NSW with males again performsignificantly better in all four object
control related skills (throw, catch, kick and et compared to females; yet female proficiency
in the skip significantly outweighed male perforrmanVan Beurden et al. (2002) examination
of primary school children’s FMS performance simyaobserved that males perform object
control related skills more proficiently with feneal performing locomotor skills more
proficiently. This FMS finding relating to gendeivigion at pre and primary school level is
consistent within the literature from an early stagRaudsepp and Paasuke (1995) provide
statistical evidence that a gender divide betweBtS Fproficiency amongst 8 year old pre-
pubertal children was evident with males signifitasurpassing females in overhand throwing
kinematics, motor performances and muscular strengt

Differences in FMS proficiency between gendersmychildhood can be attributable to
and explained by the environmental influences aimlogjical factors, and their overall
interaction (Thomas and French, 1985).

“At puberty, gender differences in motor performarappear to be influenced by both

biological and environmental factors. Although wastnacknowledge the importance of

biological changes as being closely associated withreasingly larger gender

differences in many motor performance tasks, enuamental factors may assume even

greater importance at and following pubertfThomas and French, 1985, p.261)
More recent evidence suggests that the social nasasciated with gender participation in
sports and games also contribute to gender diféeeduring childhood (Wrotniak et al., 2006).
Evidence now argues that greater female movemehtps&ficiency is positively associated
with cooperative and shared play time as opposé¢ketonale egocentric dominated competitive
skill environments (Hardy, King, Farrell, et alQID). Booth et al., (1999) further suggest that

gender differences may be associated with the s@ortl games participated in; males may
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receive greater attention from parents and teacherskill development such as kicking,
throwing, striking, coordination and rhythm. Wi#MS studies during early childhood showing
consistent gender differences, evidence from teiedacade suggests that these skill differences
typically increase over time into later childhoddoKenzie et al., 2002).

As noted the gender differences in FMS proficierseg prevalent in the literature
amongst children (CIiff et al., 2009; Hardy, Kirfgarrell, et al., 2010; Okely and Booth, 2004,
Raudsepp and Paasuke, 1995; Thomas and French). M88e there is a absence in the
literature relating to adolescent FMS proficiensgme studies acknowledge that gender
differences do occur from ages the ages of 10 tgehfs old (Barnett et al., 2010; Booth et al.,
1999; Hardy, King, Espinel, et al., 2010; Hardyakt 2013; Hume et al., 2008; Wrotniak et al.,
2006). Booth et al., (1999) present data from tB871LNSW Schools Fitness and Physical
Activity Survey relating to the skill mastery andam mastery prevalence across 6 FMS (mean
age range: 9.3 years to 15.3 years). Results flosnstudy revealed that substantially fewer
females displayed mastery in the object contratesl skills compared to males. More recent
evidence amongst adolescents, Barnett et al., j2@k@mine gender differences in FMS
proficiency, indicating that male adolescents amarobject control proficient than girls. It is
important to note from this study however, that gender divide is not as clear within the
locomotor subtest (Barnett et al., 2010), whichpgufs other early adolescent findings (Hume et
al., 2008). Hume et al., (2008) illustrate 9 to y&ar old male superiority within the kick,
overhand throw and two-handed strike; poor perfoicea however, in the vertical jump and run
were equally observed amongst both genders.

Based on the existing adolescent literature frorth lmwoss-sectional and longitudinal
studies (Barnett et al.,, 2010; Booth et al., 1998me et al., 2008), it seems evident that
adolescent males possess significantly higher tlomuatrol related skills than females with the
gender divide not as apparent within the locomatobtest. Recent research illustrates that
maturation factors, such as sex hormones and grewthts may be the cause of gender
differences in motor skill proficiency occurring rig adolescent puberty (Haywood and
Getchell 2009). A previous study from Hands andkira(1997) proposed to develop supportive
gender-specific social environments for learning Nh order to substantially diminish
differences in performance of males and femaless gander differentiation within adolescent

FMS proficiency highlights that additional suppdinrough evidence-based PE interventions
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(Lounsbery et al., 2013; McKenzie and Kahan, 2@8lis et al., 2012) are warranted in order to
facilitate females’ development of object contrelated skills. In order for this transition to
occur:
“Physical education should be an enjoyable expergemluring which students learn
generalizable movement skills that will transfetoirdiverse activities, sports, and

games.” (McKenzie and Lounsbery, 2009, p.222)

2.2.5 Advancing Towards Specialised Movement Skills

Advancing towards specialised movement skills dutime stages of motor development
depends on the maturity level of FMS developmergp@tment of Education Victoria, 1996;
Hardy, King, Espinel, et al., 2010). Specialisedveraent skills have been previously defined
as:

“fundamental movement patterns that have been edfiand combined to form sport

skills and other specific and complex movementsski(Gallahue and Ozmun, 2006,

p.313)

With specialised movement skills, the task is dpgavith FMS the task is unspecific (Gallahue
and Ozmun, 2006). Adolescent motor skill proficigns a decisive factor in the subsequent
outgrowth of the FMS phase (Hardy, King, Espinehle 2010; Okely et al., 2001).

Older children, adolescents and adults have theldemental potential to master most of
the FMS yet recent evidence would suggest other{i@seth et al., 1999; Hardy, King, Espinel,
et al.,, 2010; Stodden et al., 2009). Failure tocaete proficient mature patterns of FMS
proficiency has direct consequences on the indaliduability to perform task-specific skills
during the specialised movement phase (O’Keeffalgt2007). This research investigation
hypothesises that an adolescent will be unable aiticgpate successfully in sport specific
scenarios such as Gaelic Games or Rugby if hissofundamental striking, kicking, catching
and running skills are poor. Examining FMS in adoénce will therefore provide meaningful
data assessing participants’ ability to make thadition to complex movement activities in the
lifelong utilization stage (Gallahue and Ozmun, @0Mitchell et al., (2013) study illustrates at
baseline (prior to intervention) that children agedio 12 years have low levels of FMS
proficiency. This study recognises that skill pet#ncy increases with age (early adolescents 11

to 12) but overall inadequate for sufficient engagat within sport specific scenarios. As
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previously outlined, results from an Irish PE intantion (O’ Keeffe et al., 2007) indicate that
there is a direct transfer of learning between FAn8 sport specific skills amongst adolescent
youth (mean age 15.8 + 0.60 years).

The evidence indicates that children may be mathegransition to adolescence without
acquiring FMS proficiency (Booth et al., 1999; Harding, Espinel, et al., 2010; Hume et al.,
2008; Mitchell et al., 2013), though this has yebe confirmed in an Irish context. Therefore,
encouraging and monitoring the use of a matureepatof movement will enhance FMS
proficiency over time (Kalaja et al., 2012; Marghal., 2009; Mitchell et al., 2013), increasing
the participant’s likelihood of making a succesgdfahsition to the specialised movement phases
associated with specific sporting tasks. Yet, thestery of FMS is not just associated with the
benefit of acquiring and shifting towards specedismovement skills (Gallahue and Ozmun,
2006). In recent years, there has been considerabéarch carried out examining the health
status and associated benefits of movement skadtwion amongst children and adolescents
internationally (Barnett et al., 2008; Fisher et 2005; Lubans et al., 2010; Morano et al., 2011,
Okely et al., 2004, 2001a; Wrotniak et al., 2006).

2.2.6 Benefits of Fundamental Movement Skills

Lubans et al., (2010) review systematically exadithe psychological, physiological
and behavioural public health benefits associatetth WMS competency in children and
adolescents by identifying eligible studies on po#at scale. Of the 21 studies satisfying the
inclusion criteria, 4 studies found a positive tielaship between FMS and physical fitness level,
and 11 found strong positive relationships betwE®8 and PA components. There is now
substantial evidence to suggest that FMS profigieagositively associated with habitual PA
levels in children and adolescents (Barnett et28lQ9; Fisher et al., 2005; Harten et al., 2008;
Jaakkola and Washington, 2012; Okely et al., 2001gtniak et al., 2006). These consistent
literature findings are in line with a previous pim# statement from NASPE who emphasised
the need to demonstrate FMS proficiently to perfarmariety of physical activities necessary for
the health benefits of cardiovascular endurancenaustular strength (NASPE, 1995).

Cross-sectional evidence now highlights the impaaof FMS proficiency in children
and adolescents, showing that it is positively eissed with many forms of PA including; total
PA (Fisher et al., 2005), MVPA (Wrotniak et alQd®), skill-specific PA (Raudsepp and Pall,
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2006) and organised PA (Okely, 2001). Okely et (@001) examine the relationship of PA to
FMS among adolescents, with findings highlightinmtt the ability to perform FMS was
significantly related to participation in organizBé. Barnett et al., (2011) explore the direction
of relationship between FMS proficiency and PA egegaent amongst adolescents; findings
indicated a significant reciprocal relationshipvoe¢n MVPA and object-control skill execution
and a one-way relationship between MVPA and locomskill execution. Similarly, Barnett et
al., (2009) investigated the relationship betwebiidhood FMS proficiency and subsequent
adolescent PA behaviour in a longitudinal cohartgtin New South Wales, Australia. The final
model, adjusting for school grade and gender, lggted that the proficiency of object control
skills at childhood was associated with time spemirganised activities accounting for 18.2% of
the variation From these studies, it appears specifically that abject control skills are a
significant contributor for subsequent adolescefstpRrticipation. Further longitudinal studies
are however, warranted to complement the recedeace that FMS proficiency is significantly
attached to youth PA (Hume et al., 2008; Jaakkoth Washington, 2012; Kalaja et al., 2012;
Okely et al., 2001). In an Irish context, the stgi¢ advice outlined in the CSPPA study (Woods
et al. 2010) promoting FMS for subsequent PA leaat®ngst youth is well supported from the
literature findings.

Independent of PA, there is now some additionadawe to suggest that FMS
proficiency is positively associated with physicBlness (cardio-respiratory fithess and
cardiorespiratory endurance) in children and adelets (Barnett et al.,, 2008; Lubans et al.,
2010; Okely et al., 2001b). For example, Barnetlgt(2008) observe the relationship between
childhood FMS proficiency and subsequent adolescamtio-respiratory fitness (CRF) as part of
a longitudinal study known as the Physical Activatyd Skills Study (PASS). The final model,
adjusting for gender revealed that object contnafipiency in childhood was significantly
associated with adolescent CRF, accounting for%a508 the variation in fitness. Children of
either gender with good object control skills agk@ on average, more than 6 additional laps on
the Multistage Fitness Test during adolescencen@aret al., 2008). Okely et al., (2001b)
examine the relationship between cardiorespiratourance and FMS proficiency among high
school New South Wales Australian adolescentsjteefom this study further illustrate across
both genders that FMS proficiency explains betwekh to 26% of the variance in

cardiorespiratory endurance. A recent review ofaésociated health benefits of FMS in children

72



and adolescents concluded that the relationshiwdset FMS proficiency and physical fithess
(CRF and cardiorespiratory endurance) is now pasiti related (Lubans et al., 2010).
Furthermore, most recent evidence by Haapala (20ft@ind that higher CRF and FMS
proficiency have been associated with better acad@@rformance in early adolescents. In
terms of lifelong PA engagement, Stodden et al092 examined the relationship between FMS
competency and measures of health related phygmass in young adults aged 18 — 25 years of
age. Results from the regression analyses fourtd<¥1& accounted for 79% of the variance in
the overall physical fithess of participants (Stexekt al., 2009). Yet, the evidence on children
and adolescents relies mainly on cross-sectiortal darther studies are recommended to fully
determine if the improvement of movement skillstigalarly in adolescents, positively promote
physical fitness (Lubans et al., 2010; Okely et2001b).

Based on the outlined evidence, there is now a s#png rationale for promoting the
development of FMS in children and adolescentsragans of acquiring the behavioural benefit
of increased PA (Barnett et al., 2011; Hume et28l08; Kalaja et al., 2012; Lubans et al., 2010;
Wrotniak et al., 2006); also, whilst not as prenali@a the literature, FMS proficiency appears in
some few studies to be positively associated viighghysiological benefit of increased physical
fitness amongst young people (Barnett et al.,, 2@Bely et al., 2001b). Recent evidence,
however, from the aforementioned review study sstggehat weight status is the most
commonly assessed physiological benefit of FMSipieicy (Lubans et al., 2010). From this
systematic review, weight status, primarily BMI, svaxamined in nine studies (Castelli and
Valley, 2007; CIliff et al., 2009; D’'Hondt et al.0@9; Graf et al., 2004; Hume et al., 2008;
McKenzie et al., 2002; Okely et al., 2004; Soutlelial., 2004; Williams et al., 2008); six of
these found an inverse relationship between FM8agwocy and weight status (Lubans et al.,
2010). In other words, those classified as overiateqy obese demonstrate significantly lower
motor skill proficiency than their normal weightwuderparts. Other studies have also examined
the relationship between motor coordination andgheistatus in children and adolescents
(D’'Hondt et al., 2011; Lopes et al., 2012). Thisamrt shift towards the examination of FMS
proficiency and weight status may be attached ¢alasng rise in childhood obesity worldwide
(Lobstein and Jackson-Leach, 2007; Lopes et al2.20/ang and Lobstein, 2006)

There is now reputable literature and evidence frmmerous international studies, from

a variety of populations and ethnic diversitiesatta significant inverse association between
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FMS proficiency and weight status exists (Cliffa¢t, 2011; Hume et al., 2008; Morano et al.,
2011, Siahkouhian et al., 2011). Cliff et al., (2Dinvestigated the prevalence of FMS mastery
using the TGMD-2 amongst a clinical sample of owaghit/obese children (n=134) compared to
a normative US sample. This study provides strondeace that children with a higher BMI
(overweight/obese) perform all FMS (n=12) markefltiwer (p<0.05) across all age groups.
Evidence suggests that poor gross motor coordimatioelation to weight status is as a result of
the increased mass of body segments, ultimatelgehimg coordinated skill execution during
complex body movements (D’Hondt et al., 2011). tesfhe emerging evidence illustrating an
inverse association between both variables, fewdietuhave thoroughly investigated the
relationship between motor skill proficiency andigie status amongst early adolescent youth
(Hardy, King, Espinel, et al., 2010; Hume et abD0&; Lopes et al., 2012). Of these existing
studies, many found a consistently significant mseerelationship between weight status and
motor skill proficiency and/or motor coordinatioHdrdy, King, Espinel, et al., 2010; Hume et
al., 2008; Lopes et al., 2012). It was interestimgf Hume et al., (2008) observed a significantly
higher proportion of normal weight young peopleiagimg significantly higher mastery scores
in the run only. Recent studies (Hardy, King, Espiret al., 2010; Siahkouhian et al., 2011)
speculate that overweight and obese participaneésude significantly lower locomotor skill
performance due to the discomfort of engaging cotootion which require greater movement
of body mass against gravity. Evidence outlinedhis point strongly rationalises the inverse
relationship between FMS proficiency and weightustan children and adolescents (Cliff et al.,
2011; Hardy, King, Espinel, et al., 2010; Humelgt2008; Morano et al., 2011; Siahkouhian et
al., 2011). In order to determine the causal natiirthese inverse relationships between FMS
and BMI, further longitudinal studies are warranf{edbans et al., 2010).

To conclude, the rationale for promoting the depeient of FMS in childhood relies on
the existence of substantial evidence on the cutvenefits associated with the acquisition of
FMS proficiency (Lubans et al.,, 2010), namely th@rgy evidence for a positive association
between FMS competency and both PA and CRF inremldnd adolescents. Furthermore, the
inverse link between weight status and FMS exenutieeds further exploration (Hume et al.,
2008) particularly due to the noticeable absencthénliterature with regard to the adolescent

context. Nonetheless, recent research (Logan eP@l1) signals that there is a pressing and
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immediate call to implement effective FMS intervens to strategically reduce the existing

obesity “epidemic” through the promotion of thesevement skills at childhood.

2.2.7 Discussion

In the overview to this section of the literatuttee rationale for FMS amongst children
and adolescents was explored under a variety ofhealdings. The literature and research
evidence strongly insinuate that FMS proficiencyéha significantly positive role to play in the
development of sport specific skills (Gallahue &wnun, 2006; Haywood and Getchell, 2009;
O’Keeffe et al., 2007), and increasing habitual IByel amongst adolescent youth (Hume et al.,
2008; Jaakkola and Washington, 2012; Kalaja eR@all2; Okely et al., 2001a). In section 2.2.1,
the topic of FMS was contextualised as specificeolzble patterns of movement consisting of
running, hopping, skipping (locomotor), balancingisting, dodging (stability), throwing,
catching and kicking (object control) (DepartmeftEmlucation Victoria, 1996; Gallahue and
Ozmun, 2006). These basic patterns of movement tebd learned, practiced and reinforced
(Robinson and Goodway, 2009) with school based R&grammes (section 2.2.2) now
providing a window of opportunity to teach genesalile and behavioural skills to children and
youth (Fahimi et al., 2013; McKenzie and Lounsb@g09). The importance of FMS promotion
within the PE class is not well outlined for adalkest youth in an Irish education context; yet, as
was more apparent within the literature, there setanbe a strong association in the United
States PE curriculum for the promotion of youth onatkill proficiency (McKenzie and Kahan,
2008; McKenzie and Lounsbery, 2009; McKenzie et24109; Sallis et al., 2012).

Assessing FMS proficiency is a core componentifipgo the environmental context as
was highlighted in section 2.2.3. Assessing on&grele of movement skill proficiency has
traditionally involved measuring the product oraarhe of performance with the comparison of
results against a normative representative sanptol§ et al., 2009; Hands, 2002). FMS
assessment in the manner of product outcome dddsfoon the assessor about the quality of
movement (Gard and Roésblad, 2009), hence procemstated FMS assessment tools are now
encouraged for implementation (Cools et al., 2Q@®nston and Watter, 2006; Ulrich, 2000). Of
the four assessment tools critically observed ictige 2.2.3, the TGMD-2 (Ulrich, 2000)
appears the most efficient measurement tool woddvior assessing the gross motor abilities of
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children, further supported by its reliability aedtablished validity (Evaggelinou et al., 2002;
Houwen et al., 2010; Wong and Yin Cheung, 2010).

While numerous assessment tools for FMS exisgar ppend of skill execution amongst
children and young people has become evident watklBooth et al., 1999; Hardy, King,
Espinel, et al., 2010; Mitchell et al., 2013; Okealyd Booth, 2004). In section 2.2.4, the FMS
levels of children and adolescents were discusséith a particularly noticeable absence in the
literature relating to adolescent FMS proficienttyther research is truly warranted. Of the few
adolescent studies in existence, evidence stromglicates that FMS proficiency levels are
consistently low (Booth et al., 1999; Hardy, Kirkggpinel, et al., 2010; Hardy et al., 2013; Hume
et al., 2008; Mitchell et al., 2011). From a gengerspective, section 2.2.4.1, found that
significant FMS differences existed between matetsfamales in specific subtests. Specifically,
in adolescent context, gender differences do ofmum ages the ages of 10 to 16 years old
(Barnett et al., 2010; Booth et al., 1999; Hardind Espinel, et al., 2010; Hume et al., 2008;
Wrotniak et al., 2006). Consistent findings indezhthat fewer females displayed mastery in the
object control related skills compared to maleg; tree gender divide is not as apparent within
the locomotor subtest. With these low levels of FM8ficiency and further gender differences
evident across the age spectrum, there is a pgessiih to teach and build proficient FMS
execution amongst youth. This may in turn allow leter learning of adaptive, skilled actions
within specific movement contexts, as outlined iall@éhue and Ozmun’s (2006) hourglass
model of motor development.

Section 2.2.5 identifies that failure to executefigient mature patterns of FMS
proficiency will have direct consequences on théiviidual’s ability to perform task-specific
skills during the specialised movement phase (Offeeet al., 2007). In other words, there is a
compelling argument that adolescents will be lichite their participation to successfully engage
in sport specific environments without the pre-isije@ of basic observable patterns of
movement. To the best of the author's knowledgestioly in an Irish context has previously
examined FMS proficiency in an adolescent cohbig type of data would provide meaningful
data assessing participants’ ability to make thadition to complex movement activities in the
lifelong utilization stage (Gallahue and Ozmun, @00

The final section 2.2.6 examined the associatecfiisrof FMS proficiency amongst

children and adolescents. Of the benefits examisabstantial evidence suggests that FMS
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proficiency is positively associated with habit&a levels in children and adolescents (Barnett
et al., 2009; Fisher et al., 2005; Harten et &I0& Jaakkola and Washington, 2012; Okely et al.,
2001a; Wrotniak et al., 2006). Furthermore, whit¢ &s prevalent in the literature, some studies
found a positive association between FMS proficgyeand physical fithess (cardio-respiratory
fitness and cardiorespiratory endurance) in childned adolescents (Barnett et al., 2008; Lubans
et al., 2010; Okely et al., 2001b). Finally, thevas undeniable plethora of research indicating
that that a significant inverse association betwE&fS proficiency/motor coordination and
weight status exists (Cliff et al., 2011; Graf &f 2005; Hume et al., 2008; Lopes et al., 2012;
Morano et al., 2011; Siahkouhian et al., 2011) sTdhiysiological benefit associated with weight
status is timely in the combat of the escalatisg m worldwide childhood obesity (Lobstein and
Jackson-Leach, 2007; Lopes et al., 2012; Wang aidtein, 2006).
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2.3 The Road to Intervention

At this stage of the literature review, the evidehas strongly emphasised and illustrated
that PA is a cornerstone in the development ohitsfayoung and older children, and adolescents
approaching adulthood (Fulton et al., 2004; Lealet2012; BHF National Centre Physical
Activity and Health, 2013b). Refuting this compedji evidence for PA promotion across the
lifespan would seem senseless, yet, tieéc&htury has seen an ‘unprecedented’ rise in sedent
pursuits, particularly amongst young people (Bideteal., 2011, 2004; Biddle, Cauvill, et al.,
2010; Currie et al., 2012; Hardy, King, Espinel,aét 2010; Mitchell et al., 2009). The short
term health impact of sedentary lifestyles amongsth is low energy expenditure and a risk of
developing obesity (Biddle, Cavill, et al., 20100d2h et al., 2003; Wang and Lobstein, 2006).
Alarmingly, the long term effect of youth inactiyits risk of obesity (Biddle, Pearson, et al.,
2010; Cleland et al.,, 2013; Nelson et al., 2006gdequate movement skill development
(Gallahue and Ozmun, 2006; Haywood and Getcheld92(todden et al., 2008), lack of
competence to engage in sport or exercise (Uijitigan et al., 2011; Van Der Horst et al.,
2007; Welk, 1999; Woods et al., 2010) and an oVeisk of premature mortality (Bouchard et
al., 2007; Cauvill et al., 2001; Moore et al., 20Mrray et al., 2013).

PA is clearly important to young people for hegMtKenzie and Kahan, 2008; Sallis et
al., 2012; Woods et al., 2007, 2010) and for tkason intervention programmes have been
designed, developed, implemented and evaluatedtiatipurpose of increasing PA and/or FMS
(Van Beurden et al., 2003; Haerens et al., 200'hahg et al., 2012; McKenzie et al., 2009;
Mostafavi et al.,, 2013; Sutherland et al., 2013)thWhe age related decline in PA most
prevalent amongst adolescents (Dumith et al., 2Rirfim et al., 2000; O’Donovan et al., 2010),
it is imperative to stimulate interest and prefees towards PA participation during
development within this crucial age window (Ward att, 2007). To conclude, the design,
development, implementation and evaluation of tlestnappropriate intervention that suits the
interests and goals of adolescent youth is simgigical’ (Murillo Pardo et al., 2013; Trudeau
and Shephard, 2008).

2.3.1 Call for School-Based Physical Activity Interentions
Considering that PA has important health benéfitgouth (Cavill et al., 2001; Fulton et
al., 2004; Uijtdewilligen et al., 2011; Van Der Kot al., 2007), it is concerning that a large
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majority of young people are not meeting the recemtied guidelines for PA and sedentary
behaviour (Currie et al., 2012; Eaton et al., 20M&iano et al., 2008; Woods et al., 2010). In
line with these low levels of PA, it seems appraf&ithat the World Health Organization (2003)
emphasised the need for research to generate sknumaledge on models of successful
intervention in PA. Improving the PA levels of ybutas been recognised as an important public
health challenge (Sallis et al., 2012, 2000; Warale 2007). Most recently, in their policy
guidelines aligned to the HBSC results, the Worleakh Organization (Currie et al., 2012)
identifies the need for interventions to increaseirPyouth.

In recent years, PA and/or exercise interventiangelbeen defined as planned efforts to
influence individuals, groups, or populations ttegl modify, and increase their PA or exercise
levels, with the ultimate goal of producing posgtiiealth outcomes (Bouchard et al., 2007).
Many PA interventions for youth (e.g. ‘SPARK’, ‘Mevit Groove It') have been subject to
rigorous scientific evaluation assessing their iodpan a range of health and other outcomes
(McKenzie et al., 2009; Sallis et al., 1997; VaruBken et al., 2002). The primary purpose of PA
intervention evaluation is to:

“To assess a program’s effectiveness and to momitm document program activities.”

(Ward et al., 2007, p. 168)

A recent review article (Murillo Pardo et al., 2QI8ghlights that numerous studies have
targeted adolescent PA and health promotion, imetudnany intervention programmes
addressing specifically the design, developmenplementation and/or evaluation of promising
school-based intervention strategies (De Bourdeapdhal., 2010; Ericsson, 2011; Haerens et
al., 2007, 2006; Jamner et al., 2004; McKenzielet2804; Pate et al., 2005; Stevens et al.,
2005; Sutherland et al., 2013). In the next secwbnthis literature review, school-based
strategies and effective intervention guidelinedl viustrate a number of opportunities to
intervene with adolescents for the purpose of esireg PA (McKenzie and Kahan, 2008;
McKenzie and Lounsbery, 2009; Strong et al., 200%deau and Shephard, 2005; Ward et al.,
2007). There is now a plethora of sufficient replgaevidence supporting multi-component
school-based interventions for increasing PA amamtgiren and adolescents (Dobbins et al.,
2013; Kriemler et al., 2011; Salmon et al., 200@n\&luijs et al., 2008). Among adolescents in

particular, a recent systematic review of the eifecess of interventions (Van Sluijs et al.,
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2008) highlighted that additonal supporting famigtworks positively influence PA as part of
school-based interventions. Although multi-compdnesthool-based interventions appear
effective in increasing PA during school hours (§tbgl Activity Guidelines Advisory
Committee, 2012), an absence of evidence existsdhool-based intervention programmes
aiming to ‘spill over’ to outside PA. A recent rew of school-based PA interventions (Physical
Activity Guidelines Advisory Committee, 2012) higyiited that sufficient evidence now exists
showing that not only can PE increase PA time duciass, but that PE can also increase overall
PA among youth. Health education delivered throtigh mechanism of PE is identified as a
potential influencing factor for developing behawial skills such as PA goal setting, preventing
barriers and seeking support (Ward et al., 2007).

The most effective strategies for PE based PAvetdions include a well-designed and
implemented curriculum, enhanced instructionaltsgi@s for PE and the provision of sufficient
teacher training (Physical Activity Guidelines Adery Committee, 2012). Despite the
importance of PE as an effective strategy for yde#hpromotion, the well-informed opinion of
Sallis et al. (2012) outlines that:

“The failure of public health and education groups work together sufficiently to

implement increased physical activity within phgbkieducation is hurting children’s

health.” (Sallis et al., 2012, p.132)

In a European context, the recent ‘Physical Edanatind Sport School’ report from the
European Union (EU) Eurydice service (European Casion et al.,, 2013) found large
discrepancies between countries in the amountugfhtatime earmarked to PE per annum; in
Irish primary schools, PE is given 37 hours peruamnthe lowest of 30 countries. At post-
primary level, PE is given 45 hours per annum, Whe the 4th lowest country in the EU.
(European Commission et al., 2013). These findiiogdreland are not surprising with recent
research (Woods et al., 2010) indicating that d896 of primary pupils and 10% of post-
primary pupils received the Irish Department of Eation and Skills recommended minimum
minutes of PE per week (60 minutes per week atgmynkevel, and 120 minutes per week at
post-primary level).

Despite the low provision for the quantity of Pk Ireland, the school-based setting
offers a realistic and evidence-based opportuniip¢rease PA among youth (Kahn et al., 2002;
Murillo Pardo et al., 2013; Physical Activity Gulaes Advisory Committee, 2012; Salmon et
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al., 2007; Van Sluijs et al., 2008). Specific saslhighlight that school-based PE programmes
can positively increase PA among youth if well dasd and regularly monitored (Physical
Activity Guidelines Advisory Committee, 2012; McKaa and Lounsbery, 2009; Sallis et al.,
2012; Strong et al., 2005; Ward et al., 2007). Agadble change agent to increase PA in the
school-aged population, PE is considered a veryrtapt provider of PA (Payne and Morrow,
2009; Scheerder et al., 2008; Ward et al., 200&)alBo gives children and adolescent youth an
opportunity to learn physical and behavioural mogetrskills (Haerens et al., 2007; McKenzie
and Lounsbery, 2009; Pate et al., 2006; Van Beuadead., 2003). It is important to note that
school-based PE programmes represent just one mieofieintervention however, and the
importance of multi-component approaches to suchptex problems as affecting PA behaviour
must be recognised, with findings from a systematiziew reporting that whole-of-school
approaches including curriculum, policy and envin@mtal strategies appear more effective with

adolescents than those that incorporated curricdoiy approaches (Timperio et al., 2004).

2.3.2 The Importance of Multi-Component School-Bagk Physical Education

Interventions for Youth

The research is now substantially favourable tieg $chool environment has the
potential to make important differences to PA pgsation and presents a number of
opportunities for intervention (Lavelle et al., 20Van Sluijs et al., 2008; Vasques et al., 2013;
Ward et al., 2007). Effective school environmentsspnt opportunities to embody a culture of
care, and to be fully inclusive of the individuagardless of the existing racial or socio
economic background differences (Cavanagh et @22 Most recent evidence (Lounsbery et
al., 2013) highlights that the school is a partciyl salient environment for the provision and
promotion of PA because it is the only setting tresiches nearly all young people, most of
whom spend almost half their waking day at schoolabout 36 weeks a year for 12 years. A
recent report by Sallis et al., (2012) highlightbédt in the past two decades, evidence-based
school curricula have shown significant differenaesMVPA during and outside of school
hours. While the school environment presents mappdunities for targeting the individual, it
is important to highlight the importance of targetiecological domains beyond the individual in
adolescent PA interventions (Perry et al., 201)ntthis Perry et al. (2012) review, promising

strategies for increasing adolescent PA were adlimamely the teaching of behavioural skills
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(intrapersonal), the provision of additional oppaoities for PA and the delivery of non-
traditional PE classes (environmental) (Perry et24112).

Recent findings from a systematic review (Metcalale, 2012) assessing the efficacy of
PA interventions (many school-based) suggest titatientions have a low overall effect on
increasing minutes of objectively measured wholg tatal PA and time spent in MVPA
amongst children and adolescents (<16 years). péyper (Metcalf et al., 2012) reviewed 30
studies, yet eliminated many previously successfitlence-based PA interventions amongst
children and adolescents, namely TAAG (Stevend.e@05), LEAP (Pate et al., 2005), and
KISS (Kriemler et al., 2010) from their data an&dydue to failure to comply with the selected
inclusion criteria (e.g. measuring MVPA during iention specific periods of the day and
using self-report baseline PA measurement instrtshiekvidence from the last decade across
many other comprehensive systematic reviews hasistently highlighted the importance of
school-based interventions for PA promotion (Kahmle 2002; Salmon et al., 2007; Strong et
al., 2005; Van Sluijs et al., 2008). For exampl@hK et al. (2002) systematically reviewed 94
studies examining the effectiveness of PA interiegist They concluded that the school setting
is likely to be effective across diverse settingsl @opulation groups. Similarly, Salmon et al.
(2007) reviewed 76 interventions worldwide aimegr@moting PA participation in children and
adolescents. They also found that for children ifdef as 4 — 12 years) school-based
interventions with a focus on PE and involving sahoreak times were the most effective. For
adolescent youth (defined as 13 — 17 years), ntaivally tailored advice sessions were in
addition found to show promise (Salmon et al., 200an Sluijs et al. (2008) in a similar review
found that there was strong evidence showing ttlad@-based interventions with a family or
community component can increase PA in adoles¢defsied as> 10 years).

Evidence from these reviews makes a compelling fsthe implementation of multi-
component interventions with educational, curricuend environmental components amongst
youth (Kriemler et al., 2011; Salmon et al., 200@n Sluijs et al., 2008); these reviews further
outline many successful strategies including yewsrglinterventions, addressing the school
curriculum, family involvement, and offering enhadcPE lesson time by trained specialists.
Most recent evidence (Bassett et al., 2013) whichntjfied the estimation of PA for school-
based policies and active living, found that maodatPE provided the highest number of

minutes of MVPA (23 minutes) per school day acr®8Ssscreened articles published between
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1995 and 2011; this study further concluded thdicpmakers could use this information to
identify the best options for increasing PA in ymusince 1995, PE in the United States has been
identified as the primary resource for providingdgnts with the opportunity to obtain the
knowledge and skills required in the pursuit céllfing PA (NASPE, 1995). Since then, it is clear
that PE has been revitalised through many eviddrased interventions such as CATCH
(McKenzie et al., 1996), M-SPAN (McKenzie et alQ02), SPARK (McKenzie et al., 2009;
Sallis et al., 1997), LEAP (Pate et al., 2005), &IE&riemler et al., 2010) and ‘Move It Groove
It (Van Beurden et al., 2003) for children and Esdoents.

In the United States, PE’s role in public healthyouth has made significant strides
forward in the past 20 years, (Sallis et al., 20X @rticularly in the development of the
aforementioned evidence-based PA interventions ha8@ARK, CATCH, M-SPAN and
TAAG. A recent review from the US describes thaufatof the ‘Health Optimizing Physical
Education’ (HOPE) public health and education atitie in further improving PA and academic
outcomes amongst children and adolescent youthig®alal., 2012). The goal of HOPE is to
integrate curriculum and PE lessons through theiumeaf health-related PA, to keep students
active for at least 50% of class time, to engagstatients (regardless of physical ability) and to
increase students overall PA participation andthealet, unfortunately the future for PE in an
Irish adolescent context is not as radiant as tl#H agenda; since 2004, the allocated time
scheduled for PE in post-primary schools has irsg@@n average by 5 minutes a week, but this
still results in just 10% of students receiving tieeommended 120 minutes of PE per week
(Woods et al., 2010).

With these worrying statistics, it seems timely dall for strategies enhancing PA
promotion, specifically within Irish post-primaryEP From this section, the implementation of

multi-component school-based PE interventions sesamsible.

2.3.3 The Framework for Physical Activity Interventons

Research is now sufficient to suggest that multmgonent school-based PE
interventions can increase PA during and outsidesafool hours amongst children and
adolescents (Kahn et al.,, 2002; Kriemler et al1120Physical Activity Guidelines Advisory
Committee, 2012; Salmon et al., 2007; Van Sluijglet2008). These recent findings indicate

that multi-component interventions with educatioralrricular, and environmental components
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are more effective than isolated education or cular components only (Physical Activity
Guidelines Advisory Committee, 2012)., There iosty research evidence emphasising the
importance of including school, familial and/or amomity components in adolescent
interventions (Perry et al., 2012; Van Sluijs et 2008).

The behavioural and social approach to increagough PA shows strong evidence that
school-based PE is one of the most effective meshmnfor improving PA and physical fithess
(McKenzie and Lounsbery, 2009; McKenzie et al., 20D996; Pate et al., 2005; Sallis et al.,
2012, 1997) amongst young people. PE provides stadeith the opportunities to obtain the
knowledge and movement skills needed to estabishmaintain a physically active lifetsyle
across the lifespan (Physical Activity Guidelinegvisory Committee, 2012; Sallis et al., 2012).
In section 2.3 on FMS, evidence was strong to ssiggeat the PA levels of children and
adolescents are positively associated with motdk @loficiency (Hume et al., 2008; Jaakkola
and Washington, 2012; Kalaja et al., 2012; Okelylet 2001). For these reasons, PE should
provide young people with the opportunities to rakip, balance, kick and throw and further
develop these building blocks of movement (Depantnoé Education Victoria, 1996; Gallahue
and Ozmun, 2006; Matrtin et al., 2009; Stodden .e2808). Most recent evidence (Hardy et al.,
2013) suggests that the delivery of FMS programregsiires stronger positioning within the
school curriculum. Evidence from thirteen-year ti®in child and adolescent FMS (Hardy et al.,
2013) concludes that strategies to improve youth $tduld consider teaching FMS to
competency level as a mechanism for enjoying bgimgsically active. The overarching PE
strategies for effectiveness include a well desigRE& curriculum describing what the students
should be able to do, a specific focus on behavimodification and intrinsic motivation,
keeping participants active for the majority oftmstional time, and incorporating a fitness
component to the lesson plans (Physical Activityid8lines Advisory Committee, 2012).
School-based PE interventions that balance skdusdion with health — related PA is an
effective strategy for PA promotion, as has beeenglified through the “Move It Groove It”
and “SPARK” programmes (Van Beurden et al., 2008wBa et al., 2005). PE holds promise
and should be considered an efficacious instruatioesource for intervention (Trudeau and
Shephard, 2008), specifically considering the stutlgjesuccessful position in public health in
recent years (Sallis et al., 2012).
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In a European context, a recent systematic reviewterventions for promoting PA
among teenagers outlines some important obsergat®ating to the effectiveness of school-
based interventions (De Meester et al., 2009):

1. School-based interventions generally lead to gieomt improvements in PA levels.

2. Improvements in PA levels by school-based inteneastwere limited to school related

PA with no conclusive transfer to leisure time PA.

3. Including parents appeared to enhance school-bassdentions.

4. The support of peers and the influence of diregirenmental changes increased the PA

level of secondary school children.

5. When interventions aimed to affect more than onalthebehaviour the intervention

appeared to be less effective in favour of PA.

A more recent review article (Murillo Pardo et &Q13), outlines 5 promising school-based
strategies and intervention guidelines to incréa&seamong adolescents:

1. Design multi-component interventions that fostex #mpowerment of members of the

school community.

Develop improvements to PE curricula as a strategyyomote PA to adolescents.

Design and implement non-curricular programmesatidities to promote PA.

Include computer-tailored interventions during tihgplementation and monitoring of

physical activity promotion programmes.

5. Design and implement specific strategies that nedpo the interests and needs of girls.
From these review articles amongst the adolesogmtlation, it appears that multi-component
school-based PA interventions provide short-terniectiveness with the evidence for
intervention effectiveness in other settings notwadl documented. In line with this, it is
appropriate at this stage to critically review asdmmarise some published youth PA
intervention studies. By presenting information these specific intervention programmes, a
comprehensive aggregation of commonality betweediest can be used as an effective resource

for programme development and implementation.
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2.3.4 Intervention Evidence — Physical Activity Pranotion and Other Components

Amongst Youth

Over the past two decades, many evidence-baseublsptogrammes and PE curricula
specifically designed to achieve multiple goalsn@sting of PA, student-acquired fitness,
knowledge, motor skills etc) have been developed m@gorously evaluated in primary and
second level education settings (Sallis et al.,220Morgan et al., (2007) found that PE can
provide up to 18% of a child’s recommended daily With PA interventions such as SPARK,
M-SPAN and CATCH (McKenzie et al., 2004, 1996; Ba#t al., 1997), showing significant
increases in MVPA and energy expenditure duringnetgary and middle school PE.

Sports, Play, and Active Recreation for Kids (SPARKas originally evaluated with
fourth- and fifth grade students, with the prograenoeing led by either PE specialists or trained
classroom teachers (Ward et al., 2007). SPARK me@med not only with increasing PA during
PE, but also with promoting the generalisation Af Beyond classes (McKenzie et al., 2009).
One of the earliest studies (Sallis et al., 19%taldished that following the two year SPARK
intervention (Sallis et al., 1997), students (mege range = 9.49 to 9.62 years) within the
control conditions had significantly fewer mins BE class per week (18 mins) and spent less
time in MVPA per week compared to the specialistdenditions (p <0.001). While no effects
for PA gains outside of school were found, thiglgthighlights that health — related PE curricula
can increase the PA levels of children specificdllying PE class time (Ward et al., 2007). A
more recent study undertaken by Dowda et al. (2@08&Juated the sustainability of SPARK PE;
results indicated that up to 80% of the 111 schedi®m initially adopted the programme
reported sustained use up to 4 years later. Rdsulk®r indicated that programme sustainability
was similar in both advantaged and disadvantagetdramities highlighting that the evidence-
based SPARK PE programme is highly sustainable.t Masent evidence (Mostafavi et al.,
2013) investigated the effect of SPARK PE on FM8 o 6 year old children. Results from this
study found that the SPARK programme had a higfffezaey on the promotion of the FMS
compared to the routine PE programme group or ggtrasaPE group. From the outlined
evidence, there now appears to be a plethora opelhimg evidence to suggest that SPARK PE
programmes are an appropriate alternative thatpcamote children’s PA, FMS and lifelong
wellness. SPARK is applicable across the age spads the intervention strives to:
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“Improve the health of children, adolescents, anldilés by disseminating evidence-based
Physical Education, After School, Early Childhoahd Coordinated School Health
programs to teachers and recreation leaders serviigg-K through 12th grade
students.” (SPARK, 2013)

Expanding from the previous successes of SPARK$His et al., 1997), the Middle
School Physical Activity and Nutrition (M-SPAN) peat at San Diego State University was the
first scientific effort to assess and evaluate nadsthool students PA levels during PE classes
(Mc Kenzie et al., 2004). The core component of (h&PAN intervention was enhanced PE
programmes (McKenzie et al., 2004) with the aimtlé intervention to provide simple
curricular materials through the increase of staddWPA. Some unique strengths of this
intervention have been the teacher training focushe awareness and need for active and
health-related PE programmes, the implementaticanadctive curriculum, and ongoing teacher
support (Ward et al., 2007). Results from M-SPANcKénzie et al., 2004) indicated that the
intervention significantly improved students MVPA PE, by approximately 3 minutes per
lesson (18% increases after two year implementatiDifferences in overall daily MVPA
participation between groups were not reportedni; $tudy.These positive gains were obtained
without any increases in PE frequency or duratiashllghting that health related M-SPAN
education lessons appear most beneficial withinogebased PE intervention strategies.
SPARK PE for elementary schools provided PE teacheth structured curricula, M-SPAN
conversely provides sample curricular materials higlp educators revise their existing
programmes and instructional strategies to incresigdent MVPA(McKenzie et al., 2009).
Overall, M-SPAN shows much promise for increasig during PE (McKenzie et al., 2004,
Ward et al., 2007).

Some school-based PA programmes facilitate thevieéion to leverage a number of
aspects to increase PA behaviour or to focus ohyaiglogical health outcome (Ward et al.,
2007). Many interventions over the last two decadewe attempted to improve the
cardiovascular health of children at elementarinfpry) school level, such is the example of the
‘Coordinated Approach to Child Health’ (CATCH) (MeKzie et al., 2001, 1996). CATCH was
originally targeted at third to fifth grade childreinder the name ‘Child and Adolescent Trial for

Cardiovascular Health’. CATCH consisted of multdéévschool-based and family-based
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components that work together to decrease the ogutgan of fatty/salty foods and increase
regular PA (McKenzie et al., 1996). McKenzie et #1.996) documented the materials and
methods associated with the CATCH intervention hghlghting a new health related
curriculum, methodological approach, teacher trejnand follow-up teacher consultations.
Some primary results from this study found thag¢iwention children reported 12 more minutes
of daily VPA than control children, and furthermprentervention schools engaged in
significantly more MVPA during PE lessons compatedcontrol schools (McKenzie et al.,
1996). This study provided important informatioatemg to the effect of the intervention in
terms of habitual PA participation and MVPA levdisring PE. Other evidence by Perry et al.
(1997) found that CATCH intervention children wéess likely to consume high-fat foods and
were more likely to be physically active. McKenae al., (2001) investigated the effect of
CATCH PE by teacher type and lesson location basestudent activity levels and PE lesson
context. Results from this study indicated that thiervention school PE classes were 1.5
minutes longer and provided significantly more MVRAd VPA during PE time compared to
control schools (McKenzie et al.,, 2001). Overallidewce indicates that this multilevel
intervention helps promote PA within and outsidescifiool among elementary (primary) school
children (Ward et al., 2007).

Other school-based intervention programmes havgetadl PA promotion amongst
specific high school populations, including thedsiyle Education for Activity Project (LEAP)
(Pate et al.,, 2005; Saunders et al., 2006). Patd.,ef2005) evaluated the effectiveness and
contribution of the LEAP school-based interventmogramme on the PA levels of adolescent
girls (mean age = 13.6 + 0.6 years) in South CaaolLEAP was a PA promotion intervention
targeting high school girls using six of the eigbimponents of the Coordinated School Health
Programme for regular PA promotion (Ward et alQ20 health education, PE, health services,
staff wellness, family/community involvement ane thealthy school environment (Pate et al.,
2005). The health education component, which wegimated within a variety of classes through
health, PE and science aimed to provide girls with behavioural skills to remain physically
active throughout the lifespan (Ward et al.,, 20Rgsults indicated that participation rates
amongst girls in VPA were significantly greater time LEAP intervention schools (p<0.05)
compared to the control schools (Pate et al., 2QD6)er interventions, similar to LEAP, have in

recent years incorporated the component of fammiyolvement for PA promotion amongst
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adolescents (Araujo-Soares et al., 2009; Haereias,e2007, 2006); all 3 studies interestingly
reported significantly positive PA increases amomigsse in the intervention group compared to
control groups.

The TAAG intervention (Trial of Activity for Adole=ent Girls, 2004) was designed with
the aim of promoting PA in middle school by prewegtthe decline in PA levels among
adolescent girls; a study by Stevens et al. (20@3)lights that the primary aim of TAAG is to
reduce in half the age-related decline in MVPA agsirmiddle school girls. Similar to LEAP,
the TAAG intervention had community and school #igks, specifically the components of
health education, PE and programmes for PA promof{i@/ard et al., 2007). The PA
programmes designed were tailored to link girls RA opportunities in the community,
particularly during the after school period (Stevem al., 2005). Some recent evidence (Webber
et al., 2008) found that upon completion of the T&Antervention, girls in the intervention
schools were significantly more physically activieant girls in the control schools by
accumulating approximately 1.6 minutes more ofydBVPA. This evidence suggests that the
school-based, community-linked TAAG interventiondestly improved PA in adolescent girls.
In line with these positive results, explanationaymn part be attributed to the underlying
rationale of the intervention.

“The TAAG Programs for Physical Activity draws fra@rganizational Change Theory
and direct action community organizing in develgpia process by which schools,
communities, and the TAAG intervention staff foartrgerships to accomplish a common
goal of increasing girls’ participation in physicalctivity at school and outside of the

regular school day.(Trial of Activity for Adolescent Girls, 2004, p.48

Recent evidence from a meta-analysis of the effeséiss of motor skill interventions in
children (Logan et al., 2011) found that the depsient of FMS is associated with positive
health-related outcomes. Many recent school-baserventions found a significant positive
effect of motor skill interventions on the improvem of FMS in children and early adolescents
(Van Beurden et al., 2003; Martin et al., 2009;ddll et al., 2013; Salmon et al., 2008). Van
Beurden et al., (2003) evaluated the “Move It Ged’ (MIGI) PE intervention in relation to
children’s PA and FMS proficiency over time. Thisagi — experimental design consisted of 9

control and 9 intervention schools stratified bg thew South Wales Department of Education
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and Training (n=1045, age range 7 to 10 years @ldjollow-up, there was a highly significant
16.8% increase in FMS proficiency amongst intengenschools (p< 0.0001); also follow — up
data revealed a significant 3.3% increase in VPAiritervention schools compared to control
schools (P = 0.008). This is one of the first imégrtions from the past decade to show that the
modification of PE lessons can result in significanprovements in FMS mastery proficiency
amongst children. Martin et al., (2009) examineaglitifluence of a mastery motivational climate
intervention on young children’s FMS proficiency @& PE setting. Results indicate that the
mastery intervention group improved significantty FMS proficiency from pre- to post-
intervention compared to their control counterpafitkis recent study (Martin et al., 2009)
provides evidence that a mastery motivational dinean have a positive impact on children’s
FMS performance during PE and further suggests ybahg children who are in the initial
stages of motor skill development can benefit fiepself-directed climate. Salmon et al., (2008)
evaluated the effectiveness of the ‘Switch-Playeimention designed to prevent weight gain,
decrease the time spent within sedentary screeavimh, improve FMS proficiency and
promote PA participation among 10-year old childféhe FMS component of this intervention
consisted of taught lessons at the PA facilitiesaath school through games and activities; these
intervention lessons emphasised the importanceM astery through enjoyment, fun and
maximum participation. Results from this study fdumsignificant group by gender interaction
effect for FMS proficiency over time; when compareith girls in the control group, girls in the
FMS intervention group recorded significantly higk®S proficiency.

Mitchell et al., (2013) evaluated the effectivenegsProject Energize’, a school-based
teacher led FMS intervention for children and eadyplescents aged between 5 to 12 years old.
Project Energize of New Zealand was launched in52806d by 2011, 250 schools, 39,598
children and 1725 teachers were actively involvdt12 FMS significantly improved following
completion of the intervention, with the greatestrgentage increases occurring in kicking
(28.8%), throwing (32.5%) and striking (36.3%) owée course of this tailored led FMS
programme within PE. The positive effects for FM®fgiency in this intervention amongst
children and early adolescents may have implicatifmn the long term PA participation and
fitness with subsequent health benefits (Mitchedle 2013).

More recent evidence from Kalaja et al. (2012) exawch the development of early
adolescents (13 years old) FMS and PA in a PEngetfrhis school-based PE FMS intervention
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lasted 33 weeks (academic year), and was spebyfidadlicated to a focus on locomotor, object-
related and stability skills. Results from thiseirention study found significant improvements
(standardized by using Z-scores and summed togeth#re balance skills sum score (p=0.04),
overall movement skills sum score (p=0.02) and BAO(01). Specifically, at follow-up, the
intervention group recorded significantly more d¢4<sl7 + 1.68) where they accumulated 60
minutes MVPA compared to the control group (3.832.%9). In a European context for early
adolescents aged 13 years old, this is one ofitheifiterventions to explicitly highlight the
potential of simultaneously developing FMS and @asing PA through PE. With the recent age
related decline in adolescent PA (Aibar et al.,20imm et al., 2000; O’Donovan et al., 2010),
this FMS intervention (Kalaja et al., 2012) prosdeeliminary evidence for addressing FMS to
help combat the existing low levels of early adodet PA (Currie et al.,, 2012; Eaton et al.,
2012; Woods et al., 2010).

2.3.5 Physical Activity Intervention Evidence for $iccessful Implementation

From the outlined school-based programmes spelyfitargeting PA and FMS (Kalaja
et al., 2012; McKenzie et al., 2009, 2004, 2001tchkll et al., 2013; Pate et al., 2005; Sallis et
al., 1997; Saunders et al., 2006; Stevens et@05)2 it would be fair to acknowledge that there
are many ways for appraising intervention effecta®s (Bouchard et al., 2007). As researchers,
this poses difficult challenges as there is an dhooe of conflicting evidence on recommended
approaches for youth PA promotion interventionsnirthis literature overview, there is a strong
rationale for multi-component school based intetiogrs in the pursuit of increasing PA
amongst youth (De Meester et al., 2009; Kahn ¢28D2; Salmon et al., 2007; Van Sluijs et al.,
2008). Providing enhanced PE objectives, includimgor skills (McKenzie and Kahan, 2008;
McKenzie and Lounsbery, 2009; Pate et al., 200d@jsSat al., 2012) taught by well-trained
specialists emphasising instructional practices pgravide substantial MVPA seem effective
(Physical Activity Guidelines Advisory Committee)12). In the past two decades, school-based
PE programmes with multiple goals (SPARK, M-SPANATCH, LEAP, TAAG, Move It
Groove It, Project Energize etc) have yielded cstesitly positive findings for PA and FMS
promotion amongst children and early adolescents.

Consistently, it has been shown that enhanced PREnmaease time spent in MVPA

during class, and further increase participantsal@@ physical fithess levels (Physical Activity
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Guidelines Advisory Committee, 2012). Yet, in terofsidentifying gaps within the literature,
there appears a dearth of sufficient interventiatadavailable on adolescent PA promotion,
specifically the simultaneous contribution of hkeadtducation and opportunities for providing
FMS during PE class. Quality PE according to Le WMigs and Corbin (2006):

1. Can Help Promote Lifelong Physical Fitness.

2. Provides Unique Opportunities for Activity.

3. Teaches Self-Management and Motor Skills.

4. Helps Educate the Total Child (Le Masurier and GgrB006).

From the empirical intervention evidence outlinggds important to note that increasing
the amount of time children and adolescents spendMVPA during a school-based PE
programme is not the only way for youth to obtagular PA (Kahn et al., 2002; Strong et al.,
2005). Young people accumulate the majority of tH®A outside of school, therefore, PA
instructors must encourage increased PA outsiddeointervenion by providing children and
adolescents with the skills, knowledge and motoratheeded to adopt a physically active
lifestyle (Ward et al., 2007). Social and physieavironments can also be altered to provide
additional support for PA (Physical Activity Guideés Advisory Committee, 2012; Woods et
al., 2010). Yet, from this literature review it see evident that youth who acquire components
such as FMS and learn new information about PANGUIRE appear more likely to increase their
activity patterns (Kalaja et al., 2012; McKenzieakt 2009, 2004; Mitchell et al., 2013; Sallis et
al., 1997; Van Beurden et al., 2003). In an ad@escontext, these findings need to be
examined further to verify the following statemeégtWard et al. (2007):

“Focusing on the development of motor and behaviaiills, as well as on the

dissemination of information about physical activis the key technique that influences

the time youth spend in physical activity outsitleamool and in other programs(¥vard

et al., 2007, p.54)

Crucial to a successful PA intervention desigrithesimportance of taking care to use the
intervention time effectively, motivating youth tpursue activities at home or in their
community, and providing supportive environmentsa(@/ et al., 2007). Supporting these

mechanisms (family, home, community) with multi-quonent school-based interventions
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appear to be the most effective strategies to @aserePA during school time and most
importantly, outside of school (Physical Activityuf@elines Advisory Committee, 2012; Sallis et
al.,, 2012; Sutherland et al., 2013; Van Sluijs kbt 2008) for young people, specifically
adolescent youth.

With this outlined PA intervention evidence, adudli@l details regarding the most
effective methods for PA intervention evaluatioa aeeded to:

“Enhance understanding about what has been achievsdl the processes that have

taken place during the interventionCavill et al., 2012, p.4).

2.3.6 Research Considerations for Designing and Elating Adolescent Physical

Activity Intervention Studies

In 2000, the Medical Research Council (MRC) produce framework for the
development and evaluation of randomised contrditeds (RCTs) for complex interventions
aiming to improve health (MRC, 2000). In this doant the MRC acknowledge that it is
generally unacceptable to modify an interventiorrirdy the course of an RCT, yet an
exploratory or pilot trial can be developed to ésifly address these goals:

“variations of the intervention can be tested, teeswhich seem to be the most

appropriate for a full scale trial."(MRC, 2000, p.10)

In 2008, the MRC produced a further document progdadditional guidance on the
development, implementation and evaluation of cemjhterventions to improve health (MRC,
2008). In this new document (MRC, 2008) it is acklemlged that the development and
implementation of health interventions can be atley process. This document further states
that the general neglect of sufficient interventidevelopment and pilot work will result in
weaker interventions, which are more difficult takiate and ultimately less likely to be worth
implementing (MRC, 2008).

Upon considering these MRC framework documentse#ms unsurprising that the
evaluation of many public health interventions aften inaccurately designed, use unsuitable
outcome measures, fail to report on health outcormed primarily focus on the intervention

process measures such as attendance and participatentment (Katikireddi et al., 2011).
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According to the MRC (2008), there are some funddally important considerations for
developing an intervention:
» Are you clear about what you are trying to do?
* What outcome you are aiming for?
* How will you bring about change?
» Can you describe the intervention fully, so thatah be implemented properly for the
purposes of your evaluation, and replicated by the
» Does the existing evidence — ideally collated igyatematic review — suggest that it is
likely to be effective or cost effectividRC, 2008, p.4)

In terms of selecting the research setting, it vglent from the literature discussed
previously, that multi-component, school-based RBgmammes appear to be an effective
strategy for increasing adolescent PA levels (Mdfemand Lounsbery, 2009; Murillo Pardo et
al., 2013; Perry et al., 2012; Sallis et al., 2082png et al., 2005; Trudeau and Shephard, 2005;
Van Sluijs et al., 2008). Yet, in order to evalu#ite most appropriate PA intervention for
adolescents, researchers must extract informatenaiping to study design, randomisation
procedures, description of intervention and contatditions and PA measures (Van Sluijs et
al., 2008).

A previously published systematic review undertak®sn Van Sluijs et al. (2008)
thoroughly evaluated the effectiveness of intenezrist to promote PA in children and
adolescents. For this reason, integrating theirhodkilogical study inclusion criteria may be
considered an important consideration in the evi@naf an adolescent PA intervention. From
this systematic review, inclusion criteria congilsté the following:

1. Comparison of the PA intervention with a controltgel
2. Participants younger than 18 years
3. Report statistical analysis of PA outcome measdan (Sluijs et al., 2008)

This Van Sluijs et al. (2008) inclusion criteriasgpported by a more recently published
systematic review among European teenagers (De tbfteet al., 2009). De Meester et al.,
(2009) similarly reviewed effective adolescent P#erventions against a set of pre-determined

inclusion criteria with 75% of the identified PAt@mventions delivered through the school
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setting. The inclusion criteria within this revie(lDe Meester et al., 2009) are generally

consistent with the Van Sluijs et al. (2008) review

1. The effect of primary interventions to promote RAevaluated

2. A comparison or control group is used

3. The participants were teenagers with an mean ageebe 10 and 19 years
4. The main outcome measure is PA

5. An effect of the outcome measure is available deast one follow-up

measurement (De Meester et al., 2009)

Both of these articles (De Meester et al., 2009 Bhuijs et al., 2008) are accepted in the
literature as scientifically rigorous systematiwiesvs for youth PA interventions. For these
reasons, the previously outlined inclusion critejgear suitable methodological considerations
for the evaluation of an Irish PA intervention angito increase youth PA levels. The acquisition
of a research framework as guided by recent sysiemeview inclusion criteria is a sensible

strategy for implementing and evaluating the effectess of adolescent PA interventions.

2.3.7 Summary

Understanding the psychological, social, and emarental factors that influence the
behaviour of children and adolescents is a crumatponent in designing any PA intervention
(Sallis et al., 2000; Uijtdewilligen et al., 201¥an Der Horst et al., 2007). In this literature
review, the author has predominantly examined idpa@fecance of PA and FMS amongst young
people as potentially successful contributors teostbased PE programmes (Barnett et al.,
2009; Currie et al., 2012; Hardy et al., 2013; Lnbat al., 2010; Troiano et al., 2008; Woods et
al., 2010; Wrotniak et al., 2006). Youth PA intamtiens have been designed to increase regular
PA participation, improve FMS proficiency and dexse sedentary behaviours (Van Beurden et
al., 2003; Kalaja et al., 2012; McKenzie et al.0202004; Sallis et al., 1997; Salmon et al.,
2008; Stevens et al., 2005). PA interventions hlmeen defined as:

“Specific purposive efforts to engage with indivatkior populations to increase defined

and measurable elements of PA and to attribute ghanto participation in such

programs.” (Bouchard et al., 2007, p.333)
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In this final stage of the literature review, spieaily section 2.3.1, the evidence
highlighted the need for policy interventions terease youth PA (Currie et al., 2012) as an
important public health challenge (Sallis et al012;, Woods et al., 2010). Many types of
documented interventions (school-based, commuaityg, family-based etc) for adolescent PA
promotion are in existence across a variety ofrggtt(Kahn et al., 2002; Metcalf et al., 2012;
Perry et al., 2012; Salmon et al., 2007; Van Slatjsal., 2008; Ward et al., 2007). From the
abundance of research examined, it is evident tthatschool setting presents a number of
opportunities to intervene with children and adoégds for the purpose of increasing PA (Ward
et al., 2007). From this evidence, it seems unging that in recent years many studies have
addressed adolescent PA and health promotion thraolg development and evaluation of
specific school-based intervention strategies (NMurPardo et al., 2013). The process of
developing such interventions must be given sufitiattention, however, the recent MRC
document (MRC, 2008) acknowledges a general negdeairds pilot work during intervention
development, resulting in weaker interventions.

In sections 2.3.2 and 2.3.3, the effectivenes$@fschool-based intervention setting for
youth was examined more precisely. Most recentemgd (Murillo Pardo et al., 2013) highlights
the importance of identifying promising school-lihsg#rategies to increase the regular PA of
adolescents. In line with the theme of school-baststventions, Sallis et al., (2012) noted that
in the past two decades, evidence-based schooatuarhave shown significant differences in
youth MVPA during and outside of school hours. Rartsupporting this intervention setting,
Salmon et al.,, (2007) reviewed 76 interventions lewide and found that school-based
interventions with a focus on PE and involving sahareak times were the most effective. The
scientific evidence supporting the role of PA inalle and well-being has been extensively
documented (Le Masurier and Corbin, 2006), withuestionable evidence for PE playing an
important role in public health because it reachasst children (Lounsbery et al., 2013;
McKenzie and Kahan, 2008; McKenzie and Lounsbef§)92 Sallis et al., 2012). Applying
motor skills in a variety of game and sport sesingthin PE class is important for youth in
transition; these opportunities during PE must teative and adequate provision devoted to
practice skill development (Le Masurier and Corl2d0Q6; McKenzie and Lounsbery, 2009; Pate
et al., 2006). A pool of evidence regarding presigwsuccessful school-based PE interventions

is essential, and was critically discussed in theirg sections of this literature review.
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Recent findings from many comprehensive reviewckdi have found that the school
setting provides an ideal opportunity to increagedmong youth; sufficient evidence is now
available to recommend global implementation of tredmponent school-based programmes
(Physical Activity Guidelines Advisory CommitteeQI2; Salmon et al., 2007; Strong et al.,
2005; Van Sluijs et al., 2008). Furthermore, enkdneE programmes can increase PA among
youth and should be widely implemented in schobés Mlasurier and Corbin, 2006; McKenzie
and Lounsbery, 2009; Sallis et al., 2012; Trudead &hephard, 2008). Interventions such as
SPARK, M-SPAN, CATCH, LEAP, TAAG, Move It Groove, ItSwitch-Play and Project
Energize have been rigorously evaluated, providiofficient evidence for multi-component
school-based PE interventions. Physical educatbis fwrther incorporate the key components
of quality PE (i.e., learning opportunities, meayiui instruction, and appropriate instruction)
(Le Masurier and Corbin, 2006) significantly impeothe chances for children and adolescents
to increase PA participation and FMS developmenteasient from recent school-based
interventions (Kalaja et al., 2012; Martin et &Q09; Mitchell et al., 2013; Mostafavi et al.,
2013; Van Beurden et al., 2003).

Intervention evaluation, determines the extenwloch a programme has achieved its
objectives, and will assess how different processe® contributed to this (Cavill et al., 2012).
In section 2.3.6, findings of a systematic reviéve (Meester et al., 2009) on the effectiveness of
interventions to promote PA among European adohsaeas reported. Studies were considered
for inclusion in this systematic review if the effef primary interventions to promote PA were
evaluated, a comparison or control group was usadicipants were adolescents with a mean
age between 10 to 19 years, the main outcome oobtiee outcomes was an objective or self
reported measure of PA and finally, the effecthef butcome measure was available on at least
one follow-up measurement. In an Irish context, thee of these inclusion criteria as
methodological considerations may ultimately alldar more rigorous PA intervention

evaluation over time.
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From this review of literature it is evident thhetscientific knowledge of what works is
still evolving, and this author agrees it is catithat:

“We continue to evaluate the impact of physicdhéy programs in schools and ensure

that effective programs are translated for a variedtf audiences and widely

disseminated.[Physical Activity Guidelines Advisory Committee)22, p.2)
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3.1 Abstract

Introduction: Despite the known benefits of regular physicalvigt (PA) for health and
well-being, many studies suggest that levels oidégline dramatically during adolescence.
Purpose: To develop a targeted physical education (PE) dd@s& intervention for post-
primary youth, based on the youth physical actipitymotion model.

Methods: Cross-sectional data on PA levels (using self#gpaorrelates of PA, and the
fundamental movement skill (FMS) proficiency of 2aéuth were collected. A sub sample (n
= 59) participated in focus group interviews to lexe their perceptions of health and identify
barriers and motives to participation in PA.

Results:Most (67%) were not meeting the recommended mimnRA guidelines for health,
and 99.5% did not achieve the FMS proficiency etgubéor their age. Self-Efficacy and PA
Attitude scores were significantly different (p<B)(between low, moderate and high active
participants. Active and inactive youth reportetfedences in their perceived understanding
of health as well as their identified barriers # participation.

Conclusions:Data show a need for targeting low levels of PA/auth through addressing
poor health related activity knowledge and low FNd®ficiency. The Youth-Physical
Activity Towards Health (Y-PATH) intervention wasewkloped in accordance with these

findings; details of the intervention format aregented.
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3.2 Introduction

Physical activity (PA) as a preventive measureidely recognised as key to effective
management of overweight and obesity problems (Bxyeat of Health and Children, 2005),
and for children it is seen as an important faatoreducing the risk of chronic disease in
adulthood (Centers for Disease Control and Preoenf2011; BHF National Centre Physical
Activity and Health, 2013). Evidence suggests thalitual physical activity (PA) amongst
young people is declining with a rise in inciderafeoverweight and obesity (Centers for
Disease Control and Prevention, 2011). Consequetttiidren and adolescents are a target
population for the promotion of PA to enhance Heak critical consideration for children,
adolescents, parents, professionals, and sciemsisise implementation and adherence to
regular PA guidelines (Ward et al., 2007). The nvastely endorsed PA guideline stipulates
that in order to enhance health, youth should actate at least 60 minutes of moderate-to-
vigorous PA (>60 min. MVPA) daily (Physical Activity Guidelineddvisory Committee,
2008; Department of Health and Children and Heaéhvice Executive, 2009).

Despite the known importance and associated benefiregular PA in promoting
lifelong health and well-being, studies suggest teeels of PA decline dramatically during
adolescence (Kimm et al., 2000; O’Donovan et &1@®, with males significantly more
active than females (Currie et al., 2012; Riddochle 2004; Sisson and Katzmarzyk, 2008;
Woods et al., 2010). The Health Behaviour in Schgegd Children study (Currie et al.,
2012) found that in Ireland, among 11-year olds 3#%emales, and 43% of males reported
accumulating >60 min. MVPA daily, this figure drops to 20% offales, 36% of males by
age 13. The level of PA, the age related declinreAnand the gender differences reported in
the HBSC study for Ireland was relatively consisteriith almost all countries surveyed
(Currie et al.,, 2012). The ‘Children’s Sport Papation and Physical Activity’ study
(CSPPA, N=5397, age range 10-18 years, mean a@e+23.52% female) (Woods et al.,
2010) reported lower participation levels than H&SC (Currie et al., 2012), with only 18%
of adolescents of their 12 to 13 year olds medtiegecommended 60 min. MVPA daily.

The social ecological approach suggests that iatdion design for health promotion should
cover different levels such as policy, organisalpmterpersonal and individual (Stokols,
1992). Evidence now emphasizes the need for rdsdargenerate sound knowledge on
models of successful intervention in PA (Ward et2007). In their policy guidelines aligned
to the HBSC results, the World Health OrganizafdfHO) (Currie et al., 2012) supported
the need for policy interventions to increase PAeyl state that policy-makers and
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practitioners should seek to identify what preveatd what motivates participation. Some of
the factors listed as ensuring equitable acceghisnreport includeé'providing a range of
activities that appeal specifically to girls, enswg activities are free or affordable, with
provision of free or low-cost transportation to threnue, and involving young people in
programme design to identify barriers to particijpat.” (Currie et al., 2012, p.137).

The Center for Disease Control's (CDC) Task Force @ommunity Preventive
Services (Centers for Disease Control and Prewen®01) in a systematic review of
community interventions designed to increase PApmenended six different types of
intervention as having good evidence for achievsnigtainable behaviour change in PA.
Consistent with recent findings (Payne and Morrd2@09; Sallis et al., 2012), the
organisation level or school-based physical edanaiPE) was highly recommended as one
of these intervention types (Centers for Diseasatit@band Prevention, 2001). PE has the
opportunity to reach nearly all school-aged child(Rosenkranz et al., 2012), and has been
associated with improved mental health, dietaryadsand academic achievement (Simms et
al., 2013). For an increasing number of childrenrR&y be the only opportunity they have
during the week to engage in MVPA (Trudeau and 8ash 2005) due to the high
prevalence of total sedentary behaviour among tineect generation of children. PE is now
widely accepted as a public health resource (Satlial., 2012). Increasingly, studies are
reporting the positive effect school-based PE vmetions have on PA participation
(McKenzie et al.,, 2004; Payne and Morrow, 2009; &Var al., 2006). However, it is less
apparent in the literature how young people’s kmalge of (or beliefs and attitudes towards)
the role of PA, in ensuring optimal health, affettteir PA participation. A large number of
PA intervention programmes have reported some eleofenealth education (related to PA)
as part of the intervention structure (Van Sluijale 2008).

At the individual level, the CDC (Centers for DiseaControl and Prevention, 2011)
recognises that for young people perceived competesnd perceptions of their ability to
perform a PA (self-efficacy), will affect their gempation in an activity. A systematic review
(Salmon et al., 2007) of 76 interventions worldwalmed at promoting PA participation in
children and adolescents found that for childreefifgéd as 4 — 12 years), school-based
interventions with a focus on PE and involving sdhloreak times were the most effective.
For youth (defined as 13 — 17 years old), tailosedice sessions were found to be more
effective. This is supported by other evidence-based PA (§tetral., 2005) who found that
at approximately 10 years of age PA priorities tstarchange from general PA with an

emphasis on motor skill development to prescripiewith an emphasis on health, fithess
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and behavioural outcomes. A similar review on tffectiveness of PA interventions (Van
Sluijs et al., 2008) found that there was strongdewe showing that school-based
interventions with a family or community componeah increase PA in adolescents (defined
as> 10 years).

The strategic advice outlined in the CSPPA studypd@s et al., 2010) in order to
achieve the overall recommendation of increasinde®als of youth include the development
and promotion of fundamental movement skills (FMSjoss-sectional evidence has grown
regarding the importance of fundamental movemeiit pkoficiency, showing that it is
positively associated with total PA (Fisher et 2005), MVPA (Wrotniak et al., 2006), skill-
specific PA (Raudsepp and Péll, 2006) and organidad(Okely et al., 2001) in youth.
Mastery of motor skills in childhood is likely teela key determinant of later adolescent PA
(Barnett et al., 2009). Findings of a recent styBgrnett et al., 2011) advocate for the
simultaneous targeting of increasing PA and funddale movement skills in PA
interventions; such is the evidence of a schookthggogramme (Van Beurden et al., 2003)
which found positive effects in FMS and PA levetdldwing a 5 month respective PE
intervention. The CSPPA study (Woods et al., 2G@0hd that ‘lack of competence’ was the
most commonly reason cited for non-participationsport and PA by children and youth.
This finding is supported by the Self-Determinatiimeory (Standage et al., 2005). The link
between poor FMS levels and low levels of PA haserbdescribed above, however what is
less apparent in an Irish context is the curreméle of FMS of youth, particularly at the
critical period of transition from primary to poptimary education. No published studies
reporting this information were available in theparation of this article. Children have the
developmental potential to master most of the FM$ lyears of age (Gallahue and Ozmun,
2006), yet recent evidence outside of Ireland ssiggadolescent youth are not performing
FMS to their expected developmental capability ({Boet al., 1999; Hardy et al., 2010;
Mitchell et al., 2013). This emerging evidence aades that children are likely making the
transition to adolescence without acquiring basow@ment skill proficiency, though this has
yet to be confirmed in an Irish context.

In order to counteract the attraction of sedenfaugsuits, and to promote lifelong
engagement in PA, intervention programmes neecdetddveloped focusing on the unique
needs of young people (Ward et al., 2007). To aepigrsonally meaningful and socially
relevant PA interventions for youth, their viewslaspinions and insight into motivations and
barriers they experience in relation to participatboth within and beyond school must be

sought. This improved understanding of the facttirat influence young people’s PA
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behaviours will allow for the planning of more appriate interventions to promote PA
within this cohort (Crimi et al., 2009). To simplithis process the Youth Physical Activity
Promotion (YPAP) Model (Welk, 1999) guided the depenent of the Y-PATH intervention.
This model was designed to provide an insight tht® psychosocial correlates of PA for
youth. It has two major components; ‘predisposiiagtors (which increase the likelihood that
youth will participate in PA) and the ‘reinforcindactors (the influences that encourage
participation) (see figure. 3.1 below). This progwsntervention hypothesises that youth
engaged in Y-PATH will more positively re-evaluéiteir predisposing ‘Am | able’ (e.qg. skill
level and self-efficacy) and their reinforcing fas ‘Is it worth it’ (e.g. enjoyment, lack of
embarrassment, perceived competence and physltabseept) for PA post intervention in

comparison to youth who were not exposed to thervention.

Reinforcing
factors
{Parents, peers)

Perceived
Benefits
(Is it worth it?)

Perceived

Competence

(Am I able?)

Figure 3.1  The YPAP model as presented in Rowe et al. (2007)

A recent study (Martinez-Andrés et al., 2012) advedor the use of mixed methods
in studies aiming to develop effective intervensidor youth, using qualitative methods to
better understand young peoples points of vievelation to barriers and motivators for PA,

and using quantitative data to get a more objeqtiture of the amount of PA youth
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participate in. The purpose of the current sttdWPATH: Youth Physical Activity Towards

Health) was to collect such data in an lIrish contex that a meaningful and relevant
intervention could be developed. Data on currem¢ls of PA and FMS of 12 — 14 year old
adolescent youth was collected, along with datacormrent and preferred types of PA
participated in, and various psychological coredatf PA. Focus group interviews were then
used to explore barriers and motivators to PA & tohort. Based on the information
gathered an intervention programme ‘Y-PATH’ speailiy tailored for the needs of this age

group was developed.
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3.3 Methods

3.3.1 Participants and recruitment

A cross-sectional research design was employedsedbnd level schools in a rural
Irish town (twomixed schools, one all male school, and one alaferschool) were targeted
and provided consent. All first year students (agj2d- 14 years) within these four schools
were invited to be involved in the study; 256 papants from a possible total of 288 agreed
to participate.Informed consent for participation was granted bgheparticipant and their
parent/guardian; all participants were free to diglw from the research at any stage. Full
approval for this study was given by the institndb research ethics committee
(DCUREC/2010/081).

3.3.2 Procedures and data management

Body mass (kg) and height (m) were directly measwsing a SECA Leicester
Portable Height Measure and SECA heavy duty schél of PA participation, current and
preferred modes of PA participation, and psychalalgcorrelates of PAvere assessed via
self-report (Corder et al., 2009; Rowe and Murt2f)1,2). A sub sample of participants (one
class group from each school, total n=117) alsoewan Actigraph GT1M or GT3X
accelerometer for a period of 9 days in order tw/jole an objective measure of habitual PA
participation; due to a firmware malfunction withetsoftware, collected accelerometer data
was omitted from the analysis. Each FMS was asdaaseonjunction with the behavioural
components from three established instruments: @ie@ross Motor Development (TGMD)
(Ulrich, 1985), Test of Gross Motor Development BGMD-2) (Ulrich, 2000) and the
Victorian Fundamental Motor Skills manual (Depantinef Education Victoria, 1996). Focus
group (FG) interviews were used to explore studgmsceptions of what it means to be
healthy and to identify their motivators and basi® PA participation.
The questionnaire developed for the Y-PATH studg waombination of well-known, valid,
and reliable self-report measures (Corder et @092 Rowe and Murtagh, 2012). The
measures used were developmentally suitable fdescknts of this age group and addressed
the key areas of research interest. Habitual PA agasssed using two questions (Woods et
al., 2009) - the number of days during the pastkwaed for a typical week, that participants
accumulated 60 minutes or more of MVPA. A compositean of the 2 items provided a
score of days per week that the adolescents hadratated 60 minutes of MVPA, this
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method has recently shown moderate to high comektwith objective accelerometer data

(0.20-0.51) amongst adolescents (Ridgers et al22@urrent modes of PA were assessed
using the YPAQ questionnaire (Corder et al., 20Q@8)estions on preferred types of PA, and
psychological correlates of PA (self-efficacy, piogs self-worth, perceived benefits and

barriers to participation, PA attitudes, subjecthams, behavioural control and intentions)

were all taken from the FifeActive survey (Rowe &hdrtagh, 2012).

Data was collected on participants in their clagaigs (maximum n = 30) during a 2-
hour school visit, with a ratio of 1 researchefl@students for questionnaire completion, and
1 researcher to 5 students for all other measurks. study was briefly explained and
instructions provided on how to complete the questaire. Participants were encouraged to
take their time, reflect on their answers, and @oals honest as possible. All questionnaires
were completed online through ‘Survey Monkey’ imasd, with an ID number assigned. In
cases where computer networks failed, participemspleted hardcopies of the questionnaire.
Reliability among a sample of 35 participants (2lykars of age) was carried out to ensure
comparability of the two administration protocolsoihputer versus hardcopy); reliability
coefficients ranged from 0.81 to 0.94, showing #wdres across both formats of the
questionnaires to be very stable over time.

FMS data were collected during PE classes; agairijcypants were assigned 1D
numbers for anonymity purposes. The following 9 FM&e assessed (along with height and
weight) during a timetabled 80 minute PE lesson; gkip, horizontal jump and vertical jump
(locomotor; maximum score = 34); kick, catch, owarth throw, strike and stationary dribble
(object control; maximum score = 40). Prior to Flel&a analysis, researchers were required
to reach a minimum of 95% inter-observer agreerfamall 9 skills on pre-coded data. FMS
analysis focused exclusively on the raw scoressactbe selected 9 FMS. The number of
FMS performance criteria varied from 3 to 6 acrake range of selected FMS; all
participants were given a ‘1’ for correct executimincriteria, and a ‘O’ for a failed attempt.
Participants performed the skill on 3 occasionduiiog 1 familiarisation practice and 2
performance trials. For each FMS, the two perforceatrials were added together to get the
total for each skill score. There were a total 4fperformance criteria for all 9 gross motor
skills. A total score for all 9 skills was calcuddtfor each participant, along with an Object
Control score, and a Locomotor score.

Once FMS data were collected, participants in #lecsed class groups were then
given an accelerometer to wear for the followingendaysParticipants were shown how to

wear the accelerometer above the iliac crest ofrithte hip (Trost et al., 2006), andere
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asked to wear the accelerometer during all wakiagrd unless showering, swimming or
taking part in a contact activity for which an adigemed it unsafe to wea.member of the
research team met with the students each schoalimgoof the nine days to ensure students
were complying with accelerometer wear instructiolrs order to try boost participant
compliance with the wear protocol, participantst theovided their mobile phone numbers
received an SMS each morning of the 9 days to mrthem to wear the monitor, and all
participants were informed that if they compliedhwthe wear protocol they would be entered
in a draw for a €50 sports voucher (Belton et2413) (see appendix K).

FG interviews that explored student perceptionsvioét it means to be healthy and
their views on the important factors that influeth¢keir involvement in, or avoidance of, PA
were also conducted. A semi-structured interviewdguusing questions designed by the
research team whom had specific expertise in @@ design and PA intervention
development were developed. Questions were pilote@ sample of 16 students from the
target group. Following the pilot work and assaamiatiata collected, 8 FG interviews were
conducted in the 4 schools post self-report and elslt& collection. Each school had 2 focus
group interviews, 1 with an ‘active’ group and 1tlwan ‘inactive’ group. A subsample of
students (n=59) randomly selected from the 4 dshwere selected into either ‘active’ or
‘inactive’ categories based on the previously aid self-report data at baseline (0-2 days
60 minutes MVPA = inactive; 6-7 days 60 minutes MVE active) (Woods et al., 2010).
Prior to FG commencement, all participants recei@ed signed a consent form and a plain
language statement providing details of the resedfocus groups occurred in a school
classroom and lasted an average of 45 minutedciparits were reminded that they could
withdraw from the interview at any stage and tHatexordings would remain confidential.
The FG interviews were recorded by Dictaphone aateviranscribed verbatim. Each of the
eight FG interviews were conducted by two reseas;he facilitator and a note taker. The
facilitator’s role was to guide the FG, stimulatéeraction among students toward the theme,
oversee group discussion and encourage all stuttenspond. The note taker kept a record
of the discussion as it evolved to add detailsristances where the recording was not audible
(Tannehill et al., 2013).

3.3.3 Data analysis
Where participants had incomplete data for a rgivariable, participants were
excluded from analysis of this variable specifigaCurrent and preferred modes of PA and

the number of self-reported days meeting the 60utesr PA guideline were analysed
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descriptively usingneans, standard deviations and proporti@wsilar to the CSPPA study
(Woods et al., 2010), students were categoriséovasctive (meeting guidelines on 0, 1, 2 or
3 days a week), moderate active (meeting on 4 amys), or high active (meeting on 6 or 7
days).Chi square tests for independence explored theaeship between PA category (low,
moderate and high active) and preferred typestofiaes. A summative score was calculated
for each psychological correlatscpring systentetailed in FifeActive (Rowe and Murtagh,
2012). Descriptive statistics and frequencies for &4~ were calculated. “Mastery” was
defined as correct performance of all skill compdeeon both trials, “Near Mastery” was
defined as correct performance of all componentoha on both trials (Van Beurden et al.,
2002). Two-way between groups ANOVA'’s were usecexplore the impact of gender and
PA grouping (low, moderate or high active) on T@&MS score, Locomotor score, Object
Control score, BMI, and on all psychological coatek.

The FG data was analysed using the constant cotiygaraethod (Merriam, 1998).
This process involved highlighting and comparing #mergent themes from the associated
data collected in the FG interviews. Similar therfresn the active and inactive focus group
participants were grouped together under severaldihgs. Areas of significance and
importance in relation to students’ perception e&lth and their views on the factors deemed
important in motivating or preventing their panpation in PA, were identified. In order to
ensure data trustworthiness and credibility, vari@ieps were taken including member
checking, peer examination and independent datingo®ember checking involved the
researchers discussing the main findings with tl@ articipants to verify accurate
reflections of the discussion (Merriam, 1998). Rgants were given the opportunity to
make amendments or add suggestions. No participaatte any changes to the research
findings. Peer examination of the data occurreavbeh the researchers to ensure individual
researchers found similar trends from the dataaasdcond reader independently coded the
data. Differences in the coding were discussed é&&tvihe researchers and independent coder

until consensus was reached.
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3.4 Results

Table 3.1 (see below) gives the gender breakdowmedn (SD), along with the
sample size, for all variables, both overall anthss PA grouping.

3.4.1 Descriptive and Anthropometric Characteristis

Of the 256 patrticipants involved in this study, 58%re male and 47% were female,
with a mean age of 12.40 + 0.51 years. Just ovér(5200) of participants were attending a
mixed school, with 25% attending an all male schanltl 23% attending an all female school.
Participants had a mean BMI of 20.03 + 3.30 Kgiwith 75% categorised as normal weight,
21% overweight, and 4% obese using the Cole 28100) classification.

3.4.2 PA (self-report)

Self-report PA data showed that 20% of participamés the 60-minute guideline on O
— 3 days a week (low active), with 31% meeting ¢juedeline on 4 or 5 days (moderate
active); the remaining 49% of participants metghedeline on 6 or 7 days (high active). The
percentage of participants meeting the guidelinalbid days was 33%. Results of the Two-
way ANOVA's exploring the impact of gender and Pdgping on the different variables are
given in Table 3.1 (see below). The interactioreefffor gender and PA grouping was not
significant for any of the variables. Statisticatignificant main effects for gender and/or PA
grouping are shown in the main effect column inl&&hl, along with the effect size (Partial
Eta Squared) in each case.
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Table 3.1 Mean (SD) of variables by gender across PA groupittig significant main effects and effect size e#d-Way ANOVA'’s
Habitual Physical Activity
Partial Eta

Variable Gender | N Overall Low Moderate High Main effect Squared
Body Mass Index Male 13119.89 (3.45) | 20.60 (4.32)] 19.61 (3.04) 19.93 (3.25)

Female| 11320.17 (3.13) | 20.26 (2.77)] 20.16 (3.28) 19.79 (3.48pne
Total FMS Score (max 74) Male 12®1.93 (5.56) | 60.81 (6.03)] 62.51(6.76) 62.18 (4.14)

Female| 10360.13(5.33) | 60.73 (5.14)] 60.60 (4.90) 59.96 (5.3Npne
Object Score (max 40) Male 12(6.62 (2.62) | 36.13 (2.81)| 36.49 (3.17) 36.75 (1.97)

Female| 103 35.27 (2.82) | 35.30(2.93)] 35.57 (2.71) 35.04 (2./4@enderp =0.003 0.044
Locomotor Score (max 34) Male 12@5.31 (4.19) | 24.68 (4.61)| 26.03 (4.63) 25.43(3.39)

Female| 10324.85(3.94) | 25.43 (3.45)| 25.03(3.67) 24.93 (4/l8pne
Self efficacy Male 133 25.36 (4.04) | 23.74 (41.8)] 26.30(4.17) 25.73(3.47)

Female| 118 24.80 (4.27) | 24.28 (4.58)| 24.74 (4.20) 25.56 (3.9PA,p=0.018 0.032
Physical Self-Worth Male 13819.53 (3.30) | 18.76 (3.320 19.76 (3.43) 19.90 (3/1@enderp = 0.043 0.017

Female| 118 18.53(3.63) | 17.76 (4.06)| 19.32 (2.76) 18.68 (3.7/BA,p=0.042 0.026
Perceived benefits of PA Male 1331.71 (4.04) | 31.23(4.80)|] 32.11(3.88) 31.71 (3.55)

Female| 118 31.31(4.24) | 30.19 (4.23)|] 32.68(3.40) 31.27 (4.2BA,p=0.031 0.028
Perceived barriers to PA Male 1833.86 (8.12) | 32.63(7.85)] 35.07 (7.05) 33.67 (9.21)

Female| 118 33.91(6.57) | 31.76 (6.61)] 34.29 (5.51) 36.38 (6.8BA,p =0.027 0.02¢
Attitudes to PA Male 12913.78 (2.30) | 12.87 (2.43)| 14.09 (2.16) 14.18 (2.17)

Female| 117 13.59(2.32) | 12.67 (2.37)] 13.87 (2.15) 14.53 (2.0BA, p = 0.000 0.086
Social Support Male 12016.14 (3.94) | 15.89 (4.03)| 15.88(3.44) 16.55 (4.32)

Female| 117 15.90(3.12) | 15.52 (2.99)| 16.57(3.32) 15.68 (3.0Mlpne
Behavioural Control Male 12P10.17 (1.91) | 9.73 (1.85) 10.21 (1.95) 10.47 (1.89)

Female| 1179.79 (1.99) 9.24 (2.08) 10.05 (1.8]7) 10.24 (1.86A, = 0.012 0.036
PA intentions Male 1296.28 (1.54) 5.70 (1.56) 6.23 (1.52 6.76 (1.39)

Female| 117 5.88 (1.64) 5.59 (1.60) 5.87 (1.65 6.29 (1.62) PA,0.002 0.052
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3.4.3 Current and preferred activity types PA (selreport)

The three most popular types of activity particigareported taking part at least once
a week were soccer (73%), cycling (53%), and ru@tpo) for males, and hockey (77%),
dance (53%), and cycling (40%) for females. ‘Teammgs’ was the most popular weekly
activity category for both males (94%) and femg@3%). In terms of preferred modes of
activity 74% of both males and females said theyldidike to take part in more team games
if they could. The second most popular preferredienof activity was ‘outdoor recreation’
(57% male, 72% female), while the third most popwlas ‘water based activity’ for male
(50%), and ‘individual sports’ for females (57%hiGquare tests for independence indicated
no significant association between any of the Pdugs (low, moderate and high) and each of

the current or preferred types of activity, p>0.05.

3.4.4 Psychological correlates (self-report)

Of the psychological variables only subjective abeiorms showed no significant
main effect for either gender or PA category, wikiteysical Self-Worth was the only variable
with a main effect for both Gender and PA categdkll. other psychological variables
demonstrated a significant main effect for PA catggnly, with a small effect size in each
case. Post-hoc comparisons using the Tukey HSD esthdlwat in all cases the mean score for
the low active group was significantly lower thdme thigh active group; only in the Barriers
to Self-Efficacy and the Attitudes to PA variablesre the low active group mean scores also

significantly lower than the moderate active graups

3.4.5 FMS

Only one participant (0.5%) possessed complete enasevel across all 9 object
related and locomotor movement skills, with 11%rsgpmastery or near mastery across the
9 skills (see Table 3.2 below). The poorest pertoroes were for the vertical and horizontal
jumps (locomotor) where 13% and 29% respectivelyieaed mastery and 10% and 28%
achieved near mastery. Results of a Two-Way ANOWswed that male participants
obtained a significantly higher object control stcoompared to female participants (p<0.01).
There was, however, no significant gender diffeeencthe overall locomotor mean score

performance.
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Table 3.2

of fundamental movement skills

Percentage and raw score, and 95% confidence aitgi95% CI) of mastery

Mastery Raw Score (SD)
Locomotor Male Female Male Female
Run 95.1% (89.2,98) | 76% (66.2, 83.7) 7.92(0.40)  7.45(1.09)
Skip 10.6% (6, 17.7) 11% (6, 19.2) 3.67 (1.36) 4(185)
Horizontal Jump | 35.8% (27.5,45)| 20% (12.9, 29.4)  .3061.64) 5.22 (1.93)
Vertical Jump 13.8% (8.5, 21.5)| 12% (6.6, 20.4 672.68) 7.94 (2.00)
Object control
Catch 70.7% (61.7, 78.4) 64% (53.7, 73.2) 5.57200.8 5.55 (0.66)
Overhand Throw | 60.2% (50.9, 68.8) 27% (18.9, 36/7) 7.08 (1.33) 6.00 (1.58)
Stationary Dribble| 65.9% (56.7, 74)| 55% (44.8, 4.0  7.05 (1.62) 6.87 (1.55)
Strike 43.1% (34.3,52.3) 55% (44.8, 64.9) 9.094D. 9.25 (0.99)
Kick 86.2% (78.5, 91.5) 78% (68.4, 85.4 7.80 (.52 7.64 (0.76)

3.4.6 Focus Groups

Three key themes emerged from the FG data that petment to students perception

of health and what studentteemed important in influencing their participation and

barriers to, PA, PE, sport and exercise These themage:(1) Being healthy: diet, exercise

and body image, (2) Motivators: PA is fun, andBa&)riers: lack of time, distance, PE related

factors.

Being healthy: diet, exercise and body image

Active participants perceived being healthy to &élated to eating and exercising. One

student commented that being healthy means: ‘eatadthy and you see people jogging on

the road and you know they are fit and healthyrhiirly, another student linked being

healthy with:‘well say if you are not doing exercise and youteatmuch fattening foods, it

will clog up your heart and you will get a heataak.’

Inactive participants’ perception of health diffegras they largely associated being

healthy with nutrition and body image, with exeecrarely mentioned. To illustrate this, one
participant associated being healthy as ‘not ggtfat...eating the right food to help your

body.” When this response was probed, the sameiparit went on to explain that eating the
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right food consists of ‘replacing junk foods witluit and vegetables.” Other responses from
the inactive participants who associated beingthgatith body image included: ‘you don't

have to worry about being fat’ and being healthpdkof keeps you skinny.’

Motivators: PA is fun

The key emergent theme in relation to motivatorsH8 among active participants
was enjoyment and fun. Examples of this includdualent stating?l think it's [physical
activity] fun and like if you're at home all dayts great to get out for a couple of hours.’
Similarly, another student stated: ‘well | enjoyaitd | know it's very good and like healthy
for you’. Perceiving physical activity as being fumas similarly attributed by inactive
participants as a participation motivator, with ostedent stating: ‘I just find them fun,

they’re good to do.

Barriers: lack of time, distance, PE related factor

In relation to barriers to PA participatiomsufficient time to participate was
identified as the main barrier amongst the actix@upg. One student indicated: ‘we don’t
really have any time to do extra sport apart frdea football training because you get back
from school at like quarter to 5, you get the s here toplace namgso you just kind of
get time to eat your dinner, get changed for treynigo training, and go home and do your
homework’. Findings illustrated that barriers to Rarticipation amongst the inactive
participants outweighed the motivating factors lodit active counterparts. Several inactive
participants cited distance to activity as a bartee PA participation with one participant
stating ‘you travel for sometimes an hour, all ey just to play a match, and then you lose,
and it's a waste of time pretty much.’ Other idéetl barriers to participation were PE related
factors and included the apparent competitive eatand perceived lack of choice, in PE
class. One such participant stated: ‘the guys playel they just got really competitive and it
was not fair.” Another student voiced concerns albloa choice in PE: ‘It's very like, only the
team can play, you can’t really choose how you wardo it, and you don’t get to choose

what you do.’
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3.5 Discussion

Results of this study highlight that a large numbgirish youth are insufficiently
active to benefit their current and future heatihly 33% meeting PA guideline for health).
Though higher than the 19% reported for this ageigin the CSPPA study (Woods et al.,
2010), this finding is relatively consistent withet range of findings reported for other
European countries in the HSBC study (Currie et28112). Given the consistently reported
decline in activity with age (Currie et al., 200®pods et al., 2010), the need for intervention
to address these low levels reported for young lpeaged 12 — 14 years old is evident.
The majority youth in this study (99.5%) failedreach a level of mastery across key FMS,
indicating that basic movement skill proficiencyltv. Other research outside of Ireland
examining the FMS proficiency of adolescents supftos low level of FMS mastery (Hardy
et al., 2010; Okely and Booth, 2004). Guided byjanes findings (Salmon et al., 2007), it is
important to recognise that an intervention desiga®und movement skill acquisition alone
would probably be insufficient to change PA behavim youth long term. This points to the
targeting of an improvement in FMS proficiency astiategic supplement in the promotion
of PA in adolescents.

Consistent with other studies (Biddle et al., 200&mi et al., 2009; Reynolds et al.,
1990; Sallis et al., 2000; Trost et al., 1999; Vaar Horst et al., 2007), analysis of
psychological variables reveals an association Wit level. This was evident for self-
efficacy, physical self-worth, perceived barriengl denefits, all of which exhibited moderate
effects. Self-efficacy is consistent with recentiegvs (Bauman et al., 2012; Biddle et al.,
2005; Van Der Horst et al., 2007), which was fotm@le a consistent positive correlate of PA
in children and adolescents. Attitude to PA dentastl a significant difference between low
and moderately active, and low and high activei@p#gnts; with low active participants
scoring significantly lower than their moderate dmgh active counterparts in each case.
Most recent evidence (Lowry et al., 2013) foundt tAgpositive attitude towards PA was
associated with increased PA and decreased seglbetaaviour among US adolescents. It is
of note however, that in several articles the fuggi in relation to attitude varied, with the
majority of papers reviewed finding it unrelatedRA, or reporting findings as inconclusive-
authors conclude that attitude may not be a cdeadd PA in adolescents (Bauman et al.,
2012; Van Der Horst et al., 2007). These varialgtude, self-efficacy) are categorised as
predisposing factors for PA in the YPAP model (WelR99), indicating they have a strong
influence on the likelihood that a young person badlcome physically active.
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From the FG findings, it was evident that the actand inactive participants had
different perceptions of health, and the relatieatabution of PA to that concept. Active
participants cited the importance of ‘exercise’ @thsupports previous research (Wright and
Burrows, 2004) who found that students’ respongedasly linked practices like eating and
exercise with being healthy. FG findings suggestéaeer that inactive participants associate
the term health with body images such as beingngkand avoiding becoming fat. Similar
research (Macdonald et al., 2005) also found thédlren perceived being fit and healthy as
being skinny and losing weight.

Consistent with a previous study (Wilson et al.02)0) both active and inactive
participants identified PA being fun as a primargtivator for participation. Participation
barriers identified by inactive participants inchabllack of time (Uijtdewilligen et al., 2011),
distance (Nelson and Woods, 2009), the competitisire, and lack of choice, in PE.
Research examining the environmental influence$?Anamong adolescents (Bauer et al.,
2004) similarly found that competition was one loé predominant barriers to students fully
participating in PE. Other research suggests oiealternate, non-competitive forms of PE
as realistic ways for change and improving the {texgh participation in PE for children and
youth (Allender et al., 2006; Tannehill et al., 2D1

Findings of this study clearly highlight the neexd intervention to improve PA levels
of young people, and provide good insight into hegvcan best structure the intervention so
that it is mosmeaningful and relevant. Specifically findings gdimthe need to:

1) Target both low locomotor and object control FM&els.
2) Build PA opportunities that help children to deyelpositive self-efficacy, attitude
and behavioural intention.
3) Provide increased opportunities for participationtéam games, outdoor activities,
water based activities (for males), and individs@drts (for females)
4) Ensure PE class consists of choice and is primadfrcompetitive
5) Educate on the health benefits of PA
It has been acknowledged widely in the literaturat tthere is strong rationale for school-
based programmes aimed at increasing PA leveler{et al., 2005; Trudeau and Shephard,
2008; Ward et al., 2007), FMS levels (Van Beurderale 2003) and reducing inactivity
(Centers for Disease Control and Prevention, 2(8dhools have direct contact with children
and youth for on mean 6 hours per day, and foraw@d3 years of their critical social,
psychological, physical and intellectual developtné@enters for Disease Control and

Prevention, 2011). In the 2012 follow up paper heit 1991 publication describing the
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importance of PE in addressing public health proisi¢Sallis et al., 2012), authors reiterate
their recommendation of the following two goals fealth related PE to (i) prepare youth for
a lifetime of PA, and (ii) provide them with oppanities for PA participation during PE
classes.

Based on the findings of this study it is appatbat a large number of students were
insufficiently active and insufficiently skilled tdenefit their current and future health.
Inactive students did not demonstrate the samehdepknowledge of the health benefits of
PA as did the active students, and they demondtrsimificantly lower scores for Self-
Efficacy and Attitude than their active counterpars such the Y-PATH intervention was
developed with a strong focus on physical educdbiased Health Related Activity (HRA),
with key school, teacher and parent componentsf{geee. 3.2 below). This specific focus
on students, teachers and parents is supported bgcent systematic review of PA
interventions for adolescents, which suggestsiortance of targeting ecological domains
beyond the individual level (Perry et al., 2012urtRermore, a systematic review of PA
programmes for children and adolescents (Dobbia ,€2009), found that positive effects on
PA can be gained through a combination of printdacational materials and changes to the
school curriculum.

A printed Y-PATH resource comprising two main comgots was developed for PE
teachers. The first component was a six-lessomselod resources. Within each lesson there
is both a direct HRA and PA focus, and also a tadgsychosocial focus aimed at
improving self-efficacy and attitude towards PAtbé students. The second component is a
resource to guide teachers in integrating the Hp$ychosocial, and FMS targets across the
remaining seven strands of the Irish Junior Cydigsital Education curriculum (please see
chapter 5 for more information on the Y-PATH intention structure). A printed handbook
was also provided to the students supporting ahefPE teachers’ resources.

In short, the guiding principles of the Y-PATH intention are:

1.The first experience of Physical Education (PE)thar students at second level school will
be Health Related Activity (HRA), with a focus o Participation[move from PE
being associated with a specific activity or sptotpeing associated with learning to
be active].

2.PE lessons will focus on improving students atBtudwards PA, self-efficacy and
fundamental movement skill levels.

3.The climate in PE lessons will be motivational- stlidents learn that they can be active,

and learn to challenge themselves and experiercoessi within their own parameters.
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4.Parents/guardians and teachers will be targetedl@snodels which can have a significant
influence on students attitudes towards PA padiogm (move from traditional notion
of PE teacher being the person in the school witle sesponsibility for health and
PA).

Teacher Component

- PE teachers receive handbook and
ohe day in-service workshop

Student Component
- Engage in PE curriculum

At it [N - Information leaflets for ALL teaching

-Physical activity advocacy posters staff

- Pathways to activity directory -Information session for ALL teaching
providing information regarding staff

local sports clubs and activities . ,
P -A one week ‘pedometer challenge

Parent/Guardian Component Y-PATH Website

-Website and facebook page

providing access to all Y-PATH
- Information session resources

- Information leaflets

-Website and facebook page used as
a social utility where all involved can
share their experiences

Figure 3.2 The Youth-Physical Activity Towards Health (Y-PATHhtervention

structure
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3.7 Link Section Chapter 3 to Chapter 4

Purpose of Chapter 3:

To gather baselindata on levels of PA and FMS amongst 12 — 14 ykhadolescent youth,
along with data on current and preferred types @&f participated in, and various
psychological correlates of PA. Focus group in@md were then used to explore perceptions
of health, barriers and motivators to PA in thearthThe overall objective of this chapter
wasto contextualize the development of a targeted @ebased PE based intervention (Y-
PATH) for Irish post- primary youth, based on tlwth physical activity promotion (YPAP)
model. The Y-PATH intervention was subsequently lemgented in September 2011
(following the completion of baseline data colleafi. Further details outlining the specific
structure of the Y-PATH intervention will be dissasl in chapter 5. It is important that the
reader can identify the findings of chapters 3 artior to introducing the specific Y-PATH

intervention structure.

Purpose of Chapter 4:

With a noticeable absence in the literature regatonadolescent movement skill proficiency,
chapter 4 assessed the performance of nine FM8gIBE class amongst the same cohort of
12 to 14 year old adolescent youth outlined ingtevious chapter. This study further assisted
the development, design and originality of the YIPA intervention, specifically FMS
innovation within the PE based component. The umignd timely element of this chapter
was the assessment of FMS at the behavioural coenpdavel during September 2010
(baseline data); this process allowed the Y-PAT$¢aech team to identify weaknesses within
performance and address commonality between indgwidckills. Chapter 4 is directly
associated and logically connected with the prex/iddPATH intervention development
study (chapter 3). Chapter 4 meticulously examiRBE proficiency amongst adolescent
youth, further steering the direction of the PEemaention component for Y-PATH (to be

discussed further in chapter 5).
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Fundamental movement skill proficiency amongst

adolescent youth.

Manuscript submitted as:
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4.1 Abstract

Background: Literature suggests that physical education (PByr@mmes ought to provide
intense instruction towards basic movement skikeded to enjoy a variety of physical
activities. Fundamental Movement Skills (FMS) aesib observable patterns of behaviour
present from childhood to adulthood (examples skip and kick). Recent evidence indicates
that children now have the developmental potentiainaster most FMS by 6 years of age
during PE, physical activity (PA) and sport.

Purpose: With a noticeable gap in the literature relatingtimlescent movement patterns, the
present study assessed the performance of nineduvifg PE class amongst 12 to 14 year
olds. The study further assessed each of the ohabiskills at the behavioural component
level with a view to identifying common weaknesséthin and between FMS, specifically
for the development of the Y-PATH PE intervention.

Participants and Setting: Baseline data were collected in September 201Geasop a larger
longitudinal study evaluating the effectivenesshef Y-PATH intervention. Two hundred and
forty two (242) participants agreed to partakehie study and eligibility criteria included all
1% year post-primary students located in this gedujcah sector.

Data Collection: The following 9 FMS were assessed during a typsfaminute PE lesson
using reliable instrument protocol; run, skip, kontal jump, vertical jump, kick, catch,
overhand throw, strike and stationary dribble. Tiswge participant consistency, no feedback
from any of the trained field staff was given dgrskill performance.

Data Analysis: Prior to data analysis, the trained field staff everquired to reach a minimum
of 95% inter-observer agreement for all 9 skills apre-coded data set to ensure that all
testers were competent. The FMS data were analysiead SPSS version 17.0 for windows
using appropriate statistical analysis.

Findings: Overall, 11% were scored as either mastery or meatery for all nine FMS. There
was a significant difference in the overall meamposite FMS score (object control and
locomotor) between gender, with adolescent malesirsg higher (p=0.015). There were
marked differences in the number of participante feiled to obtain mastery level across the
range of the 9 FMS (e.g. Vertical Jump 87%, Run 13¥#d their associated behavioural
components.

Conclusions: It is alarming that adolescents aged between 12 tgears old entering theif'1
year of post-primary PE do not display proficieraxyross 9 basic movement patterns. This
finding indicates that adolescents will be unalilertake the successful transition towards
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more advanced skills within the sport specific stafindings suggest that targeting the
weakest skill components during PE and outside abiosl hours may prove a valuable
strategy in increasing the current FMS levels ahd subsequent PA levels amongst

adolescent youth.

Keywords: physical education; adolescent; fundamental moverskii; mastery; physical

activity.
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4.2 Introduction

Dating as far back as 1995, the National Assoaidio Sport and Physical Education
(NASPE) in the US defined that the physically ededaindividual should be able to
demonstrate competency in many movement forms Her development of motor skills
(NASPE, 1995). Furthermore, the US Secretary ofltHeand Human Services and the
Secretary of Education (2000) emphasised that tquRlE programmes ought to provide
intense instruction towards motor skills needecngoy a variety of physical activities. A
recent study by Tsangaridou (2012), investigathegimportance of teaching PE emphasised
the positive contribution of fundamental movemerills (FMS) in supporting the
development of social, cognitive and affective IskiDespite this emergent ‘shift’ towards
motor development in the PE environment, the ingrar¢ of movement is sometimes
overlooked as it is perceived a natural part & (iCools et al., 2009). The physical growth
phase and movement experiences of the child plsigraficant role in shaping patterns of
movement; if deficiencies in FMS are not identifigdan early age, children may experience
lifelong problems with movement skills (Ulrich, 200

FMS are basic observable patterns of behaviourepteffom childhood; often
examples exhibited during PE include running, hogpiskipping (locomotor), balancing,
twisting, dodging (stability), throwing, catchinga kicking (object control) (Department of
Education Victoria, 1996; Gallahue and Ozmun, 20@ildren at the FMS stage (3-10
years) are building upon previously learned movdméom the reflexive and rudimentary
movement phases and are preparing for the acquisiti more advanced skills within the
sport specific stage (Department of Education Via{o1996; Gallahue and Ozmun, 2006).
Children have the developmental potential to mastest of the FMS by the age of 6 years
old (Gallahue and Ozmun, 2006). Research commiediday the VictoriarDepartment of
Education (1996) states that all FMS can be masktbye10-11 years. It is reasonable to
expect, therefore, that Irish adolescent youthi43rears) should demonstrate competency in
FMS during PE at post-primary level.

It is important to note that these basic movemetttepns are not acquired naturally
during the process of maturation (Hardy et al., @0IMovement practitioners need to
structure and implement developmentally appropriatévities for PE with continuous
provision for opportunities of practice availableogan et al., 2011). Recent research
highlights that children and adolescent youth amé performing FMS to their expected
developmental capability. For example, the AustralNew South Wales School Nutrition
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and Physical Activity Study (Hardy et al. 2010) downted the low percentage of early
adolescent youth (11-12 years) achieving skill rgsacross a range of seven FMS. Skill
mastery did not exceed 40% for five of the severSHMLthis study. Research by Booth, et al.
(1999) reported that skill mastery did not exce@do4for five of the six FMS amongst
children and adolescent youth (9-15 years). Moeeifipally, Mitchell, et al. (2013) indicated
at baseline that less than half of the children eady adolescents (5-13 years) exhibited
proficiency in kicking (21%), throwing (31%) andiking (40%). In other countries similar
trends have been observed, for example, in an kshtext results from a PE study
(O’Keeffe, Harrison, and Smyth 2007) indicated tlhmidamental over arm throwing amongst
adolescent youth (15-16 years) was low. The FM3igency of Hong Kong children (Pang
and Fong, 2009) (N = 167, mean age 7.6 years)igWer, slightly higher than other reported
studies (Booth et al. 1999; Hardy et al. 2010; Rheit et al. 2013) with 24% of participants
achieving mastery across a range of 12 FMS. Thiéeage would suggest that while levels of
FMS vary from country to country, performance lsvedmain consistently low worldwide
with the majority of children and adolescents fajlito surpass 50% mastery in most skills.
Globally, there is a need to improve the skill p@hcy levels of both children and
adolescents (Van Beurden et al., 2002).

Each gross motor skill includes several behaviocoaiponents deemed necessary for
successful skill completion (Ulrich, 2000). Idegiifg potential weaknesses at behavioural
component level will allow researchers to addressenprecisely the low level of motor skill
proficiency (Okely and Booth 2004; Van Beurden let 2002). While there are numerous
data available in relation to overall levels of lisknastery, there is a dearth of data
documenting the skill proficiency at component lewd performance. Many of these
components are often interrelated across the rahdeMS, which if analysed may allow
researchers to identify emergent trends of sinmiator skill deficiency. Hence, skill analysis
at behavioural component level may assist movenpegattitioners in improving FMS
proficiency through targeted intervention prograresme

The global priority for developing FMS proficiendg further reinforced by the
finding that it is positively associated with halait levels of physical activity (PA) (Barnett et
al., 2009; Fisher et al., 2005; Okely et al., 2Q0FEar example, cross-sectional research found
that high levels of motor skill proficiency weresasiated with greater play activity in 8-11
year old males (Harten et al., 2008); furthermdegkkola and Washington (2012) found an
association between FMS and PA during adolescénsie.research highlights that only 12%

of Irish post-primary school children (12-18 yeamsget current PA guidelines for health
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(Woods et al., 2010) despite the compelling sdienévidence that regular PA reduces the
risk of premature mortality (Fulton et al., 2004&d_et al., 2012; World Health Organization,
2010). The National Association for Sport and PtgisiEducation (NASPE) in America
emphasize the need for both males and femalestorttrate FMS proficiently to perform a
variety of physical activities necessary for hedd#nefits such as cardiovascular endurance
and muscular strength (McCall and Craft, 2004).

Gender differences across the age spectrum (3-d8)ym terms of FMS proficiency
do exist (Hardy et al. 2010; Cliff et al. 2009; Blia et al. 2012). Recent research (Hume et
al., 2008) illustrates 9 — 12 year old male sup#yiavithin the FMS subtest domains of the
kick, overhand throw and two-handed strike; howgaaar performances in both the vertical
jump and the run were observed amongst male (494&%)female (50.4%) participants.
Maturation factors, such as sex hormones and grepthts may be the cause of gender
differences in motor skill proficiency during puber(Haywood and Getchell, 2009).
Longitudinal research highlights that male childeen adolescent youth possess significantly
higher object control skills than females althotlgé gender divide is not as clear within the
locomotor subtest (Barnett et al., 2010). This gerdifferentiation within FMS highlights
that additional support through potential PE inggtions are paramount to facilitate females’
development of object control skills.

Advancing towards the specialized movement phagéirwithe stages of motor
development depends on the maturity level of FM&igpment (Department of Education
Victoria, 1996; Gallahue and Ozmun, 2006). Adoleserotor skill proficiency is a decisive
factor in the subsequent outgrowth of the FMS ph#&kere has been considerable research
carried out examining the health status and movensiil execution of children
internationally with a noticeable depletion and gaphe literature specifically relating to
adolescent movement patterns, precision and slelifopnance. Examining FMS in
adolescence will therefore provide meaningful gesessing participants’ ability to make the
transition to complex movement activities for ldaf daily living utilization. The present
study assessed the performance of nine FMS in @lsash 12-14 year old adolescent youth
during PE class. The findings on the prevalencskolf mastery according to Irish adolescent
by gender are documented and illustrated. The shurdiyer assessed each of the individual
skills at the behavioural component level with awito identifying common weaknesses
within and between FMS. This FMS data collectegcgjrally the behavioural components
have been core considerations in the developmenhefPE-based Y-PATH intervention

(further discussed in the subsequent chapter 5).
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4.3 Methods

4.3.1 Overview

Cross-sectional data were collected as partlafger longitudinal study evaluating the
effectiveness of a prescribed adolescent PE iméore (Y-PATH programme). Participants
(N=242) were conveniently sampled from schools typacal Irish town (Leinster, Ireland).
Eligibility criteria included all ' year students (12-14 years) located within thisggephical
sector. Data were collected at the beginning oktit®ol term. Ethical approval was obtained
from the Dublin City University Research Ethics Guitiee (DCUREC/2010/081). Approval

from the participating schools was granted fromheafdhe associated principals.

4.3.2 Measures

The following 9 FMS were assessed during a ty@Gaminute PE lesson: run, skip,
horizontal jump and vertical jump (locomotor; maxim score = 34); kick, catch, overhand
throw, strike and stationary dribble (object cohtnmaximum score = 40). This cross-
sectional investigation focused exclusively onridag scores across the selected 9 FMS. Each
of the 9 gross motor skills were assessed in cetipm with the behavioural components
from three established instruments: Test of GrosgoMDevelopment (TGMD), Test of
Gross Motor Development-2 (Ulrich 1985, 2000) amel Yictorian Fundamental Motor Skills
manual (Department of Education Victoria 1996). iHgween normed on a sample of 1,208
people in the USA, the TGMD-2 assessment has adegee of reliability and established
construct validity (Cools et al., 2009; Evaggeliradtal., 2002; Wong and Yin Cheung, 2010).
Similar reliability and construct validity have leebtained for the vertical jump (Department
of Education Victoria, 1996) and the skip (Ulrid885). These two skills were also included
in the analysis due to their specificity within thésh youth sporting framework and PE
environment; these skills are two of the core FNBliad to the Irish national sporting games
of Hurling and Gaelic Football. For example in bagdmes, when retrieving the sliotar or
football in flight during PE class, participanteaxposed to the fundamental movements of
the skip and vertical jump. To ensure that adolesperformance was constant over time
across the nine selected FMS, the research teaduciau a 48 hour time sampling test-retest
reliability measurement amongst a sample of 35igypaints aged 12-14 years. The

coefficients reached 0.87 which shows that theescacross nine skills are stable over time.
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4.3.3 Data Collection

During data collection in PE classes, participamse allocated numerical codes for
anonymity purposes. Prior to participant perforngarained field staff members provided an
accurate demonstration and verbal description ®@fstill to be performed. If the participant
was uncertain of the task, one additional demotsiravas performed by the trained FMS
researcher in the PE hall. To ensure participansistency, no feedback from any of the
trained field staff was given during skill perfornte. All participants received a
familiarisation practice trial to ensure they ursdeod what to do. Each participant was then
video recorded during each skill on two test tridlse FMS scoring process was completed at
a later phase (post data collection) by the fighdfs

4.3.4 Data Management

Prior to data collection, the field staff were medionally and rigorously trained to
ensure all testing protocols were adhered to @n-8it data collection assistants, whom were
in their final year of a PE teacher training deggéended two training workshops in the PA
research unit at the University to gain competdncthe skill administration and associated
equipment set up. Prior to data analysis, theedafreld staff members were required to reach
a minimum of 95% inter-observer agreement for akBls on a pre-coded data set to ensure
that all testers were competent.

The number of performance criteria varied from FHtacross the range of selected
FMS; all participants were given a “1” for correntecution of criteria and a “0” for a failed
attempt. For each FMS, the two test trials wereedddgether to get the total for each skill
score. There were a total of 74 performance catéor all 9 gross motor skills. Data were
normalized prior to analysis; total object contaold locomotor score were standardized to a

score of 1 so equal weighting could be appliedath lvariables during subtest comparison.

4.3.5 Data Analysis

The FMS data set was analysed using SPSS versionfdi7windows. Descriptive
statistics and frequencies for FMS and their as¢edi component variables (see table 4.2)
were calculated. “Mastery” was defined as corremfggmance of all skill components on
both trials. “Near Mastery” was defined as cornegetformance of all components but one on
both trials (Van Beurden et al., 2002). “Poor” veasy score below these two categories (i.e.
if the performance was incorrect on two or morehaf components on both trial#).binary

variable composed of Mastery and Near Mastery (MNb} created for each skill and is
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reported in the paper as “advanced skill proficign@ooth et al., 2005). Raw scores for
individual FMS total were collapsed into categdricariables representing mastery / near
mastery coded as “1” and poor coded as “0”. Tlierdince between overall object control
and locomotor proficiency was analysed throughieedasample t—test. Gender differences in
individual FMS performances were analysed usingpetdent sample t-tests. Chi-square
tests for independence identified if percentag# dkferences in advanced skill proficiency

by gender existed. Statistical significance wasaset< 0.05.
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4.4 Results

Active parental consent and child assent (N=242)ewequirements for eligible
participants in this study (84% of total samplefly2those who had fully available FMS data
for each of the 9 skills during PE were analysbdrdfore, the final sample consisted of 223
participants (55.2% male, 12.50 + 0.52 years; 44f8ftale, 12.32 + 0.49 years). Overall
11% of children were scored mastery or near mastargll 9 FMS. Only one participant
possessed complete mastery level across all 9talgleted and locomotor movement skills.
A paired sample t-test showed a significantly lovesterall mean score for locomotor
performance compared to object-related performah¢@22) = 8.073, p<0.001. With the
exception of the run, advanced skill proficiencyswawer (see Figure 4.1 below) in the
locomotor subtest skills compared to the objecttrobrsubtest skills. The highest skill

performance was the catch with 68% achieving masted 31% achieving near mastery.
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Figure 4.1 Percentage of 12-14 year old participants (N=228pnaced skill
proficiency

The poorest performances were for the verticallariézontal jumps (locomotor) where 13%
and 29% respectively achieved mastery and 10% 8f@ & hieved near mastery. The mean
skill score, standard deviation (SD) and prevalgficgercentage) of mastery among males

and females are shown in Table 4.1 (see below).
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There was a significant difference in the mean amsitp FMS score (object control
and locomotor) between genders with males scoriigen; t(221)=2.454, p<0.05. An
independent t-test showed that male participantairméd an overall higher object control
score compared to females t(221)=3.382, p<0.01reThes no gender difference in the
overall locomotor (p>0.05) mean score performarfegnpales outperformed males with
significantly higher advanced skill proficiencytime skip (gzskip:19.084, p<0.001). Males did
however display higher advanced skill proficiency the overhand throwy%now=18.57,
p<0.001), run y%,=7,204, p=0.007) and horizontal juMghbrizontal jums16.603, p<0.001).
Table 4.2 (see below) highlights the percentageadticipants below mastery level in each of

the behavioural components across the 9 selecte&fl FM
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Table 4.1

(N=123) and females (N=100)

Mean (SD) score, prevalence (%) and 95% confidarieevals (95% CI) of mastery of fundamental movatskills among males

Fundamental movement skills Score (M £ SD) p-Vae Mastery (%, 95% CI)

Males Females Males Females
Locomotor skills
Run 7.92 (0.40) 7.45 (1.09) 0.0005 ** 95.(89.2, 98) 76% (66.2, 83.7)
Skip 3.67 (1.36) 4.18 (0.95) 0.002 ** 10.66p17.7) 11% (6, 19.2)
Horizontal Jump 6.30 (1.64) 5.22 (1.93) 0.0805 35.8% (27.5, 45) 20% (12.9, 29.4)
Vertical Jump 7.46 (2.68) 7.94 (2.00) 0.136 13.8% (8.5, 21.5) 12% (6.6, 20.4)
Subtest scorémax score = 34) 25.35 (4.17) 24.79 (3.94) 0.308
Object control skills
Catch 5.57 (0.82) 5.55 (0.66) 0.850 70(8%7, 78.4) 64% (53.7, 73.2)
Overhand Throw 7.08 (1.33) 6.00 (1.58) 0.0005 60.2% (50.9, 68.8) 27% (18.9, 36.7)
Stationary Dribble 7.05 (1.62) 6.87 (1.55) L4 65.9% (56.7, 74) 55% (44.8, 64.9)
Strike 9.05 (0.94) 9.25 (0.99) 0.122 43(B%3, 52.3) 55% (44.8, 64.9)
Kick 7.80 (0.52) 7.64 (0.76) 0.057 86.2¢8.6, 91.5) 78% (68.4, 85.4)
Subtest scorémax score = 40) 36.55 (2.62) 35.31 (2.86) 0.001**
FMS Total (N=9)
Total FMS Scorémax score = 74) 61.90 (5.52) 60.10 (5.38) 0.015**

1. Table 4.1 represents the raw scores for eattiedd FMS. For the purpose of statistical analyfasa later standardised to a score of “1” to j@equal weighting to variables

173



Table 4.2 Prevalence of failure among participants below ergdevel (%) in each of the 9 fundamental movens&iit components

Run % Failure
1. Arms move in opposition to legs, elbows bent 63.3%
2. Brief period where both feet are off the ground 0%
3. Narrow foot placement landing on heel or toe 13.3%
4. Non-support leg bent approximately 90 degrees 66.7%
Skip
1. A rhythmical repetition of the step-hop on altemteet 20.6%
2. Foot of non-support leg carried near surface dunimyg phase 9.5%
3. Arms alternately moving in opposition to legs abatwaist level 99%

Horizontal Jump

1. Preparatory movement includes flexion of both kneiis arms extended behind body 69.2%
2. Arms extend forcefully forward and upward reachinlyextension above the head 73.6%
3. Take off and land on both feet simultaneously 34%

4. Arms thrust downward during landing 2.5%

Vertical Jump

1. Eyes focused forward or upward throughout .6%8
2. Crouch with knees bent. Arms behind the body 86.1%
3. Forceful forward and upward swing of arms 8.786
4. Legs straighten in air 19.1%
5. Land on balls of feet. Bend knees to absorb land. 33.5%
6. Controlled landing with <= 1 step any direction 2.6%
Catch

1. Preparation phase where hand are in front of tly bad elbows are flexed 4.2%
2. Arms extend while reaching for the ball as it aggv 1.4%
3. Ball is caught by hands only 100%

174



Table 4.2(Continued)

Overhand Throw % Failure
1. Windup is initiated with downward movement of haardi 67.2%
2. Rotates hip and shoulder to a point where the homating side faces the wall 37.7%
3. Weight is transferred by stepping with the foot ogige the throwing hand 22.1%
4. Follow-through beyond ball release diagonally asrbe body toward the non-preferred side 10.7%
Stationary Dribble
1. Contacts ball with one hand at about belt level 64.4%
2. Pushes ball with fingertips (not a slap) 627%.
3. Ball contacts surface in front of or to the outsaddoot on the preferred side 52.9%
4. Maintains control of ball for 4 consecutive bouneethout having to move the feet to retrieve it 5.7%

Striking a Stationary Ball

1. Dominant hand grips bat above non-dominant hand 43.5%

2. Non-preferred side of body faces the imaginarydosgsth feet parallel 3.5%

3. Hip and shoulder rotation during swing 4.3

4. Transfers body weight to front foot 15.7%

5. Bat contacts ball 47.8%
Kick

1. Rapid continuous approach to the ball 5.1%

2. An elongated stride or leap to immediately priob&dl contact 89.7%

3. Non-kicking foot placed even with or slightly indsaof the ball 15.4%

4. Kicks ball with instep of preferred foot (shoe-lager toe 0%
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Overall the vertical jump (23% MNM) was the poorgstformed skill amongst the
cohort (see Fig. 4.1 previous page). When this iwaked at in further detail, it was found
that a higher proportion of participants failed .% and 88.7% respectively) to execute
component 2 (crouching with the knees bent and drefsnd the body) and component 3
(forcefully swinging the arms upright) comparedatoy other component. When investigating
the proportion of participants not at mastery lewelthe horizontal jump, components 1
(flexion of both knees with arms extended behindlypoand 2 (arms extend forcefully
forward and upward) posed most difficulty for peigants (69.2% and 73.6%). In respect to
the horizontal and vertical jump, a large proportad participants were unable to demonstrate
mastery of performance criteria which involved aboating arm and leg movements.
Similarly, 99% of participants who failed to mastire skip were unable to execute
contralateral arm and leg movements proficientynfponent 3).

In the object control subtest (catch, kick, overhahrow, strike and stationary
dribble), advanced skill proficiency (Y%sMNM) was higanging from 83% to 99% across the
5 skills (see Figure 4.1). All participants who didt master the catch (32%) failed on criteria
3 (ball is caught by hands only). In the stationdnipble, 64.4% of participants not at mastery
level (N=87) were unable to contact the ball wittednand at about belt level. Close to half of
the participants (47.8%) who did not master the&kest{N=115) failed on criteria 5 (make

contact with the ball using a bat).
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45 Discussion

Findings from this study highlight that only 11%jp&rticipants possess advanced skill
proficiency (MNM) across a range of basic FMS dgrPE. This indicates that overall skill
execution is low amongst adolescent youth (12-B4s)e Despite the Irish primary school PE
Curriculum’s (1999) focus on FMS development, ip@grs that early Irish adolescents are
making a swift transition from primary to post-peny education without acquiring the basic
FMS competency. Results from this cohort (n=223)icate that only one participant is
fundamentally competent across all 9 object related locomotor skills despite children
having the developmental capacity to become fundéaiig competent by 6 years of age
(Gallahue and Ozmun, 2006). Previous research deutsf Ireland examining the FMS
proficiency of children and youth support this Iéevel of FMS mastery (Foweather et al.,
2008; Okely and Booth 2004).

It must be noted that poor scores in the verticahg (23% MNM) considerably
reduced the percentage achieving higher levelsvefadl advanced skill proficiency. One
hundred and ninety four participants (87%) did achieve mastery level in this locomotor
skill. There were 6 performance criteria deemedesgary for mastery within the vertical
jump, it can be argued, therefore, that the liladith to fail on a given component was twice
as likely in the vertical jump compared to the batnd skip which both had only 3
performance criteria. Had the vertical jump notrbeeluded in the analysis, 30.5% (N=68)
of participants would have displayed advanced gkitificiency (across the remaining 8
skills). These findings for the low prevalence oértical jump proficiency amongst
participants are in line with a study by Hume et(2008)across 9-12 year old children. This
comparative study observed that 20.3% of male ah@% of female participants obtained
advanced skill proficiency in the vertical jump (iHe et al., 2008). This compares with
24.4% of males and 21.0% of females obtaining dvadvanced skill proficiency in the
vertical jump in the current study. It would appé&am the present Irish investigation and
previous Australian research (Hume et al., 2008} #dolescent execution of the vertical
jump is poor. The recent Australian SPANS studyr@eet al. 2010) contradict the above
findings and displays a more optimistic light oe trertical jump performance amongst 13-14
year olds with 58.2% (male) and 56.1% (female) essisg advanced skill proficiency. These
conflicting findings highlight differences betweeauntries across adolescent locomotor skill
proficiency. In an Irish context, 89% of post-primdevel schools participate in traditional
Gaelic Games (Woods et al., 2010) and the verjizap is embedded within these native
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games in PE and more broadly in sports clubs. Reresearch highlights a recurring

misconception that the acquisition of these bagigement patterns occur naturally (Hardy et
al., 2010). Results from the present study highlitlat 77% of participants cannot execute
the vertical jump proficiently despite the high yaikence participating within Gaelic Games.
It would appear from a physical health perspecthvat Irish adolescents engage in sport
specific skills without learning the fundamentaltenia for basic jumping and movement

patterns.

In terms of gender differentiation, overall malesdhhigher skill proficiency than
females in the total FMS composite score. Whenesiliireakdown is considered, males had
statistically higher advanced skill proficiency albject control skills compared to females
(71% vs. 53% MNM) which is consistent with the et FMS literature (Barnett et al., 2010;
Wrotniak et al., 2006). Males displayed signifidaritigher advanced skill proficiency in the
overhand throw and this result may be a plausikf@damation for their overall dominance
within the object control subtest. Furthermoremidy be plausible that maturation factors
occurring during the pubertal phase of early adaese may contribute to the present FMS
gender differences (Garcia, 1994). It was intengsto observe however, that males and
females performed similarly well in both strikingdakicking, particularly noting the high
scores associated with female execution in botlthege skills. Despite male adolescent
superiority within this object control subtestisitinteresting from an Irish context that female
kicking and throwing performances (98% and 71% MINMels respectively) appear much
stronger than that reported in other internati@udlescent youth studies over the last decade
(Barnett et al., 2010; Booth et al, 1999; Hardyakt 2010). It is conceivable and notably
credible that 30% of the Irish female adolescenputation participate in extra-curricular
sports such as Gaelic Games and soccer (Woods @0aD) which may account for these
competent kicking results.

When individual locomotor skills were considerediles were found to have higher
advanced skill proficiency compared to femaleshimrtun and horizontal jump, while females
performed significantly higher than males in thgosRside from the possibility of maturation
differences existing between genders, it has atsm Isuggested by Garcia (1994) that the
significantly higher male performance in both tha and horizontal jump could be attributed
to the competitive, individual and egocentric natwf males. Some recent evidence
(Haywood and Getchell, 2009) has also suggestddidh@ales perform the skip better than
males; this may in part be explained by the sow@élire of this more recreational skill (Okely
et al., 2001a).
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Overall, advanced skill proficiency was particiyaweak because of the high failure
amongst specific behavioural components. Each eftlFMS produces different outcomes
yet the behavioural components often overlap betveséls. Movement practitioners should
be concerned with the behavioural components whiele failed by a large proportion of
participants. Specifically, our current findingslicate that, the component of “crouching with
the knees bent and arms behind the body” was peerconsistently poorly across both the
vertical and horizontal jump during take off. Siamly, a large proportion of participants
failed to “forcefully raise their arms upwards” thg flight. Ninety nine percent of the
participants who failed to execute the skip (N=18£ Table 4.2) proficiently were unable to
generate “movement of the arms in opposition t® lagabout waist level” correctly. It is
conceivable that the poor execution of this compbreay be linked to the failure of
participants to “forcefully raise their arms upwsirdluring flight in both the vertical and
horizontal jump. Similarly in the object controldast, the poor execution of “contacting the
ball with one hand at belt level” in the stationaisibble potentially interlinks with the
difficulty participants inability to both succes#fucatch “the ball with their hands only” and
strike “the ball with the bat”. To ensure succekgfarformance execution in these three
object control skills, basic hand-eye co-ordinatiera pre-requisite. Performing the dribble,
catch and strike require different patterns of nmeget with varying sensory and perceptual
processing. Despite the unique complexity and perdoce criteria associated with these 3
object control skills, results from this Irish adstent assessment highlight that there is a
deficit in the successful proficiency of hand-eyeardination. These findings suggest that
FMS development programmes during PE class anddeuts school hourare warranted
allowing researchers and practitioners to spedijidarget these main weaknesses in FMS
execution (Hardy et al., 2010; Booth et al., 19%).planning developmentally appropriate
movement activities (Logan et al., 2011), one cquidmote the motor skill acquisition of
adolescent youth.

Tailoring interventions to focus on specific skatbmponent weaknesses both within
and across FMS is a sensible approach (Van Bewtah, 2002) in school and PE. The
efficacy of such tailored interventions has beeawshin a recent study (Foweather et al.,
2008) which investigated the effect of a 9 weeleraichool multiskills club on FMS
proficiency amongst 8-9 year old children, showirtbat important performance
improvements in catching, throwing and kicking webserved. Martin et al (2009) similarly
provide evidence on the positive impact of FMS geniance in children across 12 skills over

time in a naturalistic PE intervention setting. the present study the high proportion who
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displayed “near mastery” in the skip (68%) suggdsts the number of adolescents advancing
to mastery level could be improved through thewdeli of school based FMS programmes
during PE. Most recent evidence (Kalaja et al.,2Q%&veals that it is possible to develop
junior high school students’ FMS performance thiolRE. Developing such a movement
skill intervention would be a strategic step tovaantiproving the current levels of adolescent
FMS proficiency found in this study.

Research highlights that FMS proficiency amongdticdn and adolescent youth can
be attributed to an increased participation in Bargett et al., 2011; Barnett et al., 2009;
Jaakkola et al., 2009). Current Irish research mobl¢ et al. (2010) highlights that only 10%
of Irish adolescents meet the current PE recomntiem$a(120 minutes per week) and 12%
meet the PA guidelines for health (at least 60 mesmwf daily moderate to vigorous intensity
PA ). Strategic advice from the Children’s Sporttiegation and Physical Activity (CSPPA)
report (Woods et al., 2010) suggest that FMS pragras will allow children of all ages to
begin their journey into sport and exercise skédivelopment. By creating an environment
whereby adolescent youth can engage in regulaicipation in FMS, a successful transition
to the sport specific phase can occur at a lasgyestResults from the current study highlight
the need for future research examining the assoegtbetween FMS and PA for the
adolescent population. To gain a meaningful insigtd adolescent motor skill proficiency,
recent recommendations suggest continuing to figate the association of FMS over time

and within interventions across differing age g®(pubans et al., 2010).

180



4.6 Conclusion

Results of this study indicate that the majorityregh adolescents entering year one of
post-primary education do not display advanced pkilficiency across 9 selected FMS. If no
steps are taken to counteract this problem thenlitely Irish adolescents may lead a lower
quality life due to the significant role these mment capabilities play in shaping one’s
health status (Lubans et al., 2010). To countehsmste gross motor deficiencies in Ireland, the
specific FMS components of weakness identifiechis study should be targeted to achieve
the desired “mastery” outcome through interventibargeting the weakest skill components
both within the PE environment and outside of sthwurs may prove to be significant
influencing factor for increasing FMS and subsedyethe PA levels of school aged children

and youth.

Acknowledgements
We wish to acknowledge the field research teamtteir dedicated professionalism during
the stages of data collection and analysis. Alsineere gratitude to the participants, parents,
teachers and principals from the 4 post-primaryostshinvolved. This work was supported
by Dublin City University (DCU), the Wicklow Loc@ports Partnership (WLSP) and the
County Wicklow Vocational Education Committee (VE@land.

181



4.7 References

Barnett, L.M., Morgan, P.J., Van Beurden, E., B&ll, Lubans, D.R., 2011. A reverse
pathway: Actual and perceived skill proficiency apldysical activity. Medicine and

Science in Sports and Exercise 43, 898—-904.

Barnett, L.M., Van Beurden, E., Morgan, P.J., Bmok.O., Beard, J.R., 2009. Childhood
motor skill proficiency as a predictor of adoledcgrhysical activity. Journal of
Adolescent Health 44, 252—-259.

Barnett, L.M., Van Beurden, E., Morgan, P.J., B®ok.O., Beard, J.R., 2010. Gender
differences in motor skill proficiency from childbd to adolescence: A longitudinal

study. Research Quarterly for Exercise and Spqri82-170.

Barnett, L.M., Van Beurden, E., Morgan, P.J., BmdkO., Zask, A., Beard, J.R., 2009. Six
year follow-up of students who participated in ahaa-based physical activity
intervention: A longitudinal cohort study. The Imtational Journal of Behavioral
Nutrition and Physical Activity 6, 1-8.

Booth, M., Denney-Wilson, E., Okely, A., 2005. Metls of the NSW schools physical
activity and nutrition survey (SPANS). Journal aiéhce and Medicine in Sport 8, 284—
293.

Booth, M.L., Okely, T., McLellan, L., Phongsavan, Macaskill, P., Patterson, J., Wright, J.,
Holland, B., 1999. Mastery of fundamental mototlskkmong New South Wales school
students: Prevalence and sociodemographic distibutJournal of Science and
Medicine in Sport 2, 93—-105.

Breslin, G., Murphy, M., McKee, D., Delaney, B.,mpster, M., 2012. The effect of teachers
trained in a fundamental movement skills progranomechildren’s self-perceptions and

motor competence. European Physical Education Rels 114-126.

Cliff, D.P., Okely, A.D., Smith, L.M., McKeen, K2009. Relationships between fundamental
movement skills and objectively measured physicazividy in preschool children.
Pediatric Exercise Science 21, 436—-449.

182



Cools, W., Martelaer, K. De, Samaey, C., Andries,ZD09. Movement skill assessment of
typically developing preschool children: A review seven movement skill assessment

tools. Journal of Sports Science and Medicine 8-168.

Department of Education Victoria, 1996. Fundamentator skills: A manual for classroom
teachers. Melbourne, Australia.

Evaggelinou, C., Tsigilis, N., Papa, A., 2002. Qo validity of the test of gross motor
development: A cross-validation approach. Adaptéyskal Activity Quarterly 19,
483-495.

Fisher, A., Reilly, J.J., Kelly, L.A., Montgomer¢,., Williamson, A., Paton, J.Y., Grant, S.,
2005. Fundamental movement skills and habitual ipaysctivity in young children.

Medicine and Science in Sports and Exercise 37-&383.

Foweather, L., McWhannell, N., Henaghan, J., LéesStratton, G., 2008. Effect of a 9-wk
after-school multiskills club on fundamental movernskill proficiency in 8- to 9- yr
old children: An exploratory trial. Perceptual avidtor Skills 106, 745-754.

Fulton, J.E., Garg, M., Galuska, D. A, Rattay, KTaspersen, C.J., 2004. Public health and
clinical recommendations for physical activity apbysical fithess: Special focus on
overweight youth. Sports Medicine 34, 581-599.

Gallahue, D.L., Ozmun, J.C., 2006. Understandingomdevelopment: Infants, children,
adolescents, adults ., 6th ed. Mc-Graw Hill, Newk{YdNY.

Garcia, C., 1994. Gender differences in young chilts interactions when learning
fundamental motor skills. Research Quarterly foefeise and Sport 65, 213-225.

Hardy, L., King, L., Espinel, P., Cosgrove, C., Ban, A., 2010. NSW schools physical
activity and nutrition survey (SPANS). Full Rep@ydney: NSW Ministry of Health.

Hardy, L.L., King, L., Farrell, L., Macniven, R.,dwlett, S., 2010. Fundamental movement
skills among Australian preschool children. Jouwfabcience and Medicine in Sport 13,
503-508.

183



Harten, N., Olds, T., Dollman, J., 2008. The eBeat gender, motor skills and play area on
the free play activities of 8-11 year old schoaldren. Health and Place 14, 386—393.

Haywood, K.M., Getchell, N., 2009. Life span motmvelopment, 5th ed. Human Kinetics,
Champaign, IL.

Hume, C., Okely, A., Bagley, S., Telford, A., Bopti., Crawford, D., Salmon, J., 2008.
Does weight status influence associations betwdwdren’s fundamental movement

skills and physical activity. Research QuarterlyEaercise and Sport 79, 158-165.

Jaakkola, T., Kalaja, S., Liukkonen, J., Jutila, Airtanen, P., 2009. Relations among
physcial activity patterns, lifestyle activitiesnda fundamental movement skills for
Finnish students in grade 7. Perceptual and MdtoisS.08, 97-111.

Jaakkola, T., Washington, T., 2012. The relationdietween fundamental movement skills
and self-reported physical activity during Finnjahior high school. Physical Education
and Sport Pedagogy 1-14.

Kalaja, S.P., Jaakkola, T.T., Liukkonen, J.O., Ddig, N., 2012. Development of junior high
school students’ fundamental movement skills angsigal activity in a naturalistic
physical education setting. Physical Education @pdrt Pedagogy 17, 411-428.

Lee, I.-M., Shiroma, E.J., Lobelo, F., Puska, PajilBS.N., Katzmarzyk, P.T., 2012. Effect of
physical inactivity on major non-communicable dsesa worldwide: An analysis of

burden of disease and life expectancy. Lancet 388;-229.

Logan, S.W., Robinson, L.E., Wilson, A.E., Lucas, Ay 2011. Getting the fundamentals of
movement: A meta-analysis of the effectiveness ofomskill interventions in children.
Child: Care, Health and Development 38, 305-315.

Lubans, D.R., Morgan, P.J., Cliff, D.P., BarnettML, Okely, A.D., 2010. Fundamental
movement skills in children and adolescents: Rev@wassociated health benefits.
Sports Medicine 40, 1019-1035.

Martin, E.H., Rudisill, M.E., Hastie, P.A., 2009.dtivational climate and fundamental motor
skill performance in a naturalistic physical edimatsetting. Physical Education and
Sport Pedagogy 14, 227-240.

184



McCall, R.M., Craft, D.H., 2004. Purposeful playdgachildhood movement activities on a
budget. Human Kinetics, Champaign, IL.

Mitchell, B., McLennan, S., Latimer, K., Graham,, DGilmore, J., Rush, E., 2013.
Improvement of fundamental movement skills throggpport and mentorship of class
room teachers. Obesity Research and Clinical R&actie230-e234.

National Association for Sport and Physical Edwrati 1995. Moving into the future:
National standards for physical education. A gumeontent and assessment. McGraw-
Hill, Boston.

O’Keeffe, S.L., Harrison, A.J., Smyth, P.J., 200itansfer or specificity: An applied
investigation into the relationship between fundatakoverarm throwing and related
sport skills. Physical Education and Sport Pedaddyy89-102.

Okely, A.D., Booth, M.L., 2004. Mastery of fundant@nmovement skills among children in
New South Wales: Prevalence and sociodemograpBktdhdition. Journal of Science
and Medicine in Sport 7, 358-372.

Okely, A.D., Booth, M.L., Patterson, J.W., 200laeld&ionship of physical activity to
fundamental movement skills among adolescents. dftegliand Science in Sports and
Exercise 33, 1899-1904.

Pang, A\W.-Y., Fong, D.T.-P., 2009. Fundamental anakill proficiency of Hong Kong
children aged 6-9 years. Research in Sports Mealith 125-144.

Tsangaridou, N., 2012. Educating primary teacherseaich physical education. European
Physical Education Review 18, 275-286.

Ulrich, D.A., 1985. Test of gross motor developm&RO-ED, TX.

Ulrich, D.A., 2000. Test of gross motor developm2néxaminer's manual, 2nd ed. PRO-ED,
Austin, TX.

U.S. Department of Health and Human Services., &partment of Education, 2000.
Promoting better health for young people throughisptal activity and sports, 2nd ed.

Silver Spring, MD: Centers for Disease Control &ndvention.

185



Van Beurden, E., Zask, A., Barnett, L.M., Dietridd,C., 2002. Fundamental movement
skills-How do primary school children perform - THdove it Groove it” program in

rural Australia. Journal of Science and Medicin&port 5, 244-252.

Wong, K.Y.A,, Yin Cheung, S., 2010. Confirmatorygtar analysis of the test of gross motor
development-2. Measurement in Physical EducatiohEaercise Science 14, 202—2009.

World Health Organization, 2010. Global recommeiuatat on physical activity for health.

Geneva.

Woods, C.B., Tannehill, D., Quinlan, A., Moyna, NValsh, J., 2010. The children’s sport
participation and physical activity study (CSPPAResearch Report No 1. Dublin,
Ireland.

Wrotniak, B.H., Epstein, L.H., Dorn, J.M., Jones.EK Kondilis, V.A., 2006. The
relationship between motor proficiency and physalvity in children. Pediatrics 118,
el758-e1765.

186



4.8 Link Section Chapter 4 to Chapter 5

Purpose of Chapter 4:

As discussed, there is a noticeable gap in theatitee relating to adolescent movement skill
proficiency; therefore, chapter 4 assessed thepednce of nine FMS during PE class amongst
12 to 14 year old adolescent youth. The findingsnfichapter 4 assisted the development, design
and originality of the Y-PATH intervention, speci#illy the FMS contribution of the PE based
component. The unique and timely element of thigptér was the assessment of FMS at the
behavioural component level during September 201D @nstituted one part of our baseline
data. This process allowed the Y-PATH research teaichentify weaknesses within performance
at component level and address commonality betvregimidual skills. Specifically, there is a
cross over between components as many FMS oftetapv€hapter 4 is directly associated and

logically connected with the following overview thfe Y-PATH intervention (chapter 5).

Purpose of Chapter 5:

Following the completion of chapters 3 and 4, iinportant for the reader to contextualise the
overall structure and arrangement of the Y-PATHenvwéntion. Specifically, the Y-PATH
intervention has been guided by the literature aseld the YPAP model (Welk, 1999) as a
theoretical framework (see Chapters 2 and 3). i lext chapter, the components of the Y-
PATH intervention will be outlined, described andadissed. The reader will be able to identify
the findings from baseline data collection (Chap®r subsumed within the intervention;
furthermore, the reader will recognise specific dabural components of FMS (Chapter 4)
integrated within the PE aspect of the Y-PATH imétion. To summarise, the overall objective
of chapter 5 is to rationalise the ‘Whole SchoopAgach’, embedded within this Irish adolescent

intervention for PA promotion.
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Chapter 5

An overview of the Y-PATH intervention —

components and content
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5.1 Introduction and Rationale for the Y-PATH Intervention

As described in chapter 3, baseline data (2010A&t® collected on levels of PA and
FMS amongst 12 — 14 years old adolescent youthgaldth data on current and preferred types
of PA participated in, and various psychologicalretates of PA. Focus group interviews were
then used to explore barriers and motivators tontA the cohort. Subsequent to these overall
findings, chapter 4 further examined baseline FM&igency amongst these 12 — 14 year old
youth at the behavioural component level.

Based on the overall findings from the baselinedidtwas apparent that a large number
of students were insufficiently active (67%) andufficiently skilled (89%) to benefit their
current and future health. Those participants ifledtas inactive (self reported meeting the PA
guidelines 0-2 days per week) did not demonstiaesame depth of knowledge of the health
benefits of PA as did their active counterpartdf (&ported meeting the PA guidelines 6-7 days
per week). In terms of psychological analysis, iivecparticipants demonstrated significantly
lower scores for Self-Efficacy and Attitude comghte the active individuals. When the FMS
data were explored at the behavioural componertl,lethere was found to be common
weaknesses within and between FMS; examples imgjualbility to crouch with the knees bent,
bring arms behind the body, forcefully raise thesupwards, and move the arms in opposition
to the legs.

A systematic review on youth PA intervention effeehess (Van Sluijs et al., 2008)
concluded that for adolescent youth, multi-compometerventions involving the school, family
and community have the potential to make importhiférences in the increase of youth PA. In
line with the literature and guided by the findirfgem baseline data collection (chapters 3 & 4),
the Y-PATH intervention was developed to includerfoomponents:

1) Student component

2) Parent/Guardian component

3) Teacher component

4) Y-PATH website (resource utility and use of sbonedia)

Specifically, the Y-PATH intervention was developedh a strong focus on PE based Health
Related Activity (HRAJ (Gittelsohn et al., 2006; Le Masurier and Corl#06; McKenzie et

! . In the Irish post-primary education context, |tregelated activity (HRA) is the equivalent of fteeeducation
and other recently accepted terms such as heattdhzhysical education (HBPE)
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al., 2009, 2004, 2001, 1996; Murillo Pardo et2D]13; Pate et al., 2005; Perry et al., 1997; Sallis
et al., 1997, 2012; Stevens et al.,, 2005) and FKi&a(a et al., 2012; Martin et al., 2009;
Mitchell et al., 2013; Mostafavi et al., 2013), Wwitdditional school, teacher and parental

components.
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5.2 Research Considerations in the Development ofhd Y-PATH

Intervention
This intervention was guided by the Medical Rededouncil’'s (MRC) new guidance
document ‘Developing and Evaluating Complex Intatiens’ (MRC, 2008) which is shown in
Figure 5.1 below. The four stages outlined in tesument include the following:
1. Development
2. Feasibility (cost-effectiveness)
3. Evaluation
4. Implementation (sustainability)

Feasibility/piloting

1 Testing procedures

2 Estimating recruitment /retention
3 Determining sample size

Evaluation

1 Assessing effectiveness

2 Understanding change process
3. Assessing cost-effectiveness

Development

1 Identifying the evidence base

2 Identifying/developing theary

3 Modeliing process and oulcomes

Implementation

1 Dissemination

2 Burveilance and monitoring
3 Long term follow-up

Figure 5.1  Key elements of the development and evaluationgas{/RC 2008)

As discussed in chapter 3, the development of tHeAYH intervention identified an
evidence base of literature relating to youth PA BMS promotion during PE classes. This base
of literature was supported by the Youth Physicatity Promotion (YPAP) model as a
theoretical framework (Welk, 1999) (Refer to chadle see figure 2.2, p45). The findings of
Salmon et al., (2007) in their narrative reviewhight that an intervention designed around
motor skill acquisition alone would probably be ufigient to change the long term PA
behaviour amongst adolescent youth. The authotsn@aet al., 2007) further noted that if the
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intervention was focussed solely on influencingosttbased PA, it would also be unlikely that
overall PA levels would be increased.

Accounting for these research considerations indiésgn of a personally meaningful
and socially relevant PA intervention for adoledsethe views, opinions and attitudes of the
target group were sought through focus group daleation. Prior to intervention rollout, a
methodical examination of perceptions of healthtivations and barriers experienced in relation
to PA participation both within and beyond the sahenvironment was undertaken. The YPAP
model was used to gain an insight into the psyatiakaorrelates of PA in the age group. The
Y-PATH intervention hypothesises that if the resbateam are successful in positively
influencing the enabling, predisposing and reinfagydactors for PA experienced by youth, then
a successful adolescent PA intervention will occur.

To conclude this section, it is important to comteakise the overall research base
underpinning the Y-PATH intervention. Key priorgién the design and development of the Y-
PATH intervention were:

1) Consideration of findings (PA, FMS, BMI, géwlogical influences, focus groups etc)
from baseline data collection.

2) Cost effectiveness (Kahn et al., 2002; MR@)O0, 2008; Van Sluijs et al., 2008).

3) Sustainability (beyond involvement of tlesearch team) (Cavill et al., 2012; Dowda et

al., 2005; Kriemler et al., 2011; McKenzie et aD09; Salmon et al., 2007).

4) Consideration of the YPAP theoretical framew@#kelk, 1999).
5) Focus on predisposing factors (Welk, 1999)

» Understanding of benefits of PA

» Skill competency level

* Enjoyment of PA
6) Focus on reinforcing factors (Welk, 1999)

» Parental support

* Teacher support

* Peer support
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5.3 Y-PATH Intervention Overview — Guiding Principles and Specific

Content Overview

The aim of the Y-PATH intervention is to increakhe PA and FMS levels of adolescent

youth. This school-based PE intervention will edaazhildren through a specifically prescribed

HRA programme whilst integrating FMS in the leagienvironment; thereby, striving to

increase participant competence to engage in negndar periods of quality PA. It is important
to note that the PE component of the Y-PATH intatian is a resource that compliments the

existing Irish Junior Cycle Physical Education @iutum and has received approval from the

Department of Education and Skills PE Inspectorate.

Guiding Principles

The four guiding principles of the Y-PATH interveort are:

1.

That the very first experience of PE for thedstuts at second level school will be HRA
with a specific educational focus on regular PAtipgration [move from PE being

associated with a specific activity or sport, tingeassociated with learning to be active]
(see appendix A). The importance and contributibRIRA for youth PA promotion has

been sufficiently documented previously (Gittelsoéin al., 2006; Le Masurier and
Corbin, 2006; McKenzie et al., 2009, 2004, 200196 Murillo Pardo et al., 2013; Pate
et al., 2005; Perry et al., 1997; Sallis et al971,2012; Stevens et al., 2005).

All PE lessons for the academic year will foamsimproving students self efficacy and
attitudes [all of which have been previously shoimnthe literature to consistently
influence PA participation amongst youth] (Dishnmetnal., 2004; Kenyon et al., 2012;
Lowry et al., 2013; Uijtdewilligen et al., 2011; Nder Horst et al., 2007) and FMS
proficiency levels (Kalaja et al., 2012; Martin &t, 2009; Mitchell et al., 2013; Van
Beurden et al., 2003) (see appendix B).

The climate in PE lessons will be motivation®attin et al., 2009; Valentini and

Rudisill, 2004) - all students learn that they dam active, experience positive skill
execution, learn to challenge themselves and expegi success within their own

parameters [focus on attitude and self-efficacgg(appendix A).
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4. Parents/guardians and non-specialist PE teachegsafgpendices C & D) as well as PE
teachers will act as role models and facilitatans PA engagement. These reinforcing
factors (Welk, 1999), can have a significant infloe on students’ attitudes towards PA
participation (Fitzgibbon et al., 2012; Haerenslet 2007; Lowry et al., 2013; Trost et
al., 2003).

The Y-PATH multi-component school-based PE intetieen(Grydeland et al., 2013; Perry et

al., 2012; Salmon et al., 2007; Sutherland et2811,3; Van Sluijs et al., 2008) has a specifically
tailored educational focus, broken down into foistidct components (Refer to chapter 3, see
figure 3.2, p147).

Specific Component Breakdown and Overview

1. Student component:

Participants in receipt of the Y-PATH interventiavere subsumed within specifically
tailored PE classes (HRA and FMS) focusing on iasirey self-efficacy and attitudes for the
entire academic school year (see appendix A). THRAYH intervention was run from
September 2011 to May 2012.

The ethos of the Y-PATH intervention fits withindasupported the aims and strand units
(e.g. athletics, dance, gymnastics etc) of thehlrinior Cycle Physical Education
Curriculum (Department of Education and Skills, 200he Physical Education inspectorate
from the Irish Department of Education and Skillsrevalso consulted in this process prior to
finalisation of the intervention format.

The Health-Related Activity (HRA) strand, with agated psychosocial focus (self-efficacy
and attitude promotion), was taught exclusivelytesfirst unit of PE that participants were
exposed to at second level (see appendix A). Suksdy, these HRA (and psychological)
learning objectives were then integrated throughfeecement and continuity across the
remaining 7 strands of the curriculum for the doratof the academic year, in contrast to

being taught only as a discreet unit (see appeBdix
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The novel component of the Y-PATH intervention whe delivery of FMS behavioural
components during PE classes. From chapter 4¢cypantits were found to be least proficient
in the execution of movements relating to

= crouching actions,

= foot landing,

» arm and leg contra-lateral

= arm and leg bilateral movements,

= arm extension

» hand/eye coordination.
These specific components (see appendix B) wereltsineously targeted (along with HRA
focus) across the 7 strands of the PE curriculumtlie academic year. This innovative
approach changed the philosophy of the PE curmsdlom ‘teaching a physical activity’ to
‘teaching HRA and FMS through physical activity’.
The Y-PATH research team led a one-day in-serviogkshop which served to up-skill the
PE teachers in the delivery of the Y-PATH intervemt Agreement was previously granted
by the Principal of the intervention school to allthis day to be part of the state agreed in-
service hours (‘Croke Park hours’) for continuiegc¢her professional development.
A student PA journal was developed to support temend student learning of the Y-PATH
intervention (see appendix E). A key focus of fbignal was for students to self-report their
PA levels (each month), with the aim of settinglistia and attainable targets to increase
their activity engagement.
Two PA advocacy posters (see appendix F) were dpedlfor display in the intervention
sports hall and one other prominent area of theddbuilding. The first poster detailed the
rationale for PA and offered suggestions on howtoease PA levels and reduce sedentary
behaviour. The second poster detailed the condeptRA pyramid whereby students could
undertake gradual progression in the increaseef MVPA per week. The purpose of this
specific poster was to offer a resource for ‘tatbradvice’ as part of the Y-PATH
intervention. Copies of these posters were algualed in the students PA journal.
A ‘Pathways to Activity’ document (see appendix @)d accompanying poster (see
appendix H) was developed in conjunction with thecal Sports Partnership’ (a local body

governed by the Irish Sports Council with the rolesupporting PA in the local community)
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giving an inventory of the extra curricular opparities for PA. This document detailed the
activity (or sport), location of the activity, cosssociated (if any), and a contact (e.mail, url,
and/or phone) for the provider of the activity. §ldocument was also available in the Y-
PATH PA journal for students and the PE teacheruabn

2. Parent/Guardian component:

Information leaflets (see appendix |) were devetbfm parents/guardians identifying the
rationale for PA, the health benefits of PA, dasf@iesks of physical inactivity, the current
activity levels of youth in Ireland, and ways iniatih family members could become ‘active
role models’ and ‘facilitators’ for youth PA provis.

An information session of what this intervention ulMb entail was held (prior to the

intervention rollout) for the parents in conjunctiwvith the Local Sports Partnership. The
focus of this workshop was to reiterate the ratieriar PA participation (amongst both child
and parent/guardian alike), and provided attende#s the opportunity to engage in a

guestion and answer PA promotion forum.

3. Teacher Component

Similar to the parent leaflets distributed abovdoimation leaflets were also developed for
both the specialist and non-specialist PE teacimetse school (this intervention sought to
actively involve all members of the academic teaghistaff within the Y-PATH
intervention).

An information session was held with all teacheatsrpo the intervention rollout in which
the focus addressed the teachers’ contributiote(meodels’) towards student PA and health
promotion. From this session, a subsequent workstep held with teachers to reinforce
their role in PA promotion within the school enviroent (a short questionnaire was also
distributed) (see appendix D). A teacher charteradblescent PA promotion strategies
(within and outside of school) was displayed in #taff room as a further prompt and
intervention tool (see appendix C) — important tienthat the teachers had come up with
these PA promotion strategies from the previousrmétion session prior to the intervention
rollout.
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A one week voluntary ‘pedometer challenge’ was spt for all teachers within the
intervention school; this ‘pedometer challenge’ wamegrated during the Y-PATH
intervention to stimulate teacher involvement inuyp PA promotion. The ‘Walk/Step
challenge’ resource developed by the Irish HeattnBation (see appendix J) was used to

facilitate this intervention — permission had begeanted by the Irish Heart Foundation prior
to pedometer distribution.

4. Y-PATH Website and Facebook page

A webpage available through the Dublin City Univigreetwork, contained copies of parent,
student, and teacher resources for the duratitimeahtervention.

See http://www.dcu.ie/shhpl/y_path.shtml for acdesall of the resources listed above (site
is currently being developed in preparation foemaéntion rollout in 2013).
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5.5 Link Section Chapter 5 to Chapter 6

Purpose of Chapter 5:

As outlined in chapter 5, the Y-PATH school-basé&d iftervention for Irish adolescent youth
was formulated from baseline findings (2010-201dd guided by the appropriate intervention
literature for youth PA promotion. In chapter 5e tteader has been introduced to the guiding
principles of the PE-based intervention, speciictte educational focus dmoving PE from
being associated with a mode or sport, to beingpassed with learning to be activelt is
important to note that the Y-PATH intervention cets of a multi-component approach to
whole-school PA promotion in second level educati®ynactively engaging the student, teacher,
parent and guardians in the intervention procdss, X¥-PATH intervention is adhering to
previously successful intervention evidence. Inmterof originality, the PE component of the
intervention addresses psychosocial, HRA and FMS&tetd in the promotion of skill
competency, attitudes, self-efficacy and educatibehef towards the importance of regular PA
participation. The intervention is grounded withancost-efficient and feasible approach to

overall PA and FMS promotion.

Purpose of Chapter 6:
In terms of thesis chronology to date, the readsrlieen:
1) Introduced to the baseline findings (chapters 3 @ndpecifically the low levels of PA
and FMS proficiency amongst Irish adolescent youth.
2) Provided a descriptive overview (chapter 5) for thevelopment of the Y-PATH
intervention.
At this stage, the rationale for the Y-PATH intemien design and development is clear with the
scene in place for exploring the efficacy of thipintervention trial. In chapter 6, the reader
will examine the primary outcome measures for fl@ar long trial intervention by comparing
PA and FMS results between intervention and corgoblools. The results will be illustrated
through critical discussion and future directions the Y-PATH research during 2013 will be

outlined.
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Chapter 6

Evidence for the efficacy of the Youth-Physical
Activity Towards Health (Y-PATH) intervention

Manuscript submitted as:
O’Brien, W., Issartel, J., Belton, $Advances in Physical Education — In PressEvidence
for the efficacy of the Youth-Physical Activity Towards Health (Y-PATH) intervention.
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6.1 Abstract

Objective: The school environment is a key opportunity to ne@e because of access to
children and adolescents for the purpose of inargaphysical activity participation and
improving fundamental movement skill proficiency.

Method: A non-randomised controlled trial involving two sdts in a rural Irish town was
carried out in September 2011 to evaluate the Y-8dnysical Activity Towards Health (Y-
PATH) intervention. Data was collected on 12 toygér olds (n=174) at 3 time points (pre,
post and retention). Data collected included messieight and weight, physical activity
measured by accelerometry and by self-report andaionental movement skill performance.
Results: Both the control and intervention school showednifigant increases in daily
physical activity and gross motor skill proficienoyer time. Two-wayrepeated measures
ANOVA'’s showed a significant interaction effect Wween school attended and time for
physical activity (F(2, 38)= 6.177, p=0.005) andndamental movement skills (F(2,
100)=4.132, p=0.019), with a significantly great@rcrease in physical activity and
fundamental movement skills observed in the intetiea school.

Conclusions. Preliminary findings from this study suggest aipeos effect for the Y-PATH
intervention and provide support for its potential increasing physical activity and
fundamental movement skill levels of adolescent tlyoururther research involving a

definitive randomised controlled trial with a largeample size is warranted.
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6.2 Introduction

Physical activity (PA) is a complex, multifacetedhlaviour which can be performed
in a variety of physical and social settings, aad rhany reasons (Ward et al., 2007). The
meaning of PA has remained consistent amongst@tbllth professionals in recent years
and a standardised PA definition has become aatestany bodily movement produced by
the skeletal muscles expending energy beyond gedenels (Bouchard et al.,, 2007;
Caspersen et al., 1985). Regular PA decreases ausbealth risks for all age groups and is
associated with a reduced risk of developing cliraiisease such as coronary heart disease,
type Il diabetes, cancers and hypertension (Bowdchetr al., 2007; Physical Activity
Guidelines Advisory Committee, 2008). In the pasie development of these chronic
diseases have been rare in children (Physical lictiidelines Advisory Committee, 2012)
but a growing body of literature is now showingtttitee prevalence of these risk factors are
increasing among adolescents (May et al., 2012;d&4@eb al., 2010).

Whilst the knowledge about the tracking of PA isiited (Telama, 2009), some
studies have shown that the engagement of chil@greth adolescents in regular PA
significantly predicts PA participation during athdod (Telama et al., 2005; Wichstream et
al., 2012).Despite the known importance of regular PA partéitgm in the promotion of
lifelong health and well-being (Physical Activityufelines Advisory Committee, 2012),
current evidence suggests that the levels of PAicgation among children remain low,
particularly noting the age related decline ocadramatically during adolescence (Aibar et
al., 2012; Kimm et al., 2000; O’Donovan et al., @p1lrish research from the “Children’s
Sport Participation and Physical Activity Study’§EPA) found that only 12% of adolescents
aged between 12 to 18 years old met the recomme®@edinutes per day PA guideline
(Woods et al., 2010). Compared to Irish adoles¢centent research in the US (Eaton et al.,
2012) found that a higher percentage of adolescé&9%0) achieved this recommended
guideline. The prevalence of PA amongst Irish astmats is also very low when compared in
a European context with 35.9% of adolescents imd&and Spain reported to meet the 60
minute guideline (Aibar et al.,, 2012). Many intamtiens have been evaluated for their
effectiveness in increasing the PA levels of admats (Haerens et al., 2007; Kalaja et al.,
2012; McKenzie et al., 2004; Pate et al., 2005).

Recent research, underpinning the necessity of ctivealifestyle, suggests that
fundamental movement skills (FMS) are the buildidlgcks for movement as they provide
the foundation for the acquisition of more compkkills in the specialised sport specific
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movement stage (Gallahue and Ozmun, 2006; Hardl,62010). Furthermore, the rationale
for promoting the development of FMS in childhoaigs on the recent findings from a
systematic review (Lubans et al., 2010) of theenirand future benefits associated with the
acquisition of FMS in children and adolescents.sT8ystematic review (Lubans et al., 2010)
found a relationship between FMS competency anbtegtential benefits, namely global
self-concept, perceived physical competence, cagfipiratory fitness (CRF), muscular
fitness, weight status, flexibility, PA and reducatientary behaviour. While in recent years,
adolescent PA levels have shown some correlatiagh ®MS proficiency (Barnett et al.,
2011, 2009; Okely et al., 2001), further longituadinesearch examining their relationship is
recommended (Lubans et al., 2010).

Despite the associated physiological, psychologaral behavioural outcomes for
FMS proficiency and their positive impact on puliigalth, it is apparent that a lot of children
do not acquire these basic patterns of movemerdrelts now strong evidence that early
adolescents have low levels of FMS proficiency (fBoet al., 1999; Hardy et al., 2010, 2013;
Mitchell et al., 2013). A previously successfuldntention amongst primary school children,
‘Move it Groove It' (Van Beurden et al., 2003), prded school aged youth with
opportunities to incorporate PA into their dailyeliwhile simultaneously targeting FMS.
Other school-based intervention studies, in moceneyears have also shown positive effects
for FMS provision during childhood (Mitchell et aR013; Zask et al., 2012). Yet, there
appears to be dearth of FMS intervention researabngst adolescents, therefore, addressing
both PA and FMS may be perceived as a practicahvantion approach for the journey into
sport and exercise skill development (Woods eRall0).

In terms of increasing active adolescent behavithe, school environment has the
potential to make important differences to PA pgmation and presents a number of
opportunities for intervention (Lavelle et al., 20Van Sluijs et al., 2008; Vasques et al.,
2013; Ward et al., 2007). A recent report by Salisl., (2012) highlighted that in the past
two decades, evidence-based school curricula Hawerssignificant differences in moderate
to vigorous physical activity (MVPA) during and eide of school hours. The school
environment presents many opportunities for tangethe adolescent directly with many
studies suggesting the importance of targeting oggchl domains beyond the individual
(Kahn et al., 2002; Perry et al.,, 2012; Sallis ket 2012). Effective school environments
present opportunities to embody a culture of cangl, to be fully inclusive of the individual

regardless of the existing racial or socio econadpaickground differences (Cavanagh et al.,
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2012). The development of evidence-based scho@ramames has seen the acceptance of
Physical Education (PE) as an efficacious reso{8adis et al., 2012).

As a viable change agent to increase PA in the dedged population, PE is
considered a very important provider of PA (McKenzind Lounsbery, 2009; Payne and
Morrow, 2009; Scheerder et al., 2008; Ward et 2007). PE also gives children and
adolescent youth an opportunity to learn physica lbehavioural movement skills (Haerens
et al., 2007; McKenzie and Lounsbery, 2009; Mittkehl., 2013; Van Beurden et al., 2003).
A recent meta-analysis of the effectiveness of makill interventions illustrate a
significantly positive association between part@tipn in school based motor skill
programmes and FMS proficiency (Logan et al., 20REcent intervention programmes such
as “Move it Groove it” (MIGI) and “Project Energizhighlighted that both PA and FMS can
be integrated during the provision of PE (Mitchedlal., 2013; Van Beurden et al., 2003).

The purpose of this chapter was to evaluate tlegvantion effect after 9 months (end
of academic school year) and 12 months (follow-ofpa tailored PA and FMS programme
for an Irish adolescent cohort (12-14 years of aglb¢ Y-PATH intervention is an innovative
whole school approach to activity promotion amoragitlescents; there is a specific gap in
the literature amongst adolescents as no previtugy g0 this researchers knowledge has
examined the effect of a prescribed Health Related/ity (HRA) and FMS intervention on
PA levels and its impact on public health. The gtutsolved one intervention group who
received the Youth-Physical Activity Towards HegfhPATH) intervention over the course
of one school year, and one control group who wvecetheir usual PE programme for the
same period. The main research question was to iegaiinthe intervention group would
demonstrate a significant increase in minutes dy dA and levels of FMS proficiency over
time when compared to the control group. Standatidrapometric characteristics (height and
weight) were also measured over time between bathpg to see if body mass index (BMI)

was having any underlying effect on the intervamtio
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6.3 Methods

6.3.1 Participants and recruitment:

This quasi-experimental non-randomised controlledl is part of the Y-PATH
research programme which was initiated in Septer®®&0 at Dublin City University (DCU).
Following the Medical Research Council (MRC) guidet (2000) for developing and
evaluating a tailored intervention, this researepresented Phase 2 on the continuum of
increasing evidence — the exploratory trial. Nomdi@mised controlled trials can detect
associations between the intervention and the mgd&ibbald and Roland, 1998).

For this pilot study (2011-2012), a convenienaegle of Irish adolescents enrolled in
year one of post-primary education (12-14 yearagef) from two mixed-gender schools were
invited to take part in the study (N = 192). Botihaols involved in this research study were
from the same rural Irish town, had no school fagiqg requirements (public), and were not
listed as ‘Designated Disadvantaged’ schools byDieartment of Education and Skills. The
school with the largest sample size (n=132) wadaany selected to receive the intervention
for one academic school (with the agreement tHanhtrvention resources would be made
available to the control school in October 2013ofwing the completion of data collection).
Data collected included measured height and weRAtmeasured by accelerometry and by
self-report and FMS performance. Approval from eawththe principals of the two
participating schools was granted. Informed consenparticipation was sought from each
adolescent and their parent/guardian. Ethical agbpravas obtained from the Dublin City
University Research Ethics Committee (DCUREC/2080)0

6.3.2 The Y-PATH intervention

There are four key components to the Y-PATH intetia (as discussed in chapter
5) (1) Student component: Specific focus on HRA &S content subsumed within the
existing PE curriculum, delivered by specialist fegchers. (2) Parent/Guardian component:
PA information evening prior to the beginning ofetlintervention, and distribution of
specifically tailored Y-PATH PA information leaftet (3) Teacher component: All school
teachers attending two workshops (Aug 2011 and®04a8) which highlighted the importance
of ‘active role modelling’, and voluntary particgan in a one week ‘Teacher Pedometer
Challenge.” The teacher pedometer challenge wagrated mid-course during the Y-PATH

intervention to further stimulate teacher involvemen youth PA promotion (teacher
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pedometer data, however, was not collected asgbdhis pilot Y-PATH exploratory trial).
(4) Website component: All student, parent andieacesources were made readily available
for all intervention participants by the Y-PATH essch team (available at

http://www.dcu.ie/shhp/y_path.shinlit is important to note that those in the cohtro

condition carried on their usual PE and school mogne without any researcher input
during the pilot study.

6.3.3 Measurements

Measurements were taken at the beginning of theatgtear in September 2011 (pre),
at the end of the school year in May 2012 (postyl at 3 months follow-up in September
2012 (retention). Three lead researchers admieisteeriodic training workshops to 12 field
staff to ensure that measurement assessment slangdare met continuously during data
collection (Berkson et al., 2013).

Body mass index: Weight was measured to the nearest 0.1kg usin&eica 761 dual
platform weighing scales. Standing height was mmeaikto the nearest 0.1cm using a portable
stadiometer. BMI was calculated using the equatieeight(kg)/height(rf). The Cole et al.
(2000) cut off points for normal, overweight andeseb participants were applied to the data in
order to calculate BMI class.

Accelerometry: PA was measured using ActiGraph GT1M and GT3X acoateters,
stored in a standardised 10-second epoch to caftersmtermittent and sporadic behaviour
(Esliger et al., 2005) of adolescent youth. Durithg first day of data collection, each
participant was given an accelerometer by one eftithined field staff under the supervision
of one lead researcher. If a participant felt that device was uncomfortable, the elastic belt
was adjusted accordingly to ensure secure fit. Phikess ensured that participants could
wear the accelerometer independently for the swlesgqdays of data collection. To further
enhance accelerometer compliance, a reminder tessage was sent each morning which
has been shown to improve the number of studendsingemonitors to school (Belton et al.,
2013). Each participant was asked to wear an aceeéter during all waking hours for nine
consecutive days. To account for subject reactivityere participants may artificially
increase their activity with the device, the ficky of data was omitted from the analysis
(Esliger et al., 2005).

Accelerometer data gathered was screened usinggestti inclusion criteria of a
minimum of three weekdays and one weekend day (&etel., 2009; Nyberg et al., 2009)

with 600 minutes wear time per day (Anderson et28105). Strings of “0” counts in bouts of
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>20 min were considered non-wear peri¢dgdirim et al., 2011) and activity count values

of <0 and>15,000 counts per minute were excluded as theseewalvere deemed

biologically implausible (Esliger et al., 2005). @mean time spent in daily MVPA was
calculated by applying the Evenson age specifipaints (Evenson et al., 2008) to the
Actilife 6.4 software data reduction programme.

SHif report: PA was further measured using the Youth PhysicéivAg Questionnaire
(YPAQ) self report questionnaire which has beerviptesly validated against accelerometry
(concurrent validity coefficient r=0.42, p<0.05)twil2 to 13 year olds (Corder et al., 2009).
Reported test-retest reliability coefficients fbetYPAQ ranged from .86 to .92 (Corder et al.,
2009). The variable for daily minutes of MVPA waalaulated by averaging the total
summed minutes of MVPA across the 7 days. Partitgpeompleted the questionnaire within
their class groups under the supervision of ond lesearcher and four trained field staff
members. If a participant was unsure of any quest@oe component or had difficulty
completing the task, they were assisted upon réduesne of the research team present.
Participants completed questionnaires using thieenbol “Survey Monkey”.

Fundamental Movement Skills: The following 15 FMS were assessed: run, skip,
gallop, slide, leap, hop, horizontal jump and waitjump (locomotor; maximum score of 66);
kick, catch, overhand throw, strike, underhand eoid stationary dribble (object control;
maximum score of 48); balance (stability; maximwuare of 10). Each of the 15 gross motor
skills were assessed in conjunction with the gingsl from the Test of Gross Motor
Development (TGMD), Test of Gross Motor Developm2r(TGMD-2) and the Victorian
Fundamental Motor Skills manu@Department of Education Victoria, 1996; Ulrich,020
1985). To ensure that adolescent performance wastanat over time across the 15 selected
FMS, trained field staff conducted a 48 hour tirampling test-retest reliability measurement
amongst a sample of 35 participants aged 12-13%y#dr The FMS coefficients reached 0.75
(locomotor subtest), 0.78 (object control subtast) 0.91 (overall gross motor skill subtest),
showing the scores across the range of FMS todixestver time. During the data collection,
one trained field staff member provided every Sipgrants with an accurate demonstration
and verbal description of the skill to be perform&d ensure participant consistency within
skill performance, no feedback from any of thenteal field staff were given during the
testing. Participants performed the skill on 3 somas including 1 familiarisation practice
and 2 performance trials. Video cameras were useddord each participant’s performance

and execution of the selected 15 FMS. The FMS sg@tocess was completed at a later date
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by the trained field staff. The trained field stafére required to reach a minimum of 95%
inter-observer agreement for all 15 skills on aqgoded data set.

6.3.4 Data Analysis

Data were analysed using SPSS version 17.0 for ®iedDescriptive statistics and
frequencies for the anthropometric characteristbgective PA and self-report PA over time
were calculated. Differences in BMI mean scoregrat post and retention according to
gender and school type were analysed using tworeagated measures ANOVA.

Chi-square tests for independence were used tdifgldrom the self-report data
whether percentage differences in meeting>t66 minutes MVPA guideline according to
school type existed at pre, post and retention HM® analysis, the binary variable “mastery
and near mastery” (MNM) was created. “Mastery” wiaéined as correct performance of all
skill components on both trials. “Near Mastery” wa@efined as correct performance of all
components but one on both trials (Van Beurden.e2@03). Pre, post and retention FMS
scores were calculated for all 15 FMS and subtestthe intervention group relative to the
control using independent t-tests.

Individual two-way repeated measures ANOVA’'s wernducted to explore the
impact of gender and school type (intervention groelative to control) over time (pre, post
and retention) on objective daily MVPA minutes,fgeport daily MVPA minutes, and FMS

gross motor skill proficiency. Statistical signdiace was set at p<0.05.
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6.4 Results

6.4.1 Study Sample

One hundred and ninety two participants from twisosds were invited to participate
in this study in September 2011 with consent frord participants provided (91% of total
sample, n=119 intervention, n=55 control group).tkise 174 participants, only those who
had full data sets available across all three tpedods were included in the statistical

analysis. An overview of the variables measureghisn in Figure 6.1 (see below).

6.4.2 BMI and PA

BMI: BMI characteristics, objective PA and self-repoA Bescriptive statistics at
pre, post and retention phases, for both the cloatie intervention groups, are summarised in
Table 6.1 (see below). There were no significaffedinces between gender and school type

for BMI across the three time periods.

Accelerometer PA: Based on the inclusion criteria applied to theeterometer

data, 23% of participants had fully available PAadacross three time periods (see Table 6.1
below). There was a significant interaction betwsemool and time for PA (F(2, 38)= 6.177,
p=0.005) with both schools showing an increaseaitydMVPA over the three time periods,

with a significantly greater increase in daily MVR&curring within the intervention school.

Self-Report PA:Figure 6.2 illustrates the percentage of partidipavho accumulated

>60 minutes of MVPA each day according to the sgfiert data. There was no school type
differences observed in the overall percentage ragtating the>60 minutes MVPA
guideline (p>0.05) according to self-reported datepre, post or retention phases. When
comparing self-reported minutes of daily MVPA aating to school type (intervention,
control) and gender over time (pre, post and reiejitno significant interaction between

school attended, gender and self-reported mindtBam@ver time was found.

213



School information &
variables of data collection

A

A 4

Y-PATH cross-sectional
information for 3 phases

Eligible schools (n=2)
192 participants contacted

A

A 4

Y-PATH longitudinal
information for 3 phases

91% opt-in (n=119
intervention, n=55 control)

A

A 4

A

87% (n=152) participated in
pre, post & retention phases

Participant data 154 (pre),
135 (post) & 140 (retention

A

A 4

Accelerometer PA
Measurements

A

A 4

102 participants had pre, post

retention available BMI data

&

A

A 4

Participant data 174 (pre),
159 (post) & 152 (retention

A

A 4

Sif-Report PA
Measurements

A

A 4

** 40 participants had pre, post
& retention objective PA data

A

A 4

Participant data 169 (pre),
158 (post) & 152 (retention

A

A 4

FMS
Measurements

A

A 4

119 patrticipants had pre, post

retention self-report PA data

&

Figure 6.1

Participant data 154 (pre),
135 (post) & 140 (retention

A

A 4

102 participants had pre, post

retention available FMS data

&

measured through self-report PA measurement additiomal verification of adolescent PA engagenterdaccelerometer data collection.

Y-PATH Study: A descriptive overview relating teetbutcome variables measured in this 1 year study
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Table 6.1

The anthropometric characteristics and mean (SDhesa for average
accelerometer and self-report daily minutes of MVBfAlrish post-primary
adolescent youth from 2011 — 2012 (pre, post atehtien data collection
phases) according to intervention and control doordi

Time BMI (kg/m?) Accelerometer Self-Report
Daily MVPA* Daily MVPA

Pre

Intervention (n=103) (n=61) (n=70)
20.36 + 3.38 51.38 + 20.70 85.17 £ 66.00

Control (n=51) (n=34) (n=49)
20.35 + 3.26 43.48 + 13.56 91.78 £ 55.70

Post

Intervention (n=89) (n=39) (n=70)
20.69 + 3.37 47.76 £ 17.72 80.48 + 45.64

Control (n=46) (n=36) (n=49)
20.50 + 3.11 55.20 + 20.52 88.40 + 39.76

Retention

Intervention (n=89) (n=30) (n370
20.72 + 3.26 59.17 +19.33 71.83 + 4687

Control (n=51) (n=34) (n=49)
20.96 + 3.25 51.95 + 17.89 93.21 + 3690

Note: n = number of participants with available data. p<0.05; ** = p<0.01
MVPA = moderate to vigorous physical activiBiMl = body mass index;

! Those who had available accelerometer data and met the inclusion criteria at each phase of data collection

(pre, post and retention)
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Figure 6.2 Percentage of participants self-reporti@&) minutes of MVPA on all 7
days per week at pre, post and retention
6.4.3 FMS

The mean scores for each of the 15 FMS and theiasso subtests at pre, post and
retention phases, for both the control and intetigargroups, are summarised in Table 6.2
(see below).At pre-test, school-specific profiléetded with the control group displaying
significantly greater proficiency in the verticahjp (p<0.01), the object control subtest
(p<0.05), and total gross motor skill proficien@x(.05).

There was a significant difference in improvemeanT pre-test to retention test
between both intervention and control conditiongarss motor skill proficiency (F(2, 100)=
4.132, p=0.019) with a significantly greater in@e&ccurring within the intervention school

over time.
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Table 6.2 FMS (n=15) raw mean scores at pre, post and retentiasgs for intervention group relative to control

Skill / Condition Pre FMS mean score

Post FMS mean score

Retention FMS mean score

Run (max score 8)
Intervention
Control

Gallop (max score 8)
Intervention
Control

Hop (max score 10)
Intervention
Control

Slide (max score 8)
Intervention
Control

Leap (max score 6)
Intervention
Control

Vertical Jump (max score 12)
Intervention
Control

Horizontal Jump (max score 8)
Intervention
Control

Skip (max score 6)
Intervention
Control

Locomotor Subtest Total (max score 66)
Intervention
Control

7.69
7.71

6.45
6.29

8.48
8.66

6.70
6.58

3.67
4.03

9.09

0.01**
103.

3.94
4.45

5.03
5.18

51.06
53.21

7.63
7.66

6.41
6.92

8.55
8.12

6.84
7.08

4.27
4.53

10.13
10.63

5.61
5.55

5.48
5.32

54.91
55.79

7.77
g.6

6.78
6.71

9.59
9.37

7.39
6.97

4.63
4.42

128, wan

6.53
6.50

5.20
5.26

58.52
58.32
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Table 6.2(continued)

Skill / Condition Pre FMS mean score

Post FMS mean score

Retention FMS mean score

Kick (max score 8)
Intervention
Control

Bounce (max score 8)
Intervention
Control

Catch (max score 6)
Intervention
Control

Strike (max score 10)
Intervention
Control

Overhand Throw (max score 8)
Intervention
Control

Underhand Roll (max score 8)
Intervention
Control

Balance (max score 10)
Intervention
Control

Object Control Subtest (max score 48)
Intervention
Control

Total Gross Motor Skills (max score 124)
Intervention
Control

7.70
7.63

6.86
6.73

5.73
571

8.27
8.79

6.27
6.76

5.59
6.11

7.45
7.76

40.4. <005t
41.74

98.9°

102 p<0.05*

7.05
6.58

7.28
7.24

5.68
5.84

8.45
7.82

2.89
3.32

6.03
6.26

-
7.4: 0<0.05*

6.6%

37.38
37.05

99.73
99.47

7.63
7.05

7.59
7.74

5.63
5.61

9.06
8.87

6.95
6.87

7.05
6.71

7.97
7.63

43.91
42.84

110.39
108.79
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6.5 Discussion

The preliminary results from this pilot study suggtat it may be possible to increase
12 to 14 year olds participation in daily MVPA witha one year time frame, through a
collaborative, school-based PE intervention. In {esent study,participants in the
intervention school appeared to accumulate 7.2 tesnmore daily MVPA (when measured
by accelerometry) than participants in the consohool at the retention phase of the
intervention (see Table 6.1). Similar increaseBAnreported from this study correspond to a
previous school based intervention on adolescdt@s@e year (Haerens et al., 2006), where
female intervention participants accumulated 6.4ut@s more daily MVPA than those in the
control group. Another recent study, by Kriemlerak, (2010), evaluating the effect of a
school based PA programme on children found thigrmention participants successfully
obtained 11 more minutes of daily MVPA than contpalrticipants. Similar to previous
interventions (Dishman et al., 2004; Jamner et28l04; McKenzie et al., 2004; Pate et al.,
2005; Slootmaker et al., 2010), results of thisdgtare comparable in that the Y-PATH
multicomponent school-based PE intervention cartritute positively towards increasing
and sustaining adolescent youth PA. There is noangtevidence under the behavioural and
social approaches to increasing PA that schoolebgsegrammes are effective amongst
children and adolescent youth (Lavelle et al., 2@&mon et al., 2007; Vasques et al., 2013).

Due to the small number of participants with fubjective accelerometer data, it was
important to consider the self-report data to comght MVPA findings. Consistent with
previous studies (Prince et al., 2008; Slootmakeat.e2009), the mean minutes of self-report
MVPA was substantially higher over time comparedh® objective accelerometer findings
(see Table 6.1). The original research questiontvasplore if the intervention group would
demonstrate a significantly greater increase inuteis of daily MVPA over time, however,
results showed no significant differences betwesugs. This is in contrast to other recent
school based PA programmes, which highlighted Bagmtly greater self-report minutes of
MVPA at follow-up for those exposed to interventiconditions (Haerens et al., 2007;
Taymoori et al., 2008). In terms of considering wthe intervention school was not
significantly more effective in the increase offgeport minutes of MVPA, it is important to
note that children and youth (both intervention aodtrol) often have difficulty accurately
recalling PA patrticipation (Hands et al., 2006; Teend, 2012; Trost, 2007). In addition, a
previous study by Trost et al. (200D)vestigated children’s (mean age 9.8 = 0.3 years)
understanding of PA, in which the results foundt #@% of participants had difficulty in
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differentiating between sedentary activities antivacpursuits. Based on this finding, it
appears that young people may be unable to actutptentify time spent in MVPA through
self-report. This may explain why no significanffeliences in self-reported MVPA existed
between intervention and control group over timel again emphasises the importance of
using objective measures of PA where possible.

It is plausible that the greater self-reported rtesuof daily MVPA in the control
group at follow-up may in part be attributed to taet that, while both groups received the
same amount of PE time (80 minutes) each week ttreecourse of the school year, control
participants received an additional 120 minutesn'ga class’ per week for one school year
(Sept 2011 — May 2012). This additional 120 minwgkactivity time was a specific school
policy which was beyond the control of the resedeam. Yet despite this school policy, it is
important to note that the control school did nelf-seport significantly higher MVPA over
time compared to the intervention school, indigatihat the intervention participants may
have participated in more activity outside of sditodmake-up’ for the reduced activity time
they were exposed to as part of their school PEatium. .

Recent intervention results highlight a significapbsitive association between
participation in school based movement skill pragraes and FMS proficiency (Logan et al.,
2011). FMS performance in a PE setting has prelydosind significant intervention effects
for children and early adolescents (Kalaja et 2012; Martin et al., 2009; Mitchell et al.,
2013). Preliminary results from this pilot studye atonsistent with these FMS findings,
indicating that adolescents exposed to a presciidéf climate during PE as part of the Y-
PATH programme significantly improved in their ogmovement skill proficiency relative
to their control counterparts. It is particularlgceuraging from a research perspective that
these findings have emerged over the course of @@thm and even more so, when we
consider that at baseline (pre-test), control scphadicipants displayed significantly greater
overall gross motor skill proficiency. Previouseasch highlights that younger children can
achieve greater gains in motor skill proficiencyit@ell et al., 2013) compared with older
participants and hence, childhood is a criticaliqgeeffor FMS development (Gallahue and
Ozmun, 2006; Hardy et al., 2010; Zask et al., 20ER®)dings from this study suggest that
adolescent youth aged 12 to 14 years old can gigntfy improve in FMS performance
through a teacher led education intervention over year. This finding is in line with other
intervention programmes which have demonstratediifgignt improvements in FMS
proficiency for children and adolescents through shhool environment (Kalaja et al., 2012;
Martin et al., 2009; Mitchell et al., 2013; Van Bdan et al., 2003). Such improvements in
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adolescent FMS proficiency are crucial to helpimgure a successful transition to more
advanced skills in the specialised movement stageng adolescence (Department of
Education Victoria, 1996; Gallahue and Ozmun, 200®e well informed opinion of Loitz
(2013) suggests that the development of FMS dueimiglhood and adolescence will help
individuals to participate in PA and gain additibhealth benefits.

In light of this pilot study, it is important teosider that the effects of the intervention
may be attributed to confounding factors other thhe Y-PATH programme such as
individual school characteristics or physical faselevels etc. As both the control and
intervention school had similar socio economicust4dSES) and are situated in the same rural
Irish setting, results of this study cannot be galmed without further research. For these
reasons, the next stage of the Y-PATH researchrgnoge will undertake a definitive
randomised controlled trial (RCT) in 24 mixed gengest-primary schools in September
2013 (to be discussed further in chapter 9). Toimist surveillance of Y-PATH will precisely
evaluate the overall intervention effectivenessafdolescent PA promotion.

Sudy limitations and strengths

Specific limitations of these analyses were theafs&o mixed-gender schools only,
resulting in a small number of participants invalven the study. In terms of matching
criteria, both schools were selected for includiased on geographical location and gender
distribution; in terms of sample size, however, thatrol school was not an exact match to
the intervention which is acknowledged as a linotat The control school having an
additional 120 minutes games class per week comptrethe intervention school can
similarly be viewed as a limitation. Further detaiegarding participant characteristics and
measurement variables such as nutrition, body $atramd cardio-respiratory fitness level
would have allowed the researchers to explore ffectereness of the intervention more
robustly. The stringent inclusion criteria for aletemeter analysis was applied in order to
obtain a detailed, representative pattern of olyelgt measured habitual adolescent PA
behaviour but these research decisions had a isgmifadverse effect on the number of
participants with available data for inclusion atle time point. Further details regarding the
limitations of the overall Y-PATH study are discadsn Chapter 9.

A unique aspect of this research was the involveérokall teaching staff, parents and
guardians within this whole-school approach towaadslescent PA promotion in the Y-
PATH programme. A novel component of Y-PATH was ititegrative approach of HRA and
FMS in the PE environment for adolescents. Inteiganand control settings were matched
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based on gender and age distribution — furtherntbeege were no differences in SES between
participants. The use of accelerometry in conjamctiwith self-report questionnaire
heightened the strength of PA measurement accuFacglly the measurement of 15 FMS
will contribute significantly to the previously plikhed literature in adolescent movement
skill competency (Barnett et al., 2011, 2010; Haetyal., 2010, 2013; Kalaja et al., 2012,
Mitchell et al., 2013; Okely and Booth, 2004).

6.6 Conclusion

In the wake of the positive objective PA findinggeotime in this study, preliminary
findings advocate for the simultaneous integratmdrHRA and FMS in school PE class,
along with parent and teacher involvement, in ¢ffdo improve the overall PA levels of
adolescent youth. Preliminary findings of the Y-RATntervention suggest that adolescent
FMS proficiency can significantly improve throughome year teacher led intervention
component. Recent evidence on the health benaffitMS competency in children and
adolescents (Lubans et al., 2010) found that lthefl3 identified studies indicated strong
positive relationships between skill ability and Bémponents. Teaching children and young
people during school PE classes to become compateintonfident performers of FMS may
lead to a greater willingness to participate in ®Aich in turn, may provide additional
opportunities to improve physical fithess levelsl aeduce the risk of increased weight status
(Barnett et al., 2008; Cliff et al., 2011; Moranb a., 2011). In light of the Y-PATH
intervention, preliminary findings extend the knedgie on total PA participation amongst

adolescents. Further longitudinal data is warratezlipport these initial positive findings.
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6.8 Link Section Chapter 6 to Chapters 7 & 8

Purpose of Chapter 6:

In chapter 6, the efficacy of the Y-PATH intervemtiwas evaluated by comparing the
intervention group to a controlled trial, specifigaassessing changes in PA participation and
FMS proficiency over time. It was encouraging tesetve through our results that over the
year of the intervention, there was an increaséhéintervention group’s participation in
daily MVPA. Furthermore, a significant improvememtoverall gross motor skill acquisition
for those exposed to the prescribed FMS climatenduPE relative to their control
counterparts was detected. In addition it is re®ghthat while preliminary research findings
may be valid in the rural Irish adolescent settinghout further intervention examination (to
be discussed additionally in chapter 9), theselteeswist be interpreted with caution.

One of the concluding statements in chapter 6asstiggestion that the development of FMS
proficiency amongst adolescents may be associaigdaweduced likelihood of becoming
overweight and/or obese. For these reasons, mpwitant to consider the involvement of
adolescent weight status on the variables outlingtle thesis to date, namely PA, FMS and

sedentary behaviour.

Purposes of Chapters 7 & 8:

Chapters 7 and 8 are two cross-sectional obsengatiom the pre-test Y-PATH data (prior to
the intervention roll-out). These specific chapt@ns concerned with the rising prevalence of
overweight and obesity amongst youth. While bottihefse chapters used data collected at
pre-test, they were otherwise independent of tHeAYH intervention evaluation. Chapter 7
explores the relationship between PA (acceleromefiyiS and weight status amongst early
adolescent youth. Chapter 8 is an additional supgte of this cross-sectional data by
determining the overall impact of PA (acceleromgtscreen time (self-report) and weight
status. Both chapters extend our knowledge withénfield of adolescent PA behaviour and

are timely contributions to the examination of weigtatus amongst adolescents.
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Chapter 7

Deciphering the adolescent obesity epidemic -
relationship between physical activity, fundamental

movement skills and weight status

Manuscript submitted as:
O’Brien, W., Belton, S., Issartel, JEuropean Physical Education Review — Revise and

Resubmit). Deciphering the adolescent obesity epidemic - relationship between physical activity,

fundamental movement skills and weight status.
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7.1 Abstract

Objective: The background to this study was to determine ffogential relationship between
physical activity (PA), fundamental movement skilfVIS) and weight status exists amongst
early adolescent youth.

Method: Participants were a sample of 85 students; 54 puogan age = 12.94 + 0.33 years) and
31 girls (mean age = 12.75 + 0.43 years). Dataggathduring physical education (PE) class
included PA (accelerometry), FMS and anthropometgasurements.

Results: Standard multiple regression revealed that PA andl tFMS proficiency scores
explained 16.5% (p<0.001) of the variance in thedmtion of BMI. Chi square tests for
independence further indicated that compared witlerweight or obese adolescents, a
significantly higher proportion of adolescents sléisd as normal weight achieved mastery / near
mastery in FMS.

Conclusion: This study highlights the need to address basicemant skills at an earlier age
during PE in order to undertake preventative messtor ensuring healthy weighted individuals
entering early adolescence. The importance of 8paity tailored PA programmes by the guided
instruction of qualified PE specialists for overglgi early adolescents may also be deemed a
sensible strategy for combating FMS deficienciegtvioccur in this age cohort of youth.
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7.2 Introduction

The proportion of overweight and obese school aggltiren and youth has reached
unprecedented levels in recent years with an ‘epideemerging almost unbeknownst to the
global population (Wang and Lobstein, 2006). Sulmece data from a European perspective
indicate that the proportion of obese children Hemmatically increased in the last 30 years
through emergent growing trends (Ledergerber aatiedt, 2011). Irish cross-sectional data from
the ‘Children’s Sport Participation and Physicaliity Study’ (CSPPA) found that one in four
children (N= 1215; 13.4 £+ 2.1 yrs) were unfit, owerght or obese and had high blood pressure
(Woods et al., 2010). A recent conceptual modebd&n et al.,, 2008) argue that there is a
dynamic and reciprocal relationship between obgesityysical activity (PA), motor skill
competence, perceived motor competence and phyiczss.

The importance of movement is sometimes overlo@speople perceive that movement
will occur naturally as part of life. A recent studby Tsangaridou (2012) investigating the
importance of teaching PE emphasised the posiowgribution of fundamental movement skills
(FMS) in supporting the development of social, éoga and affective skills. Determining the
point in which the development of movement becoingsaired is critical (Staples and Reid,
2010). FMS are basic observable patterns of bebaymesent from childhood; often examples
exhibited during physical education (PE) includennag, hopping, skipping (locomotor),
balancing, twisting, dodging (stability), throwinggatching and kicking (object control) (Breslin
et al., 2012; Department of Education Victoria, @9%allahue and Ozmun, 2006). Research
suggests (Gallahue and Ozmun, 2006) that childese the developmental potential to master
most of the FMS by age 6. The Australian New Sdales Schools Physical Activity and
Nutrition Study (SPANS) (Hardy et al., 2010) higilis that the majority of children should have
mastered the key FMS by ages 9 to 10 prior to tiseessful transition of more advanced skills
within the sport specific stage (Department of Ediom Victoria, 1996). FMS is a critical
component for determining whether young people haeeability to engage in activities that
require a more advanced level of development (Qiaated Valley, 2007). FMS skills can be
meticulously learned, practiced and reinforced iyPE (Robinson and Goodway, 2009). The
rate of mastery amongst these basic movement slalies according to gender profile with
marked performance differences across the agerape¢8-16 years old) existing (Breslin et al.,
2012; Hardy et al., 2010). Maturation factors saslsex hormones and growth spurts may be the
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cause of gender differences in motor skill proficig during puberty (Haywood and Getchell,
2009). Generally, it has been found that greaterafe movement skill proficiency is positively
associated with cooperative and shared play timepassed to the male egocentric dominated
competitive skill environments (Hardy et al., 2010)

The literature relating to movement skill executiwould suggest that children from 6 to
12 years old have relatively low levels of FMS pm@ncy, including those with a disability
(Houwen et al., 2009; Pan et al., 2009), with $lighreases observed during the early adolescent
years (Mitchell et al., 2013). Furthermore, recegsults from the SPANS study (Hardy et al.,
2010) document the low percentage of early adotesgeuth (11-12 years old) achieving skill
mastery and near mastery across a range of seveh RVhovel and innovative approach
towards the explanation of these poor FMS perfomaaramongst children and adolescent youth
could be attributed to the escalating prevalenaehidhood obesity (Lopes et al., 2012). There is
a pressing and immediate call to implement effecBe based FMS interventions to strategically
reduce the existing obesity ‘epidemic’ through gm@motion of these movement skills at
childhood.

Evidence based FMS interventions during childhoedimportant considerations in the
sustainable development of motor skill proficier(®an Beurden et al., 2003). Contemporary
intervention results illustrate a significantly go& association between participation in school-
based motor skill programmes and FMS proficiencggdn et al., 2011). In the last decade,
intervention programmes such as ‘Move it GroovéMIGI) and ‘Project Energize’ highlighted
that FMS can be positively integrated for childrand early adolescents within the PE
environment (Mitchell et al., 2013; Van Beurden at, 2003). A meta-analysis of the
effectiveness of FMS interventions, indicates thator skill interventions led by PE teachers are
successful in improving FMS in children (Logan ét 2011). A systematic review of the
associated health benefits of FMS in children asmlesscents strongly supports the contribution
of motor skill proficiency towards children and éskrents physical, social and psychological
development (Lubans et al., 2010). There is nowadfggm of research to suggest that the
relationship between percentage time spent in Pgosstively associated with the execution of
FMS amongst children and adolescent yqittbuwen et al., 2009; Okely et al., 2001; Wrotniak
et al., 2006). A recent study among 7 to 12 yeals (ICastelli and Valley, 2007) further

highlights that there is a moderate relationshipwben PA and total motor competence
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indicating that those with high levels of motor quetency are more physically active in various
PA settings (Castelli and Valley, 2007; Houwenlgt2909).

PA is an important mechanism in maintaining a galiody weight and preventing the
chronic health conditions connected with obesity{dk et al., 2010). A study amongst children
aged 9 — 10 years old found that the sufficientettgument of motor skill proficiency and PA in
children are important contributors to health (Ha2@08). Irrespective of the emergent gender
differences in PA participation of children and ffoyO’'Donovan et al., 2010), motor skill
proficient children are more likely to become aetadolescents (Barnett et al., 2009; Erwin and
Castelli, 2008). Low levels of PA and large amouotssedentary behavior are two known
determinants to be causally involved in the etiglog the obesity epidemic (Must and Tybor,
2005). FMS proficiency is associated with PA (Enaimd Castelli, 2008) and we can delineate
through this existent causal relationship that FM&iciency in children and early adolescence
have a positive effect with habitual levels of Fafnett et al., 2009; Fisher et al., 2005; Okely et
al., 2001). In the combat of obesity (Castelli &falley, 2007; Stodden et al., 2008), examining
the relationship between PA and FMS is not yet wefined in the adolescent population and
hence, further studies would seem a logical andialrnext step.

Few studies have investigated the relationship éetwveight status and motor skill
execution amongst early adolescents (Cliff, Okelgt Blargarey, 2011; Hardy et al., 2010; Lopes
et al., 2012). Consistent findings from these @xisstudies indicate that significant inverse
relationships exist between weight status and metolt performance. The SPANS study
speculate based on the consistency of findings diratweight and obese participants execute
lower locomotor performance due to the discomfdrengaging in locomotion which require
greater movement of body mass against gravity (yHad al., 2010). Further longitudinal
research in schools and with teachers is warratecplore the effect of FMS programmes on
children’s motor competence (Breslin et al., 2052d the causal nature of these inverse
relationships between FMS and BMI (Lubans et &1@. This present investigation serves as a
comparison for existing studies and, to the besthef author's knowledge, has never been
reported previously amongst a European adolescgnitig@tion.

The present study investigates the possible diffsge in both PA participation and FMS

proficiency according to the weight status of eatiplescent youth. In line with the literature,
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the article further determines if an overall redaship between PA participation, FMS

proficiency and weight status exists amongst lyistith 12 — 14 years old.
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7.3 Methods

7.3.1 Overview

Data were collected as part of a larger studpdearried out at Dublin City University
titted ‘Youth-Physical Activity Towards Health® (WPATH). Data gathered included
accelerometry (PA), FMS performance, and anthropoeneharacteristics (height and weight).
Ethical approval was obtained from the Dublin Cityniversity Research Ethics Committee
(DCUREC/2010/081). Approval from each of the paptiting schools was granted by the school
principals. Active parental consent and child assexe requirements for eligible participants in
this study (92% opt-in).

7.3.2 Participants

Two mixed-gender second level schools locatetimi typical Irish town were recruited
to participate within this study. One hundred aadesty four students (out of a total 192) aged
between 12 to 14 years old participated. The faahple comprised of 85 participants providing
fully available and inclusive FMS, PA and BMI da&t boys (mean age = 12.94 + 0.33 years)
and 31 girls (mean age = 12.75 + 0.43 years).

7.3.3 Measures

Fundamental movement skillss FMS data were collected during PE classes. The
following 15 FMS were assessed: run, skip, galfige, leap, hop, horizontal jump and vertical
jump (locomotor; maximum score of 66); kick, catokierhand throw, strike, underhand roll and
stationary dribble (object control; maximum scofe48); balance (stability; maximum score of
10). Each of the 15 gross motor skills were assegseonjunction with the guidelines from the
Test of Gross Motor Development (TGMD), Test of €&dMotor Development-Second Edition
(TGMD-2) and the Victorian Fundamental Motor Skillsanual (Department of Education
Victoria, 1996; Ulrich, 2000, 1985). Although thasstruments are not specifically designed for
youth over age 10 years, the purpose of this siayto obtain a measure of FMS proficiency in
this population, not to make normative comparis@tber studies using a similar age population
(Frey and Chow, 2006; Houwen, et al., 2009; Houeteal., 2007) have applied similar rationale

when assessing gross motor skills. To ensure t@éscent performance was constant over time

240



across the 15 selected FMS, trained field staffdaoted a 48 hour time sampling test-retest
reliability measurement amongst a sample of 35igyaints aged 12-14 years old. The FMS
coefficients reached 0.75 (locomotor subtest), Qal§ect control subtest) and 0.91 (overall
gross motor skill subtest), showing the scoressacthe range of FMS to be stable over time.
Prior to the participant performance, one traineddf staff member provided an accurate
demonstration and verbal description of the skill ie performed. To ensure participant
consistency within skill performance, no feedbadaf any of the trained field staff were given
during the testing. Participants performed thel skil 3 occasions including 1 familiarisation
practice and 2 performance trials. Video camerasewssed to record each participant’s
performance and execution of the selected 15 FMSE.trained field staff were final year
undergraduate students enrolled in PE degrees.

The FMS scoring process was completed at a later lola the trained field staff. The
trained field staff were required to reach a minimaf 95% inter-observer agreement for all 15
skills on a pre-coded data set. Each skill condisfea number of performance criteria used for
assessing FMS proficiency. Performing the compooerrectly was marked present with a score
of 1 and if not performed correctly, the componersts marked absent with a score of O.
‘Mastery’ was defined as correct performance of sklill components on both trials. ‘Near
Mastery’ was defined as correct performance of@thponents but one on both trials. ‘Poor’ was
categorised as any score below these variables Béanden et al., 2003fach of the 15 FMS
consisted of between three to six components. Timeber of components performed correctly
was summed for each individual skill, for all locotor, object-control, stability subtests and an
overall FMS score was generated for all the skiliseach participant.

Physical activity: PA was objectively measured during nine consecutlags using
Actigraph GT1M and GT3X devices. PA was recordedlth second epochs to capture the
intermittent and sporadic behaviour of youth (Esligt al., 2005). Devices were worn during all
waking hours except during bathing, water basediies and contact sports for which an adult
deemed it unsafe to wear. Accelerometer data gadheas screened using stringent inclusion
criteria. The first (accounting for subject reaittiy and last day from the recorded data
(minimum three weekdays, one weekend and 10 hoe&s thme per day) were omitted from the

analysis (Esliger et al., 2005). Strings of ‘0’ ata1in bouts 020 min were considered non-
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wear periods and activity count values of <0 antl5,000 counts per minute were excluded as
these values were deemed biologically implausiBiiger et al., 2005).

The mean number of minutes that participants waeeatcelerometers and the number of
movement counts per minute were calculated. Milwterinute activity counts were uploaded
to determine the amount of time spent in modem@égorous physical activity (MVPA). The
mean time spent in MVPA daily was calculated bylgipg movement thresholds to the Actilife
5.10 software data reduction programme. The Eveagenspecific count ranges relating to the
activity intensity levels of sedentary, light, moatte and vigorous were applied across the data
set (Evenson et al., 2008).

Body mass index: Weight was measured to the nearest 0.1kg usindgéoa 761 dual
platform weighing scales. Height was measured te ftlearest 0.1cm using a portable
stadiometer. Adhering to the ethical gender prdtomweo field staff (1 male, 1 female) were
trained by the principal investigator prior to datallection. Body Mass Index (BMI) was
calculated using the equation; weight(kg)/heigR}(nA recently published study supports the
role of PE teachers to measure height and weighteigable and practical school-based BMI
surveillance (Berkson et al., 2013). The cut ofinp® defined by the International Obesity Task
Force (Cole et al., 2000) for normal, overweighd abese participants, were applied to the data
in order to calculate BMI class. Later, the ovegirtiand obese categories were collapsed to one

level due to the small sample number of participavithin the obese category.

7.3.4 Data Analysis

Data were analysed using SPSS version 19.0 for OMed Descriptive statistics and
frequencies for the demographic, physical charesties, PA and FMS variables were calculated.
Gender differences in PA mean scores were analysed) independent sample t-tests. Chi-
square tests for independence were used to idewtiigther percentage skill differences in
mastery/near mastery levels by gender and weigitusstexisted. Pearson product-moment
correlations examined the strength of relationgtmpng FMS proficiency scores and PA, FMS
proficiency scores and BMI scores, and PA and Bdtires. Standard multiple regression was
performed to examine the overall interaction betwde measurement of PA and total FMS
proficiency scores in the prediction of adolesdewnels of BMI. Statistical significance was set at
p<0.05
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7.4 Results

The descriptive data of the physical charactegsticd PA of the sample are presented in
table 7.1. The mean age of participants was 1286syof age with 27.5% of males and 32.4% of
females classified as overweight or obese. There we significant gender differenchstween
the percentages of overweight or obese individualstelation to the PA data, there was a
significant gender difference with males accumafgtinore minutes (M = 55.83, SD = 18.67) of
daily MVPA compared to females (M = 40.80, SD =1RB.t (83) = -4.14, p<0001).

Figures 7.1 and 7.2 portray the prevalence of dverastery / near mastery for males and
females across the 15 FMS. There were no signifigander differences in the performance of
any of the individual FMS; equally when subtestresowere calculated, no statistical gender
differences existed between overall object-contagipmotor and stability performance.

Table 7.2 portrays the overall prevalence of mgstenear mastery for each of the
individual FMS skills according to weight statusgr@ficant mastery / near mastery differences
between normal weight and overweight/obese paantgpwere observed in the horizontal jump
(x?=7.032, p = 0.008), balance’&4.717, p = 0.030) and roll{x 4.035, p = 0.045); in each of
these three skills, a statistically higher propmrtof normal weight participants achieved mastery
/near mastery. On a subtest level, significanteddiices were also observed in overall object
control (¥ = 4.747, p = 0.029) performance with an increasertemtage of normal weight
participants obtaining mastery / near mastery coatpto overweight / obese individuals.

The relationship between FMS, PA and BMI scoresmting to gender is shown in
Table 7.3. Among males, BMI showed medium, negatweelations with total locomotor,
stability and overall FMS proficiency (r = -.37 1@5). Male BMI scores were not significantly
correlated with any of the PA variables. FinallyglenFMS proficiency had no association with
any of the PA variables.

Among females, BMI showed a medium, negative catia@h with total locomotor skKill
proficiency (r = -.34). Similar to males, female B&tores were not significantly correlated with
any of the PA variables. Finally, for females, taacomotor and overall FMS proficiency
showed medium, positive correlations with vigorphgsical activity (r = .36 to .37).

Finally, standard multiple regression was useds&ess the ability of PA and total FMS
proficiency to predict adolescent levels of BMItéfthe entry of these variables, the model as a

whole revealed that PA and total FMS proficiencgres explained 16.5% of the variance in the
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prediction of BMI (F(2, 82) = 8.121, p<0.001). Ofet two independent variables, total FMS
proficiency scores made the largest unique cortidhubeta = -.383) explaining 14.6% of the

variance in the prediction of adolescent levelBMi. PA did not make a significant contribution

to the model (beta=.158).
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Table 7.1 Descriptive data for the physical characteristitd BA of early adolescent youth

Variable Boys (n=54) Girls (n=31) t p-Value
M SD M SD

Age (years) 12.94 .33 12.75 43 -2.325 .023
Min/day moderate PA 34.09 43 27.07 6.60 -4.096 .0001**
Min/day vigorous PA 21.75 12.65 13.73 6.89 -3.374 .001*
Min/day MVPA 55.83 18.67 0.80 12.18 -4.140 .0001**
Height (cm) 155.70 8.65 153.04 6.10 -1.553 124
Weight (kg) 51.14 11.75  47.60 9.48 -1.464 147

Range 31.50-85.00 27.50-63.00
BMI (kg/m?) 29.95 3.82 20.18 3.18 -.968 .336

Range 13.28-30.48 14.74-26.56

X p-Value

% overweight/obese
(BMI kg/nf)™ 27.5 32.4 .06 .80

Note. M = mean; SD = standard deviation; PA = physicévdag; MVPA = moderate to vigorous physical actiyi BMI = body mass indexDifferences
between % overweight/obese males and female exdmgirag chi-square tests; differences in all ottagrables examined using independent t-tests.
*p<.05.** p< .01
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Table 7.2 Descriptive data for the physical characteristind BA of early adolescent youth

Variable Normal Weight (n=60) Overweight Obese (n=25) X p
Mastery / Near Mastery % Mastery / Near Mastery %
Run 98% 96% 0.418 0.518
Gallop 82% 76% 0.089 0.766
Hop 70% 76% 0.087 0.768
Slide 92% 84% 0.435 0.509
Leap 67% 44% 2.892 0.089
Vertical Jump 50% 52% 0.028 0.867
Horizontal Jump 45% 12% 7.032 0.008**
Skip 98% 96% 0.418 0.518
Kick 92% 92% 0.003 0.959
Bounce 87% 84% 0.104 0.748
Catch 98% 96% 0.418 0.518
Strike 73% 80% 0.139 0.709
Overhand Throw 73% 72% 0.016 0.900
Roll 57% 28% 4,717 0.030*
Balance 70% 44% 4.035 0.045*

Note. Differences between normal weight and obese / ozigihw participants in FMS mastery / near mastenpdividual skills examined using chi-square
tests* p< .05. ** p< .01.
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Table 7.3 Pearson correlations among FMS, PA and BMI scaresrding to gender

Correlations Variables Total Total Total Total
Locomotor Object Control Stability FMS

Male
Moderate PA p/day -.068 -.229 -.050 -.157
Vigorous PA p/day .058 -.065 .018 .013
MVPA p/day .009 -.147 -.010 -.062
BMI scores -.367** -171 - 491** - 449+ *
Female
Moderate PA p/day .138 .060 -.206 .078
Vigorous PA p/day .369* .245 -.141 .355*
MVPA p/day 284 171 -191 243
BMI scores -.341* .058 141 -.272

Note. MVPA = moderate to vigorous physical activityp< .05.** p< .01
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7.5 Discussion

The present study examined if the possible diffeesnin gender, PA participation and
FMS proficiency varied according to weight statumoagst early adolescent youth. The
interaction of PA participation and total FMS podéincy scores within this investigation
explained 16.5% of the variance in the predictidnadolescent levels of BMI. Total FMS
proficiency, however, made the largest unique doution in predicting adolescent levels of
BMI. This regression model revealed that FMS pieficy may have an important role in
determining adolescent weight status (Stodden ,e2@09).

Considering the overall significance of this regies model, it is important to flag that
this finding is in contrast to a previous studyossr 248 children (9-12 years old) where no
significant interaction effect among PA participati FMS proficiency, and weight status was
found (Hume et al., 2008). Overall, the presentitamplies that FMS proficiency has a small
yet uniquely contributing effect in the predictiohBMI levels amongst early adolescent youth.
Authors are not dismissing the estimated valuerediipted variance, however, further research is
warranted to further investigate this area.

In line with the literature (Erwin and Castelli,G&) O’ Donovan et al., 2010) significant
differences were found in PA participation betweggnders, with males accumulating more
minutes of daily MVPA than females. It is importantthis study to treat these objective PA
results with caution as participants did not wéaraccelerometers in the water or during contact
sports which increases the potential for errorndearestimating the representative PA levels of
adolescents. These PA findings highlight that eadglescent males were significantly more
active offering a plausible explanation for thehag percentage of males classified as normal
weight. This finding is consistent with the receational CSPPA Study (h=5397; mean age 13.8
+ 2 years), which also found that females are &gs/e and have a higher BMI profile than
males (Woods et al., 2010). In relation to the gngwirend of adolescent inactivity, there is now
strong evidence to suggest that males are moreigallysactive and physically fitter than
females (Stodden et al., 2009), and also engageone vigorous PA (O’Donovan et al., 2010).
The reoccurring PA gender disparities found in tiberature, highlight the need to target
additional approaches for enhancing female PA @pdiion both within and outside of school

hours.
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No significant results were found in terms of gandgferences in FMS performance
which similarly corresponds to a recent study ininy® people aged 7 to 12 years old (Castelli
and Valley, 2007). It was interesting to observat tvhile male performance in the locomotor
subtest was better than females in five of thetdihS skills, no overall significant differences
were found. In the object control subtest and kadaskill, male and female FMS execution was
similar. The findings from this present study cedict recent literature in that males are
perceived to possess significantly higher objeletted skills (Erwin and Castelli, 2008), and that
advanced locomotor skill proficiency is associateth female performance (Hardy et al., 2010;
Hume et al., 2008). The small sample size involivethis study may be a limiting factor and a
plausible explanation to suggest that no overaldge FMS differences were observed. Another
explanation for these results corresponds to reBeahich states that existent and emergent
gender differences occurring after puberty may e do a dynamic interplay between
psychosocial and biological factors (Wrotniak ef 2006). Adolescent females are considered to
have a delay in puberty if breast development lwsstarted by 13.3 years old (Gallahue and
Ozmun, 2006). Contrary to this, the male adolespeak pubertal growth spurt occurs between
14 to 15 years old (Gallahue and Ozmun, 2006). dimget of puberty occurring in females
during the years of 12 to 13 may account for the-existent gender differences found in this
study cohort (12.86 + .38). It seems possible foeee through the onset of adolescent puberty
that females may have ‘caught up’ with their madargerparts in terms of FMS proficiency.

Results from this investigation highlight that tpercentage of mastery/near mastery
levels for both males and females ranged from 2d%00% across the selected 15 FMS. The
recent Australian SPANS survey provides evideneg tiral Australian early adolescent youth
(13-14 years old) perform FMS less proficiently (#ya et al., 2010). Whilst no gender
differences were observed in the present studyetiseevidence to suggest from these current
findings that Irish male and female FMS proficienisyhigher than that of recent research
amongst Australian adolescents (Hardy et al., 2010)

Results from the current investigation indicatd thaight status is an important correlate
of FMS proficiency. This supports a recent systénmaview of the associated health benefits of
FMS in children and adolescents where an inversocestion was found between FMS
proficiency and weight status (Lubans et al., 2089)nversely, another study which observed

FMS proficiency among 6-18 year olds with mild ifgetual disabilities suggests that weight
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status has no impact on youth motor skills (Frey @how, 2006). Yet, findings from this study
are consistent with other studies amongst childresh adolescents, where it has been shown that
overweight individuals exhibit low locomotor skiiroficiency (Cliff, Okely, Morgan, et al.,
2011; CIiff, Okely and Magarey, 2011). In this stugbarticipants within the normal weight
category displayed significantly higher masteryfegastery levels in the horizontal jump,
underhand roll and balance compared to overweigés® individuals. A possible explanation for
horizontal jump differences according to weighttisdasuggests that obese children and
adolescent youth find it more difficult to engagelocomotion which require greater movement
of body mass against gravifdardy et al., 2010). While causality cannot besiréd from these
early adolescent data, we suggest that improveahotor skill proficiency can potentially lead
to a reduction in weight status.

Taking into consideration that the balance is an essentiatqueisite to competently
perform most activities of daily living, it is ragh concerning that overweight/obese early
adolescent youth are significantly lacking in terofibalance skill proficiency. Along this line,
our results illustrate similar significant findings terms of the underhand roll performance
according to weight status. The performance catefithe underhand roll require the individual
to reach behind the trunk and stride forward alnsosultaneously. Performing this simultaneous
body movement during the execution of the underlmali@ould be a reasonable suggestion as to
why overweight individuals experience difficultyeouting this component.

Observations from this study highlight the potdntmportance of prescribing specific
movement skills during PE (Le Masurier and Corl#006; Tsangaridou, 2012; Ward et al.,
2007) in children and early adolescents to allevtae increasing emergence of overweight and
obesity across school aged youth. The school b@Besktting is now considered the only setting
where young people, can accumulate vigorous PA laadch important generalisable FMS
(McKenzie and Lounsbery, 2009). Results from ttigdy potentially indicate, with future
supporting data, that the prescription of FMS paogmes during PE (Kalaja et al., 2012; Martin
et al., 2009; Mitchell et al.,, 2013) can be consdea practical approach to undertake
preventative measures for ensuring healthy weigimdosziduals make the transition to early
adolescence. A recent conceptual model (Stoddeh,e2008) hypothesises that young people
who do not have sufficient levels of FMS will naintinue to be physically active in later years

and, therefore will not further develop or maintaspects of health-related fitness.
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7.6 Conclusion

Findings from the current study suggest that eadglescent males appear to be significantly
more active than females yet a gender divide in Ffficiency is not as apparent. Data findings
are consistent with the majority of cross-secticstatlies in that weight status showed to be an
important correlate for individual skill executiam the horizontal jump, balance and underhand
roll across early adolescence. The significant iseeelationship found between locomotor skill
proficiency and BMI across both gender types presidnportant information to guide future
school-based PE intervention strategies. Decipbehe adolescent ‘obesity’ epidemic through
the prescription of PA and particularly, locomobarsed FMS during PE class by qualified
specialists (Strong et al., 2005), can be deensehaible and cost-efficient approach to combat
this major threat to public healti@ontinuing to address the performance outcomes aibm
competence may lead to regular PA participatiors{€la and Valley, 2007; Erwin and Castelli,

2008) and an active lifestyle (Houwen et al., 2009
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8.1 Abstract

Background: It is well established tha&ck of physical activity (PA) and sedentary behaviour are
now associated with all-cause and cardiovasculatatity. The purpose of this study was to
investigate the relationship between PA particgratioverall screen time and weight status
among 12 to 14 year olds.

Methods: One hundred and ninety two year one students frm rhixed-gender Irish post-
primary schools were invited to participate in ®epber 2011, with 174 consenting to
participate (91% opt-in). Data gathered in the @néstudy included PA (accelerometry), screen
time (self-report) and anthropometric measurements.

Results: Overweight and obese participants accumulated fgigntly more minutes of overall
screen time daily compared to their normal weighinterparts (p<0.05). Correlations between
PA and daily television viewing were evident amdegales (r = -.348; p<0.05). No significant
interaction was apparent when examining daily PA awverall screen time in the prediction of
early adolescent BMI scores.

Conclusions: Results suggest the importance of reducing scigenin the contribution towards

a healthier weight status among adolescents. Fuomtre, PA appears largely unrelated to
overall screen time in predicting adolescent wegjatus, suggesting that these variables may be

independent markers of health in youth.
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8.2 Introduction

Physical activity (PA) is now perceived as the esstone in the physical development of
infants, young and older children, and adolescaptgoaching adulthood (Ward et al., 2007).
Most current evidence (Moore et al., 2012) hightisgihat an increase in PA levels equivalent to
brisk walking for a minimum of 75 minutes per wasglassociated with a gain of 1.8 years in life
expectancy. Contrary to PA, “sedentary living”duces longevity and is associated with
significant health risks because this behaviouerseto activities that do not increase energy
expenditure substantially above the resting lefAalté et al., 2008). In light of this sedentary
phenomenon, it seems logical that physical inagtig now identified as the fourth largest risk
factor of mortality (World Health Organization, Z)Ilcausing an estimated 5.3 of the 57 million
deaths globally in 2008 (Lee et al., 2012). In rdogears, sedentary pursuits such as television
viewing, playing computer games and using the imgehave become the preferred mode of
passive entertainment in daily living among yousid@le, Pearson, et al., 2010; Oliver et al.,
2012). Surveillance data from a European perspedtidicates that youth PA levels have
substantially decreased (Currie et al., 2012) wita proportion of obese children having
dramatically increased in the last 30 years (Leeldrgy and Steffen, 2011).

There are now numerous studies to suggest thatslefePA are falling short of
recommended minimum guidelines, and that leveldirdeduring adolescence (Currie et al.,
2012; Kimm et al.,, 2000; O’'Donovan et al., 2010;y$lbal Activity Guidelines Advisory
Committee, 2012). A recent study on the health elia in school aged children (HBSC)
(Currie et al., 2012) found that the majority ofobscents in European countries reported no
more than 20% to 24% of males and females meéetm@® minute MVPA guideline. The most
recent Irish study on the PA levels of youth intecghat only 12% of 12 to 18 year old
adolescent youth meet the PA guidelines (Woodsl.et2@10). With these documented low
levels of youth PA engagement, numerous cross osettistudies have further highlighted
relationships between low levels of PA, increasacls of sedentary pursuits and BMI among
children and adolescents (Marshall et al., 2004g¥and Cole, 2005).

The concept of sedentary behaviour is not a newpbenomenon (Biddle, Pearson, et
al., 2010), with findings from the past decade ¢ating that higher levels of sedentary
behaviours are negatively associated with carditabwic risk factors (Cleland et al., 2013).

Yet, this area has gathered momentum in recensy®ih a plethora of research addressing
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sedentary behaviours amongst youth due to thecattinaof the home environment, the desire to
engage in screen based activities and the ovenoaiof motorised vehicular transport (Biddle,
Cauvill, et al., 2010). Furthermore, specific resbamterest has been generated towards the
independent health risks associated with prolorgygthg time (Owen et al., 2009; Pate et al.,
2008; Troiano et al., 2012). A recent study fouhat ta reduction in television viewing during
adolescence in addition to regular PA, may impr@adiometabolic health later in life
(Wennberg et al.,, 2013). While the independent cedfeof sedentary behaviour on health
outcomes can vary in degree of magnitude (Mitcéedll., 2009), this concept is of considerable
importance, warranting further study and examimatioyoung people (Biddle et al., 2011).

There is a need to develop specified sedentaryvimiraguidelines for children and
youth in Ireland (Woods et al., 2010) and worldwidtamilton et al., 2008). The Canadian
Sedentary Behaviour Guidelines for Children (5-#arg of age) and Youth (12-17 years of age)
recently published recommendations (Tremblay et20111) stating that for health benefits,
recreational screen time should be limited to naemihan 2 hours per day. Recent studies
suggest that a high proportion of children and esimént youth engage in high amounts of daily
television viewing, video game usage, with scraeme trecreation the most common (Eaton et
al., 2012; Hardy et al., 2010; Oliver et al., 20TPhe recent HBSC report (Currie et al., 2012)
found that between 63% to 65% of adolescents (1IHtgears old) worldwide watch television
for more than 2 hours per day on weekdays; had sipeat playing video games been added to
the HBSC report, this statistic for sedentary banavwould be much higher. From an Irish
perspective, this concerning trend towards sedgit@haviour seems most apparent, with less
than 1% of children and youth meeting the healtomemendations of no more than 2 hours of
screen time during daylight hours (Woods et al1,(0

Recent systematic reviews found that higher legélsabitual PA are protective against
obesity (Jiménez-Pavon et al., 2010) and highezl$enf sedentary behaviour are associated with
an increased risk of obesity (Rey-Lopez et al.,.8@0nong adolescents. If the evidence among
young people now suggests that the daily sedeft@maviours are increasing and PA levels
decreasing (Currie et al., 2012), investigating thmtionship, therefore, between PA and
sedentary behaviour in their association with wegghtus is an important and timely issue that
could inform obesity prevention strategies amonglestents (Basterfield et al., 2012).The

present study examines possible differences in Bétiparticipation and screen time behaviours
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according to the weight status of early Irish adoéat youth aged 12 to 14 years old. Separate
analyses will be conducted for both males and femak recent evidence suggests clear gender
differences in PA, screen time and overweight (Bztigl., 2012; De Bourdeaudhuij et al., 2012;
Koezuka et al., 2006).
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8.3 Methods

8.3.1 Overview

This Irish cross-sectional study is part of a londinal study entitled the Youth-Physical
Activity Towards Health (Y-PATH) research programmiich was initiated in September 2010
at Dublin City University (DCU). Data gathered irhet present study included PA
(accelerometry), screen time (self-report) and dasithropometric measurements (height and
weight). Approval from the principals of the tworpeipating schools was granted. Informed
consent for participation was sought by each adetlgsand their parent/guardian. Ethical
approval was obtained from the Dublin City UniversiResearch Ethics Committee
(DCUREC/2010/081).

8.3.2 Participants

A convenience sample of Irish adolescents enratigear one of post-primary education
(12-14 years of age) from two mixed gender scha@ee invited to take part in the studihe
overall sample comprised of 192 adolescents, with fparticipants consenting to participate
(91% opt-in).

8.3.3 Measurement

Moderate-to-vigorous physical activity (MVPA): MVPA was objectively measured for
one hundred and seventy four participants (174ingurine consecutive days using two types of
Actigraph accelerometers (GT1M and GT3X modelsjti€tpants were shown how to wear the
accelerometer above the iliac crest of the rigipt (lirost et al., 2006), as recent evidence
suggests the highest percentage of correctly @kedsactivities is achieved when using data
from the hip (De Vries et al., 2011). Participaweye asked to wear the accelerometer during all
waking hours unless showering, swimming or takiag p a contact activity for which an adult
deemed it unsafe to wear. A member of the resei@aim met with the students each school
morning to ensure students were complying with lecoeeter wear instructions. In order to try
increase participant compliance with the wear motoparticipants received an SMS each

morning of the 9 days to remind them to wear thaitoo (Belton et al., 2013) (see appendix K).
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In line with previous recommendations (Esliger et 2005), the first and last day of
accelerometer data were omitted from analysis. Mmin light, moderate and vigorous PA were
estimated from the data using the recently valdi&eenson cutpoints (Evenson et al., 2008) for
youth of this age group (Trost et al., 2011); Seagr< 100, Light PA: > 100, Moderate PA:
2296, and Vigorous PA: 4012 (all values counts per minute). Monitor nosawperiods was
defined as> 20 consecutive minutes of zero counts (Yildirimaét 2011). In line with other
studies, a day was deemed valid (and thereby iadlud analysis) if there was a minimum of
600 minutes recorded wear time per day (Nyberd.e2@09). The minimum number of valid
days required for inclusion in analysis was 3 wegkdand 1 weekend day (Gorely et al., 2009;
Rowlands et al., 2008).

Screen Time:  Screen time activities were derived using the YioBhysical Activity
Questionnaire (YPAQ) (Corder et al., 2009) whichs Hzeen previously validated against
accelerometers (concurrent validity coefficient.#d) p<0.05) amongst 12 to 13 years olds. The
three types of screen time activities analysedhéngresent study included 1) television viewing,
2) playing video games and 3) using the computeeré&l screen time (Anderson et al., 2008)
was calculated by summing the mean number of msnpex day for each of the 3 variables.
Data was collected on participants in their classugs (maximum n = 30) during a 2-hour
school visit, with a ratio of 1 researcher to 16dsihts for questionnaire completion. In cases
where computer networks failed, participants coepldnardcopies of the questionnaire. Test re-
test reliability among a sample of 35 participafits-12 years of age) was carried out to ensure
comparability of the two administration protocolsofnputer versus hardcopy); reliability
coefficients reached 0.94, showing the scores adoogh formats of the questionnaires to be
very stable over time.

Body mass index: Weight was measured to the nearest 0.1kg usingérma 761 dual
platform weighing scales, while height was measurmedhe nearest 0.1cm using a portable
stadiometer. BMI was calculated using the equatiwight (kg)/ height (). The cut off points,
defined by the International Obesity Task ForceléCx al., 2000) for normal, overweight and
obese participants, were applied to the data ierdalcalculate weight status.
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8.3.4 Data Analysis

Data were analysed using SPSS version 17.0 for ®ied Descriptive statistics and
frequencies for the demographic, physical charesties, PA, types o$creen time activities and
overall screen time were calculated; when brokemrdby gender and weight status, descriptive
statistics further explored the percentage of pigdnts accumulating at least 30 minutes, 45
minutes and 60 minutes MVPA dalily.

Gender differences in PA, types of screen timeviiets and overall screen time were
analysed using independent sample t-tests. Chirksdaats for independence were further used
to examine whether gender and weight status difte in PA and screen time
recommendations existed. Correlation coefficiex@m@ned the strength of relationship among
types of screen time activities and PA, overalesartime and PA, types of screen time activities
and BMI scores, overall screen time and BMI scame$ PA and BMI scores. Standard multiple
regression was performed to examine how much of/éiation in BMI could be explained by
accelerometer derived MVPA and self-reported oVa@een time. Statistical significance was
set at p < 0.05.
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8.4 Results

Participants were included in the analysis if thlegd fully available and valid
accelerometer PA (n=95), self-report screen tinel @9) and BMI data (n=149). Figure 8.1 (see
below) outlines the descriptive overview and thet@col for participants with PA, screen time
and BMI data.

The descriptive data of the physical charactessticcording to gender and the types of
screen time activities of the sample are presentd@ble 8.1. The mean age of participants was
12.88 + 0.45 years of age with 25.5% of males a&nd% of females classified as overweight
and/or obese. There were no significant gendderdiicesbetween the percentages of
overweight or obese individuals. In relation to tigpes of screen time activities, independent
sample t-tests confirmed that there was a sigmfigender difference with males accumulating
more minutes (M = 23.32, SD = 53.88) of daily vidgame usage compared to females (M =
7.19, SD =14.34;t (167) = 2.199, p = 0.029).

The overall mean daily screen time for participamse 82.24 + 109.41 minutes per day
(min/d). Table 8.2 outlines the overall daily serdeme and adherence to the associated screen
time recommendations according to gender and westgitis. Male participants accumulated
more minutes (90.76 min/d) of daily screen timentfiamales (65.05 min/d); yet, statistically,
there were no significant gender differences. Whanoken down by weight status,
overweight/obese weight participants accumulate8lSLénin/d screen time compared to 64.09
min/d screen time for normal weight participantsddpendent t-tests subsequently confirmed
that there was a significant weight status diffeeenvith overweight and obese participants
accumulating more minutes per day of screen tinmepaoed to normal weight participants

Descriptive statistics showed that overall 25.3%afticipants met the 60 min/d MVPA
guideline. The mean min/d MVPA was higher for maeticipants (53.99 min/d) than females
(39.64 min/d) with an independent sample t-tesfioming that males accumulated significantly
more min/d MVPA.
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School information &

variables of data collection

A

A

Participant data
September 2011

2 mixed schools recruited:
192 participants contacted

A

A

Inclusion Protocol for
Measurement

174 agreed participation
91% opt-in

4

A

A

Complete data specified for

each of the 3 measurements|

95 participants with fully
available PA data**

A

A

A

A

Wear ActiGraph device for 9
consecutive days on right hip

169 participants with fully
available screen time datg

4

A

3. Height and Weight (BMI)
Measurement

A

A 4

Note. ** High loss of PA objective data due to large sampe (n=79) not meeting the stringent acceleronvegar time inclusion criteria;

149 participants with fully
available BMI data

Complete questionnaire with a
screen time questions answersg

A

A

thus, these data were eliminated from the finalysmsa

Provide accurate height and

weight during data collection

Figure 8.1  Descriptive overview and protocol for participantish PA, screen time behaviour and BMI data
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Table 8.1 Descriptive data for the physical characteristiod gypes of screen time activities according todgen

Variable Boys (n=113) Girls (n=56) t p -Value
M SDM SD
Age (years) 12.89 .3412.87 .61 275 784
Min/day television viewing  44.96 52.7835.20 33.96 1.259 210
Min/day video game usage 23.32 53.887.19 14.34 2.199 .029*
Min/day computer usage  22.47 48.9222.65 28.31 -.026 .980
Boys (n=98) Girls (n=51) t p -Value
M SDM SD
Height (m) 1.55 .091.55 .06 311 .756
Weight (kg) 49.15 11.1049.48 9.99 =177 .860
BMI (kg/m?) 20.22 3.3820.48 3.15 -.450 .653
% overweight/obese X2 p -Value
(BMI kg/m?) 25.5 29.4 .099 753

Note.M = mean;SD = standard deviatioNlin/day = minutes per dayBMI = body mass index. Differences between % overvkibhse males and female

examined using chi-square tests; differences iata#r variables examined using independent t;t&sts05. **p<.01.
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Table 8.2 Overall screen time and adherence to the associatedimendations according to gender and weighitssta

Variable Boys (n=113) Girls (n=56) t p -Value
M SO M SD
Min/day overall screentime  90.76 126.7865.05 58.17 1.442 151
2
X p -Value
Met screen time recommendations
<2 h/d (%) 75.2% 82.1% .670 413
Normal Weight (n=109) Overweight/Obese (n=40) t p -Value
M SD M SD
Min/day overall screen time  64.09 57.37103.50 17193 -2.105 .037*
X2 p -Value

Met screen time recommendations
<2 h/d (%) 80.7% 77.5% .042 .837

Note.M = mean;SD = standard deviatiolin/day = minutes per dayh/d= hours per day. Gender and weight status diffeaent daily minutes screen time

examined using independent t-tests; differencés who met screen time recommendations examined asirsquare tests for independences.6b.
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Figures 8.2 and 8.3 (see below) illustrate the gdence of those accumulating at least 30
min/d, 45 min/d and 60 min/d of MVPA for both gendad weight status. Chi-square tests for
independence indicated that significant genderedsfices were again observed in those who
accumulated at least 45 min&&f€6.062, p=0.014) and 60 min/d MVPA*€7.415, p=0.006); a
statistically higher proportion of males accumulad¢ least 45 and 60 min/d MVPA.

When broken down by weight status, the mean mindP®M was higher for normal
weight participants (50.53 min/d) than those indlierweight and obese category (45.41 min/d).
Yet statistically, chi-square tests for independeimclicated that weight status had no significant
effect on those accumulating at least 30min/d, #8dvand 60 min/d of MVPA.

Table 8.3 (see below) shows the correlations amgpgs of screen time activities,
overall screen time, PA and BMI by gender. Male Bddbres showed a weak but significantly
positive correlation with playing computer gamesydn = .20, p <0.05). Among females, time
spent in MVPA showed a significant medium negatigerelation with daily television viewing
only (r = -.35, p<0.05).

Finally, standard multiple regression was usedsess the ability of gender, PA and
overall screen time to predict adolescent levelBlg. After the entry of these variables, the

model revealed that no significant interaction \wpparent.
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Figure 8.2 Percentage of male and female participants me8tirtg 60 minutes MVPA per

day

100 - p>0.05
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40 - p>0.05
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Figure 8.3  Percentage of normal weight and overweight/obegejpants meeting 30 to 60

minutes MVPA per day
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Table 8.3 Coefficients for correlations among types of scrésme activities, overall screen

time, PA and BMI scores according to gender

Correlations Variables Daily Daily Daily Overall
Television Video Computer Screen
Viewing Games Usage Time
Male
Moderate PA p/day .021 -.211 .042 -.016
Vigorous PA p/day -.062 -.227 -.101 -.126
MVPA p/day -.031 -211 -.051 -.072
BMI scores -.077 .201* .018 .087
Female
Moderate PA p/day -.260 274 -.004 -.088
Vigorous PA p/day -.341 .259 127 -.084
MVPA p/day -.348* 330 081 -.087
BMI scores .041 -.168 .028 .034

Note.p/day = per dayPA = physical activity; MVPA = moderate to vigorous physical actiyity
*p<.05.
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8.5 Discussion

The present study examined if possible differennegender, objectively measured PA
participation and self-reported screen time vaaecbrding to weight status among 12 to 14 year
olds. It further investigated if an overall intetiaa effect between daily MVPA, screen time and
BMI was emergent among early adolescent youth.

Consistent with recent gender differences in adelesPA literature (Eaton et al., 2012;
O’Donovan et al., 2010; Woods et al., 2010), presernings indicate that adolescent males
accumulate significantly more minutes of MVPA tifamales and are significantly more likely
to meet the recommended PA guidelines for healtnv€rsely to these male PA results, the
present study found that adolescent females acatetlsignificantly less minutes of daily video
game usage than males. The finding of the presedy sompares to a similar study examining
the relationship between sedentary activities dnipal inactivity among adolescents (Koezuka
et al., 2006), in which females accumulated sulbisiynless video game time than males. This
may in part be explained by the fact that tradalbnvideo games are perceived to belong in the
male domain (Heeter et al., 2004), which lends etp the tangible solution of replacing
screen time with desirable recreational activifigdeywood and Getchell, 2009) for increased
female PA participation.

It was interesting, yet unsurprising, to observeaha present study that an increase in
weight status appeared to have a significant etieaninutes of daily screen time engagement.
A recent prospective longitudinal cohort study (Hsret al., 2011) examining the associations
between physical activity, screen time and weigdiius from 6 to 14 years of age found that the
relationship between screen time and weight statxisted from an early age. An early
hypothesis by Robinson (2001) suggested that s¢r@enbehaviours such as television viewing
cause obesity because they displace PA, incredseiec@onsumption and reduce resting
metabolism. A recent study (Brug et al., 2012),ilsirty reports that the high screen time
activities of European school children increaseslikelihood of becoming overweight and/or
obese. The present result implies that in orderetpulate healthy weight status among early
adolescents, interventions to reduce screen tiraeirmleed warranted (Biddle, Cauvill, et al.,
2010).

Due to the cross-sectional design of the studyawse-and-effect relationship between

PA and screen time cannot be determined. For #san, interpreting the result which
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highlighted a significant negative relationship vbetn female MVPA and daily television
viewing (see Table 8.3) proves difficult. Recentdemce (Fakhouri et al., 2013) suggests that
screen time viewing and PA have no associatiotementary school children aged between 6 to
11 years old; it is argued, that both variablessa@arate constructs. However, the present result
for female adolescents is consistent with a pres/gtudy (Robinson et al., 1993) in which it was
shown that after-school television viewing was wealegatively associated (r = -.086, p = .026)
with PA levels among adolescent females. Whileadsociation found in the present study was
slightly stronger (r=-.348, p<.05), the result ifficult to interpret from a female perspective
only. This female finding between MVPA and dailyetgsion viewing cannot be dispelled;
further research is warranted in order to courtter dompelling evidence reported in previous
studies (Biddle et al., 2004; Fakhouri et al., 20ba&t PA and sedentary behaviour are unrelated
(De Bourdeaudhuij et al., 2012).

Finally, no overall interaction effect was foundiieen daily MVPA participation and
screen time in the prediction of early adolesceMI Bn the present study. This finding
contradicts a recent study among 10 to 12 year maéles and females in Europe (De
Bourdeaudhuij et al., 2012), whereby it was fouhdtthigher bouts of MVPA and less
engagement time within sedentary behaviour werecested with a healthier weight status.
Findings of the present study can be comparedrézent study by Basterfield et al. (2012) who
also found no significant association when assgdsia relationships between 2- year changes in
objectively measured PA, sedentary behaviour, add B a younger cohort of 7 to 9 year old
children. Equally, previous other cross-sectiomal fongitudinal studies (Mitchell et al., 2009;
Steele et al., 2009) have found non-significanbeissions between PA, sedentary behaviour and
BMI. Findings lend support to the argument thatlesicent sedentary behaviour may now be the
other side of the coin (Marshall et al., 2002),alated and independent of PA.

Limitations/ Strengths

Limitations of the current study include the relaty low proportion (due to
noncompliance) of participants with accelerometatadsets meeting the inclusion criteria.
Furthermore, while simple non-invasive height andight anthropometric measures were
undertaken by trained field staff to determine adoént weight status, the use of BMI as an

indicator of weight status may also be considerdéich#iation. Had an alternative measure such
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as a fat mass index been used, researchers maypbemeable to derive additional information
regarding body compartmental fat mass in adolesd&teele et al., 2009).

A major strength of this study was the rigorouseasment of adolescent PA behaviour via
accelerometry, and the use of stringent and wi@elgorsed inclusion criteria (Esliger et al.,
2005; Gorely et al., 2009; Nyberg et al., 2009). gither information on sedentary behaviour
authors investigated multiple screen time behasgi@ag a combination marker for health risk
(Marshall et al., 2002). A recent study (Biddleaet 2009) highlighted how examining television
viewing only, appears to be an unrepresentativekenaof sedentary behaviour in adolescents,
thus the present study went beyond the prevaleficelevision viewing in an attempt to

understand this complex behaviour.

8.6 Conclusion

This article extends the relationship debate betwad#olescent PA, screen time and
weight status. Findings imply that collectively thariables of MVPA patrticipation and screen
time have little or no effect in the predictionB¥I which corresponds to some recent evidence
(Biddle, Cauvill, et al., 2010). The present findilegds support to previous studies which found
no association between adolescent sedentary bemaaimo PA (Ekelund et al., 2006; Mutunga
et al., 2006) highlighting that both variables dagé regarded as being independent to some
extent. Despite these results, recent recommemsasoiggests that it is prudent to further
examine whether sedentariness displaces PA (Regz épal., 2008). While causality cannot be
inferred from these data, results do suggest th@oitance of reducing screen time in the
contribution towards a healthier weight status agnadolescents; this finding corresponds with
previous studies (De Bourdeaudhuij et al., 2012nddaet al., 2011). The existing relationship
for females found in this study between MVPA anddispent television viewing is of some
importance. Consistent with recent findings (Olieeml., 2012), it seems plausible that females
may benefit most from interventions simultaneodstusing on a decrease in television viewing
and the promotion of daily MVPA. In line with mostcent recommendations (Brown et al.,
2013), future strategies promoting youth PA shatigdistically examine the mediating effects of

interventions for the most effective implementatadrprogrammes.
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Chapter 9

Conclusions and Future Directions Y-PATH

284



9.1 Overview of Thesis

The Y-PATH research study was an exploration ink@ tdesign, development,
implementation and evaluation of a whole schoolb@Bed PA intervention for Irish adolescent
youth. The Y-PATH research is a response to thentgc documented low levels (self-report
and accelerometer) of adolescent PA participatfobaf et al., 2012; Currie et al., 2012; Eaton
et al.,, 2012; Troiano et al.,, 2008) worldwide. In &ish context, these low levels of PA
participation are consistent with the literaturehvonly 12% of 12 to 18 years olds reporting to
meet the PA guidelines for health (Woods et al1®@0In a first step to address these alarming
low levels of youth PA participation, a feasiblest efficient and sustainable exploratory
intervention (Y-PATH) trial was carried out in lagld from 2011 to 2012.

Much research for youth PA promotion suggests itati-component interventions are
most effective (Perry et al., 2012; Salmon et2007; Van Sluijs et al., 2008) with quality PE
providing an opportunity to increase overall PA agoyouth (European Commission et al.,
2013; Masurier and Corbin, 2006; McKenzie and Ldamg, 2009; Physical Activity Guidelines
Advisory Committe, 2012). The structure of the YA intervention was guided by the
literature evidence gathered from previously susftgésschool-based interventions amongst
young people (Kalaja et al., 2012; McKenzie et 2009, 2004; Pate et al., 2005; Sallis et al.,
1997; Stevens et al., 2005).

Chapter 3, the first study in this thesis, conialised the development of the Y-PATH
intervention for Irish adolescent youth. Withinghihapter, the evidence and background to the
development of the Y-PATH intervention is givenndings from the baseline data which
informed the development of the intervention, ied low levels of adolescent PA, insufficient
levels of FMS proficiency, and substantial differes in self efficacy, attitude towards PA,
perceptions of health, and barriers to participataimongst the inactive participants. This
opening study reinforced the need for a specifyctdllored adolescent PA intervention. From
these specific baseline findings, the Y-PATH in&tron was constructed based on the YPAP
theoretical framework (Welk, 1999).

Chapter 4 was a particularly novel examination dblascent FMS proficiency from
baseline data. With many studies now reportingtp@sassociations between FMS and PA in
young people (Barnett et al., 2011, 2009; Fishealet2005; Hume et al., 2008; Okely et al.,
2001; Wrotniak et al., 2006), chapter 4 examineddberall levels of FMS proficiency amongst
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Irish adolescents prior to the Y-PATH interventidinis chapter was a distinctive examination
of FMS at the behavioural component level wherel®akmesses within performance across
individual skills were identified. Findings indieat a basic deficit in movement competency
across many skills relating to crouching actiormt flanding, hand-eye coordination, contra
lateral and bilateral arm/leg movements.

Chapter 5 provided a detailed insight into the erntal overview of the Y-PATH
intervention, namely the student, parent/guardieacher and website components. This chapter
laid the foundations for the overall evaluationYePATH, as described in chapter 6. Chapter 5
introduced the reader to the originality of the XIM intervention;‘specific educational focus
on moving PE from being associated with a speafade or sport, to being associated with
learning to be active.’A clear focus of this chapter was to highlight thesitive role of
simultaneously targeting health related activityR@x) and FMS within the PE environment. By
documenting each pillar associated with Y-PATH, thader was provided with an overview of
this multi-component intervention.

Chapter 6 evaluated the Y-PATH intervention effafter 9 months (end of academic
school year) and 12 months (follow-up) amongstrah ladolescent cohort aged 12 to 14 years
of age. The study involved one mixed gender intaige group who received the Y-PATH
intervention over the course of one school yead 12® 2012), and one mixed gender control
group who received their usual PE programme forstirae period without any researcher input
or influence. It was encouraging to observe throwgin results that over the year of the
intervention, there was an increase in the intdi@angroup’s participation in daily MVPA.
Furthermore, a significant improvement in overatisy motor skill acquisition for those exposed
to the prescribed FMS climate during PE relativéhir control counterparts was detected. This
preliminary Y-PATH trial provides support for thersiltaneous integration of HRA and FMS
during PE classes amongst Irish adolescents. ¥eés, aknowledged and discussed in chapter 6,
the relatively small sample size within the two adxgender schools must be considered a
limiting factor when interpreting these findingsa kddition, it is recognised that while
preliminary research findings may be valid in theat Irish adolescent setting, without further
intervention examination, these results must berpmeted with caution. For these reasons, a
definitive randomised controlled trial (RCT) withlarger sample is recommended to confirm

results.
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Finally, two cross-sectional chapters (7 and 8)m@wrad issues relating to the
‘unprecedented’ rise in the prevalence of youthraegght and obesity levels (Al-Nakeeb et al.,
2007; Lobstein et al.,, 2003; Murray et al.,, 2013any and Lobstein, 2006). Both chapters
represent critically important pieces of researckurther interpreting the complex behaviour of
adolescent PA. Chapter 7 determined if a potengiationship between PA, FMS and weight
status existed amongst early adolescent youth.lResfuthis study specifically highlighted the
need to address basic movement skills at an eaatier during PE in order to undertake
preventive measures for combating obesity amongshy people. Chapter 8 investigated the
relationship between PA participation, overall scréime and weight status amongst 12 to 14
year olds. Results from this closing chapter suggethe importance of reducing screen time in
the contribution towards a healthier weight statusong adolescents. It was interesting to
observe in chapter 8 that PA appeared largely at@@lto overall screen time in predicting
adolescent weight status; a stimulating and thopghtoking suggestion towards the end of this
study was that these variables (PA and sedentdrgvimur) may be independent markers of
health in youth (Marshall et al., 2002; Mitchellat, 2009; Steele et al., 2009).
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9.2 Y-PATH Research Strengths

Results from this thesis, specifically chaptere 38 thave introduced the reader to a vast
array of themes amongst early adolescent youth,elyaf@A promotion, FMS proficiency,
overweight/obesity, sedentary behaviour, effeciivervention design/ development and the
importance of research innovation. While the Y-PAfddearch programme was not absent of
shortcomings (which will be discussed later), therstrong evidence presented that the design,
development, implementation and evaluation of thd®ATH intervention was based on
meticulous research considerations.

One of the most immediate strengths of the Y-PAEBkearch programme has been the
use of practical measurement tools, guided by iteeature for the measurement of adolescent
PA levels (Trost, 2007). For the purpose of thisosd-based research, the Y-PATH team have
integrated both subjective and objective PA measarg techniques (Kohl et al., 2000; Trost,
2007) in order to obtain a detailed, representatiggght into the habitual levels of adolescent
PA. Specifically, the use of the YPAQ self-repoasurement (Corder et al., 2009), previously
validated amongst 12 to 13 year olds against arektry (r=0.42, p<0.5) was an effective
instrument in gathering MVPA data, and providingportant information relating to the type of
activity participated in. The use of ActiGraph decemeter devices (GT1M and GT3X) (De
Vries et al., 2006; Freedson et al., 2005; Tro8Q72 Trost et al., 2002), provided contextually
rich information pertaining to PA intensity, duxati and frequency. Furthermore, the use of
stringent inclusion criteria for the acceleromedata (minimum wear time, non-wear periods,
cut points etc) as guided by the literature (Eslegeal., 2005; Gorely et al., 2009; Rowlands et
al., 2008; Trost et al., 2011) ensured strengthiwibur PA methodology.

Another key strength within the Y-PATH study desigas the use of qualitative
research, specifically the information obtainednfrthe adolescent focus groups (Bauer et al.,
2004; Merriam, 1998; Wilson et al., 2005) duringdae data collection. These focus groups
allowed the Y-PATH research team to collect richamegful data, specifically relating to
participants perceptions of health. It was impdrtdrat this data was analysed as a guiding
platform for the intervention, particularly influeing the emphasis which was placed on HRA
within the PE component of Y-PATH.

A unique component of this research programme enliish adolescent context was the

consistency and scientific rigor within FMS datdlection. A core element of this intervention,
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as guided by the YPAP model (Welk, 1999) was tdbknakill development and competency
amongst adolescent youth. Since the beginning of FMta collection in 2010, the Y-PATH
research team have continued to collect reliabl@a desing consistent protocol guided by
previously successful FMS methodology worldwide r(izdt et al., 2009; Hardy et al., 2010;
Hume et al., 2008; Mitchell et al., 2013; Okely aBdoth, 2004). As this exploratory trial
approaches its final stage, the Y-PATH researcin tkave access to FMS data across 15 types
of skills (kick, strike, vertical jump and run etah over 400 adolescents aged 12 to 14 years of
age.

When we acknowledge the strong research considesator all the variables within this
study (PA, FMS, BMI, focus groups and psychologitata), it is important to note that a novel
and innovative (Narayan et al., 2013) interventwas designed and developed for the Irish
context. A thorough examination of the evidenceeda$iterature was completed to inform
decisions on the Y-PATH research. A significantesgth of this multi-component Irish
adolescent PA intervention has been the simultanéaegration of HRA (McKenzie et al.,
2004; Pate et al., 2005; Sallis et al., 1997; Stewd al., 2005) and FMS (Kalaja et al., 2012;
Mitchell et al., 2013; Van Beurden et al., 2003)idg PE class (McKenzie and Kahan, 2008;
McKenzie and Lounsbery, 2009).

Subsidiary to the primary objectives of this longmal pilot intervention programme,
this thesis also examined the rising prevalencavefweight and obesity amongst young people
(Arora et al., 2012; Department of Health and Qieitg 2005; Lobstein et al., 2003; Ogden et al.,
2012; Wang and Lobstein, 2006). Prior to discussimg future directions of the Y-PATH
research programme, it is important to note thatpilot phase of this exploratory trial had some
limitations, many beyond the control of the reskarg these will be discussed in the next

section.
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9.3

Y-PATH Research Limitations

Physical Activity Accelerometriduring baseline data collection in 2010, a sub darap
participants (n=117) wore either Actigraph GT1M@®F3X accelerometers for a period
of 9 days in order to provide an objective measudifeabitual PA participation; however,
due to a firmware malfunction with the Actilife $ofire, a large amount of the collected
accelerometer data was lost and subsequently ahfiitien the baseline data analysis.
Physical Activity Inclusion CriteriaThe stringent inclusion criteria (wear time, numbe
of weekdays and weekend etc) was a strength aidbelerometer analysis during the Y-
PATH intervention (2011-2012). This stringent irgibn criteria was applied in order to
obtain a detailed, representative pattern of oljelgt measured habitual adolescent PA
behaviour. While this is a significant strengthtlod study, these decisions had an adverse
effect on the number of participants with fully dsble accelerometer data for inclusion
at each time point.

Physical Activity ComplianceParticipant compliance in wearing the accelerorseteas

a limitation of this study during all phases ofalabllection. While many strategies were
implemented to increase the number of participana@ring the accelerometers (reminder
text messages sent each morning and afternoorgigalninvestigator of the Y-PATH
research team present each school morning to ahecolitor wearing etc), a substantial
amount of data was lost to due to non-complianagthEr research is warranted to
determine the most effective strategies for acoateter compliance in adolescents.
Fundamental Movement Skill§he use of the TGMD-2 instrument to measure FMS
performance in 12-14 year olds can be perceiveadsaady limitation. The TGMD-2 is a
criterion and norm referenced instrument desigredssess gross motor development
among children aged between 3.0 to 10.11 yeais. dt valid and reliable (test-retest
reliability=0.88—0.96) process-orientated test whis used for FMS research (Ulrich,
2000), but has not as yet been validated with cdder groups. Although this instrument
is not specifically designed for youth over 10 yeald, the purpose of this study was to
obtain a measure of FMS proficiency in this popalat not to make normative
comparisons. A recently validated FMS tool for dheh and adolescents entitled ‘Get
Skilled Get Active’ has many similar performancéesia across skills which can be

comparable to the TGMD-2 instrument for FMS perfante analysis.
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5. Sedentary Behaviour Measuremeit: chapter 8, sedentary behaviour is measured
through the implementation of the YPAQ self-repdrsereen time instrument. This can
be interpreted as a limitation due to the possybiif participants’ inability to recall
activities precisely. Although using self-reportrteeasure screen time is consistent with
the majority of published studies reporting on seaey behaviour, an objective
measurement may have provided a more robust slarvedl of early Irish adolescent
sedentary behaviour.

6. Intervention Study Desigtimitations of the study design were the minimunminer of
schools and participants involved in this explonattsial (n=2). In terms of matching
criteria, both schools were selected for inclusbased on geographical location and
gender distribution; in terms of sample size, hosvethe control school was not an exact
match to the intervention. Furthermore, due touwirstances beyond our containment,
the control school received an additional 120 n@ntgames class’ per week in
comparison to the intervention group.

7. Intervention Fidelity and Process Evaluatiothile intervention adherence forms for PE
teachers were designed at the beginning of thergmoge, they were not consistently
monitored by the principal PhD investigator durithg course of the academic school
year. Information on intervention fidelity was caited, yet, these data were excluded
from the analysis due to weaknesses within fidetlgsign. For September 2013’s
definitive RCT, the Y-PATH intervention will impleemt a robust surveillance of
intervention fidelity as guided by the literatudRC, 2008, 2000; Saunders et al., 2006)
(including PE teachers, staff members, parents,nmamity participants and students

where possible).
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9.4 Future Directions Y-PATH 2013

The Y-PATH pilot study as evaluated in chapter 6swa quasi-experimental non-
randomised controlled trial. Following the MRC (B)Gramework (as discussed in chapter 1)
for complex interventions, this research studydradertaken the theory (pre-clinical), modelling
(phase 1) and exploratory trial (phase 2) phas@svettigation in the evaluation of Y-PATH.

Following from the findings of the exploratory friat is important that the Y-PATH
study progressively expands to the definitive ranided controlled trial (RCT) (Phase 3) in
September 2013. This next phase will compare thg-defined Y-PATH intervention to an
appropriate control alternative using a protocal tis theoretically defensible, reproducible and
adequately controlled with appropriate statistpalver (MRC, 2000).

In terms of strengthening the Y-PATH interventiam, important recommendation is to
expand the efficacy of the online resources, nanaywebsite component and the social media
resource of ‘Facebook’ to build in more motivatibbpaailored feedback for participants.
Another area of the Y-PATH study that may needhiertdevelopment is the process of
monitoring ‘intervention fidelity’, specifically wén dealing with a larger sample size and
selection of schools. An important recommendation the RCT in September 2013 is to
implement a consistent surveillance of intervenfidelity between schools, similar to previous
PA intervention research amongst adolescents (®asied al., 2006).

Following from the research presented in this thetbie following are this researchers
recommendations for future directions:

» Evaluate the Y-PATH intervention within single gengost-primary schools following

the completion of the RCT in 2014.

* Expand the Y-PATH intervention across the Irishidu€ycle PE programme, ranging
from 1%'to 39 year post-primary youth (12 to 15 years old).

» Validate the TGMD-2 instrument amongst an adoletscehort for FMS assessment.

Since its inception in 2010, the aim of the Y-PAiddearch has been to:
“Develop an evidence-based intervention that wellluce inactivity and help improve the
quality and quantity of PA among youth.”
Preliminary results of this exploratory trial indte positive PA and FMS findings. The RCT
roll-out in 2013 will further strengthen the gerleability of Y-PATH findings. If successful,
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the end product will be a practical, sustainable laighly cost effective PA intervention that can

be disseminated through schools (physical educéimrhers) across Ireland and internationally.
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9.5 Closure — the Conclusion to this PhD Journey
In terms of the Y-PATH school-based PE interventitime primary objective has been to
increase total PA participation amongst Irish asicdaits through a collaborative, whole school
approach at post-primary level education. A reaesearch article by Alberga et al. (2013)
outlined specific PA intervention lessons learnexht overweight and obese young people. It
was encouraging to observe that many of the coioeiasn this study (Alberga et al., 2013) are
comparable to the future development of Y-PATH:
The PA setting and context is important

» Physical activities should be varied and fun

* The role of the parent-guardian should be consttlere

* Individual, physical and psychosocial charactersshould be accounted for

» Realistic goals should be set

* A multidisciplinary approach should be taken

» Barriers should be identified early and a planweroome them developed

* The right message should be communicated

Recent research suggests that developing and nmémgtgphysical literacy is a lifelong
journey (Loitz, 2013). Physical literacy is a relaty new term that has come to light in recent
years, specifically in terms of youth PA promoti@@uinn, 2013). While the term physical
literacy has not been referred to during this thdssuggest that the future directions of Y-PATH
consider the importance of this ‘hot’ topic:

“A disposition in which individuals have the motive, confidence, physical competence,
knowledge and understanding to value and take resipiity for maintaining purposeful
physical pursuits throughout the lifecourséWhitehead, 2010)
Developing physical literacy amongst Irish youthllviake a combined effort from parents,
schools, community recreation and sport (Quinn 3201 is a challenging process and requires
careful planning and quality delivery, yet, Y-PATddn and should strive for physically literate

Irish adolescents over time.

The unique and original component of the Y-PATHemention has been the integration

of FMS in a PE-based climate for adolescent yo@teliminary results indicate positive
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increases in overall gross motor skill proficieneighin the intervention group, as compared to
the control group. The well-informed opinion of t0i(2013) suggests that the child is better
positioned to be physically active during the tegngears through the acquisition of FMS.
Much literature suggests that FMS can be learnashyatge (Gallahue and Ozmun, 2006; Hardy
et al., 2010; Haywood and Getchell, 2009; Stoddeal.£2009), yet, it typically takes more time
and practice to develop FMS in adulthood, espgciatimpared to the teenage years (Loitz,
2013). For these reasons, the Y-PATH focus on F4S mechanism for PA increases, seems
most relevant, and makes it difficult to refute thaion that people who are more physically
literate are more likely to be active over time.

‘When a person feels competent and skilled in foreddal movement skills and ABCs, it

supports them in their work-related physical agyiviheir leisure-time physical activity and

in all kinds of daily living activities.(Loitz, 2013, p.4)

In summary, during the course of my 3 year PhDaegestudy, | have observed and
engaged in the tedious, complex and often unprddetnature of PA intervention research.
Data collection from 2010 to 2012 was undeniably thost important component in both my
understanding and navigation of the research. Gtargi protocol for storing the data has been
crucial for efficient planning and retrieving thatd without difficulty. The development of the
Y-PATH intervention has been insightful in termsaoitically reviewing the literature around
the area. The overall research process for degjgdieveloping, implementing and evaluating
this pilot study has been challenging, unyieldiyeg, an ultimately fruitful learning experience.

This PhD research study has successfully ensuegdh next stage of evaluation of the
Y-PATH intervention can be carried out in Septeni®@t3 through the definitive RCT. In light
of this overall thesis, my three closing statemerts a true reflection on my 3 year research
experience at Dublin City University:

1. ‘Don’t knock the weather. If it didn’t change ontcea while, nine out of ten people
couldn’t start a conversation.’

(Kin Hubbard)

2. ‘You have to know how to accept rejection and tegeceptance.’
(Ray Bradbury)
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3. ‘Tell me and | forget, teach me and | may rememipeglve me and | learn.’

(Benjamin Franklin)
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¥ -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 1

School of Health & Human Performance Dublin City Univers

ty

“Low active students must believe that they can succeed in physical activity situations” — Improve Self - Efficacy

y

AIM: Teacher will introduce®lyear students to the general principles and guidelines associated with regular physical activity. It is important that the ti
creaes a learning environment in which physical activity is attainable, fun and universal to each class member within the unit.
HRA Topic Lesson 1 Learning Outcomes Class Structure & Content Resources / Equipment Assessment Strategy
60mins
Health benefits of physical | Psychomotor: Warm Up (15 mins) Warm — Up: Teacher needs | Teacher Assessment: Visual
activity: Engage in a variety of physical 1.Team Challenge —~Word Runtrue / false statement sheet, | observe both child motor skil
self esteem activities specific to individual] Principles and Guidelines of | word sheets & pencils/pens. | proficiency and activity

sense of well-being

lifelong physical activity

Get active your way ...

build physical activity

into your daily life...
at home
at sehool
atwork

... that's active living !

pair and teamwork challenges

Cognitive:

Comprehend the importance ¢f2.Rats & Rabbits or alternative
PA is fun, enjoyable and helps

meeting the physical activity
(PA) daily guidelines.

Affective:

Participate in class discussions3.Students exposed to 3 mins

and show ability to problem
solve collectively.

.PA taught — Progress Intensity

Development Stage 1 (10 min

student make friends.

Development Stage 2 (20 min

each of individual, pair, team
and sedentary activities.

Students explore different typ¢
of activities.

Cool-Down (15 mins)

4. Thematic expression:
students express the number
“60” on the ground followed by
PA Journal week 1.
Students lower heart rate

/.

Development Stage 1: Cones
sgourt markings for boundaries
2in rats & rabbits.

]
Development Stage 2: Cones
divide 4 zones into individual,

spair, team and sedentary areg
Writing paper and sheets for
sedentary task. Specific
equipment for activities

epending the teacher decision.

Cool — Down: No equipment

needed: maximum use of hall
and space for final activity. PA
journal week 1.

y/

through group reflection.

engagement in lesson 1.

or

Self-Assessment: Individual
student must reflect upon
content of lesson within the
toe-capitulation phases
particularly during the cool —
sdown activity.

Peer Assessment: Students
give feedback to each other
duringdevelopment stage 2
and the cool down activity.

Homework: Fill out student
\ physical activity journal week
1.

2



HEALTH RELATED ACTIVITY
LESSON 1
School of Health & Human Performance Dublin City University

1. Team challenge: word run 2. Foex gats & rabbits

“Run out to sheet on ground, tick box and return back”

Teacher calls rats or rabbits; students then run to their zone

Word sheets end of hall; Students run out, tick box; Next student then runs out etc . .
2 L AL
E T

E L =

L C I R
L L
' - 3 L L

RATS RABBITS
3. Individual, pair, team & sedentary activities 4. Thematic expression

Students exposed to 3 minute activities including sedentary writing task Class challenge: represent number 60 on floor or alternative wo




¥ -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 2

School of Health & Human Performance Dublin City Univers

ty

“Low active students must believe that they can succeed in physical activity situations” — Improve Self - Efficacy

AIM: Teacher will further enhance students’ knowledge of the concept of physical activity. Teacher will strive to create a learning environment in wh
can positively engage and adapt to the health related education lesson.
HRA Topic Lesson 2 Learning Outcomes Class Structure & Content Resources / Equipment Assessment Strategy
60mins
Health benefits of physical | Psychomotor: Warm Up (15 mins) Warm — Up: Music player, Teacher Assessment: Teach
activity: Partake in a selected variety gf1.Moderate Dance Warm-Up | cones for designating zone A | question students
self esteem physical activities specific to | True/false statements — zones.(true) and zone B (false). understanding of previously

sense of well-being

lifelong physical activity

Get active your way ...

build physical activity
into your daily life...

at home
at school
atwork

... that's active living !

general exercises (jogging,
jumping) and sport (basketbal
dancing).

Cognitive:

Re — cap lesson 1 through
l,activity.

Development Stage 1 (10 min
2.Students re-cap 5 key wordjs

Recognise and appreciate that& design fun body movement.

physical activity choice is
specific to individual
preference.

Affective:
Conceptualise the importance|

Task to express PA.

Development Stage 2 (20 min|
3. Six stations — MVPA
activities. Individual choice at
each station — autonomous

of comradeship and teamwork decision making.

within physical education;
Respect individual choice
within the physical activity
environment.

PA highly individualised.

Cool-Down (15 mins)
4.Group Interaction — students
given task card to perform.
Focus on variety within PA.

Development Stage 1:
Worksheet to jot down 5 key
syvords associated with lesson

5 & 2 — learning to date. Task
card for prompts — dictionary
of movement. Pencils and per

sDevelopment Stage 2: each
station pending teacher
decisions will have specific
equipment — e.g. skipping
ropes, benches, basketballs,
footballs.

Cool — Down: Task Cards with
5 specific group performance —
cater for 4 groups within the

lesson (4 physical activity

acquired knowledge during r¢
cap phases : warm up and
development stage 1

1
Self-Assessment: Within this
lesson, students are expecte

120 make independent activity
choices highlighting that
physical activity is
individualised : development
stage 2

Peer Assessment: Work
collaboratively to re-cap
during the pair work task

1 within development stage 1

Homework: Fill out student
physical activity journal week
2.

scenarios need to be set).

137
1

o




HEALTH RELATED ACTIVITY
LESSON 2
School of Health & Human Performance Dublin City University

1. Moderate dance warm-up 2. Re-cap & design fun body movement
Dance to music - when question asked, run to either true or false zone Students in pairs write 5 key words, then proceed to design body ¢
. il v
5 i True Zone -\ ~ % o) \Q/ 0
- } .", r
i -r'_.-' f - - RS
2 & |I\- -/J \ l\i_hii-'r/ f ,}" J L -
ﬂ h = rl'-l--- e II| l"-.----:-\rf -\\\]
- ™ % Coo | B % :g
: !
-_— # e i E || ﬁl- - ':.l ||| L l|| | “ q l
- | [/ S e B i )| JL JL
BT e
~ ™y | |
| II| L,:; ' ."l l.--?'=_'_—"| %
False Zon I gy T, [
- - a v =5
- 30 metres. _ " L 3)
3. Six stations — choice in physical activity 4. Group interaction
Students have an option at each station e.g. walk or run on the spot Groups given a physical activity scenario to rehearse and perform e.g. we

F e F




¥ -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 3
School of Health & Human Performance Dublin City Univers

ty

“Low active students need to develop positive physical activity perceptions and awareness” — Improve physical activity attitude

AlIM: During lesson 3, the teacher shifts the learning towards the body’s response during physical activity. The teacher within this lesson must emph

physical activity has a positive effect on the body; In particular, teacher will familiarise students with the concept of increased heart rate (HR).

HRA Topic Lesson 3
60mins

L earning Outcomes

Class Structure & Content

Resources / Equipment

Assessment Strategy

Activity and the body:
heart
increased heart rate
Health related fitness:

physical education activities
(et active your way ...

build physical activity
into your daily life...

at home
at sehool
at work

... that's active living !

Psychomotor:
Practice recording their heart

rate through 2 x pulse taking
methods (radial wrist and
carotid neck regions).

Cognitive:
Identify that their heart rate
increases as a result of activit

intensity.

Affective:

Students demonstrate a stron
class rapport through peer wo
activity tasks.

Introduction (15 mins):
1.Teach pulse taking. Record
resting heart rate.

Warm Up (15 mins)
2.Moderate intensity warm up
station choices: individual, pe¢
& group tasks- record HR
yRe — cap lesson 2 through
activity choice warm up.

Development Stage 1 (10 min

g3.Moderate activity

riengagement — record HR
Students understand intensity|

Development Stage 2 (10 min
4. Vigorous activity

engagement — record HR
Students understand intensity

Cool-Down (10 mins)
5.Slow walk modified game

Introduction: Worksheet for
student to record heart rate in
introduction, warm up and
development stage 2. Pencils
and pens.

eWarm — Up: 3 zones laid out,
pending the tasks specific
sporting equipment may be
needed

sDevelopment Stage 1 & 2:
Pending the teacher’s decisio
for moderate and vigorous

. activities specific equipment
will be needed for pupil

s¢ngagement.

Cool — Down: Worksheet as

. needed in development stage
& 2 to record heart rate post
exercise in cool down. Also
modified game equipment.

Resting HR post-exercise.

Teacher Assessment: Teach
visually observes pupils
adaptation and application to
the pulse taking methods
during introduction

Self-Assessment: Students
ability to differentiate heart
rate at varying activity levels
within their engagement of
light, moderate and vigorous
activities: development stage
ng

Homework: Fill out student

physical activity journal week
3.

S 1
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HEALTH RELATED ACTIVITY
LESSON 3
School of Health & Human Performance Dublin City University

1. Introduction- pulse taking (radial & carotid) 2. Moderate Intensity Warm Up Choices
Teacher introduces students to 2 x pulse taking methods at resting heart rate (HR) Students different types of moderate activity - record HR on shee

& 2
yﬂ Heart Rate Tally Sheet

Record your hear rate as bats per minute,

Prediction
Date Prediction Actual (After 10 ter 1
Minutesof | Minutes of
Exercise) | Exercise)

© Haslthwize, Incomporatad 5 2010w academysoccercoach co.uk

3 & 4. Moderate & vigorous activity engagement 5. Cool Down — walking modified game
Students recognise difference in heart rate intensity — record HR after both intensities Slow walking pace activity — students HR back to normal (recorc

Moderate activity — volleyball passing Vigorous activity — tag belt snatch
7



¥ -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 4

School of Health & Human Performance Dublin City Univers

ty

“Low active students need to develop positive physical activity perceptions and awareness” — Improve physical activity attitude

AlIM:

educate students on the importance of both flexibility and cardiovascular endurance within physical activity.

During lesson 4, the teacher will introduce and practically engage students within two components of health — related fitness. The lesson will a

HRA Topic Lesson 4
60mins

L earning Outcomes

Class Structure & Content

Resources / Equipment

Assessment Strategy

Activity and the body:
heart
increased heart rate
Health related fitness:
cardiovascular endurance
flexibility
physical education activities
Warm-up and cool-down:

distinction and purpose

Psychomotor:
Perform static flexibility

stretching exercises with an
emphasis on the major muscilg
groups.

Cognitive:
Identify the principle of

endurance within activity:
sustained and continuous
period of activity.

Affective:

Recognise individual
differences associated with
flexibility and cardiovascular
endurance.

Warm Up (15 mins)
1.Increased HR warm up
Everybody’s It (x3) intensities
2 2.Flexibility — 8-10 secs stretc
Re-Cap HR intensity &
introduce purpose of warm-up

Development Stage 1 (15 min|
3.Fun Game — Cannon Ball
Increase HR, teamwork & fun
4.Student re — cap: brainstorn
guestioning session on HR.

Development Stage 2 (20 min|
5.Cardiovascular endurance -
activities x 3 minute duration

Record HR after each activity
Long periods — continuous PA
at 120-140 HR fat burning. **

Cool-Down (10 mins)
6.Walking game endzone ball
7.Flexibility — teacher led

Warm — Up: Court markings
needed for the boundaries
within everybody’s it game.
hTask card prompts for major
muscle group stretching. HR
.record sheet. Pencils/pens.

sPevelopment Stage 1. Canno
ball activity requires 30 foam
tennis balls. Whiteboard/

1 flipchart brainstorming re —
cap. HR record sheet.

sDevelopment Stage 2: The 5
4tations may require skipping
ropes, footballs, basketballs,
music players, benches & stej
HR record sheet for students
after each activity.

Cool — Down: Endzone ball
activity requires benches (x2)
centre line of cones and foam

HR & purpose of cool-down.

balls (x10-15).

Teacher Assessment: Teach
will visually observe and
monitor students control and
technique of stretching during
flexibility phases — warm up
and cool down

nSelf Assessment: Students
will have to self evaluate and
record their HR after each of
the 4 CVE activities in
development stage 2

Homework:
Fill out student physical
activity journal week 4.

0§50 home and find out a new
muscle stretch in advance of
next week’s lesson. Teach th
to your partner.

at
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HEALTH RELATED ACTIVITY
LESSON 4
School of Health & Human Performance Dublin City University

1 & 2. Warm-Up- increase HR activity & flexibility 3 & 4. Fuyame & brainstorm session (teacher led)
Tag game to increase HR; teacher led stretching exercise

Students engage in fun, inclusive game followed by lessons 1-4 re
: Examples of Static Stretches:
Q
= © #
: 5 Calf B # N
5 : Stretch
LY i
@ Ay A ' ! '
£ e £~ [ ] § |
A Quadriceps Hamstring # § #
o - ’ *‘ g 'h.‘ S,t Et h '
!_,- i A; | Fett Stretch [ ]
1 i _ Shaulder
" 4 e Stretch
o) { et
)
Everybody’s it — tag game Teacher led flexibility in warm up Cannon ball- throw as many balls into Brainstorm- teacher

opposing team zone as possible re-cap lessons 1

5. Cardiovascular endurance activities 6 & 7. Cool Down — walking modified game & flexibility
Students record HR after each of the 3 min CVE activities Slow walking pace activity followed by teacher led cool down stretchir
- S

- Examples of Static Stretches:
S~ -
S~ =N ,_“""‘ calf
- bt Stretch
T ' A—
=1 ==Y
= :
- - ': Quadriceps Hamstring
o T, Stratch Stretch
- - Shoulder
Stretech
—_—,
d G
Dance aerobics 3 mins Skipping with or without rope 3 mins



W -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 5

School of Health & Human Performance Dublin City Univers

ty

“Low active students must believe that they can succeed in physical activity situations” — Improve Self - Efficacy
“Low active students need to develop positive physical activity perceptions and awareness” — Improve physical activity attitude

AIM:

required to make independent decisions in order to meet the moderate intensity recommendation of “100 steps per minute”.

Lesson 5 will introduce students to the principles of pedometer step counts. The teacher will implement activities of intensity progression. Stuc

HRA Topic Lesson 5
60mins

Learning Outcomes

Class Structure & Content

Resources / Equipment

Assessment Strategy

Activity and the body:
heart
increased heart rate
Health related fitness:
flexibility
physical education activitieg
Warm-up and cool-down:

distinction and purpose

Psychomotor:
Engage in light and brisk

walking movements; carry out
the physical movements
necessary to obtain the pre —
determined goal of “100 steps
per minute”

Cognitive:

Apply the mathematical
formula needed to calculate th
average step count per minute
based on the pedometer outp

Affective:

Experience success based on
the completion of the
pedometer step challenge and
achievement of the target stef
count.

Warm Up (15 mins)
1.Crab soccer
2.Peer led stretching

Development Stage 1 (15 min
3.Pedometer introduction;
demo& explanation teacher
4.Slow walk challenge 3mins
device introduction and
arithmetic avg. step / min.

n)

L

uDevelopment Stage 2 (20 min
5.Brisk walk, jog & run
challenge — 3 mins per activity

Development Stage 3 (time**)
| 6.Modified game — step count
)

Cool-Down (10 mins)
7.Flexibility stretching in pairs
Peer work — reciprocal metho

Warm — Up: 2 separate courts

Teacher Assessment: Teach

for crab football games; Bibs towill formally assess student

differentiate between teams;

pulse raise/reciprocal teaching cones and increase number o

sponge balls as required.

s)
Development Stage 1: Zone o
grid layout for step challenge
30 x pedometers.

Students need sheets to recot
avg. steps/min and HR.
Pencils/pens.

s)
Development Stage 2:
Progression within intensity
during the challenge of stage
30 x pedometers needed agai

Cool — Down: No equipment
needed for closing activity.

ability to increase step count

f within the lesson

(development stage 1 & 2).

rSelf-Assessment: Students

+will attempt to calculate avg.

step/min following completiof
adf 3 min tasks (development
stage 1 & 2).

Peer Assessment: Peers

observe and correct partner’s

stretching technique; warm-u
Pand cool-down phases of
nlesson.

Homework: Fill out student
physical activity journal week
5.

D
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HEALTH RELATED ACTIVITY
LESSON 5
School of Health & Human Performance Dublin City University

1 & 2. Warm-Up- crab soccer & flexibility 3 & 4. Raeter introduction followed by 3 min light walking
Moderate intensity crab soccer followed by peer led stretching Teacher introduces device: 3 minute walking challenge — record stej

Crab Soccer

M

M
OM

Crab Soccer — Fun team game warm up Peer led stretching How to wear and use device 3 min slow walk task students -
5 & 6. Brisk walk, jog, run and mini game — pedometer record steps 7. Cool Down — flexibility stretching with partner
Students record step count and HR after each 3 minute activity Peer assessment — observe and correct stretching

Moderate intensity = 100 steps per minute

D
(=
g

\' \‘L

\

Average step count per minute and heart rate after different intensities

1



W -PATH

Youth — Physical Activity Towards Health

HEALTH RELATED ACTIVITY
LESSON 6

School of Health & Human Performance Dublin City Univers

ty

“Low active students must believe that they can succeed in physical activity situations” — Improve Self - Efficacy
“Low active students need to develop positive physical activity perceptions and awareness” — Improve physical activity attitude

AIM: The final health related education lesson plan will incorporate the central learning criteria from the previous 5 weeks. The teacher will design a
specific to the learning content within lessons 1 — 5 with a particular emphasis towards students self efficacy and physical activity attitudes.
HRA Topic Lesson 6 Learning Outcomes Class Structure & Content Resources / Equipment Assessment Strategy
60mins
Activity and the body: Psychomotor: Warm Up (15 mins) Warm — Up: Cones set up Teacher Assessment: Teacher
heart Participate in a variety of 1.Resting heart rate recorded | boundaries for ladders game;| will formally assess students

increased heart rate
Health benefits of physical
activity:
self esteem
sense of well-being

lifelong physical activity

Health related fitness:
flexibility

Warm-up and cool-down:
distinction and purpose

moderate to vigorous physica
activities through individual
and team based challenges.

Cognitive:
Re-cap on previously learned

subject matter. Recognise the

health concepts associated w
the body, the benefits of
physical activity and the
components of health related
fitness.

Affective:

Demonstrate a positive attitudeWell-being, self-esteem, heart.

towards physical activity
engagement. Experience
success and feel included
within the learning
environment.

2.Pulse raiser: ladders or othe
3.Self-led stretching
Re-Cap HR & warm-up.

Development Stage 1 (15 min
4.Individual challenge — 500
steps within 5 minute duration
th.Team challenge — Tank
tracks carry gym mats overhe
HR, step count & PA benefits.

Development Stage 2 (15 min
6.Student Choice — Fun,
inclusive game; student decid

Cool-Down (15 mins)

observes. Pupils brainstorm.

7. Peer-led stretching: teacher

rpending teacher decision for
pulse raiser equipment may
vary. Worksheet for resting
HR- pens/pencils.

s)
Development Stage 1:
Pedometers x 30 for individua

for team challenge. Workshee
for HR and step count.

sDevelopment Stage 2: Based
on student enjoyment, desired
eactivity chosen. 2 x playing

areas for fun activity choices.

Cool — Down: Brainstorming,
30 student worksheets
Gold standard summary shee

challenge, 2 x gymnastic mats challenge development stage

at end of 6 week HRE through
prescribed brainstorming tas
during closing phase of
lesson, Teacher will collect
sheet for grading

A

| Self-Assessment: Individual

t1. Identification of individual
activity preference
development stage 2.

Peer Assessment: Peer
stretching during cool-down.

Homework: Fill out student
physical activity journal week
6.
[

Summative HRE assessment

at end of class to students.

12



HEALTH RELATED ACTIVITY
LESSON 6

School of Health & Human Performance Dublin City University

1, 2 & 3. Resting heart rate, pulse raiser & flexibility
Students record resting HR, engage in pulse raiser & self led stretching

Ladders: step over classmate legs

Resting HR recorded Ladders Mini Game Self led stretching
6. Student choice — record step count post activity

Culminating HRA activity — student enjoyment; step count & HR recorded

s

{3

'
"
|
!

b -

Teacher decision based on student enjoyment e.g.’s cannon ball, dodgeball, dance aerobics
13

4 &n8BiMidual challenge & team challenge

Individual challenge: 500 steps in 5 minutes / Team challenge e.g

Challenge]

> 500 steps in 5 min timeframe  Team biin cii fun &

7. Cool Down — flexibility with partner & summative assess

Peer assessment — observe and correct stretching technique

&), =
= [lliz
Ve _J

Student re-cap closure: brainsto



Appendix B
Health-Related Activity &

Fundamental M ovement SkillsIntegrated
Y-PATH
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(-PATH

Youth — Physical Activity Towards Health

ADVENTURE ACTIVITIES
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Meeting the daily 60 minutes guideline;

Fundamental Movement Skill (FMS) Focus
1. Improving ability to crouch;

2. Exposure to individual and team-based activities;

3. Choice in the physical activity environ

2. Improving ability to land on the balls of feet; 3. Improving co-ordination of arms and legs
Example of activity 1: Example of activity 2: Example of act{ity 3 »
60 min guideline and ability to crouch Forms of activity and landing on balls of the feet Choice in physical activity and co-ordination

Leap Frog Tag & Blind Leap Frog Individual & Team Orienteering Rock-climbing

* Leap Frog Tag: Students play tag but fromea Individual & Team Orienteering: Students Choice in rock-climbing: Students introduced
crouched “frog-like” position. Blind-Folded participate in orienteering individually and as part to rock-climbing - beginner and advanded
Leap Frog: Student must reach the target basedof a team. Using the balls of the feet to sprint to|the choice in route. Arm and leg co-ordinatipn
on fellow student directions. Teacher highlights flag can integrate FMS in this lesson. inadvertently integrated in this adventure
the importance of meeting the 60 min guideline activity.
through a variety of daily physical activities.

e FMS Skills: Horizontal and vertical jumps FMS Skills: Run and skip addressed through |[the FMS Skills: Components of over-arm throw,
addressed in this crouched action. Componentsballs of feet action. Components of both vertical skip, run and balance incorporated in armfleg
of skip and run incorporated also. and horizontal jump incorporated also. co-ordination.

Teacher Reflection: Teacher Reflection: Teacher Reflection:

Crouch skill addressed in thisunit? Landing on balls of the feet addressed in thisunit? | Arm/leg co-ordination addressed in thisunit?

Students awar e of the 60 minute guideline? Students awar e of individual and team activities? Students awar e of choice in physical activity?

15



(-PATH

Youth — Physical Activity Towards Health

AQUATICS
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Meeting the daily 60 minutes guideline;

Fundamental M ovement Skill Focus
1. Improving ability to crouch;

i —
——

2. Exposure to individual and team-based activities;

2. Improving ability to extend arms;

W/

3. Choice in the physical activity environ

3. Improving co-ordination of hand and eye

Example of activity 1.
60 min guideline and ability to crouch

Example of activity 2:
Forms of activity and extension of the arms

Example of activity 3:
Choice in physical activity and co-ordination

Aqua fitness — Water Aerobics

Water aerobics: Teacher incorporates crouc
actions during water aerobics lesson. Tea
highlights that aqua fitness is an alternat
approach to meet the 60 minute guideline.

FMS Skills: Components of both the horizon
and vertical jump actions incorporated in
water aerobics lesson.

Teacher Reflection:
Crouch addressed in thisunit?

Individual and Relay Swimming

nng Swimming Activities: Teacher addresses
ther component of arm extension in the freest
ive swimming technique. Students exposed

individual and team relay activities in the water.

tal FMS Skills: Components of the over-arm thrg
the horizontal and vertical jump incorporated in
arm extension criteria of freestyle swimming.

Teacher Reflection:
Extending arms addressed in thisunit?

Students awar e of the 60 minute guideline?

the
yle

he

Students awar e of individual and team activities?

Water Polo

Water Polo: 2 x simultaneous games of wate
polo (fun and competitive) - student choice.
Catching and over-arm throwing in water polo
assesses hand/eye co-ordination.

to

FMS Skills: The catch and over arm throw
addressed during water polo game.
Components of the run, skip and bala
incorporated also.

Teacher Reflection:
Hand/eye co-ordination addressed in thisunit?
Students awar e of choicein physical activity?

16



(-PATH

Youth — Physical Activity Towards Health

ATHLETICS
INTEGRATING HRA & FMS IN UNIT
School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Intensity — moderate and vigorous; 2. Record heart rate (HR) — pulse taking 3. Step count increase - pedometers

Fundamental M ovement Skill Focus

1. Improving ability to crouch and extend arms 2. Improving ability to land on the balls of the feet 3. Improving co-ordination of hand/eye &
ﬁ? x L0 L .
Chack 10m 10m
Tk T M T ——
Example of activity 1: Example of activity 2: Example of activity 3:
2 x Intensities, ability to crouch and extend arms Record heart rate and landing on balls of the feet Increase step count and body co-ordination
Jogging and Sprinting Hurdles Relay-Running

e Jogging and Sprinting: Address moderate and Hurdles: Students record HR pre and post hurndies Relay-Running: Wear pedometer during relay
vigorous intensity in both types of activities. activity. Landing on the balls of the feet is a key running, record step count. Baton exchang
Heart rate can be recorded. Starting position skill component to be addressed when performing focuses on hand/eye and arm/leg co-ordination
technique of the sprint incorporates both the the hurdle jump.
crouch and arm extension focus.

e FMS Skills: Run addressed in this activity. FMS Skills: Run addressed in this activiiy. FMS Skills: Run (leg/eye) addressed in this
Components of the over-arm throw (arm extend), Components of skip (opposite arm/leg), horizontal activity. Components of the catch, over arm
horizontal & vertical jump incorporated also. and vertical jump (balls of feet) incorporated also. throw (hand/eye) and kick (arm/leg)

incorporated also during baton exchange.

Teacher Reflection: Teacher Reflection: Teacher Reflection:
Crouch and arm extension addressed in thisunit? | Landing on balls of the feet addressed in thisunit? | Body co-ordination addressed in thisunit?
Students awar e of moder ate/vigor ous intensity? Students ableto record pulse pre/post activity? Students awar e of step increasein relay run?

17
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Youth — Physical Activity Towards Health

DANCE
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Cardiovascular endurance (CVE)

Fundamental M ovement Skill Focus

1. Improving ability to crouch and extend arms

2. Flexibility

2. Improving ability to land on the balls of the fe

)/
Al

3. Intensity — moderate and vigorous

et

3. Improving co-ordination of leg and eye

Example of activity 1:
CVE, ability to crouch and extend arms

Example of activity 2:
Flexibility and landing on balls of the feet

Example of activity 3:

2 x intensities, improving co-ordination leg and ¢

VS

Dance Aerobics

Dance aerobics: Students engage in sustaine
continuous periods (3 — 5mins) of dance aerol
Crouch movement and arm extension include
aerobic routine.

FMS Skills: Horizontal and vertical jum
addressed in dance aerobic routine. Compor
of the balance and run also incorporated
routine.

Teacher Reflection:
Crouch and arm extension addressed in thisunit?

“Cha Cha Slide” Routine

jeandCha cha slide: Flexibility addressed during wa

jics. up and cool down. This specific dance routine perform at vigorous intensity (with music).

d in challenges students to land on the balls of their
http://www.youtube.com/watch?v=wZv62ShoStY

pr FMS Skills: Components of run, skip, horizon
entsand vertical jump incorporated
in routine.

in this dan

;I'eacher Reflection:
Landing on balls of the feet addressed in thisunit?

Students awar e of cardiovascular endurance?

“Hip-Hop Sequence”
rm  Hip-hop: Moderate intensity introduction, th

feet Heart rate can be recorded. Leg and eye
ordination addressed in the step routine acti
(Hip hop for beginners you tube routines.)

tal

ce actions incorporated in the hip-hop routine

Teacher Reflection:
L eg-eye co-ordination addressed in thisunit?

Students conscious of flexibility component?

Students awar e of moder ate/vigor ous intensity?

FMS Skills: Components of kick and balarn

[12)

N—r

C(
DN

ce
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Youth — Physical Activity Towards Health

INVASION GAMES
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Increased Heart Rate (HR)

Fundamental M ovement Skill Focus
1. Improving co-ordination of arm / leg

pis
QJ Z gﬁ

2. Physical activity — well being/self - esteem

2. Improving co-ordination of leg / eye

3. Flexibility

3. Improving co-ordination of hand/eye

\
SZU)
\\

@

PR
f;v/@) o
4

=

&

\

y

7

Example of activity 1:
Increase HR and co-ordination arm / leg

Example of activity 2:
Health benefits of PA and co-ordination leg / eye

Example of activity 3:
Flexibility and co-ordination hand / eye

Hockey Indian Dribble

Hockey: Possession games x 2 (light

moderate intensity). Record HR after each ga

Focus on Indian dribble assesses student abil
co-ordinate opposite arm/leg and hand/eye.

FMS Skills: Components of balance, bounce
strike incorporated in the co-ordination of t
skill.

Teacher Reflection:
Arm/leg co-ordination addressed in thisunit?
Students awar e of increasein HR with intensity?

Punt Kick Countdown

amd Countdown: Fun, inclusive and physically engag
me. gaelic football activity; students kick as mag
ty topoints possible in 60 second time frame (retri
and collect football after each kick). Punt Kki
practice improves co-ordination of leg/eye.

and FMS Skills: Kick and balance addressed in {
his  punt kick routine.

Teacher Reflection:
L eg/eye co-ordination addressed in thisunit?

Basketball Lay-Ups
img Lay-ups: Teacher sets up competitive and |fut
ny lay-up activities — student choice. Flexibility
eve addressed during warm up and cool down. La
ck up focus improves co-ordination of hand / eye.

his FMS Skills: Components of vertical jump, ru
catch and bounce incorporated in this lay
activity.

n1
uf

Teacher Reflection:
Hand/eye co-ordination addressed in thisunit?

Students can identify benefits of PA participation?

Students conscious of flexibility component?
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Youth — Physical Activity Towards Health

NET & FIELDING GAMES
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Meeting the daily 60 minutes guideline;

Fundamental M ovement Skill Focus

2. Individual and partner-based activities;

2. Improving ability to land on the balls of feet;

3. Physical activity — wellbeing/self-esteel

3. Improving ability to extend arms

Example of activity 1:
Meet 60 mins and ability to crouch

Example of activity 2:
Forms of activity and landing on the balls of feet

Example of activity 3:
Choice in physical activity and extend arms

The Dig Volleyball

The dig pair work: student 1 feeds the ball
times, student 2 returns the ball through the
action (rotate roles); 60 minute PA guideli
addressed by teacher. Crouched action ne
to perform the volleyball dig successfully.

FMS Skills: Components of the strike, balan
horizontal and vertical jump incorporated in t
volleyball skill.

Teacher Reflection:
Crouch skill addressed in thisunit?

Court positioning badminton

*0 Reaction game: Students respond to par
dig commands such as “right”, “left”, “forward” an
ne “back”. Without racket initially, add in racket aft
ededew minutes. Objective — remain on the balls of
feet when on court (responsive and reactive).

ce, FMS Skills: Balance and run addressed in
his activity. Components of horizontal jump, vertig
jump and skip incorporated also.

;I'eacher Reflection:
Landing on balls of the feet addressed in thisunit?

d

er

the power and precision. Arm extension focus.

ral

Over arm throw rounders

tmer Target throwing: students have choice to

underarm or over arm throw to hit target on w
Teacher promotes use of over arm throw

this FMS Skills: Over arm throw skill addressed

this lesson. Components of balance and c
incorporated also.

Teacher Reflection:

Students awar e of the 60 minute guideline?

Students awar e of individual and partner activities?

Arm extension addressed in thisunit?

uS
all.
fol

in
atc

Element of choicein physical activity?
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Youth — Physical Activity Towards Health

GYMNASTICS
INTEGRATING HRA & FMS IN UNIT

School of Health & Human Performance Dublin City University

Health Related Activity Focus
1. Cardiovascular Endurance;

Fundamental M ovement Skill Focus
1. Improving ability to crouch;

a1

2. Flexibility;

2. Improving ability to land on the balls of feet;

3. Choice in the physical activity environ

men

3. Improving leg/eye and arm/leg co-ordinai

S P
R
===

Example of activity 1:
CVE and ability to crouch

Example of activity 2:
Flexibility and landing on the balls of feet

Example of activity 3:
Choice in physical activity and co-ordination

90 second gymnastics routine

Gymnastics routine: Students work in groups
conduct a continuous 90 second gymnas
routine. Forward roll emphasis in routi
performance (encourages pupils to cong
crouching action in starting position.)

FMS Skills: Balance, skip and run addresse(
the routine performance. Components
horizontal and vertical jump incorporated also.

Teacher Reflection:
Crouch skill addressed in thisunit?
Students awar e of cardiovascular endurance?

Springboard Landing

and Springboard: Teacher introduces springboards
tics gymnastics lesson. All students opportunity to
ne equipment in class — landing on the balls of the
uct from the spring. Flexibility addressed during wa

up and cool down.

dein FMS Skills: Run, vertical and horizontal jun
of addressed in this activity. Components of balg
and skip incorporated also.

.Teacher Reflection:
Landing on balls of the feet addressed in thisunit?

Balance on beam/bench

5¢to Beam/bench: Students have the option

use walk, crawl, skip or jump etc on beam

feet bench. Use of beam and bench improves

rm ordination of leg/eye when landing a
opposite arm/leg when moving.

n@ FMS Skills: Balance, run and skip addres
nce in this activity. Components of horizontal a
vertical jump incorporated also.

Teacher Reflection:
L eg/eye and arm/leg co-ordination addr essed
in thisunit?

Students conscious of flexibility component?

to
or
co-
nd

sed
nd

Element of choicein physical activity?
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Teacher Charter Physical Activity Promotion
Y-PATH
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Y-PATH

Youth — Physical Activity Towards Health

Colaiste Cill Mhantain
Physical Activity Promotion

In Ireland, 25% of children are now classified as overweight / obese.

In August 2011, teachers at Colaiste Cill Mhantain identified
9 strategies to increase physical activity amongst students:

. Promote active commuting to and from Colaiste Cill Mhantain:
New cycle track in Wicklow Town for students.

. Use pedometers to record student daily and weekly step counts.
These devices are available in the PE department.

. Implement and sustain fun physical activity challenges between
1st year class groups.

. Use physical activity to enhance learning both within and
outside the classroom (active lesson planning).

. Use of stretching during class time particularly during the
intermittent period of a double class.

. Participate in school hikes: teachers can lead these excursions.

. Organise mini physical activity tournaments outside of school
hours including both teacher and student participation.

. Encourage students to get involved in as many physical activities

as possible. See the local “directory” in student journals, school
posters or online.

. Staff involvement in physical activity during lunch time.

E—" il —
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Appendix D

Teacher Questionnaire
Y-PATH



Y-PATH Questionnaire

Dear participant,

The following questionnaire is designed to gather information on the Y-PATH
intervention. It is important to try to answé&lLL 4 questions. Your answers are
anonymous and confidential so try to answer all questions as honestly as you can. The
guestionnaire is easy to complete and takes about 5 minutes to complete.

Question 1.
Have you heard of thevyouth Physical Activity Towards Health (Y-PATH)
intervention programme?

Yes/ No

If yes, can you tell me what you know of it:

Question 2:
In the past 5 months at Coléiste Cill Mhantain, have you in any way contributed to
increasing physical activity amongst students?

Yes/ No

If so, can you give some examples:

Question 3:
Do you think teachers can play a role in increasing a student’s physical activity
behaviour?

If yes, what might this be:

Question 4.

In August 2011, the Y-PATH research team met with staff members and discussed
strategies for teachers to increase physical activity amongst students. Can you list any
of these strategies and possible actions taken?

List of strategies discussed Actionstaken
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Appendix E

Student Physical Activity Journal
Y-PATH

26



W -PATH

Youth — Physical Activity Towards Health

1% Year Physical Activity Journal
September 2011 — May 2012
Colaiste Chill Mhantain

/[ FRiDAY SATURDAY \
fune june Y

29 30

f—— =

Keep the journal in a safe and secure place

y 22O
LOCAL SPORTS PARTNERSHIP D C U

An Irish Sports Council Initiative

Vocational Education Committee
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I -PATH

Youth — Physical Activity Towards Health

Student Name:

1% Year Class:

Physical Activity Journal
1% Year

Each student is responsible for his/her own physical activity journal.

Write your name and class on the inside of this physical activity journal.

Remember fill in the physical activity journal when your PE teacher tells you to.

Content:

1. Health Related Activity PE: Weeks 1 — 6 (Sept-Oct)
2. November Physical Activity Journal

3. December Physical Activity Journal

4. January Physical Activity Journal

5. February Physical Activity Journal

6. March Physical Activity Journal

7. April Physical Activity Journal

8. May Physical Activity Journal

9. Physical Activity Directory

10. Physical Activity Advice
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Time Monday Tuesday |Wednesday| Thursday Friday Saturday | Sunday
**Before School **Before School **Before School **Before School **Before School **Weekend **Weekend

8:00am-
9:00am

Walk to school
15 minutes

Walk School
15 minutes

Cycle School
10 minutes

9:00am-
11:00am

School

School

School

School

School

11:00am-
11:15am

**Small Break

**Small Break

**Small Break

Play basketball in yard
with friends

10 minutes

**Small Break

**Small Break

Wash and hoover

11:15am-| School School School School School  and he
13:00pm 30 minutes
1 3=00pm- \’;;:Itll(n:v?th friends :’::;l:::tball in yard hunen :;:::::chool rugby hunen

13:30pm | ™™ 20 minutes 25 minutes

13:30pm- | School School School School School

16:00pm

Rugby Match
70 minutes

16:00pm-
18:00pm

** After School
Rugby training
school

60 minutes

** After School

** After School
Walk home from
school

15 minutes

** After School

** After School
Cycle home from
school

10 minutes

18:00pm-
19:00pm

Wicklow U - 14’s
rugby training
60 minutes

Wicklow U - 14’s
rugby training
60 minutes

Cycle with friends
around Wicklow
45 minutes

19:00pm-
20:00pm

Walk the dog with
father
35 minutes

Cut the grass and
hedges with brother
45 minutes

Walk the dog with
father
35 minutes

20:00pm-
21:00pm
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Time

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

8:00am-
9:00am

**Before School

**Before School

**Before School

**Before School

**Before School

**Weekend

**Weekend

9:00am-
11:00am

School

School

School

School

School

11:00am-
11:15am

**Small Break

**Small Break

**Small Break

**Small Break

**Small Break

11:15am-
13:00pm

School

School

School

School

School

13:00pm-
13:30pm

**Lunch

**Lunch

**Lunch

**Lunch

**Lunch

13:30pm-
16:00pm

School

School

School

School

School

16:00pm-
18:00pm

** After School

** After School

** After School

** After School

** After School

18:00pm-
19:00pm

19:00pm-
20:00pm

20:00pm-
21:00pm
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Appendix F

Physical Activity Advocacy Posters
Y-PATH
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Appendix G

Pathwaysto Activity Inventory
Y-PATH
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Youth - Physical Activity Towards Health

Arklow

DCU

Dublin City University

\v

y 72 2

W%l

cKlow
LOCAL SPORTS PARTNERSHIP

An Irish Sports Council Initiative

Sport Club/facility Location Website/Facebook | Contact Details Additional Info
Athletics St Benedict’s Athletics Club | St Mary’s Hall, Arklow, Patricia Rice
Co. Wicklow 0402 22000

ricepatricia7O@yahoo.ie
Boxing Arklow Boxing Club Emoclew Road Arklow Boxing Club June Manley/ Jackie Manley From 1llyears+

0402 31463 Tracksuit/shorts and

runner reqd. for training

Camogie Arklow Rocks Parnell Emoclew Road www.arklowrocks.com Monica Jameson

Arklow Rocks Camogie

camogie@arklowrocks.com

Community Games

Arklow Community Games
(Gymnastics and Athletics,
depending on demand)

St Mary's College Sports
Hall

Arklowcg.org

Jim O’Reilly
0402 91085

GAA Aughrim GAA Club Aughrim GAA Club
Arklow The Vale Road, Arklow, www.arklowgaa.com Darren Magee Astroturf pitchavailable
GeraldinesBallymoney GAA | Shelton, Arklow Arklow 0879152070 for booking; Football,
Club GeraldinesBallymoney info@arklowgaa.ie hockey, all weather pitch
GAA Club (Contact George
Byrne:087 2023534)
Arklow Rocks Parnell Emoclew Road www.arklowrocks.com Bryan O’Leary
0863844546
arklow rocks parnellsgaa | secretary@arklowrocks.com
club info@arklowrocks.com
Golf Arklow Golf Club Abbeylands, Arklow, www.arklowgolflinks.com | 0402 32492/ 0402 91604
Co.Wicklow arklowgolflinks@eircom.net
Woodenbridge Golf Club Vale of Avoca, Arklow www.woodenbridge.ie 0402 35202
reception@woodenbridge.ie
Gymnastics Arklow Gymnastics Club St Mary’s College Sports | www.arklowgymclub.com | Michael Kenny/Susan Kenny

Hall

Arklow Gym Club

040239177

Sara Kenny- 085 - 1615973
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Handball Arklow Handball Club Vale Road, Arklow, Co. Eamon Rice
Wicklow 087 219 7144
Rugby Arklow Rugby Club Ballyrichard, Old Dublin Arklow Rugby Club Barney Hynes Indoor multi purpose hall,
Road 0862309921 fully equipped gym, 2
hynes.bernard@yahoo.com indoor squash courts.
Racquetball Arklow Racquetball Club Coral Leisure Sports Michael Barnes
Centre, Arklow 0402 39592
Rowing Arklow Rowing Club Arklow Arklow Rowing Club Ken Tancred Ages 12 years and up
087-9683795
arklowrowingclub@yahoo.ie
Soccer Arklow Celtic Soccer Club Celtic Park, Coolgraney Arklow Celtic Peter Walker
Road, Arklow 086 8795080
hunterwalker@eircom.net
Arklow Town Soccer Club Bridgewater Centre www.arklowtownfc.com | Jackie Doyle
Park,Lamberton, Arklow | Arklow Town F.C. 0402 31900
Arklow United Football Club | Ferndale Park, Arklow, www.arklowunited.com Neil McAnaspie
Co. Wicklow 086 1539941
Arklow United FC secretary@arklowunited.com
Swimming Asgard Swimming Club Coral Leisure Centre, www.asgardsc.ie Nicole Mclnerney Competitive Swimming,
Seaview Avenue, Arklow, 087 8175850 The club doesn’t provide
Co. Wicklow asgard.swimmingclub@gmail. | lessons
com Ages 7+
Tennis Arklow Lawn Tennis Club Coolgreaney Road, www.altc.ie 087 2904472

Arklow,Co. Wicklow

f.dennehy@svuh.ie
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Youth - Physical Activity Towards Health

DCU

Dublin City University

. 2
X

LOCAL SPORTS PARTNERSHIP

An Irish Sports Council Initiative

Ashford
Sport Club/facility Location Website/Facebook Contact Details Additional info
GAA Ashford GAA Club Ashford Ashfordgaa.com Mick Purcell0876107945
(mp30@eircom.net)
Ashford Gaa-Club Pat Lawless087 2540550
(lawlesspat@eircom.net)
Social Horse riding Ashford Derek O’Callaghan Must have own horse.
0872595325 Saturdays at 10am,
followed by picnic
Aughrim
Sport Club/facility Location Website/Facebook Contact Details Additional Info
Camogie AnnacurraCamogie Club Annacurra, Aughrim AnnacurraCamogie Kathleen McAllister
0402 36195
kathleenmcallister@o02.ie
Angling National Disabled Angling | Rednagh Road, Aughrim, | www.aughrim.ie/thingstodo | 0402 36552 Fully accessible. Open to
Facility (Angling for All) Co. Wicklow bkeating@tinet.ie general public of any age or
ability.
Rods available for hire and
bait for purchase.
Rates by the hour or day.
Rugby Aughrim Rugby www.aughrimrugby.ie Derek McAllister

Aughrim Community &
Sports Complex, Rednagh
Road, Aughrim

Aughrim Rugby

086 047 5996
info@aughrimrugby.ie

Community Hall

Aughrim Community Hall

Aughrim

Parish Priest
0402 36298

Irish Dancing, G.A.A. Club,
Drama Classes, Set Dancing,
Martial Arts, Tae-Kwon-Do.
Phone for information.
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Glenealy
Sport Club/facility Location Website/Facebook Contact Details Additional Info
Badminton Glenealy Badminton Glenealy Village Hall Brona Sutton
Club 0404 44550
Camogie GlenealyCamogie Club Glenealy, Co. Wicklow Glenealycamogie u-13 Anne Hogan
087 676 8071
Glenealy Senior Camogie annehgn@gmail.com
Club
GAA Glenealy GAA Club Glenealy, Co. Wicklow Peter King

0404 44612 (King’s Pub)
secretary.glenealy.wicklow@gaa.ie

Community Centre

Glenealy Village Hall

Sheila

0404 44808

0404-44040
glenealyvillagehall@eircom.net

Badminton, Ballroom
dancing, Latin dancing,
Indoor hurling, Tennis,
Drama, Community
Games activities
-Contact for details
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DCU

Dublin City University

X,
rceklow
LOCAL SPORTS PARTNERSHIP

An Irish Sports Council Initiative

Greystones
Sport Club/facility Location Website/Facebook Contact Details Additional Info
Angling Greystones Ridge North Beach, Michael Quinn Juniors need to
Greystones, Co. 086 267 5382 have parent
Wicklow Info@mitchellquinn.ie member of the
club.
Athletics Gresystones and Shoreline Sports | www.greystonesac.com Theresa Kinane
District Athletics Park, Greystones AC 086 863 5797
Club (Charlesland Theresa.kinane@gmail.com
Sport and
Recreation Park)
Badminton St Killian's St. David's Kevin Hardiman Over 16 only.
Badminton Club School, 01-286 4145 No youth division.
Greystones
Baseball Greystones Charlesland www.greystonesbaseball.org Paul Murray
Mariners Baseball Sport and Greystones Mariners Baseball Club 0863675056
Club Recreation Park mariners@greystonesbaseball.org
Bowling Gresytones Bowling | Burnaby Park, www.Greystoneslawnbowling.org Sean Maxwell
Club Greystones, Co. 012877533
Wicklow seanmaxwell60@yahoo.ie
Cricket Wicklow County Gresystones Wicklowcountycricketclub.com / Tony Buck Amalgamation of
Cricket Club Rugby Club (and | info@wicklowcountycricketclub.com (H)0404 46676/(W) 0404 43572 Avondale Cricket
other locations) info@wicklowcountycricketclub.com | Club and North
Wicklow Cricket
Club
GAA Eire og GAA Club Off Mill Rd. wWww.eireoggreystones.com Carmel Deeney
086 162 1651
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Golf Charlesland Golf Greystones www.charlesland.com 01 287 8200
Club
info@charlesland.com
golf@charlesland.com
Karate Greystones Karate | Eire Og GAA Greystones Karate Club Ken Loftus
Club Clubhouse 086 3892294
Kenloftus@gmail.com
Rugby Greystones Rugby Dr. Hickey Park, www.greystonesrfc.ie Club phone: 01 287 4640
Club Delgany Road, Greystones RFC manager@greystonesrfc.ie
Greystones, Co. Greystones RFC Junior Section
Wicklow
Soccer Greystones United | Woodlands, www.gufc.ie Kevin O’'Mahony0876373930 Full size all weather
FC Greystones Greystones United Soccer Club Michael Browne0876229333 pitch
football@gufc.ie Full size grass
soccer pitch
2 small 7 aside
courts
Table Tennis Greystones Table St. David's Ms. Toni Massey 086 6821453 Ages 14+
Tennis Club School Hall Paul Corcoran087 2575278
Greystones greystonestabletennisclub@gmail.com
(Seafront
Entrance)

Sports Park

Charlesland Sports
Recreation Park

www.shorelineleisure.ie/shorelinecharlesland

01 201 6145
shorelinesportpark@gmail.com

Astro turf, athletics
track, baseball
pitch and skate
park.

Community
Centre

Kilian House
Family Centre

Tom Hillery
01 201 7896

St Patrick's Church
and Parish Centre

www.stpatricksgreystones.ie

Joanne Douglas
01 201 0648 Phone +Fax
stpatricksparish@eircom.net

Ballet, speech and
drama, yoga, girls'
brigade and boys'
brigade (See
website for
details)
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LOCAL SPORTS PARTNERSHIP

An Irish Sports Council Initiative

Kilcoole
Sport Club/facility Location Website/Facebook Contact Additional Info
Details
Athletics Kilcoole Athletics Club Charlesland John O'Toole
087-2353373
jrootoole@gmail.
com
Basketball Kilcoole Kings Basketball Club
Camogie Kilcoole Camogie Club Newcastle Road, Kilcoole, Kilcoolecamogie.com Breda Donnelly
Co. Wicklow 087 699 8536
GAA Kilcoole GAA Club South Kilcoole, Newcastle www.kilcoolegaa.ie Colm Hatton
Road 087 947 3164
Golf Kilcoole Golf Club Kilcoole www.kilcoolegolfclub.com 01287 2066 / 01
2010497
Soccer St. Anthony’s Kilcoole Soccer | FinnPark, Kilcoole www.kilcoole.net Tony Farrell
Club 087 2745398
Community Centre St Patrick’s Hall Andrew Kenna Kickboxing,
01 287 5418 bowling, ballet,

hip-hop, youth club
and Irish Dancing.
Ring for details.
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Newcastle
Sport Club/facility Location Website/Facebook Contact Details
GAA Newcastle GAA Club Eddie Farrel
087 271 2698
Judo Bray Judo Club Newcastle Community Centre Derek O’Callaghan
087 259 5325 / 01 287 4810
Community Centre Newcastle Community Centre Catherine Carey
01 2810528
Newtownmountkennedy
Sport Club/facility Location Website/Facebook Contact Details
GAA Newtown GAA Club Newtownmountkennedy, Robert Nolan & Pat Doyle
Ballinahinch 01 281 9100
plmdoyle@yahoo.ie
Golf Druid’s Glen Golf Club www.druidsglen.ie 01 287 3600

info@druidsglen.ie

Tae Kwon Do

East Coast Tae Kwon Do

Newtown Community Centre

www.eastcoasttkd.org

Michael Whelan
087 989 7217

Community Centre

Newtown Community Centre

Noel Gregory
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LOCAL SPORTS PARTNERSHIP

An Irish Sports Council Initiative

Rathdrum
Sport Club/facility Location Website/Facebook Contact Details
Athletics Parnell Athletics Club Rathdrum Rugby Club www.parnellac.com Billy Porter
087 292 8660
Camogie Avondale Camogie Club Avondale, Rathdrum 0831125861 (club phone)
Donna Olahan
0861246490
Donna.olahan@travelcounsellors.com
GAA Avondale GAA Club Corballis, Rathdrum Avondale GAA Club Brendan Brady
0868112763
Gymnastics Rathdrum Gymnastics Club Avondale GAA Community | www.rathdrumgymclub.ie Mary Burke
(Gymnastics and Hall, Avoca Road 086 321 2213 info@rathdrumgymclub.ie
Trampolining)
Rugby Rathdrum Rugby Club www.rathdrumrugby.ie Johhny Conway 0876627572
Soccer Avonmore FC Michael Farrell 086 2042795
Rathnew
Sport Club/facility Location Website/Facebook Contact Details

GAA (No junior club at present)

Yvonne Kelly 086 169 0628

Soccer

Declan Earls 0866028687
decearls@hotmail.com

Community Centre

St Brigid’s Hall

(Currently being
refurbished;hoping to open
again in March 2012)

Rathnew Community Centre
Limited - St Brigid's Hall

Evelyn Kinsella
087 926 1899
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Roundwood
Sport Club/facility Location Website/Facebook Contact Details
Athletics Roundwood and District Club An Tochar GAA Club Roundwood & District Athletic Louise Kenna 086 316 1027
Club
Badminton Roundwood Badminton Club An Tochar GAA Club Liz Belton 0863636157
GAA An Tochar GAA Club Roundwood, Co.Wicklow Paul Brady 0863180014
pbrady68@hotmail.com
Golf Djouce Golf Club 01 281 8585

Community Centre

An Tochar GAA Club and
Community Centre

An Tochar GAA Club

Paul Brady 086 318 0014
pbrady68@hotmail.com
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Wicklow Town
Sport Club/facility Location Website/Facebook Contact Details Additional Info
Angling Wicklow Bay Angling Wicklow Town | www.wicklowbaysac.com Kit Dunne Under 16s welcome
0876832179 if with parent
wicklowbaysac@eircom.net member
Athletics Inbhearr Dee Wicklow Town | Inbhear Dee Athletic Club Geraldine Mooney
087-6557199
mooneygeraldine@gmail.com
SliCualann Phone for Slicualann.com Tony Collins Amalgamation of:
details 087 988 4039 Bray Runners AC,
SliCualann Athletics Club Greystones& District
admin@slicualann.com AC, Inbhear Dee AC -
Wicklow Town, Lake
Shore Striders AC -
Blessington,
Roundwood&
District AC, Parnell
AC - Rathdrum. .
Badminton St Patrick’s Badminton Club St. Patricks Philomena Curley 7 Years to adult
GAA Club, 087 2067607
Dunbur Rd.
Basketball Wicklow Town Basketball Club Mick Larkin
0862693351
Boxing Our Lady Of Fatima Hillview www.olofboxingclub.co.cc Piaras O’Sullivan
Community OurladyoffatimaBoxingclub 087 6590722
Centre, Wicklow olofboxingclub@hotmail.com
Hillview,
GAA St Patrick’s GAA Club Dunbur Road, | www.stpatrickswicklow.ie John Smith
Wicklow Town 086 8130477

chairperson.stpatricks.wicklow@gaa.ie
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Golf Blainroe Golf Club Blainroe (3 www.blainroe.com 0404 68168
miles South of info@blainroe.com
Wicklow
Town)
Wicklow Golf Club Dunbur Road www.wicklowgolfclub.ie Joe Kelly 0404 67379
info@wicklowgolfclub.ie
Hockey Wicklow Hockey Club Dominican www.wicklowhockey.com Richard Woodroofe086 1973547
Convent, Wicklow Hockey Club secretary@wicklowhockey.com
Wicklow Town info@wicklowhockey.com
Martial Arts Uplift Gym and Martial Arts The Murrough, | www.wicklowmartialarts.com 0404 64786 Beginner kickboxing

(Kickboxing classes)

Wicklow Town

Simon Alvey085 145 3582
simonlalvey@gmail.com

class for 12 years+

Tae Kwon Do East Coast Tae Kwon Do De la Salle www.eastcoasttkd.org Mr. James Whelan Saturday afternoons
School Hall 087 1346168 All ages
Rowing Wicklow Rowing Club Seafront, Wicklow Rowing Club Bernice Murphy Season starts in
Wicklow Town 086 8797621 March and ends in
bernicedunne@eircom.net mid August
10 years+
Rugby Wicklow RFC Ashtown Lane, | www.wicklowrfc.com 087 205 1659
Wicklow info@wicklowrfc.ie
Town,
Sailing Wicklow Sailing Club South Quay, www.wicklowsailingclub.com John Harte 086 3155818 ISA approved sailing
Wicklow Clubhouse: 0404 67526 courses for juniors in
Harbour info@wicklowsailingclub.com summer.
Must be confident in
water.
Snooker The Q Club The Mall 0404 68975 Weekly tournaments
Centre, Main for under-18s
Street,
Wicklow Town
Soccer Wicklow Rovers AFC Whitegates, www.wicklowrovers.com Gerry Doyle0861692163
Wicklow Town | Wicklow Rovers AFC
Wicklow Town AFC Finley Park, Wicklow Town A.F.C Mary Dickenson 086 8737664

Wicklow Town

mdickenson@eircom.net

Special Olympics

Blue Dolphins

Wicklow Town

www.wicklowbluedolphins.com

Pam Beacom
086 2893946

Swimming

Wicklow Swimming Club

Wicklow
Harbour,
Wicklow Town

www.wicklowsc.com

Sandra Nolan
087 2490044
sandranolan@eircom.net

Summer sea races
and winter pool
training.
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Tennis Wicklow Tennis Club The Glebe, www.wicklowtennisclub.ie Sinead Nolan Club membership
Main Street, 0404 68666 required. Junior,
Wicklow Town family and Student
membership
available.
Triathlon Wicklow Triathlon Club Various www.wicklowtri.com Dermot Hickey, Youth Officer Full Time Student /
Training info@wicklowtri.com Junior membership
sessions per annum - €30
around
Wicklow—

check website

Leisure Centres and
Gyms

Coral Leisure Station Road, www.coralleisure.ie 0404 66831 Pay as you go rates
Wicklow 0404 66832 available.
Town, Co.
Wicklow Swimming lessons
and lane swimming
Uplift Gym and Martial Arts The Murrough, | www.wicklowmartialarts.com 0404 64786

Wicklow Town

Simon Alvey085 145 3582
simonlalvey@gmail.com
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Appendix J

Walk/Step Pedometer Challenge
Y-PATH
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Appendix K

Resear ch Paper: Patterns of Non-Compliancein

Adolescent Field Based Accelerometer Resear ch
Y-PATH
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“Patterns of Non-Compliance in Adolescent Field Based Accelerometer Research” by Belton S et al
Journal of Physical Activity & Health
© 2012 Human Kinetics, Inc.

Abstract

Background. The primary purpose of this study was to investigate patterns of non-
compliance in an adolescent field based accelerometer study. A further purpose was to
investigate the effect of a cost efficient strategy (SMS reminder message) on the compliance
of adolescents.

Method. The research carried out in 2010 involved 117 second level students (12.41 £
.53 yrs) from four schools in a rural Irish town. The Actigraph accelerometer data was
processed over 7 days to determine compliance level.

Results. Students were more likely to remove their monitor in the evening period than
at any other time, however if students removed their monitor after school it remained unworn
for a significantly longer duration than in any other time period. Students who received a
SMS message were significantly more likely (p = 0.008) to wear their monitor in the morning
than those that did not.

Conclusions. Sending an SMS message each morning is effective for improving the
number of students wearing monitors to school. The after school period is a critical period for

non-wear time and should be targeted in future studies wishing to improve compliance.

Key Words: physical activity, day period, compliance, strategies
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“Patterns of Non-Compliance in Adolescent Field Based Accelerometer Research” by Belton S et al
Journal of Physical Activity & Health
© 2012 Human Kinetics, Inc.

Introduction

One of the greatest difficulties in using accelerometers to measure levels of free living
physical activity is getting participants to comply with research conditions. Generally in field
based accelerometer research, participants are asked to wear the monitor during all waking
hours (except while bathing or swimming) across several days *. Compliance difficulties arise
when participants forget to put the monitor on first thing in the morning, or when they forget
to put the monitor on after certain activities. When an accelerometer is not being worn the
output will show consecutive zero counts for each epoch for the duration of non wear time.
Sirard and Slater 2 reported on the difficulties inherent in the accelerometer data reduction
process when the monitor has not been worn for a certain period. Masse et al.* highlighted the
range of criteria researchers have employed when trying to ascertain non-wear periods from

36 and 20 minute

10 minutes of consecutive zero’s to 30 minutes. Though 10 minute
criterions % are more prevalent in youth accelerometer studies, durations as long as 60
minutes have also been employed in some studies.”™ The choice of criterion in a given
study will have implications for deciding on whether or not a participant has met the criteria
for minimal wear time, and thereby inclusion of their data set in analysis.

Trost et al.** discussed several strategies to improve monitor wearing compliance:
activity monitoring log, reminder phone call or flyer, information sheets for participants on
wearing accelerometers, notifying teachers/parents of the protocol, showing participants non
wear output, or providing incentives contingent on compliance (e.g. money, gift cards);
however, the effectiveness of these strategies in field-based work is unclear, specifically
among youth.® Among high school aged students (15 — 18 years), Sirard and Slater®
examined the effect of different strategies on compliance with wearing accelerometers. Three

compliance strategies - 1) receiving three phone calls over the data collection period, 2)

completing a daily journal, and 3) monetary compensation contingent on number of complete

60



“Patterns of Non-Compliance in Adolescent Field Based Accelerometer Research” by Belton S et al
Journal of Physical Activity & Health
© 2012 Human Kinetics, Inc.

days were compared with a control condition. The authors reported that the monetary
compensation strategy resulted in significantly greater compliance than the other conditions
examined.

There is a definite need for standardisation of criteria for deciding upon non-wear
time, and minimal wear time *, however as highlighted by Sirard and Slater ? if researchers
can reduce the amount of missing data then less burden will be placed on these factors in the
data reduction process. This point was also highlighted by Rowlands et al. **, who noted that
if participants do not wear the monitors consistently during the measurement period then
questions relating to epoch length, data reduction processes or intensity cut points are of little
consequence. The purpose of this research was to investigate whether there were patterns of
non-compliance within the data, and to build upon the work of Sirard and Slater ? by carrying
out an investigation into the effect of a cost efficient SMS strategy on the compliance of

adolescents in field based accelerometer research.

Methods
Participants

A convenience sample of 134 first year students from all four second level schools in
a rural Irish town were invited to participate in this study. Students were invited to participate
in the study by way of an information leaflet and an informed consent form which was
distributed to parents/guardians through the school PE teacher. A total of 117 students
assented (with parents consent) to participate in the study. This compliance study was part of
a larger study measuring the physical activity levels of students in these schools. As such the
purpose of the overall study was communicated to the students (measuring physical activity
levels of youth), but we did not risk influencing students’ compliance by telling them the
further purpose of the study which is being presented in this paper. This study was approved

by the Dublin City University Research Ethics Committee.
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Design

As part of the study protocol, an investigator checked in school each morning between
9:00am — 10:00am to ensure participants were wearing monitors correctly. In the event that a
child forgot to wear his/her device, their parents/guardians were contacted to drop in the
device within the first two hours of school. The compliance strategy employed was to send an
SMS reminder message before 8 am each weekday morning (9.30 am on weekend days). Due
to ethical restrictions students self selected whether or not to provide their mobile number in
order to receive the reminder SMS strategy. Subsequently, 67.5% participants consented to

provide their mobile number leaving 32.5% participants acting as a control group.

Measures

Actigraph GT1M and GT3X accelerometers were used to determine periods of the
day when the monitor was worn and when it was not. Both devices have similar dimensions
(3.8cm x 3.7cm x 1.8cm) and are capable of producing comparable activity counts for the
vertical axis.®® As such, only activity counts from the vertical axis were used in the study.
Detailed specifications of the hardware and a full description of how the monitor acquires and

filters data is available from the manufacturers website (www.theactigraph.com).

Procedures
All data were collected during a four week period from September to October 2010.
Accelerometers were distributed to students in their PE classes following a strict overview

1718 " students were instructed to wear the monitors

and protocol. In line with other studies
above the iliac crest of the right hip with an elastic belt and adjustable buckle. The same
research investigator led the distribution and explanation process throughout the four schools,
five research assistants were also present at each school to assist in showing students how to

attach the monitor and adjust the elastic waist band to ensure a snug fit. Monitors were

collected from the students on the morning of the final day of monitoring.
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Data reduction

Data in relation to accelerometer compliance was available for all 117 participants.
Due to a malfunction with Actigraph software (Version 4.4.1), data from 52 of the 117
participants failed to download correctly resulting in a remaining sample size of 65
participants with valid accelerometer recorded data. Actigraph data were reduced using a
custom software programme developed for this study. The first and last days of monitoring
were excluded from analysis to allow provision for subject reactivity.® The processing was
then conducted on participants with data from 7 days.

Consistent with previous studies a valid day was determined as having greater than
600 minutes of wear time."*'? Strings of 20 consecutive minutes of zero counts were
considered to be times when the monitor was not being worn.*® The Troiano et al.** model of
allowing for short (1 min max) interruptions of small values between 0 and 100 was
employed in the processing of non-wear time. Waking hours in this study were considered to
be between 8 am and 10 pm- i.e. a string of zero counts was only categorised as non-
compliance if it occurred during this period. Non-wear time each day was calculated as the
number of minutes of non-wear events recorded between 8 am and 10pm. Once data had been
processed through the inclusion criteria detailed above, the number of ‘valid’ days of data

each participant had recorded was calculated.

Statistical analysis

Preliminary statistics were conducted between the four schools to identify if potential
differences in age and non-wear time occurred. A chi-square test for independence identified
if percentage differences in the number of days meeting the minimum wear requirement
existed across schools. A one way between-groups ANOVA was conducted to explore the

impact of both age and non wear time in the morning across the four schools. An independent
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sample t-test was conducted to compare differences in overall non wear time per day between
those who wore their device in the morning and those who forgot™.

Time of day was broken down into four day periods — morning (8am — noon),
afternoon (noon — 4pm), after school (4pm — 6pm) and evening (6pm — 10pm). Because three
of the day periods were four hours in duration with the after school period being just two
hours, data were standardised by computing a new variable to illustrate average non wear
time per hour for each of the four time periods. Descriptive statistics were calculated from the
data. Based on the receipt of SMS or non-receipt of SMS, independent sample t-tests were
used to investigate 1) differences in percentage of days wearing monitor to school, and 2)
minutes of non-wear time overall, on weekdays/weekend days, and in each of the four day
periods. A 2 (gender) x 4 (day period) ANOVA was used to investigate the effect of gender
and day period on hourly minutes of non wear time. A two way between groups ANOVA
was conducted to explore the impact of gender and removal of monitor during a particular

day period on non wear time per hour. The alpha level for analysis was set at p < 0.05.

Results

The mean age of the participants was 12.41 (+.51) years with no significant
differences across the four schools (F(3,113)=1.144, p>0.05). Using a Chi-square test for
independence, no significant association was found between school attended and the number
of days meeting minimum wear requirement (X2:19.745, p>0.05). There was no statistically
significant difference in morning non wear time for the four schools (F(3,41)=0.143, p>0.05).
On average 9% of participants forgot to wear their monitor to school in the morning. An
independent t-test confirmed that there was no significant differences (t(43)=-0.679, p>0.05)

in overall non-wear time per day between those who wore and forgot their devices (see

! The purpose of this independent t-test was to ensure that those participants who forgot their monitor in the
morning compared to those who wore monitors were not statistically different in terms of overall non-wear time.
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footnote 1). The remaining analysis was carried out with data collapsed across the four

schools. Participant characteristics are presented in Table 1.

Patterns of non-compliance

Overall 15.4% of participants met the minimum wear requirement (>600 minutes) on
all seven days, 50.8% met the requirement on six days, with 63.1% meeting it on five days.
While 80% of the sample met the minimum wear requirement on at least four days, if three
weekdays and one weekend day was to be taken as a minimum requirement for inclusion in
analysis of physical activity levels of this group '3, 70% would meet the requirement.
84.6% of the sample met the minimum requirement of 600 minutes on at least three days.

On average participants recorded 240.6 (x225.1) minutes of non wear time per day;
225.3 (£262.4) minutes on a weekday and 285.3 (+368.1) minutes on a weekend day. The
difference in non-wear duration on a weekday versus a weekend day was not significant. All
participants recorded at least one non-wear event (period during waking hours with 20
consecutive minutes of zero counts); on average participants removed their device 9.05 times
over 7 days of monitoring (1.29 times per day). Figure 1 displays the percentage of
participants with frequency of non-wear events over the seven day period. The number of
times participants removed their monitors within each day period over the 7 days are shown
in Table 2, the percentage of participants that removed their monitors during these periods are
also shown. Students were twice as likely to remove their monitor in the evening period than
at any other time.

Further analysis investigated the average duration of non-wear events per hour during
each of the four day periods. Results of this analysis are also shown in Table 2. Results of a
two way between groups ANOVA (exploring the impact of gender and removal during a
particular day period on non wear time per hour) showed that the interaction effect between

day period and gender was not significant. There was a statistically significant main effect for
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day period (F(2, 184) = 5.643, p = 0.001), with a medium effect size (partial eta squared =
.084). There was no significant main effect for gender. Post hoc comparisons using the Tukey
HSD indicated that the mean hourly minutes for the after school period was significantly
higher than the other three day periods. If students removed their monitor during the after
school time period it would remain removed for 44.1 minutes per hour, compared with 12.7,

11.2, and 14.4 minutes for the morning, afternoon and evening periods respectively.

Impact of compliance strategies

Overall 69% of the participants wore their monitor into school every morning, 23%
wore the monitor on four mornings, 7% on three mornings, and 1% on just two mornings.
Results of an independent sample t-test showed that students who received the reminder SMS
were significantly more likely (p = 0.008) to wear their monitor in the morning than those
that did not receive the SMS.

When the Actigraph data was considered (n = 65) it was found (using a one-way
ANOVA) that the number of days students remembered to wear monitor to school in the
morning did not significantly influence overall average non-wear time. An independent
samples t-test showed no significant differences in average duration of total non-wear,
weekday non-wear, weekend day non-wear, morning non-wear, afternoon non-wear, after

school non-wear or evening non-wear based on receipt of the different support strategies.

Discussion
Compliance of participants engaging within this study protocol are in some ways
comparable to that reported in other studies carried out with similar age groups. Overall

84.6% of the sample in the current study met the 600 minute minimum criterion on at least

l. 20

three days. This is in line with the findings of Ness at a who reported 85% compliance,

but is slightly lower than that reported by Van Coevering et al. > who reported 92%. Troiano

13
l.

et a reported that 71% of their sample provided four or more valid days of data — this
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compares to 80% in the current study. It must be noted however that only 15.4% of the
sample in the current study met the minimum wear criterion on all 7 days monitored; this is
in contrast to the figures of 50% and 45% reported by Van Coevering et al. # and Sirard et al.

22 respectively. These differences can possibly be explained by a much longer non-wear

criteria time employed in the Van Coevering et al. %

study (180 mins of consecutive zero’s),
and the older age group sampled in the Sirard et al. % study (16.7 + 1.34 years).

It was found in this study that participants were almost twice as likely to remove their
monitor in the evening period (between 6 and 10 pm) than at any other time. On average
participants removed their monitors 3.58 times in the evening over the 7 day period, and just
1.65 times in the after-school period. The interesting thing however is that while the students
removed their monitors less often in the after-school period, if they did remove it they left it
removed for a significantly greater period of time (44.1 minutes for each hour) than if they
removed it in any of the other three day periods. This identifies the after school period as a
particularly critical period in terms of compliance reduction.

Sirard and Slater * found that providing a monetary incentive contingent on the
number of valid days of data a participant recorded, significantly influenced compliance in
their cohort of 15 — 18 year old youth. In the current study, both ethical and monetary
restrictions meant that this strategy was not an option. Results from the present study indicate
that students who received an SMS reminder message were significantly more likely to
remember to wear their monitor first thing in the morning than those that those who did not
receive the compliance SMS strategy. Interestingly, however this did not significantly
influence overall compliance in terms of either valid days of data or minutes of non-wear.
Having an investigator present each morning increased wear time compliance and thus

increased the number of children adhering to the minimum wear time criteria (> 600 mins per

day). Subsequently, having this investigator present each morning in schools supported
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accelerometer compliance providing a representative insight into the habitual physical

activity behaviour amongst rural adolescent youth.

Conclusion

Sending an SMS reminder message each morning appeared to influence the likelihood
of students wearing the monitor to school each morning. Even allowing for the number of
data sets lost due to software malfunction, the remaining sample used in this study means that
important conclusions can be drawn. Based on our findings we would strongly recommend
sending an SMS reminder message each morning to participants for future field based
accelerometer studies. In addition findings in relation to patterns of non-compliance indicate
that an additional SMS reminder each day during the period immediately after school may
significantly improve minutes of wear time. While we would tentatively recommend this as
an additional strategy to aid compliance in future studies, there is a need for further research
to investigate the significance of any impact this strategy may have on overall minutes of

non-wear.
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Figure 1. Percentage of Irish adolescents in 2010 with frequency of non-wear events over 7
days (n = 65)
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Table 1. School and participant characteristics of Irish adolescents in 2010 including
compliance strategies (n = 117)

n Age (mean (SD)) No SMS SMS
Full cohort 117 12.41 (.51) 38 79
(64 male) (32%) (68%)
Reduced cohort 12.41 (.53) 20 45
65 (43 male) (31%) (69%)

Table 2. Patterns of compliance of Irish adolescents in 2010 across day periods (n = 65)

Day period Morning Afternoon After Evening
School

Number of times monitor | 1.88 1.94 1.65 3.58

removed over 7 days

% of participants that 67.7% 63.1% 67.7% 95.4%

removed monitor at least
once over 7 days

Duration of non-wear 12.7 11.2 441 14.4
(mins/hr) if monitor
removed
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