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Abstract

Evaluating a conceptual model of physical activity engagement across the transition
from primary to secondary school

Una Britton

Introduction: Physical activity (PA) decreases with age, and the transition from primary to
secondary school is noted for significant changes in PA behaviours. Given the negative
health outcomes associated with low PA this is a worrying trend. A conceptual model
developed by Stodden et al. (2008) hypothesises a reciprocal relationship between PA and
motor competence (MC) that is mediated by perceived competence (PC) and health-related
fitness (HRF). This model has guided research in the PA domain, but to date, no longitudinal
study has evaluated it in its entirety. The purpose of this thesis is to evaluate the model
across the school transition to identify key pathways for positive PA behaviour.

Method: Participants were measured at three timepoints (6™ class primary: n = 261, 1% year:
n = 299, and 2" year: n = 108 secondary school. Baseline age = 12.22 + 0.48 years).
Measures at each timepoint included: PA (accelerometery), MC (five object-control skills,
four locomotor skills, three balance skills), HRF (20m shuttle run test, horizontal jump,
vertical jump, grip strength, push-ups, curl-ups, back-saver-sit-and-reach), and PC
(perceived athletic competence, perceived physical appearance, global self-worth).

Results: HRF was a stronger mediator than PC, and the MC-PA relationship was dominant
in the direction of MC predicting PA. HRF was the strongest predictor of PA across the
school transition. Changes in PA, MC, HRF and PC during the school transition were
influenced by proximity to the transition, and differed between males and females.

Conclusion: Findings partially support the pathways depicted in Stodden et al.’s (2008)
model, particularly highlighting the importance of HRF as a mediator within the model, and
as a predictor of future PA. Differences between males and females exist for some of the
pathways, and for changes during the school transition.
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Chapter 1 Introduction

1.1 Rationale for the thesis

Over half of annual deaths worldwide are attributed to non-communicable diseases (NCDs)
such as obesity, cardiovascular disease (CVD) and diabetes (WHO 2017). Physical
inactivity is one of the main risk factors for developing many of these NCDs, and is
associated with other NCD risk factors including high blood pressure, high blood glucose,
and obesity (WHO, 2009). Many of these risk factors manifest in youth causing serious
health problems in later life (May et al., 2012; Raitakari et al., 2003). Being physically active
in childhood offers both immediate and long-term health benefits (Hills et al., 2011,
Warburton et al., 2006). The challenge lies however in encouraging youth to engage in PA.
Globally, less than 20% of youth meet the PA guidelines for health (Hallal et al., 2012). It is
recognised that there are multiple factors influencing engagement in PA among youth. A
prominent conceptual model developed by Stodden and colleagues includes motor
competence (MC), perceived competence (PC), and health-related fitness (HRF) as pertinent
factors impacting on PA engagement in youth (Stodden et al., 2008). Compared to previous
PA-promotion models (Welk, 1999) which focussed primarily on socio-environmental
factors and perceived competence, Stodden et al.’s (2008) conceptual model places a
stronger emphasis on actual competence. Since its publication many researchers in the field
of PA-promotion and MC have used the conceptual model as a guide. While to date cross-
sectional studies have lent support to many of the pathways depicted in the model,
longitudinal research is needed to test the predictive ability of these factors on future
behaviour, and to identify how pathways may change over time. If researchers are to
continue focusing on MC, PC and HRF in youth PA promotion then it is necessary to

understand how these variables interact over time to promote or negate health.

1.2 Physical Activity during the Transition from Primary to Secondary School

Globally there is a trend for decreasing PA with increasing age (Cooper et al., 2015; Corder
et al., 2015). The transition from primary to secondary school is a particular period where
significant changes in PA behaviour have been reported (Marks et al. 2015; Jago et al. 2012;
De Meester et al. 2014). Evidence suggests that PA generally decreases across the school
transition (Jago et al., 2012; Marks et al., 2015), although the decrease may be more
pronounced directly post transition, and may reduce as adolescents settle into their new
environment (Marks et al., 2015). In Ireland, the transition occurs at approximately 12 years
of age, with children moving from 6™ class (final year) of primary school into 1% year of

secondary school. Research evidence indicates that, regardless of the physiological changes
2



occurring at this time with the onset of puberty, the school transition itself is a significant
factor in altering PA levels (Marks et al., 2015). Cross-sectionally, Irish secondary school
students have been found to be significantly less active than their primary school
counterparts (Gavin et al., 2014; Woods et al., 2010). There is however no longitudinal
study in Irish youth that has tracked PA across this specific transition to determine if and
when a decrease in PA occurs. Longitudinal measurement of PA and associated variables,
along with analysis of the changing relationships between these variables across the school
transition, is needed if PA promotion strategies targeting this critical period are to be

successful.

1.3 The role of motor competence

Motor competence is an individual’s proficiency in fundamental movement skills (FMS)
(Stodden et al., 2008). Internationally, adolescents are not reaching the level of MC that
they are generally expected to be capable of (Mitchell et al., 2013; Okely and Booth, 2004).
This trend is reflected in Irish youth, with many adolescents showing poor execution of basic
FMS (O’ Brien et al., 2015a; O’Brien et al., 2018). It is generally accepted that without
these basic FMS children are less likely to be sufficiently active for health (De Meester et
al., 2018), and are more likely to become inactive adolescents and adults (Lloyd et al., 2014).
The primary relationship identified in Stodden et al.’s (2008) conceptual model is between
MC and PA. Stodden et al.(2008) hypothesised that the MC-PA relationship is reciprocal.
This means that being proficient in FMS likely increases PA levels, but that the reverse is
also true - being active provides the opportunity to further develop FMS (Stodden et al.,
2008). Current research has followed along these lines, and evidence supports the idea that
MC is an important determinant of future PA in childhood (Barnett et al. 2009; Green et al.
2011) and into adulthood (Lloyd et al., 2014). Given the health benefits associated with PA
(Hills et al., 2011; Warburton et al., 2006), and the consistently identified positive
association of MC with PA (Lopes et al. 2011; Barnett et al. 2009), it is clear that MC has
some role to play in promoting PA. Evidence for this hypothesised reciprocal relationship
is not conclusive however. In fact, contrary to expectations, some recent research has found
that even in older adolescents, PA is driving the development of MC, rather than the reverse
(Jaakkola et al., 2018). Thus, a longitudinal assessment of this relationship is warranted to
determine its directionality and to ensure that current PA promotion strategies focus on

factors that are proven to promote activity in adolescence.



1.4 The role of HRF and PC

While MC and PA are identified as the primary factors in Stodden et al.’s (2008) model,
HRF and PC are hypothesised to contribute to positive PA behaviours, mediating the MC-
PA relationship. Perceived competence is an individual’s belief in their ability to effectively
master a task (Feltz, 1988). Perceived competence tends to be higher in younger compared
to older children (Piek et al., 2006) and to decrease with age (Shapka and Keating, 2005).
In fact, the school transition period has been identified as a time when PC can be hit hardest,
with significant decreases in PC reported (Arens et al., 2013). There is limited research
within an Irish context on levels of PC in youth either cross-sectionally or longitudinally. In
the context of PA, international research supports the idea of a positive association between
PC and PA (Zhang et al., 2015; De Meester et al. 2016; Davison et al., 2010). In one of the
few longitudinal studies examining the mediating effect of PC on the MC-PA relationship,
findings from Barnett et al. (2008) supported this aspect of Stodden et al.’s (2008) model,
with PC acting as a mediator between childhood MC and adolescent PA. What remains
unclear is whether the mediating effect is influenced by age, or the school transition in the
context of the current thesis, and whether methods of PA measurement may have some
impact on the nature of the relationship between PC and PA. Tracking of this relationship
over time can give further insight into the developmental nature of the mediation effects
identified in the model.

Health-related fitness is also hypothesised to act as a mediator between MC and PA (Stodden
et al., 2008). Health-related fitness is widely accepted as consisting of five components;
cardiorespiratory endurance (CRE), muscular strength (MS) and muscular endurance (ME),
flexibility, and body composition (Caspersen et al. 1985). That being said, studies which
examine HRF in youth frequently choose just one or two tests to represent the overall HRF
construct which can be problematic if a true understanding of the relationship between HRF
and other variables is desired. Internationally HRF trends show a general increase in fitness
with age (Ortega et al. 2011; Santos et al. 2014) and, generally speaking, higher fitness
levels are associated with higher levels of both PA (Burgi et al. 2011; Bailey et al. 2012) and
MC (Stodden, 2014). While there is strong evidence linking HRF to actual health (F Ortega
et al., 2008; Ruiz et al., 2009), research on the role of HRF in the context of Stodden et al.’s
(2008) model, and the longitudinal impact of HRF on developing positive PA behaviours, is
not conclusive (Lai et al., 2014; Robinson et al., 2015). It appears that more research is
needed to further understand the nature of the relationship of HRF with PA, MC, and PC.



1.5 Summary and justification for the research

To the best of this researchers’ knowledge, no previous study has examined changes in the
relationships between all four variables outlined in Stodden et al.’s (2008) model over a
critical period such as the school transition. With the consistently documented low levels of
PA in youth, and identification of the school transition period as a time when disengagement
with PA can occur, this research provides a greater understanding of how PA changes across
the transition, and how MC, PC and HRF interact with PA during this time. The longitudinal
nature of this research allows for causal inference, where previously causality has been
hypothesised. Given the popularity of Stodden et al.’s (2008) model as a framework for
directing research within the field of youth PA promotion, it is imperative that a full test of
the model is carried out to support or refute hypotheses made in the model.

1.6. Aims and Objectives

The primary aim of this research was to evaluate the conceptual model developed by Stodden
and colleagues (2008) from a longitudinal perspective across the transition from primary to
secondary school.

Objectives:
1. To investigate the underlying factor structure of HRF in youth and develop a composite
score to be used for subsequent analysis of relationships between HRF and other

variables (Chapter 3).

2. To evaluate the role of HRF and PC in mediating the MC-PA relationship across the

transition from primary to secondary school (Chapter 4).

3. To explore the hypothesised reciprocal relationships between MC, PA, HRF and PC
across the school transition (Chapter 5).

4. To identify causal pathways between MC, PA, HRF and PC in 6™ class and these
variables in 1% year (Chapter 5).

5. To measure longitudinal change in MC, PA, HRF and PC from 6™ class of primary

school through to 2" year of secondary school (Chapter 6).



1.7 Research Questions
1. Is afive component HRF composite reflective of HRF in youth, and is HRF as a concept

similar in primary and secondary school?

2. Do HRF and/or PC mediate the relationship between MC and PA during the school
transition, and are the relationships the same for males and females?

3. Do reciprocal relationships exist between MC, PA, HRF and PC?

4. What is the dominant direction of causality in the MC-PA reciprocal relationship?

5. Does MC, PA, HRF and PC in 6" class significantly predict MC, PA, HRF or PC in 1%

year, and are these pathways the same for males and females?

6. Do PA and PC decrease across the transition from primary to secondary school?

7. Do MC and HRF increase across the transition from primary to secondary school?

1.8 Thesis Structure

The thesis consists of eight chapters. Following this introduction to the thesis, Chapter 2
will critically review the current literature on youth PA, MC, HRF and PC. Chapter 3
outlines the overall research design and method. Chapter 4 presents research on the
development of a composite HRF score which is used in each subsequent chapter when
analysing relationships between HRF and PA, MC and PC. Chapters 5, 6 and 7 address the
primary aim of this thesis consisting of studies assessing the mediating roles of HRF and PC
within Stodden et al.’s (2008) model, the reciprocal nature of the relationships, and the
direction of causality between variables across the transition. The final chapter provides a
general discussion of the findings and conclusion.

Chapter 1 Introduction: Describes the rationale for this research and outlines the aims and
objectives of the thesis.

Chapter 2 Literature Review: Provides an overview of current literature relating to youth
PA, MC, HRF and PC and synthesises what is currently known and unknown regarding

pathways hypothesised in Stodden et al.’s (2008) model.



Chapter 3 Methodology: Gives an overview of the research design including participant

recruitment and details, test set-up, measures, data treatment, and statistical analyses.

Chapter 4 What is Health-Related Fitness? Investigating the underlying factor structure of
fitness in youth. Contains the first study of this thesis. This study investigated the factor
structure of HRF in youth and produced a statistically proofed HRF composite which was

used in subsequent studies in this thesis.

Chapter 5 The role of health-related fitness and perceived athletic competence in mediating
the physical activity-motor competence relationship during the transition from primary to
secondary school. Evaluates the role of HRF and PC in mediating the MC-PA relationship
across the transition from primary to secondary school.

Chapter 6 Ppredicting physical activity, motor competence, health-related fitness, and
perceived competence in adolescents after the transition from primary to secondary school.
Evaluates the reciprocal relationships among each of the variables within Stodden et al.’s
(2008) model across the school transition, as well as determining 6" class predictors of 1°
year PA, MC, HRF and PC.

Chapter 7 Changes in PA, MC, HRF and PC across the school transition: a longitudinal
study. Reports on the longitudinal changes in PA, MC, HRF and PC from 6™ class of primary

school into 1% year, and then 2" year, of secondary school.

Chapter 8 Discussion and Conclusions: Discusses the combined findings from the
literature review and the thesis to identify implications within the field of youth PA

promotion.



CHAPTER 2

Literature Review



Chapter 2 Literature Review

2.1 Physical Activity

2.1.1 Physical Activity: Introduction

Physical activity (PA) is defined by the World Health Organisation as “any bodily movement
produced by skeletal muscles that requires energy expenditure” (WHO, 2018b). PA is not
limited to organised or structured exercise but includes any movement that is carried out
while playing, working, doing household jobs, travelling, or participating in recreational
activities (WHO, 2018b). Activities are often classified into four different intensities —
sedentary, light, moderate, or vigorous, in accordance with the energy expenditure associated
with the activity (Ainsworth et al., 2000; Ridley et al., 2008). Energy expenditure is
determined by metabolic equivalent (MET) values (Jetté et al., 1990). One MET is defined
as the “the amount of oxygen consumed while sitting at rest and is equal to 3.5 ml Oz per kg
body weight x min” and are used to express the energy cost of activities (Jetté et al., 1990).
MET values range from as low as 0.9METSs (sleeping) to 18METSs (running at 10.9mph)
(Ainsworth et al., 2000). Pate et al. (1995) have used MET values to classify PA into light,
moderate and vigorous intensities (Table 2.1), while more user-friendly definitions of

moderate and vigorous activity are provided by (Prochaska et al., 2001) (Table 2.1).

Table 2.1 Physical activity intensities

PA Intensity MET value (Pate et al., User-friendly definition (Prochaska et

1995) al., 2001)
Sedentary 1 MET N/A
Light <3 METs N/A
Moderate 3-6 METs “usually makes you breathe hard or feel

tired some of the time”
Vigorous >6 METs “usually makes you breathe hard or feel

tired most of the time”

2.1.2. Importance of PA in youth

Non-communicable diseases (NCDs) such as cardiovascular disease (CVD), cancers,
respiratory diseases, diabetes, and obesity account for over half of deaths annually (59%)
and contribute to just under half (45.9%) of the disease burden globally (WHO, 2013). The
top five risk factors for mortality are high blood pressure (BP) (causing 13% of deaths
worldwide), tobacco use (9%), high blood glucose (6%), physical inactivity (6%), and
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overweight/obesity (5%) (WHO, 2009). Physical inactivity in and of itself is a risk factor for
mortality globally but is also associated with three of the remaining four highest risk factors
(high BP and blood glucose, and overweight/obesity) (WHO, 2009).

Evidence is growing that risk factors for CVD, diabetes, stroke, and obesity manifest in
youth (May et al. 2012; Raitakari et al. 2003). In a large-scale study of US adolescents (n =
3,383) aged from 12-19 years it was found that prevalence of pre-diabetes and diabetes is on
the rise (9% in 1999-2000 compared to 23% in 2007-2008) (May et al., 2012). Other CVD
risk factors were also identified in this population including high BP (14% of the adolescents
studied), high low-density lipoprotein cholesterol (LDL-C) (22%), and low high-density
lipoprotein cholesterol (HDL-C) (15%). Close to half (43%) of the participants had at least
one CVD risk factor, and an overweight/obesity prevalence of 34% was found among this
cohort (May et al.,, 2012). The prevalence of CVD risk factors increased with weight
category, with 37%, 49%, and 61% of normal weight, overweight, and obese participants
respectively having at least one CVD risk factor. Having any one of these cardiovascular
risk factors in childhood is strongly associated with poorer cardiovascular health in
adulthood (Raitakari et al., 2003). The Cardiovascular Risk in Young Finns Study (Raitakari
et al., 2003), a population-based prospective cohort study, measured CVD risk factors in
participants (n = 2229) at three time points: childhood (3 — 9 years), adolescence (12 — 18
years), and adulthood (24 — 33years). Results showed that the presence of CVD risk factors
in adolescence was directly and significantly related to carotid artery intima-media thickness
(cIMT) in adulthood (B = .017 - .032, p < .001), but that risk factors measured in childhood
only weakly predicted cIMT in adulthood for males (B = .016 - .020. p < .02) and did not
significantly predict cIMT in adulthood for females (Raitakari et al.,, 2003). The
measurement of IMT, the two inner layers of an artery, is used to assess the extent of plaque
build-up in the arteries, or atherosclerosis. Atherosclerosis is a precursor to CVD and can
begin in youth (Dalla Pozza et al., 2015). While it is undoubtedly worrying that risk factors
can occur in such a young population, and have a serious and negative effect on CVD health
in adulthood, it is important to note that in this study CVD risk factors in childhood were
only weakly related to cIMT in adulthood, compared to the much stronger relationship
between CVD risk factors in adolescence and cIMT in adulthood (Raitakari et al., 2003).
This indicates that while risk factors may develop early in youth, if children can reduce their
risk of developing these prior to, or during, early adolescence the risk of developing
atherosclerosis and subsequent CVD in adulthood may also be reduced. The prevalence of

these risk factors can be largely reduced through lifestyle changes (WHO, 2018b). In both
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adults, and youth, promoting PA has been associated with improvements in health, with PA
linked to reduced BP (Warburton et al. 2006; Ekelund et al. 2012; Bailey et al. 2012),
improved blood glucose levels (Kriemler et al., 2010; Warburton et al., 2006), and more
favourable weight status (Silva et al. 2014; Kriemler et al. 2010; Hills et al. 2011; Bailey et
al. 2012; Ekelund et al. 2012). Disease prevention programmes that target physical
inactivity, then, have the potential to greatly improve health because of the additional knock

on reduction in incidences of other risk factors for premature mortality.

Encouragingly, intervention studies in children and adolescents have found that improving
PA levels can reduce incidence of some CVD risk factors (Kriemler et al., 2010; Meyer et
al., 2006; Nemet et al., 2005). In first grade (mean age 6.9 years) and fifth grade (mean age
11.2 years) children (n = 502), a physical education intervention which increased PA and
fitness levels also led to a relative decrease in CVD risk score (-14%) which combined blood
glucose, triglyceride, and HDL-C levels (Kriemler et al., 2010). In obese adolescents (n =
67; mean age 14.7 years) a six month activity intervention involving swimming, walking,
and games reduced CVD risk factors significantly (IMT decreased by 6.3%; flow mediated
dilation increased by 127%, p < .05) compared to a control group (Meyer et al., 2006).
Nemet et al. (2005) found short and long-term benefits from a short three month PA and
dietary intervention in obese children, with significant (p < .05) reductions in body mass
index (BMI) (-1.7 kg.m?), weight (-2.8 kg), body fat (-3.3%), total cholesterol (-22.3 mg.dL"
1, and LDL-C (-16.6 mg.dL}) in the intervention (n = 24; mean age 10.9 years) compared
to a control group (n =22; mean age 11.3 years) immediately post intervention. A significant
increase in habitual PA (+23.2units, p <.05) and cardiorespiratory endurance (CRE) (+161s
in treadmill endurance time; p < .05) was also found post intervention in the intervention
group compared to the control group (Nemet et al., 2005). Encouragingly, benefits sustained
in the three-month intervention carried over to a one-year follow-up, where those who had
been in the intervention group still displayed reduced presence of CVD risk factors compared
to the control group. Importantly, there remained a significant increase (9.1 units, p < .05)
in habitual PA in the intervention group compared to a non-significant decrease in habitual
PA (7.3 units) in the control group (Nemet et al., 2005). Despite these positive findings, low
numbers of young people are engaging in adequate PA for health (Borraccino et al., 2009),
and encouraging youth to be physically active in their daily lives remains a significant

challenge.
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While there has been a focus on PA as a means for reducing CVD risk factors in youth,
research has not conclusively stated whether it is PA per se, or improved HRF as a result of
a sufficient level and intensity of PA, which elicits a reduction in CVD risk. The Muscatine
Study which tracked children (n = 125; mean age at baseline 10.5 years) for five years found
that changes in PA were not associated with CVD risk factors measured in this group (waist
circumference, height/weight ratio, skinfold thickness, blood lipids and lipoproteins, and
BP) (Janz et al.,, 2002). Instead, maintaining or improving HRF, specifically
cardiorespiratory endurance (CRE) (r = -.21 to -.27) and muscular strength (MS) (r =-.21 to
-.32) were more favourably associated with CVD risk factors at the end of the study (Janz et
al., 2002). In saying that, the authors highlighted that while there was no association between
PA and CVD risk factors, the subjective nature of the self-report measures used (interview
and 3 Day Sweat Recall) may have led to a misclassification of participants regarding PA,
compared to the classification of participants by HRF where objective measures (cycle
ergometer VOomax test and handgrip strength test) were used (Janz et al., 2002). It was also
acknowledged that HRF test performances are the result of a combination of an individual’s
general activity levels, genetics, and lifestyle factors, whereas PA is a less complex variable
(Janz et al. 2002). Therefore, it is more likely that a complex trait like HRF will have more
of a bearing on cardiovascular health compared to a simple trait like PA (Janz et al., 2002).
While PA may not be directly associated with improved cardiovascular health in this study,
it may be that where PA is at a sufficient intensity to increase HRF, PA can lead to the

maintenance, or improvement of CV health in young people.

2.1.3 PA guidelines

International guidelines for PA are in agreement that children and adolescents should engage
in at least 60 minutes of moderate-vigorous PA (MVPA) per day, and should include muscle
and bone strengthening exercises and flexibility exercises in their PA (Department of Health
Physical Activity Health Improvement and Protection, 2011; U.S. Department of Health and
Human Services, 2008; World Health Organization, 2010). The American Heart
Association recognises the importance of sufficient PA for children to reduce the risk of
atherosclerotic CVD which can begin in childhood, and recommends at least 60 minutes of
MVPA on a daily basis for children and adolescents (Kavey et al., 2003). The Irish
guidelines reflect the consensus internationally with current PA guidelines in Ireland

recommending at least 60 minutes of MVVPA per day for children and adolescents, with bone
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and muscle strengthening exercises and flexibility exercises included at least three times a

week (Department of Health and Children: Health Service Executive, 2009).

2.1.4 Measurement of PA

PA can be measured by self-report using diaries, logs and recall questionnaires, or by
objective measures using devices such as accelerometers and pedometers (Warren et al.
2010). Recall questionnaires are the most frequently used tool for assessing population PA
levels (Helmerhorst et al., 2012). Numerous PA questionnaires are available to the
researcher each varying in length and content. At one end of the spectrum, questionnaires
are available that use just one or two items to report the number of days participants have
met the PA guidelines in the preceding week (Milton et al., 2011; Prochaska et al., 2001),
while at the other end, questionnaires can require the participant to give a detailed breakdown
of the type, time, and intensity of their PA over 15-30minute time periods across a certain
number of days (Plowman and Mahar, 2013; Weston et al., 1997). Self-report questionnaires
are arelatively inexpensive and easy method of measuring PA in a large sample (Warren et
al., 2010), and are widely used in large population-based studies in youth (Health Behaviour
in School-Aged Children, HBSC 2017; Gavin et al. 2014; Woods et al. 2010). There are
however recognised limitations when using self-report measures of PA including problems
identifying frequency, duration and intensity of PA, as well as bias of respondents’ answers,
difficulty in correctly remembering PA, and difficulties in capturing all domains of PA
(Sallis and Saelens, 2000). A recent review of self-report PA questionnaires in children and
adolescents concluded that most widely used assessment tools lack conclusive reliability
and/or validity ratings (Hidding et al., 2018). Objective measures of PA can address some
of the problems associated with self-report PA assessment. Accelerometry is one such
method which has widespread use in research among youth in the PA domain across a wide
range of ages and in cross-sectional, intervention, and longitudinal studies (O’ Brien et al.
2015; Barnett et al. 2015; Crane et al. 2015; Burgi et al. 2011; Jago et al. 2012; De Meester
etal. 2011). Accelerometers are worn by participants and measure movement by monitoring
acceleration of the body in one, two, or three planes of movement, depending on the
accelerometer model (Chen and Bassett, 2005). Accelerometery is a more expensive
method of measuring PA than self-report questionnaires, but can rule out some of the issues
associated with subjective measurement (Warren et al., 2010). While accelerometery is an
objective measure of PA, there are limitations. Capturing PA in predominantly upper body
movement, or during activities like cycling, is often problematic (Warren et al., 2010) and

many accelerometers cannot be worn in the water or during contact sports. In addition,

13



subjective decisions need to be made regarding the selection of wear-time validation settings
for including or excluding participants, as well as specific cut-points from which to define
PA intensities (Toftager et al., 2013). Researchers often have to rely on a combination of
both objective and self-report measures to capture as valid a picture as possible of

participants’ PA.

2.1.5 Current trends

It is estimated that 80.3% of 13 — 15 year olds globally do not meet the PA guidelines of 60
minutes MVPA per day (Hallal et al. 2012). Data from two of the most comprehensive
international surveys of youth (HBSC and Global School-Based Student Health Survey
(GSHS)) were used to document and graph current PA levels among 13-15 year olds across
122 countries (Fig. 2.1; Hallal et al. 2012). With regard to common patterns seen in PA
participation worldwide, girls consistently report lower PA levels than boys (Borraccino et
al., 2009; Cooper et al., 2015; Hallal et al., 2012). Research examining PA behaviours
among youth, are in agreement with these global PA reports, with girls significantly less
active than boys (Barnett et al. 2009; Green et al. 2011; Barnett et al. 2008; Cantell et al.
2008).
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Figure 2.1 Percentage of 13-15-year olds not meeting PA guidelines (Hallal et al.
2012)

Globally, there is also a trend for decreasing PA with increasing age (Borraccino et al., 2009;
Cooper et al., 2015; Corder et al., 2015; Nader et al., 2008). Accelerometer data from 27,637
participants (aged 2.8 — 18.4 years) showed that, cross-sectionally, for every year after the
age of 5 years, there was a 4.2% decrease in PA (Cooper et al., 2015). Self-report PA data
on the average number of days per week which youth reached the recommended guidelines,
collected from 11, 13 and 15 year olds (n = 153,028) across 32 countries, found a consistent
trend for lower MVPA in 15 year olds compared to 13 and 11 year olds (Borraccino et al.,
2009). At each time point boys reported higher PA levels than girls (4.13 +1.95 days vs 3.52
+ 1.88 days; p < 0.001) (Borraccino et al., 2009). In a sample of British children (n = 2,064;
mean age at baseline 10.2 years) it was found that accelerometer-measured MVVPA decreased
(-10.3%) and was replaced by sedentary activity (+10.2%) as children entered adolescence
(Corder et al., 2015). Similar to other studies girls were less active than boys at all time
points (Corder et al., 2015). The decrease in MVVPA was more dramatic in boys than girls
however, probably due to the higher starting level of MVVPA in boys (45.3 = 12.0 versus 53.2
+1 3.9 minutes) (Corder et al., 2015). Nader et al. (2008) monitored changes in
15



accelerometer-measured MVPA in youth (n = 1,032) in the USA from nine years of age to
fifteen years of age to determine trends in youth meeting the PA guidelines. They identified
that MVPA decreased as children aged, with weekday daily MVVPA decreasing by 38
minutes per year, and weekend day MVPA decreasing by 41 minutes per year (Nader et al.,
2008). This study also estimated the age at which individuals dropped below the
recommended level of PA. Girls fell below the recommended PA level at a younger age
than boys (13.1 and 14.7 years respectively) (Nader et al., 2008). At nine years of age
children were participating in approximately three hours a day of MVVPA on both week days
and weekends. By the time these participants reached fifteen years of age, they were
participating in just 49 minutes and 35 minutes on weekdays and weekend days, respectively
(Nader et al., 2008). There is a trend for decreasing PA with increasing age and many
children and adolescents are not meeting PA guidelines. What have not been extensively
explored in a longitudinal setting are the factors that lead to this substantial decrease in PA
(Corder et al., 2015; Nader et al., 2008).

The school transition period, from primary to secondary school, has been identified as a
specific period where substantial changes in PA behaviour often occur (De Meester et al.,
2014; Inchley et al., 2008; Marks et al., 2015). This school transition occurs at
approximately 12 years of age in many countries, including Ireland. In Australia, school
children transition from primary to secondary education between the ages of 11 and 13 years.
Some youth continue into secondary education in the same school as they completed primary
education in, while others move to a new school environment (Marks et al., 2015).
Significant reductions in accelerometer-measured MVPA (-4 minutes) and light PA (-23
minutes) along with a significant increase in sedentary time (+16 minutes), have been
reported post school transition in Australian children (n = 249; Marks et al. 2015).
Comparing PA changes at the time of the transition between children who moved school and
those who continued into secondary in the same school environment, Marks et al. (2015)
found that changing school environment independently and negatively impacted PA
behaviours such as activity intensity at break times and cycling to school (Marks et al., 2015).
This suggests that the school transition may be a period during which PA behaviours in youth
change, independent of the significant physiological changes that occur about this time with
the onset of puberty. Other studies measuring PA pre and post school transition have also
reported significant changes in PA. Jago, Page and Cooper (2012) measured changes in
accelerometer-measured PA in British youth (n = 932; mean age range at final year of

primary school: 10 — 11 years) across the transition from primary to secondary school and
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found that mean after-school MVPA decreased in boys (-16%) and girls (-12%) after the
transition. Contrary to the general trend for decreasing PA with increasing age however, it
was found that weekend MVPA showed a mean increase in both boys and girls (+24% and
+17% respectively) (Jago et al., 2012). Similar to the majority of research in this area,
participants in this study were not achieving the recommended PA guidelines of 60mins
MVPA per day pre- or post-school transition (Jago et al., 2012). De Meester et al. (2014)
reported changes in PA behaviour of Belgian children (n = 420; mean age at baseline = 11.1
years; mean age at follow post school transition = 13.4 years) two years post-transition into
secondary school. Again, contrary to the expected trend of decreasing PA with age, a
significant increase in self-reported active transport was seen (B = 5.84, p < .001) in this
sample (De Meester et al., 2014). Significant reductions in self-reported total PA ( =-8.90,
p < .01) and extra-curricular PA (B = —10.52, p < .001) were also seen at follow-up (De
Meester et al., 2014). Whether or not PA level decreased in participants was related to how
active they were in primary school. Youth who were highly active and met the PA guidelines
in primary school had a significant decrease in PA as they moved into secondary school,
while youth who were low active in primary school showed little change in PA but remained
relatively inactive. That is not to say that having high PA at a young age is a negative, rather
those that engage in more PA at a young age are likely to see bigger decreases when the
trend of decreasing PA occurs, compared to children who do very little PA.

In some countries, the transition period from one school to the next occurs earlier in
childhood, or later into adolescence. A study on Iranian youth (n = 883; mean age baseline
= 14.37 years, mean age follow-up = 16.42 years), where school transition occurs later in
adolescence, found that self-reported PA decreased significantly in both males and females
(53.75 versus 44.70 minutes in males; 31.82 versus 23.07 minutes in females) after the
transition (Taymoori et al., 2011). In the USA, where the elementary- to middle-school
transition takes place at a younger age, a significant decrease in PA was seen one and two
years post-transition (n = 612; mean age at baseline = 10.6 + 0.5 years), with the decline in
PA greater immediately post-transition (Lau et al., 2017). Differences in the reported effects
of the school transition on PA in youth may be related to the proximity of the follow-up
measure to the transition. If the school transition has a significant impact on PA it may be
more pronounced immediately post-transition, and may attenuate as adolescents adjust to a
new environment (Marks et al., 2015). Thus, to gain a better understanding of how the

school transition may affect PA throughout secondary school it is necessary to track PA
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across the transition, and then further into secondary school, rather than just immediately

post-transition.

To the best of this researcher’s knowledge, no Irish study has looked specifically at changes
in PA across the primary to secondary school transition. That being said, research on Irish
youth points to a similar trend in PA to that reported internationally, with older youth less
active than younger, and a decrease in PA with increasing age. Cross-sectionally, the
Children’s Sport Participation and Physical Activity Study (CSPPA; Woods et al. 2010)
reported that only 19% of Irish 10-12-year olds (n = 5,397) reported meeting the
recommended PA guidelines. Even more worryingly, this percentage decreased to just 6%
in 16-18-year olds (Woods et al. 2010). In keeping with global trends, fewer girls than boys
reported meeting the PA guidelines at both primary (13% vs 27% respectively) and
secondary (9% vs 15% respectively) school (Woods et al., 2010). Ireland’s Report Card on
PA in Children and Youth (Harrington et al., 2016) gave a score of D for PA, with grades
indicating the proportion of children that are succeeding in a particular criteria; A = 81-
100%, B = 61 — 80%, C = 41 — 60%, D = 21 — 40%, F = 0-20%) (Harrington et al., 2014,
2016). According to the HBSC, PA levels in Ireland decreased in both boys and girls (n =
13,611) between 11-15 years of age (Gavin et al., 2014), reflecting international trends
(Borraccino et al., 2009; Corder et al., 2015). Atage 11 years 31% of Irish girls and 45% of
Irish boys reported taking part in at least 60 minutes of MVVPA per day (Gavin et al., 2014).
This dropped significantly to 9% and 25% for girls and boys respectively once they reached
15 years of age (Gavin et al., 2014). Evidently, both nationally and internationally there is
a trend for decreasing PA with increasing age, which may be accentuated at specific periods
in an individual’s life, such as the school transition period. Studies have found that PA level
in childhood is associated with PA level in adolescence, and that individuals who have high
PA in childhood are more likely to maintain a higher level of PA into adolescence (Jaakkola
and Washington, 2012; Lloyd et al., 2014). Therefore, it is important to understand the

various factors that lead to a child being active or inactive, and how they change over time.

2.1.6 PA: Summary

In summary, PA is a fundamental element of health. Insufficient PA is linked with CVD
risk factors in youth, and the development of both CVD and its risk factors in adulthood
(Warburton et al. 2006; Ekelund et al. 2012; Bailey et al. 2012; Kriemler et al. 2010; Silva

et al. 2014;Hills et al. 2011). Irish and international guidelines advise children and
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adolescents to participate in at least 60 minutes of MVPA per day for health (U.S.
Department of Health and Human Services 2008; World Health Organization 2010;
Department of Health Physical Activity Health Improvement and Protection 2011;
Department of Health and Children: Health Service Executive 2009). As it stands, very few
youth are meeting these guidelines in Ireland (Woods et al. 2010; Harrington et al. 2014), or
around the world (Borraccino et al., 2009; Hallal et al., 2012), and the problem only worsens
as children get older, with a global trend of decreasing PA with increasing age reported
(Borraccino et al., 2009; Corder et al., 2015; Gavin et al., 2014).

2.2 Motor Competence

2.2.1 Motor Competence: Introduction

Motor competence (MC) is a concept that has gained attention recently because of its
positive association with PA (D’Hondt et al., 2014; Saunders, Bremer, & Tremblay, 2014).
The following section will give an overview of the current research on MC, its importance
in youth, current national and international trends, expectations of MC levels in youth, and

common measurement tools for assessing MC.

Motor competence (MC) is a global term generally used to describe goal-directed movement
that requires coordination of the body (Cattuzzo et al., 2014). An important aspect of MC is
proficiency in fundamental movement skills (FMS) (Stodden et al., 2008), with FMS seen
as the basic building blocks required for future PA engagement (Clark and Metcalfe, 2002).
Gallahue and Ozmun (2012) identified three categories of FMS that make up MC:
locomotor, stability, and manipulative skills. Locomotor skills encompass skills such as
running, jumping, hopping and skipping. Stability skills are those which require static or
dynamic balance, such as standing on one foot, or zig-zag hopping. Manipulative skills are
often referred to as object-control skills and include kicking, catching, throwing, and striking
(Gallahue and Ozmun, 2012).

2.2.2 Importance of MC in youth

Developing MC to a sufficient proficiency at a young age has far-reaching consequences
(D’Hondt et al. 2014; Lloyd et al. 2014). Being deficient in MC in childhood can negatively
impact on PA in adolescence (Barnett et al. 2009; Green et al. 2011) and into adulthood
(Lloyd et al., 2014), and as highlighted previously in this review, low levels of PA can in

turn have serious negative health consequences for youth in the short and long-term
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(Warburton et al. 2006; Ekelund et al. 2012; Bailey et al. 2012; Kriemler et al. 2010; Hills
etal. 2011).

Individuals with lower competency in motor skills have been shown to be at risk of low
levels of PA (Barnett et al., 2009; Lloyd et al., 2014; Lopes et al., 2011). In young children
(n =285; mean age at baseline = 6 years) MC at age 6 was a significant predictor of PA over
the course of a five year longitudinal study (Lopes et al., 2011). Those in the lowest tertile
of MC at age 6 had the greatest decline in PA during childhood (2.58 units/year), while
children in the highest MC tertile at age 6 maintained a stable level of PA (Lopes et al.,
2011), even in the face of the global trend of decreasing PA with increasing age (Borraccino
et al., 2009; Corder et al., 2015; Nader et al., 2008). Interestingly, PA levels across three
categories of MC (low, medium, and high competency) were not significantly different at
age 6, yet by age 10 there were significant differences in PA between groups in favour of
children who were more competent in motor skills at baseline (Lopes et al., 2011). This
indicates that the negative consequences of low MC in childhood may not be apparent
immediately, but may manifest later in childhood. Barnett et al. (2009) also found an
association between childhood MC and adolescent PA, but only for object-control skills.
Children (n = 276) who were more proficient in object-control skills at age 10 were 10-20%
more likely to report participation in vigorous PA (VPA) at age 16 than their lower
competent peers (Barnett et al. 2009). Lloyd et al. (2014) conducted a 20-year longitudinal
study that followed participants from childhood (age 6) to adulthood (age 26) and measured
MC and PA at four time-points. At age 6, MC was assessed using the Test of Gross Motor
Development (TGMD)-11. Children (n = 100) were identified as being either low (< 10"
percentile) or high (> 84" percentile) MC (Lloyd et al., 2014). A five-year follow-up with
these participants (n = 60) found that children who had been identified as low MC at age 6
continued to score lower in MC (TGMD sum of raw scores; 36.50 £+ 2.12 versus 40.75 +
2.96, p <.01) and reported lower levels of PA than children who had been identified as high
MC. Subsequent follow-up studies on these same participants found lower levels of PA in
the low MC group at ages 16 (n = 43) and 26 (n = 17) (Lloyd et al. 2014). The 20-year
follow-up study required participants (n = 17) to re-call their MC at age 16, and to report
their current MC at age 26, using the Developmental Coordination Disorder Questionnaire
for Adults (DCDQ-A; Cantell et al. 2008). The DCDQ is used to screen children for
Developmental Coordination Disorder (Wilson et al.,, 2000), a medically recognised
movement disorder which affects 5-6% of school-aged children (American Psychiatric

Association, 2013). The DCDQ-A is an adult version of the questionnaire. The self-report
20



and recall method of measuring MC at age 16 and 26 casts some uncertainty over the 10-
and 20-year follow-up MC scores due to the questionable ability of individuals to correctly
self-report for ten years prior, however, there are no available MC tests validated for use
with adolescents and adults. Interestingly, from a long-term health and PA maintenance
perspective, in results obtained from the adult part of this research, not only were adults who
were identified as high MC in childhood reporting higher levels of MVPA in adulthood
(62.73 £ 57.64minutes vs 31.67 = 60.14minutes for low MC group) but those high in
locomotor skill proficiency at age 6 also reported higher levels of active transport at age 26,

and lower levels of time spent in a motor vehicle (Lloyd et al., 2014).

Increasing PA and decreasing sedentary time has numerous health benefits (Warburton et al.
2006; Ekelund et al. 2012; Bailey et al. 2012; Kriemler et al. 2010; Hills et al. 2011). The
fact that MC at a young age may have such an effect on future PA behaviour (Lloyd et al.,
2014) demonstrates the importance of developing MC in youth for the purpose of
maintaining sufficient levels of PA for health (Lopes et al. 2011; Barnett et al. 2009; Lloyd
et al. 2014; Green et al. 2011). For young girls in particular, who are consistently found to
have lower levels of PA than boys (Hallal et al. 2012; Borraccino et al. 2009; Corder et al.
2015; Woods et al. 2010; Harrington et al. 2014; McKenzie et al. 2002; Barnett et al. 2009;
Green et al. 2011), developing MC at a young age may promote engagement in PA and
protect against the significant decrease in PA seen in adolescence (Woods et al. 2010; Kelly
et al. 2015). In a cross-sectional study, Okely et al. (2001) found that improving MC in
girls (n = 465) so that they entered the next highest quintile of MC than the one they currently
inhabited, would result in a 50 minute per week increase in time spent in organised sport
(Okely et al., 2001).

These longitudinal studies have highlighted the association between MC in childhood and
PA in adolescence (Barnett et al. 2008) and adulthood (Lloyd et al. 2014), and have identified
MC as factor that may, for young girls particularly, enhance the likelihood of PA
participation over time. It is important to note however that, contrary to most of the research
examining MC and its effect on PA, some longitudinal studies have not found childhood
MC to predict later PA (McKenzie et al. 2002; Green et al. 2011). Green et al. (2011) found
that childhood MC predicted later PA in boys, but not girls. McKenzie et al. (2002) did not
find MC at age 4, 5, and 6 years to predict PA at age 12 years in either boys or girls (n =
207). The method of MC assessment may go some way to explaining why childhood MC

did not predict PA at age 12 in this study, with only one skill for each component of MC
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included (balance on one foot (stability), jumping laterally (locomotor), catching a ball
(object control). The authors also noted that MC assessment in childhood was carried out
prior to entry into school and organised sport (McKenzie et al. 2002). According to Gallahue
& Ozmun (2006), children have the developmental potential to proficiently execute the basic
components of most FMS by the age of six; however, MC is not innate, but rather must be
learned (Hardy et al., 2010). From the age of about six years children are more likely to be
exposed to PA and organised sport through both school and sports club involvement,
providing opportunities to enhance MC (Gallahue & Ozmun, 2006). Participants in
McKenzie et al.’s (2002) study may not have had this opportunity due to their young age
(age range 4 — 6 years). Results from this study indicate that just because a child may have
low MC at a very young age, does not mean they cannot develop MC given the opportunity
(i.e. in school/organised sport), and consequently avoid the reported negative effect of low
childhood MC on later PA (McKenzie et al., 2002).

When considering the development of MC through childhood it is important to note that
while low MC at a very young age may not have a detrimental effect on future PA
(McKenzie et al., 2002), there likely is a stage by which competence in FMS needs to be
achieved in order to avoid the negative consequences of low MC on later PA (Barnett et al.,
2010). Haubenstricker and Seefeldt (1986) suggested a threshold of MC above which
children have the skills to participate in a wide range of PA and are more likely to engage in
PA. Children who are below this “proficiency threshold” may lack the skills required for
many types of PA, resulting in low activity levels (Haubenstricker and Seefeldt, 1986).
Recent research supports the existence of an MC proficiency barrier in children (De Meester
etal., 2018). In a sample of US children (n = 361; mean age 9.50 + 1.24 years) only 12% of
children who were classified as low MC met the PA guidelines of 60mins MVPA per day
(De Meester et al., 2018). To add to this problem, Barnett et al. (2010) found in their
longitudinal study on MC development that, despite levels of MC increasing at a similar rate
for all children through childhood, those who had low MC at age 10 never bridged the gap
to their more proficient counterparts up to the age of 16. Therefore, there is evidence to
suggest that there may be a need to develop MC to a high level by around 6-10 years old to
promote health into adolescence and adulthood (Lopes et al. 2011; Barnett et al. 2009; Lloyd
etal. 2014).

From the research, it appears that there is some association between childhood MC and later

PA, and that a proficiency barrier may exist below which children are less likely to engage
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in adequate PA for health. What is not clear is whether the MC-PA association is age-
(McKenzie et al., 2002) or sex- (Green et al., 2011) dependent, or whether the association
only exists for particular components of MC (Barnett et al. 2009).

2.2.3 Expectations of MC levels in youth

Gallahue and Ozmun (2012) have identified four stages of motor development that
individuals move through as they mature. These stages of motor development are age-
related, although not age-determined, in that the rate at which an individual progresses
through the stages will be influenced by environmental, biological and task factors (Gallahue
and Ozmun, 2012). The four stages are; reflexive movement phase (4months — lyear),
rudimentary movement phase (1-2years), fundamental movement phase (2-7years) and
specialised movement phase (7+ years) (Gallahue and Ozmun, 2012). During the reflexive
and rudimentary movement phases, a child’s MC is determined by biological maturation
(Barnett et al. 2016). As the child matures, improvements in MC are attributed to practice
opportunities (Barnett et al. 2016). FMS are not innate and must be learned (Barnett et al.,
2016; Hardy et al., 2010) but, according to Gallahue and Ozmun (2012), children have the
developmental potential to proficiently execute the basic components of most FMS by the
age of six or seven years. Research undertaken by the Department of Education, Victoria
(1996) suggests that the basic components that make up all FMS can be mastered by the age
of 9 years (Victoria Department of Education, 1996). There is a developmental expectation
that MC will increase with age. In a review of correlates of MC in youth, age was the most
consistent correlate reported, with increasing age associated with higher levels of MC
(Barnett et al. 2016). In longitudinal studies MC tends to increase as children get older
(Barnett et al. 2010; Vandorpe et al. 2012; D’Hondt et al. 2014; D’Hondt et al. 2013) and
cross-sectional studies have consistently found that older children score higher in MC than
their younger counterparts (Barnett et al., 2013; Saraiva et al., 2013; Spessato et al., 2013;
Venetsanou and Kambas, 2011; Williams et al., 2008). That being said, recent studies
examining MC in late childhood and adolescence have found that participants often do not
achieve mastery/near mastery (Van Beurden et al., 2003) in many FMS at this development
stage (Mitchell et al., 2013; O’ Brien et al., 2015a; O’Brien et al., 2018; Okely and Booth,
2004). Therefore, while children and adolescents may have the developmental potential to
proficiently execute the performance criteria of most FMS by early adolescence (Gallahue
and Ozmun, 2012), numerous recent studies have documented that this is not a common

occurrence.
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2.2.4 Measurement of MC

Measurement of MC in youth can be either product-based or process-based. Product-based
assessment is quantitative and focuses on the outcome of a movement e.g. speed, distance
(Miller et al., 2007). Process-based assessment is qualitative and focuses on how the
movement is performed compared to the most efficient form of the movement (Miller et al.,
2007).

There are a wide array of both product- and process-based MC assessment tools to choose
from when conducting research in youth (Griffiths et al., 2018). Examples of product-based
assessment tools widely used in research are the Korperkoordinations Test fur Kinder (KTK:
Kiphard and Schilling, 2007) and the Movement Assessment Battery for Children (MABC;
Barnett, Henderson. and Sugden, 2007). The KTK (Kiphard and Schilling, 2007) has been
validated for children aged 5 — 14 years (Cools et al., 2009; Vandorpe et al., 2011). It
consists of four subtests (walking backwards, moving sideways, hopping for height and
jumping sideways) and outcome measures are taken for each (\Vandorpe et al., 2011). The
KTK has been used in research to objectively assess MC in youth (D’Hondt et al., 2013;
Vandendriessche et al., 2012; Vandorpe et al., 2012). Limitations of the KTK exist however,
with only an overall gross MC score recorded, rather than breaking MC down into its three
components (locomotor, object-control, stability). Another noted limitation of the KTK is
the relatively old normative data (Cools et al., 2009). The MABC-2 (Barnett et al., 2007) is
also product-based in its assessment of MC and is suitable for youth aged 3 to 16.9 years
(Barnett et al., 2007). The MABC-2 has been used in research among youth across a range
of ages (Fisher et al., 2005; Gisladéttir et al., 2014; Livesey et al., 2011; Vedul-Kjelsas et
al., 2012a). It is used to identify impairments in MC across three skill categories — manual
dexterity, aiming and catching, and balance (Barnett et al., 2007). Age-band norms are
provided for each of the skill categories (3 — 6.9 years; 7 — 10.9 years; 11 — 16.9 years)
(Brown and Lalor, 2009) and different tasks are included in each of the skill categories
according to the participant’s age (Barnett et al., 2007; Brown and Lalor, 2009). A traffic
light system is used to identify individuals at risk of movement difficulties. Youth scoring
at or below the 5™ percentile are classified as having a significant movement difficulty.
Those between the 6™ and 15" percentiles are classified as at risk of movement impairment.
Youth who score above the 16" percentile are regarded as unlikely to have a movement

impairment (Brown and Lalor, 2009). Henderson, Sugden and Barnett (2007) have reported
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good test-retest reliability for the component scores (r = 0.73-0.84) and the total test scores
(r=0.80) across all age groups and good interrater reliability (ICC=0.94-1.0). Anadvantage
of the MABC-2 is that it assesses MC across three components, allowing for focusing on a
single component of interest, without the need to complete the entire test battery. One
drawback of the MABC-2, as with all product-based assessments, is that it does not identify
if some components of a skill are correctly or incorrectly executed, but rather gives an overall
outcome score. Inaddition to established product-based test batteries, some researchers have
used outcome measures of skills included in process-oriented assessments as a means of
objectively measuring MC (Rodrigues et al. 2016; Stodden et al. 2013; Stodden et al. 2009).
In these studies, participants carried out a skill (e.g. standing long jump, throw, kick)
whereby the distance jJumped (standing long jump) or speed of the ball (throw and kick) was
measured. This type of measurement can be useful to overcome the potential ceiling effect
that can exist for older children when using some process-based assessments (Logan et al.,
2016). That being said, differences between males and females, particularly in adolescence
tend to be accentuated when using outcome measures such as speed or distance, due to

physiological changes occurring around puberty (True et al., 2017).

Examples of process-based MC assessments used in youth research are the Test of Gross
Motor Development (TGMD; Ulrich, 2016) and Get Skilled; Get Active (GSGA; NSW
Department of Education and Training, 2000). The TGMD test battery is one of the most
frequently used process-oriented assessments of MC in youth (Belton et al. 2014; O’ Brien
et al. 2013; O’ Brien et al. 2015b; O’ Brien et al. 2015a; Khodaverdi et al. 2015; Barnett et
al. 2008). The TGMD-3 (Ulrich, 2016) is a revision of the second version of the TGMD
(TGMD-2; Ulrich, 2000)), comprising 12 skills from the TGMD-2 plus one extra object-
control skill, the one-hand strike (Ulrich, 2016). Thus, the TGMD-3 contains 6 locomotor
skills and 7 object control skills (Ulrich, 2016). Each of the 13 skills is made up of specific
movement components. MC is assessed in terms of the presence, or absence, of components
that make up each skill. “Mastery” of a skill has previously been defined as the presence of
all skill components in both trials, while “near mastery” is defined as the presence of all but
one skill component in both trials (Belton et al., 2014; O’ Brien et al., 2013, 2015a, 2015b;
Van Beurden et al., 2003). The TGMD-2 has been validated in US youth aged 3 — 10 years
(Ulrich, 2000). Recently, the use of the TGMD-2 among older children has been
recommended with intraclass correlation coefficients of between 0.76-0.91 reported among
adolescents (n = 844; mean age 12.03 * 0.49 years) indicating good test-retest reliability

(Issartel et al., 2017). Concurrent validity (total MC - r = .63; locomotor MC; r = .63;
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object-control MC — r = .41; Ulrich, 2000) and test-retest reliability (r = .84 - .96; Ulrich
2000; Wong & Cheung 2010) of the TGMD-2 among children is also acceptable. A
limitation noted for the TGMD test battery is a potential ceiling effect among older
adolescents (Barnett et al., 2016; Logan et al., 2016) and the lack of skills to assess stability
in the test battery (Ulrich, 2016). The GSGA comprises 12 skills (catch, overhand throw,
kick, forehand strike, sprint run, leap, dodge, vertical jJump, hop, side gallop, skip, and static
balance), and uses a similar scoring process to the TGMD-3 , where each skill is broken
down into its movement components (NSW Department of Education and Training, 2000).
Participants are required to perform five trials for each skill and the presence or absence of
each skill component is noted by the tester. If the participant displays a skill component in
four of the five trials then this component is marked as present. The GSGA has been used
in research assessing MC in youth (Barnett et al. 2008; Barnett et al. 2008; Foweather et al.
2008). Reliability coefficients were reported as greater than 0.70 for all skills included in
the GSGA with the exception of the leap (r = .13) and the run (r = .17) (Okely and Booth,
2000). In comparison to the TGMD, the GSGA is useful in that it measures competence
across each of the three MC components, namely stability, locomotor and object-control.
While the GSGA is starting to be used more frequently outside of Australia, where it was
developed, (Coker, 2018; Kelly et al., 2018) its use internationally is less frequent than other
process-based assessments such as the TGMD.

In their review on correlates of MC, Barnett et al. (2016) highlighted the need for MC
assessment tools that are age appropriate and have been validated in the study population.
Many MC assessment methods, particularly process-measures, are designed for young
children and as a result there may be a ceiling effect where age-related differences in MC in
older children and adolescents are not identified (Barnett et al., 2016). While some process-
based measures of MC may not be appropriate for adolescents due to the ceiling effect,
product-based measures may favour size and strength as they focus on the outcome (how
fast, how far etc.), rather than the process (Barnett et al., 2010, 2016). This could unfairly
favour males, especially in adolescence, as post-pubertal males are stronger and faster than
their female counterparts. In measuring MC, intra-individual comparisons over time, and
comparisons among participants of the same sex, can be made between scores. Due to the
physiological advantage pertaining to the male sex however, comparison between males and
females on product-based motor competence assessments is not relevant. To address the
limitations of solely product-oriented, or solely process-oriented measures, the use of both

product and process measures has been recommended (Fisher et al., 2005).
26



2.2.5 Current trends

Lower than expected levels of MC have been reported in children and adolescents worldwide
in recent years. In Australian children (n = 1,288; age range 6.2 — 8.2 years) prevalence of
mastery across process-measured FMS did not exceed 35% across all ages, and prevalence
of near-mastery did not exceed 50% across FMS, except balance, across all ages (Okely and
Booth, 2004). Similarly, in a New-Zealand study, less than half of participants (n = 701; age
range 5 — 13 years) showed competency in striking (40%), throwing (31%), or kicking (21%)
at baseline (Mitchell et al., 2013).

Research has consistently reported that girls are significantly less competent in motor skills
than boys (Barnett et al. 2009; Cantell et al. 2008; O’ Brien et al. 2015a; Breslin et al. 2012;
Lopes et al. 2011). When we consider the separate components that make up MC, girls
consistently score lower in object-control skill proficiency compared to boys (Barnett et al.
2010; Breslin et al. 2012; Barnett et al. 2008). Differences between boys and girls have not
been found to be as pronounced in locomotor skills. Researchers have found contrasting
results when comparing boys and girls in this component of MC, with some studies finding
no difference in locomotor skill proficiency level (Barnett et al., 2010), while others report
girls as more proficient (Barnett et al., 2008). This is an important consideration when
measuring MC among children and adolescents. As well as getting an overall score for MC,
it is important to analyse each MC component (locomotor, object-control and stability) to
determine differences. No difference between males and females may be reported if males
score lower on locomotor and higher on object-control skills, as opposing differences may
cancel each other out when looking at a composite MC score (Fisher et al., 2005).

The situation regarding MC in Irish youth mirrors that of results reported internationally.
Research shows that the majority of Irish adolescents do not possess the expected level of
MC, with only 11% of a sample of 12 — 13 year old adolescents (n = 242) reaching mastery,
or near-mastery, across nine FMS (O’ Brien et al., 2015a). Recently, similar findings in Irish
adolescents (n = 219; mean age: 14.45 + 0.96 years; O’Brien et al. 2018) have been reported,
with a low proportion of youth achieving mastery or near-mastery across numerous
locomotor and object-control skills (Figure 2.2). O’Keeffe et al. (2007) also reported low
competence among Irish adolescents (n = 46; mean age 15.8 years) in the overhand throw.
Evidently, many Irish adolescents are not proficient in FMS to the developmental level

expected at this age.

27



% Complete Mastery
s I —— 815
I O3 6
C’,»;, I 75
N 70,7
Co I ]
I 52,7
I S, 7
I 7 6. G
G  —— 55
I 1.7

] &
- \
A b “n D
& ® S ° ¥R & &
= N o 5, A N
i <&
& Q:;LG
E Male = Female ‘2,0

Figure 2.2 Percentage of Irish children achieving mastery in FMS (O’Brien et al.,
2018)

In keeping with international trends, Irish adolescent females have significantly lower MC
than adolescent males (t(221) = 2.454, p <.05; O’ Brien et al. 2015a). This difference was
only seen in object-control skills however (t(221) = 3.382, p < .01), with no significant
differences between males and females in locomotor skill proficiency (p > .05; O’ Brien et
al. 2015a). Similar findings were reported by O’Brien et al. (2018) for a sample of Irish
adolescents (n = 219; mean age = 14.45years) with males performing better than females on
overall gross motor score (p = .001) and object-control skills (p = .001). Again, no
significant differences between males and females were found for locomotor skills. This
trend for differences in overall and object-control MC between males and females has also
been documented in other countries (Barnett et al., 2010; Breslin et al., 2012). One potential
explanation for such differences within an Irish context may be the type and amount of
physical activities that males and females participate in. Organised sport provides
individuals with opportunities to develop competency in numerous FMS. Object-control
skills such as kicking, striking and catching form a large part of many of the most popular
team sports in Ireland. Research in Irish youth has found that participation in both club and
extra-curricular sport is higher in males compared to females (Hardie Murphy et al., 2017).
In addition, across a span of five years, females were found to be significantly more likely
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to drop out of sports than males, and significantly less likely to take up a new sport (Hardie
Murphy et al., 2017). Therefore, differences in organised sport participation between males
and females may well result in a decrease in opportunities for females to develop aspects of
MC, particularly object-control skills, during adolescence. To date however, no longitudinal

study in Irish youth has tracked differences in MC development between males and females.

2.2.6 MC: Summary

MC refers to an individual’s mastery of FMS in three categories of skill; locomotor,
manipulative or object-control, and stability (Gallahue and Ozmun, 2012; Stodden et al.,
2008). These FMS form the building blocks for movement and there is evidence to support
the view that poor MC in childhood can lead to lower PA in later years (Barnett et al., 2009;
Green et al., 2011; Lloyd et al., 2014), the consequence of which is an increased likelihood
of developing risk factors for CVD and poor health (Bailey et al., 2012; Ekelund et al., 2012;
Hills et al., 2011; Kriemler et al., 2010; Warburton et al., 2006). Children have the
developmental potential to proficiently execute the basic movement criteria of all FMS by
between 7 and 9 years of age (Gallahue and Ozmun, 2012; Victoria Department of
Education, 1996). Statistics show, however, that currently a large proportion of youth are
not reaching the expected level of MC on a global (Erwin and Castelli, 2008; Mitchell et al.,
2013; Okely and Booth, 2004) and national (O’ Brien et al., 2015a; O’Brien et al., 2018;
O’Keeffe et al., 2007) stage. In asimilar trend to that seen in PA, females consistently report
lower levels of MC than their male counterparts (Barnett et al., 2009; Breslin et al., 2012;
Cantell et al., 2008; Lopes et al., 2011; O’ Brien et al., 2015a; O’Brien et al., 2018). There
may be a skill category component to this trend however, with males generally scoring
higher in object-control skills (Barnett et al. 2010; Breslin et al. 2012; Barnett et al. 2008;
O’Brien et al. 2018) but no differences between males and females generally reported in
locomotor skills (Barnett et al. 2008;0’Brien et al. 2018). What is still unclear regarding
MC and its importance in relation to PA, is the extent of the influence of both age and
sex/gender on how MC contributes to PA. While a large number of studies have found
childhood MC to have a positive relationship with later PA (Barnett et al., 2009; Green et
al., 2011; Lloyd et al., 2014; Lopes et al., 2011), in some cases, particularly among girls, and
younger children, this relationship has not been demonstrated (Green et al., 2011; McKenzie
etal., 2002).
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2.3 Stodden et al.’s (2008) Conceptual Model

2.3.1 The MC-PA relationship

The relationship between MC and PA has been widely studied. Evidence suggests there is
a reciprocal relationship between MC and PA that changes with age (Barnett et al., 2016;
Jaakkola and Washington, 2012; Stodden et al., 2008). It is also recognised that the
reciprocal relationship between MC and PA may be influenced by other variables. Stodden
et al. (2008) have suggested that health-related fitness (HRF) and perceived competence
(PC) play a role in mediating the MC-PA relationship, and accordingly have developed a

theoretical conceptual model to depict these interacting relationships (Fig. 2.3).
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Figure 2.3 Stodden et al.’s (2008) conceptual model

This conceptual model depicts a spiral of engagement which can be either positive or

negative. That is, individuals with higher actual and perceived MC are likely to be more

positively inclined towards PA, and by engaging in PA may further enhance their actual and

perceived MC. This positive spiral of engagement is hypothesised to promote health through

the maintenance or development of a healthy weight status (Stodden et al., 2008). Stodden

et al.’s (2008) conceptual model suggests that HRF and perceived MC mediate the
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relationship between actual MC and PA, with all of these variables combining to positively
or negatively affect weight status.

One of the most frequently referenced models prior to the publication of Stodden and
colleagues’ (2008) model was the Youth Physical Activity Promotion (YPAP) model (Welk,
1999), which focuses specifically on children and adolescents. YPAP maintains that while
factors such as actual MC and fitness may play a role in enabling PA, perceptions of
competence are likely more important in promoting PA. In comparison, Stodden et al.
(2008) have based their model on actual MC as a primary factor in facilitating PA
engagement. Within this conceptual model the role of PC is not disregarded, rather it is
included as a mediating factor, along with HRF. Recently, there is a growing focus on the
role of MC in promoting PA in youth. Research examining interrelationships between
variables in Stodden et al.’s (2008) model provides support for the inclusion of MC, HRF
and PC within the context of youth PA promotion (Barnett et al., 2008; Mitchell et al., 2012;
Babic et al., 2014; Khodaverdi et al., 2015; Robinson et al., 2015). In developing their
conceptual model, Stodden and colleagues (2008) aimed to integrate and link existing
concepts within the field of PA promotion to facilitate an understanding of the pathways
involved in youth PA engagement. Since its publication, Stodden et al.’s (2008) model has
been one of the most widely used frameworks for guiding research on PA behaviours and
health outcomes in youth (Robinson et al., 2015; Rodrigues, Stodden and Lopes, 2016).
However, to date no study has evaluated the model in its entirety. Considering its
widespread use within the PA domain, it is essential to investigate the model as a whole, to

support or refute the hypotheses presented by Stodden and colleagues.

The following section will provide an overview of the current literature regarding Stodden
et al.’s (2008) conceptual model. Section 2.4.1. will give an overview of the MC-PA
relationship, the primary relationship in Stodden et al.'s (2008) model. The developmental
aspect of the relationship will first be discussed, followed by the reciprocal nature of the
relationship. Current research on the stability of MC and PA over time will be presented, as
well as differences between males and females in the relationship between MC and PA.
Section 2.4.2 will give an overview of the proposed mediators, HRF and PC, developing the
case for why they are important to adolescent health, how they have been measured to date,
and current trends among youth. Current research on the direct pathways between HRF, PC,
MC and PA will be presented, highlighting the existing gaps in the research relating to these
pathways. Finally, current evidence for the mediating role of HRF and PC within Stodden et

al.’s (2008) model will be discussed.
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2.3.1.1 Developmental perspective of the MC-PA relationship
As previously outlined, MC is an individual’s ability to master FMS, with FMS providing

the building blocks for movement and engagement in future PA. There is evidence to
suggest that childhood MC predicts adolescent (Barnett et al., 2009; Green et al., 2011) and
adult (Lloyd et al., 2010) PA. So far in this review, the MC-PA relationship has been
discussed focusing solely on the effect of MC on PA. Stodden et al. (2008) however have
based their model on a reciprocal and developmental MC-PA relationship. That is, not only
does MC influence PA, but PA also effects the development of MC, and the nature of these

relationships is proposed to change with age.

This developmental perspective taken by Stodden et al. (2008) is a salient part of the
conceptual model. Rather than assigning a fixed relationship between MC and PA to all
ages, Stodden et al. (2008) address the way in which the relationship between MC and PA
may change as children grow up, along with the potential influences of the key mediating
variables (HRF and PC). This is significant because research has shown that many of the
variables in the conceptual model are affected by a child’s developmental stage (Gallahue et
al., 2012; Harter 1978, cited in Horn 2008; Harter 1982). Stodden et al.’s (2008) conceptual
model hypothesises that the MC-PA relationship will strengthen over time. That is, while
the relationship between MC and PA may be only weak or moderate in early childhood,
Stodden et al. (2008) proposed that this association would strengthen through later childhood
and into adolescence. Evidence supports this concept to some extent in that weaker
relationships have been reported between MC and PA in younger children compared to older
children (Fisher et al., 2005; Logan et al., 2015; McKenzie et al., 2002; Williams et al.,
2008). In pre-school children (n = 198; age range 3 — 4 years) a weak correlation was seen
between MC and PA among 4-year-olds (r = .33; p <.001) (Williams et al., 2008). Among
3-year-olds there was no significant relationship between MC-PA (r = .16; p > .05)
(Williams et al., 2008). In children of a similar age group (n = 394; mean age 4.2 years)
weak relationships were again found between MC and PA (r = .10 (total PA), and .18 (%
time in MVVPA)) (Fisher et al., 2005). In McKenzie et al.'s (2002) longitudinal study there
was no relationship found between MC measured between the ages of 4 and 6 years and PA

at age 12 years.
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A review of the MC-PA relationship among children and adolescents (Logan et al., 2015)
partially supports the developmental model proposed by Stodden et al. (2008). For early
(ages 3-5 years) and middle-late (ages 6-12 years) childhood, low to moderate relationships
(r=.16t0 .48) and low to high relationships (r = .24 to .55) respectively were found between
MC and PA (Logan et al., 2015). In the only two adolescent studies (Barnett et al., 2011;
Okely et al., 2001) included in Logan et al.’s (2015) review, only weak to moderate
relationships (r = .14 to .35) between MC and PA were reported. Thus, the review findings
do not support the proposed developmental relationship (Stodden et al. 2008) in its entirety
(Logan etal., 2015). Despite the weaker MC-PA relationship in adolescents, aspects of MC
significantly contributed to time in MVPA (Barnett et al., 2011; Okely et al., 2001). For
example, Barnett et al. (2011) reported that object-control competency specifically
contributed to 11% of the variance in MVVPA among adolescents (n = 215). According to
Okely et al. (2001), MC was a significant contributor to self-reported organised PA among
adolescents (n = 982), but the proportion of time accounted for by MC in organised PA was
only 3%. The low proportion of variance in MVPA accounted for by MC in this study
indicates that while MC may be a significant factor in PA participation, there are other
potentially more important factors that lead to adolescents engaging, or not, in PA (Okely et
al., 2001). Research to date does not lend strong support to the hypothesis that the MC-PA
relationship will strengthen with age, however, there is a lack of studies assessing this
relationship longitudinally into adolescence. In addition, other factors, such as HRF and PC,
may have an influence on the way in which the MC-PA relationship changes over time. This

has yet to be thoroughly examined.

2.3.1.2 Understanding the reciprocal nature of the MC-PA relationship

Despite reciprocity of relationships being a central hypothesis in Stodden et al.’s (2008)
model, there is limited research investigating this aspect of the model. The difficulty of
collecting data longitudinally, which is needed if a true test of reciprocal relationships is to
be conducted, may have played some role in the small number of studies on this aspect of
the model. In one of the few longitudinal studies investigating the model, Burgi etal. (2011)
examined the relationship between MC and PA in pre-school children (n = 217; aged 4 — 6
years). In these participants, the MC-PA relationship was dominated by the impact of PA
on motor skills. PA was positively associated with MC at baseline (B = .005, p < .01) and
nine months later (f =.003, p <.01), but baseline MC was not associated with improvements

in PA (p >.05). This suggests that in early childhood, the more opportunities children have
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to be physically active, the more they will develop MC. On the other hand, at a very young
age, a higher level of MC was not found to increase the likelihood of these children being
more physically active than their lower MC peers (Burgi et al., 2011). These results highlight
the more uni-directional relationship from PA to MC that is apparent in early childhood
(Burgi et al., 2011; Stodden et al., 2008), compared to the more reciprocal relationship that
is hypothesised to develop later in childhood and into adolescence, where increasing
importance may be placed on MC for providing the necessary skills to continue PA (Fisher
et al., 2005; Holfelder and Schott, 2014; Stodden et al., 2008; Williams et al., 2008). That
being said, a recent study on adolescents (n = 336; mean age 12.0 + 0.4 years; Jaakkola et
al., 2018) reported stronger pathways in the direction of PA predicting MC, rather than the
reverse, as would previously have been expected (Stodden et al., 2008). Barnett et al. (2011)
did find evidence of a reciprocal relationship between PA and MC in adolescents (n = 215;
mean age 16.4 years), but this reciprocal relationship only existed for object-control
proficiency. In the current low active youth population, it is not clear if the hypothesised
strengthening of the pathway from MC to PA in adolescence holds true. In addition, it is not
fully clear from the available literature whether reciprocal relationships exist for all

components of MC, or whether they are seen in specific components only.

2.3.1.3 Stability of MC and PA over time

Separately, PA and MC have been found to track, or remain stable, over time (Jaakkola and
Washington, 2012; Lloyd et al., 2014). Tracking, or stability, refers to the tendency of an
individual to remain in a particular rank position for a measured construct (PA or MC in this
case) within a group, from one time point to the next (Malina, 2001). To say that PA and
MC track over time is to say that childhood levels of PA and MC are indicative of adolescent
levels of PA and MC.

PA in childhood has been found to track moderately into adolescence (Jaakkola and
Washington, 2012; Janz et al., 2000). Janz et al. (2000) measured PA via self-report once
every 3 months over a period of 5 years in youth (n = 126, aged 10.8 years (boys) and 10.3
years (girls) at baseline. Low to moderate stability (r = .32 - .65) was reported for vigorous
activity in both boys and girls. That is, participants who were classified as sedentary, or
active, were likely to remain in these PA categories throughout the study (Janz et al., 2000).
Jaakkola & Washington (2012) found that self-reported PA at age 13 significantly predicted
PA at age 15 (n = 152; B = .45, p < .05), indicating that PA habits developed in early
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adolescence are important for the subsequent maintenance of healthy PA behaviours
throughout adolescence. In contrast, some studies have not found PA to be as stable across
time (Dumith et al., 2012; McMurray et al., 2003). The highest correlation value for self-
reported PA between baseline and seven year follow-up in youth (n = 1,064; age at baseline
= 8 years) was r = .58 (McMurray et al., 2003), which is lower than the values reported by
Janz et al. (2000). Dumith et al. (2012) assessed the stability of self-reported PA from age
11 to age 15 in Brazilian youth (n = 4,452) and found a weak relationship between childhood
and adolescent PA (rho = .22). In all of these studies (Dumith et al., 2012; Jaakkola and
Washington, 2012; Janz et al., 2000; McMurray et al., 2003), PA was measured using
subjective recall measures. It was acknowledged by McMurray et al. (2003) that stability
coefficients for self-report PA in younger children may not be reliable, given the difficulty
in correctly recalling PA. This may have given rise to lower tracking of PA across time
when children were younger at baseline (Janz et al., 2000; McMurray et al., 2003) compared
to tracking in older children or adolescents (Jaakkola and Washington, 2012). One study
that did use accelerometery and tracked PA over a two-year period in young children (n =
42; mean age at baseline = 3.8years) found moderate correlations between baseline and
follow-up PA (r = .35 - .37) (Kelly et al., 2007). The research is inconclusive as to the
strength of the tracking of youth PA over time. Studies using self-report PA data may be
compromised by the ability of children to accurately report PA. Longitudinal studies using

objective measures of PA are needed to further our understanding of PA changes with age.

Along with PA, MC has also been reported to track across time, with studies showing slightly
stronger stability in MC over time compared with PA. Low motor competent children often
become low motor competent adolescents and adults (Ahnert et al., 2009; Lloyd et al., 2014;
Lubans et al., 2010; Vandorpe et al., 2012). Longitudinal studies have found MC to track
over time in young children (Vandorpe et al., 2012) and from early childhood through to
adulthood (Ahnert et al., 2009). In young children (n = 638; mean age at baseline = 8.3
years), MC tracked from baseline to follow-up (r = .66 for MC between age 6 and 8 years; r
= .87 for MC between age 7 and 9 years) despite differing levels of exposure to organised
sport participation (Vandorpe et al., 2012). As expected, all children, irrespective of
organised sport participation level, showed increases in MC over time (Vandorpe et al.,
2012). These findings are in keeping with observations made by Ahnert et al. (2009) in a
20-year longitudinal study on the development and intra-individual stability of MC over
time, where stability coefficients for MC were found to be significant from pre-school

onwards. Moderate to moderately high correlations (r = .30 - .54) were found between pre-
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school MC and age 23 MC, with greater stability (r = .52 - .63) found between elementary
school MC and age 23 MC (Ahnert et al., 2009). This suggests that MC level in middle to
late childhood will have an important bearing on MC into adulthood and throughout the
lifespan. At this stage the proposed MC “proficiency barrier” (Haubenstricker and Seefeldt,
1986) may come into effect, with individuals likely needing to possess the necessary
competencies by this age to enable them to be physically active throughout the lifespan. It
Is worth noting however, that specific components of MC may track from childhood to
adolescence more so than others. It has been shown that childhood object-control proficiency
significantly predicts adolescent object-control proficiency for example, while childhood
locomotor proficiency did not demonstrate this association with adolescent proficiency
(Barnett et al., 2010).

While MC may be relatively stable over time (Ahnert et al., 2009; Vandorpe et al., 2012),
the level of MC attained appears to be influenced by differences in PA participation, with
research highlighting the need for practice opportunities for developing MC (Barnett et al.,
2016; Hardy et al., 2010). For example, in the Vandorpe et al. (2012) study, despite
increases in MC among all children with respect to increase in age, the children who reported
constant participation in organised sport did score higher in MC than both the partial
participation and no participation groups across the three-year study. In other words, MC
increased across all sport participation groups, but children who participated in more
organised sport scored higher in MC at the initial time-point and continued to score better as
they got older. Therefore, PA or organised sport participation may not dictate whether a
child improves their competency level from a young age to adolescence, but it does appear
to influence the level of MC attained, with greater participation significantly associated with
higher scores in the MC tests (Vandorpe et al., 2012).

2.3.1.4 Gender- and sex-related differences in MC and PA

Sex is defined as “a set of biological attributes” pertaining to physical and physiological
factors such as chromosomes, hormones, and reproductive anatomy (Canadian Institutes of
Health Research, 2018). It is predominantly referred to as a binary variable — male and
female (Canadian Institutes of Health Research, 2018). Gender is a socially constructed
concept and is defined as “the roles, behaviours, expressions and identities of girls, women,
boys, men, and gender diverse people” (Canadian Institutes of Health Research, 2018).

Similar to sex, gender is usually referred to as a binary variable — man/boy and woman/girl
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(Canadian Institutes of Health Research, 2018). That being said, in comparison to biological
sex which can be identified based on physical attributes, gender exists on a spectrum, with
an array of ways to express gender identity (Heidari et al., 2016). Considering the definitions
of sex and gender, when examining differences between groups, sex-based differences will
pertain to physical or physiological differences, whereas gender-based differences will
pertain to psychosocial or sociocultural differences (Canadian Institutes of Health Research,
2018). In saying that, sex and gender are integrally related and not mutually exclusive
(Clayton and Tannenbaum, 2016). When considering pathways in Stodden et al.’s (2008)
conceptual model, if differences exist between males/boys and females/girls it is likely due

to a mix of both physiological (sex) and sociological (gender) factors.

As previously discussed, Stodden et al.’s (2008) conceptual model considers developmental
age as an important factor influencing associations between variables. Based on research
which has identified age-related differences in the variables included in the model, it is
hypothesised that relationships between variables will change with developmental age
(Stodden et al., 2008). A limitation of the model is the lack of consideration given to how

gender/sex may impact the pathways in the model.

Research has highlighted the differences that exists in MC between boys and girls, with boys
consistently reported to have higher levels of overall (Barnett et al., 2009; Breslin et al.,
2012; Cantell et al., 2008; Lopes et al., 2011; O’Brien et al., 2018) and object-control
(Barnett et al., 2008; Barnett et al., 2010; Breslin et al., 2012; O’Brien et al., 2018) MC
compared to girls. Differences are also seen in PA with boys again consistently reported to
have higher levels of PA than girls (Cantell, Crawford and (Tish) Doyle-Baker, 2008;
Barnett et al., 2008; Barnett et al., 2009; Borraccino et al., 2009; Green et al., 2011; Hallal
etal., 2012). When looking at the nature of the relationship between MC and PA in boys and
girls however, such differences are not as definitive. While some studies have found
differences in the MC-PA relationship (Green et al., 2011), other researchers propose that
regardless of differences in level of PA and MC between boys and girls, the relationship
between these variables is not dependent on sex/gender (Barnett et al. 2008; Crocker,
Eklund and Kowalski, 2000). In other words, while boys may display higher object-control
competency than girls, for example, the relationship between competency level and
engagement in PA for boys is similar to the relationship between these two variables for
girls. Most importantly in terms of addressing the pressing problem of physical inactivity

and negative health trajectories, is the clear finding that girls, and low MC boys, are at higher
37



risk of physical inactivity and concomitant health problems (Bailey et al., 2012; Ekelund et
al., 2012; Hills et al., 2011; Kriemler et al., 2010; Warburton et al., 2006) than highly motor
competent boys.

2.3.1.5 The MC-PA relationship: Summary

Stodden et al.’s (2008) conceptual model proposes a developmental and reciprocal MC-PA
relationship that strengthens with age, and is influenced by other factors, namely HRF and
PC. Research partially supports aspects of this model, with the proposed strengthening of
the MC-PA relationship seen throughout childhood (Fisher et al., 2005; Logan et al., 2015;
McKenzie et al., 2002; Williams et al., 2008) but not into adolescence (Barnett et al., 2011,
Logan et al., 2015; Okely et al., 2001). The available literature is also not conclusive in
whether a reciprocal MC-PA relationship exists for all MC components (locomotor, object-
control, stability) (Barnett et al., 2011). It must be acknowledged that there is a distinct lack
of research addressing the development of this MC-PA relationship in adolescents. In their
review, Logan et al. (2015) highlighted the lack of longitudinal studies and called for studies
that track the MC-PA relationship in youth, and that monitor other variables likely to
influence this relationship. In addition, given the widely reported gender- and sex-related
differences in PA and MC, as well as in the proposed mediating variables of HRF and PC,
it is necessary to address whether, as with developmental age, there are sex/gender-based
differences in the pathways hypothesised in the model. A full analysis of the
interrelationships between all components of the model in a longitudinal manner is required

to test Stodden et al.’s (2008) conceptual model in its entirety (Logan et al., 2015).

2.3.2 Mediators of the MC-PA relationship

Mediators are “intervening dependent variables” which can be affected by the independent
variable and can consequently affect the dependent variable (Rubin & Babbie 2009, p.169).
In the case of Stodden et al.’s (2008) proposed model, health-related fitness (HRF) and
perceived competence (PC) are hypothesised to mediate the relationship between MC and
PA (Fig. 2.3). That is, MC and/or PA may influence HRF and/or PC, which may

subsequently determine an individual’s spiral of engagement or disengagement in PA.

2.3.2.1 Health-Related Fitness: Introduction
Health-related fitness (HRF) is theoretically defined as a multidimensional construct
containing the components cardiorespiratory endurance (CRE), muscular strength (MS),

muscular endurance (ME), flexibility, and body composition (Caspersen et al. 1985; ACSM
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2014, p.2. CRE is defined as “the overall capacity of the cardiovascular and respiratory
systems and the ability to carry out prolonged strenuous exercise” (Ortega et al. 2008). MS
and ME are often grouped together under the term muscular fitness (MF), where MF refers
to the ability of the muscular system to produce force against a resistance, in one maximum
effort (MS), or over a prolonged period (ME), dynamically or statically, and using large or
small musculature (Ortega et al. 2008; Smith et al. 2014). Flexibility refers to the range of
motion at a joint (Caspersen et al. 1985). Body composition is the make-up of the body,
usually described in percentage of muscle, fat, bone and water within the body (Caspersen
et al. 1985).

2.3.2.1.1 Importance of HRF in youth

HRF is considered a powerful indicator of health among children and adolescents, with
higher fitness levels associated with positive outcomes for bone health, mental health,
obesity and cardiovascular disease (CVD) risk (Ortega et al. 2008; Ruiz et al. 2009). In a
review of the predictive validity of HRF in youth for health outcomes in later life, Ruiz et
al. (2009) found substantial evidence supporting the contention that high levels of CRE in
youth are associated with better cardiovascular health in adulthood (Ruiz et al. 2009).
Another review of HRF studies and health outcomes in children and adolescents found that
of the five HRF components, CRE levels in particular are related to adiposity, CVD risk
factors, quality of life in cancer sufferers, and mental health (Ortega et al. 2008). MS and
ME were also associated with CVD risk factors and quality of life, as well as bone health
(Ortega et al. 2008). In a study examining the relationship between cardiometabolic disease
risk factors, and CRE and PA in 10-14-year olds (n = 100), it was found that those classified
as high in CRE had a significantly lower risk for cardiometabolic disease compared to those
classified as low in CRE (F =9.79, p <.001) (Bailey et al. 2012). Cardiometabolic disease
risk was defined in this study as the sum of a number of risk factors including waist
circumference (WC), blood pressure (BP), total triglycerides, total cholesterol to HDL-C
ratio, and blood glucose (Bailey et al. 2012). Barker et al. (2018) found a similar negative
relationship between CRE and clustered CVD risk (B =-.388; p <.001) in adolescents aged
12.5-17.5 years (n = 534). Interestingly, for participants in Bailey et al.’s (2012) study,
where CRE was found to determine cardiometabolic risk, differences in objectively

measured PA level had no significant effect on children’s risk for cardiometabolic disease.

While CRE is the most widely studied component of HRF, there is growing evidence for the

benefits of MF for health among children and adolescents. Superior MF has been favourably
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associated with a reduced risk of insulin insensitivity (Benson et al. 2006), a reduced
likelihood of excess adiposity (Smith et al. 2014; Janz et al. 2002; Grgntved et al. 2015), and
a reduced risk of CVD risk factors (Janz et al. 2002; Grentved et al. 2015; Barker et al.
2018). Benson et al. (2006) found that in youth (n = 126; age range = 10 — 15 years) MS
was a significantly associated with insulin resistance, a precursor to diabetes, independent
of CRE, with groups achieving moderate and high strength levels (relative to all participants
in the study) 98% less likely to have high insulin resistance levels when compared to the low
strength group. In keeping with the large body of research on HRF and health, Benson et al.
(2006) also found that high CRE was a significant protector against high insulin sensitivity.
Importantly, both components of HRF (CRE and MF) measured by Benson et al. (2006)
were independent of each other in terms of their protective effect on insulin resistance.
Whereas high and moderate strength offered almost equal protection against high insulin
insensitivity, only high CRE offered a protective effect against insulin resistance (Benson et
al. 2006). A review by Smith et al. (2014) pooled the effect sizes of the individual studies
it included and reported strong evidence for a negative association between MF and adiposity
(r = -.25; 95% CI -.41 - -.08). Cross-sectionally, Barker et al. (2018) have also reported
significant associations between MF and clustered CVD risk in youth (B = -.24, p < .001).

Longitudinal studies have identified the importance of developing MF at a young age for
maintaining good health later in life (Ruiz et al. 2009; Janz et al. 2002; Grgntved et al. 2015).
A review of longitudinal studies examining the relationship between childhood fitness and
adult health found that increased MS from childhood to adulthood was negatively associated
with adult adiposity (Ruiz et al. 2009). This same review could not draw any definitive
conclusions about the relationship between MS and changes in other CVD risk factors (BP,
blood lipids and lipoproteins) (Ruiz et al. 2009). In a five-year longitudinal study on HRF
and health outcomes in youth (n = 125, mean age at baseline = 10.5years) Janz et al. (2002)
found that MS predicted 8% of the variability in future adiposity. Their results also
demonstrated that improvements in MS over the five years were favourably associated with
systolic BP changes with changes in MS accounting for 4% of the variance in year five
systolic BP (Janz et al. 2002). Similarly, Grgntved et al. (2015) found MS in adolescence
(n = 332) to significantly predict waist circumference in early adulthood ( = -1.09, 95% CI
=-2.10--.08, p <.05). Both Janz et al. (2002) and Grgntved et al. (2015) found MS to be a
significant predictor for the development of numerous CVD risk factors, with participants
who had higher baseline strength less likely to have any one of a number of CVD risk factors

at follow-up. Again, as with Bailey et al. (2012), in the study by Janz et al. (2002) self-report
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PA levels was assessed, and changes in self-report PA over time again were not associated

with any of the health outcomes identified.

In comparison to both PA and MC, the association between most HRF components and
health, both cross-sectionally and longitudinally, is clear. Higher levels of CRE and MF are
associated with myriad health benefits and are predictive of better health into adolescence
and adulthood. While development of HRF undoubtedly requires engagement in varied PA,
positive health outcomes appear to be more associated with increases in HRF rather than
increases in PA alone (Bailey et al., 2012; Janz et al., 2002). Comprehensive measurement
of both HRF and PA over time is needed to untangle the interrelationships between these
constructs and to further our understanding of how to elicit positive health outcomes in

youth.

2.3.2.1.2 Measurement of HRF

HRF test batteries have been developed and used to test and compare fitness levels in
different populations. FITNESSGRAM (The Cooper Institute, 2001) and EUROFIT
(Council of Europe, 1983) are two field-based test batteries that have been used frequently
and that share some of the same measures for components of HRF (Table 2.2).
FITNESSGRAM was developed in the USA and provides testing procedures for all five
components of fitness, with criterion-based and/or age-referenced norms which can be used
to measure whether an individual is reaching the required fitness levels for health and their
performance relative to others of a similar age (Welk et al., 2011). Using data from the
countrywide NHANES study, the Cooper Institute developed age-specific thresholds, or
healthy fitness zones (HFZ) below which a child or adolescent is at risk of poor health. All,
or components, of the FITNESSGRAM have been used extensively in measuring HRF
among adolescents worldwide (Khodaverdi et al., 2015; Ortega et al., 2011; Rodrigues et al.,
2016; Stodden et al., 2014). EUROFIT is a European-developed field-based test battery
similar to FITNESSGRAM. While EUROFIT does not provide age-referenced norms in
their manual, a recent European-wide assessment of HRF in youth (n = 3,428) (Ortega et al.,
2011) used many of the test protocols outlined in EUROFIT (Council of Europe, 1983),
providing normative values for HRF in European youth (aged 13 — 17 years) and allowing
for analysis and comparison of standards on HRF tests to a cohort norm. The EUROFIT test
battery has been used extensively to measure HRF in adolescents (Baquet et al., 2006;
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Bronikowski and Bronikowska, 2011; Carraro et al., 2010; Gisladéttir et al., 2014; Ortega et
al., 2005; Vedul-Kjelsas et al., 2012a).

Table 2.2 Tests included in the FITNESSGRAM (The Cooper Institute 2001) and
EUROFIT (Council of Europe, 1983) for each HRF component (overlap highlighted
in green)

FITNESSGRAM EUROFIT Test Reliability

CRE

% Agreement = .92 (Morrow et
1-mile run * al., 2010)

ICC = .91 (McSwegin et al.

1mile walk * 1998)

PWC170(cycle ICC = .89" (Nikolaidis, 2011)

ergometer) *

6min run test * ICC =.94°(Li et al., 2005)
ME

% Agreement = .78 (Morrow et
90° push-up * al., 2010)

ICC = .72 - .91 (Plowman and
Modified pull-up * Mahar, 2013)

Non-significant (p > .05)

intertrial difference in jump

distance (cm) for males: -0.3 +
Standing broad jump * 12.9 and females: 0.3 £9.0




Non-significant (p > .05)
intertrial difference in jump
height (cm) for males: 0.0 + 3.4
and females: -04 + 3.3 (F

Vertical jJump * Ortega et al., 2008)
Flexibility

% Agreement = .89 (Morrow et
Back-saver sit-and-reach * al., 2010)
Sit-and-reach ~ (double Cronbach’s a = .99? (Morina et
leg) * al., 2015)

Body Composition

ICC = .99 for males, .97 for
Skinfold thickness * females (Ihmels et al., 2004)
%BF via bioelectrical ICC > .82 (Talma et al., 2013)
impedance *

% Agreement = .97 (Morrow et
BMI * al., 2010)

Notes: 2male sample only. ° female sample only ®6-minute walk test

Many studies on youth have chosen tests from these batteries to measure HRF. For large
groups of children or adolescents, the 20m shuttle run is one of the most common field-based
tests of CRE (Ortega et al., 2005). Léger et al. (1988) developed this test and provided age-
specific equations to calculate VO2max from final score on the test. FITNESSGRAM (The
Cooper Institute, 2001) provides criterion-based values for children and adolescents which
identify age-relevant healthy ranges for CRE levels (Welk et al., 2011). Laboratory-based
CRE tests which require analysis of expired air during exercise to exhaustion are the gold
standard method for measuring VO:2max (Pate, Oria and Pillsbury, 2012). That being said,
they are an expensive method of testing in terms of efficiency, expertise, and equipment
(Grant et al., 1995). In addition, most laboratory-based tests of CRE can be conducted with
only one participant at a time making them impractical for large groups of children.
(Ramsbottom, Brewer and Williams (1988) found the 20metre shuttle run to be a valid tool
for predicting VO2max, as compared against the criterion incremental treadmill test (r = 0.92).
Therefore, the 20m shuttle run is a valid alternative when expertise and expense limitations

present, and when large groups are to be tested in a field-based setting.
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For practical reasons, some of the tests of MF included in both the FITNESSGRAM and
EUROFIT may be more applicable than others for field-based measuring of HRF in youth.
Tests of core and upper body endurance such as curl-ups and sit-ups are easy to administer
and require little equipment (The Cooper Institute, 2001). In comparison, tests such as pull-
ups, or flexed arm hang, require gym equipment that may not be available in all field-based
settings (Council of Europe, 1983; The Cooper Institute, 2001).

When assessing flexibility, the sit-and-reach, or back saver version, are commonly used
(Minck et al., 2000; Ortega et al., 2011; Haugen, Ommundsen and Seiler, 2013; Rodrigues,
Stodden and Lopes, 2016). The back saver sit-and-reach assesses flexibility one leg at a
time and may reduce the risk of overstretching the back compared to the original test format
(Ruiz et al., 2006). While the sit-and-reach tests measure hamstring flexibility, other tests
such as the back-scratch test can be used to measure shoulder flexibility (Castro-Pifiero et
al., 2013; Plowman and Mabhar, 2013). It has been recommended that flexibility be assessed
at different locations considering that flexibility is unique to each specific joint (Castro-
Pifiero et al., 2013). In saying that, the vast majority of studies in youth which asses
flexibility use the sit-and-reach test, or back-saver version. Therefore, for comparative

purposes it is a useful measure of flexibility, albeit site-specific.

BMI is frequently used as a measure of body weight status (de Onis and Lobstein, 2010;
Heinen et al., 2014; May et al., 2012; Ogden et al., 2015; Woods et al., 2010). Compared to
other methods which measure the composition of an individual’s mass in terms of fat,
muscle, bone, and water, BMI measures an individual’s body mass in relation to their height
(de Onis and Lobstein, 2010) and is a relatively simple and inexpensive method of assessing
body weight status (Gupta et al., 2011; Loenneke et al., 2013). Cut-off’s for healthy and
unhealthy BMI for children and adolescents have been developed by the World Health
Organisation (de Onis et al., 2007). By 2010, 110 countries worldwide had adopted these
cut-off’s to identify levels of overweight and obesity in youth (de Onis and Lobstein, 2010).
In comparison to BMI measurement in adults, BMI measurement in children and adolescents
is age and sex specific. While BMI is the most frequently used method of assessing body
weight status, there are some limitations. Compared to other measures, such as waist
circumference (WC), it has been reported that BMI is less capable of predicting CVD risk
in children (n = 1,987, mean age 11.0 + 0.4years; (Savva et al., 2000), and it has been
recommended for BMI to be used in conjunction with other body weight status measures

when assessing youth (Mitchell et al., 2012). WC is a proxy measure for abdominal fat
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(Després, 2012; Klein et al., 2007) and is strongly associated with cardiovascular and
metabolic disease factors (Freedman et al., 1999; Savva et al., 2000; Shen et al., 2006). In
children (n = 1,987; mean age 11 years) WC has been found to be a significantly stronger
predictor of CVD risk factors compared to both BMI and waist-hip ratio (Savva et al., 2000).
Cook, Auinger and Huang (2009) reported WC values above the 93rd (boys) or 86th (girls)
percentile as the cut-off values for healthy WC in youth. It is important to note that WC
may not be as strong a predictor in younger children compared to adolescents, as
centralisation of body fat does not occur until puberty (Cameron et al., 2009). Other
frequently used methods of measuring weight status include bioelectrical impedance
analysis (BIA) and skinfold measurement. BIA can give a more accurate picture of total
body composition (muscle, bone, fat content), while summing skinfolds taken at specific
anatomical regions is used to measure %BF alone. Validity and reliability of BIA tools is
difficult to establish between models (Gupta et al., 2011), and BIA requires the use of
expensive equipment (www.tanita.com). Skinfold thickness measurement is a reliable
measure of body fat percentage (Loenneke et al., 2013), however it requires some training
to be proficient. In comparison, BMI and WC measurements are easier to perform and less

invasive for the participant than skinfold thickness, and more economical than BIA.

In Stodden et al.’s (2008) conceptual model HRF is positioned as a mediator of the MC-PA
relationship, but weight status is positioned as an outcome of that relationship, separate to
HRF as a mediator. This is common in health promotion research (Lima, Pfeiffer, et al. 2017,
Rodrigues et al. 2016; Casonatto et al. 2016; Bailey et al. 2012; Smith et al. 2014; Janz et al.
2002; Grgntved et al. 2015b). However, the inclusion of body weight status, or body
composition, within the context of a HRF construct poses problems in analysing
relationships between HRF and health when measures of body weight status such as BMI
are used as indicators of health. Clearly, components cannot be both independent and
dependent variables. In addition, studies which purport to measure HRF often only examine
one or two components (Lima et al. 2017), with CRE chosen as the most relevant component
in many studies (Barnett et al. 2008; Barnett et al. 2008; Kriemler et al. 2010; Woods et al.
2010). There is strong evidence for a positive association between CRE health in youth
(Corbin etal. 2014; Pate et al. 2012; Ortega et al. 2008), which lends support to the frequency
of its measurement in health promotion studies. That being said, a growing body of evidence
indicates a positive association between MF and health exists in youth (Benson et al. 2006;
Smith et al. 2014; Janz et al. 2002; Grgntved et al. 2015a). If only one component is

measured under the HRF construct, then the important contribution of other components will
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be ignored. In the context of Stodden et al.’s (2008) conceptual model, where HRF is
included as a composite, and pathways between HRF and MC, PA and PC are hypothesised
to impact on weight status, it may be necessary to re-evaluate HRF as a construct to allow a
full test of the model. As such, the following sections will discuss HRF trends, and the
association of HRF with PA and MC, from the perspective of body weight status as an
outcome of interactions between these health-related variables, rather than as a component
of HRF.

2.3.2.1.3 Current trends

An extensive systematic review of HRF in European youth (2,779,165 EUROFIT test
performances; age range 9-17 years) found that, across included studies, 78% of males (95%
Cl 72-85%) and 83% of females (95% CI 71-96%) were classified as having healthy CRE
(Tomkinson et al., 2018). In a large cohort of European adolescents (n = 3,428; age range =
12.50 — 17.49 years) from 10 different European cities, 61% of boys and 58% of girls
reported a healthy CRE level (Ortega et al., 2011). According to Santos et al. (2014), a
similar proportion (61.1%) of Portuguese youth (n = 22,048; age range 10 — 18 years) were
in the HFZ for CRE. In this sample of Portuguese youth, a significantly greater proportion
(p <.05) of girls in the 10 — 14-year age brackets were in the HFZ for CRE compared to
boys, but the opposite was then seen in 15 — 18 year olds (p < .05; Santos et al., 2014). In
the same study, for ME (curl-up and push-up tests) and flexibility (modified-back-saver-sit-
and-reach right leg, and left leg) the percentage of participants in the HFZ were 82.5%,
58.9%, 49.1% and 51.8%, respectively (Santos et al., 2014). For upper-body ME, more boys
reached the healthy zone in the 10-, 11- and 13-year-old group than girls (p <.05). Again,
an opposing trend was then seen from age 14 to 17, with more girls than boys in the HFZ (p
<.001; Santos et al. 2014). Inthe US, data from NHANES (youth aged 12-15years), showed
a lower percentage of individuals (42.3%, 95% CI 36.3 — 48.3%) reaching healthy levels of
CRE compared to European youth (Beals et al., 2016). A similar sex divide was seen
however, with a higher proportion of males (50.4%, 95% CI 42.7 - 58.2%) in the healthy
zone for CRE compared to females (33.9%, 95% CI 27.5 - 40.2%) (Beals et al., 2016). In
terms of the development of CRE, an earlier study also using NHANES data (Pate et al.,
2006) found opposing trends in males and females for the progression of CRE with age.
Males increased their CRE with increasing age, while for females CRE actually decreased
with age (Pate et al., 2006). Research on changes in CRE has found that VO2max tends to

increase from childhood into adolescence (Janz et al., 2000; Kemper et al., 2013). This
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increase usually lasts into late adolescence for males, but for females a plateau in VOzmax IS
frequently reported much earlier in adolescence at about 13 or 14 years (Janz et al., 2000;
Kemper et al., 2013). In their review, Tomkinson et al. (2018) found that the percentage of
males and females achieving healthy CRE levels decreased by approximately 3% and 7%,
respectively, every year from the age of 9 years. That being said, from childhood into
adolescence generally speaking across all components there is a trend for individual
increases in HRF with age (Ortega et al., 2011; Santos et al., 2014).

Sex differences have been reported for overall HRF scores in youth. Tomkinson et al.'s
(2018) systematic review of HRF in European youth reported that, on average, males were
significantly better than females in MS (large effect size), ME (moderate — large effect size)
and CRE (large effect size). In contrast, females were generally found to perform
significantly better in flexibility (moderate effect size; (Tomkinson et al., 2018). This trend
has been reported in a number of studies in European youth (Ortega et al., 2011; Santos et
al., 2014). Interestingly, when examining the development of HRF in youth, a trend for an
increase in sex differences with age from about 12 years old was noted for CRE, MS and
ME, with males improving at a faster rate than females (Tomkinson et al., 2018). This is
reflective of physiological changes that occur around the onset of puberty whereby male
levels of circulating testosterone increase substantially above female levels allowing for
rapid increases in strength and endurance. For flexibility, male and female youth developed

at a similar rate (Tomkinson et al., 2018).

In an Irish context, 77.6% of adolescents (n = 535; age 12.78 + .42 years) were classified as
having “Good” to “Superior” CRE (Belton, Issartel, et al., 2018). Similarly, data collected
for CSPPA (Woods et al., 2010) found that the proportion of children (n = 5, 397) with
healthy CRE levels was 77%, which is higher than the level reported among European
(Ortega et al., 2011; Santos et al., 2014) and US youth (Beals et al., 2016). Similar to
international trends, there is evidence of a sex difference in CRE levels in Irish adolescents
(Irish Life Schools Fitness Challenge, 2016). Males in first year of secondary school were
32% fitter than females (Irish Life Schools Fitness Challenge, 2016). This sex-related
difference increases with age, with a 42% difference in CRE level seen between adolescent
males and females by fourth year of secondary school (Irish Life Schools Fitness Challenge,
2016). In contrast, Belton et al. (2018) found that, using the Cooper Institute standards
(Heyward, 1998) the proportion of males reaching their optimal CRE score was lower than

the proportion of females (45% vs 67%). Data on other components of fitness within the
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Irish context are scarce, both cross-sectionally and longitudinally. Considering the strong
evidence for a positive association between CRE, MS, and ME and health outcomes in youth
it is important to assess fitness levels in youth across all components. In the context of the
current research, and cognisant of the drop-off in PA frequently reported during adolescence,
establishing the role of HRF at this stage of development is an important step in

understanding how and why youth disengage from PA.

2.3.2.1.4 HRF, MC, PA: direct relationships

Direct relationships have been identified between HRF and both MC and PA. In general,
the majority of studies in this area focus on CRE levels and body composition as markers of
HRF, with fewer studies including measurement or reference to other HRF components
(MS/ME/flexibility).

Cross-sectionally, CRE and PA have been found to be positively correlated among children,
with higher levels of CRE associated with increased time in MVPA and VPA (Bailey et al.,
2012; Burgi et al., 2011). Burgi et al. (2011) sought to identify the cross-sectional
relationships between PA, CRE, MC, and percentage body fat (%BF) in children (n = 217,
age 4 — 6 years). Cross-sectional results from this study showed that baseline CRE and PA
were positively associated (Burgi et al., 2011). In 10 — 14 year olds (n = 100), time spent in
MVPA (r = .22, p <.05) and VPA (r = .39, p < .05) was also positively associated with
CRE (Bailey et al., 2012). LPA however was negatively associated with CRE (r = -.35, p
<.05; Bailey et al., 2012). One cross-sectional study on a large sample of adolescents (n =
1,839; mean age 15 years) examining among other variables, both PA and HRF, where all
five HRF components were measured, found that higher PA was significantly associated
with better HRF levels across all five components (MS: r =.12-.25, p < .01 (males), r = .26
- .40, p < .01 (females); CRE: r =.24, p <.01 (males), r =.35, p < .01 (females); flexibility:
r=.09, p <.05 (males)) except flexibility for females, indicating that enhancements in HRF

may be brought about by increases in PA (Haugen et al., 2013).

Another cross-sectional study examining the direct relationships among PA, MC, and HRF
among adolescents (n = 1,585; mean age 14.06 years), found that low active adolescents had
significantly lower CRE (p < .001) and upper body strength (p < .001) than their high active
peers (Hands et al., 2009). Interestingly, low levels of PA appeared to favour performance
in flexibility, with less active adolescents performing better on flexibility tests (Hands et al.,

2009). Using multiple regression analysis, CRE was found to be the only component of
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HREF that significantly predicted variance in PA among both males (B = .17; p < .01) and
females (B = .26; p < .01) (Hands et al., 2009). In comparison, all HRF components
significantly predicted variance in MC (Hands et al., 2009). From this study, the influence
of HRF on MC in youth appeared to be stronger than the influence of HRF on PA. Utesch
et al. (2019) noted that to adequately perform some FMS, a degree of MS or ME may be
needed. This may result in a stronger relationship between these two variables, in
comparison to the relationship between HRF and PA. In young adults (n = 188; mean age
20.4 years; (Stodden et al., 2009) and children (n = 267; age 4 - 13 years; (Stodden et al.,
2014), performance on selected motor skills (kicking, throwing, jumping) was found to be
positively associated with HRF (r = .48—.74 (Stodden et al., 2009); r = .38-.65 (Stodden et
al., 2014)). Similar to the relationship between HRF and PA, all components of HRF except
flexibility were positively associated with MC among young adults (Stodden et al., 2009).
In children (n = 456) ranging in age from 4 — 13 years object-control MC (kicking and
throwing) was found to be a predictor of HRF from age 6 years, and the strength of this
association increased with age (Stodden et al., 2014). The association between locomotor
MC (standing long-jump) and HRF however varied across developmental stage, with
locomotor skill a predictor of HRF in4 -5, 8 - 9 and 10 - 11year olds, but not in 6 — 7 or 12
— 13 year olds (Stodden et al., 2014). These findings lend support to the authors’ original
conceptual model (Stodden et al., 2008), that favours a positive feedback loop where MC is

necessary for participation in activities that will enhance HRF (Stodden et al., 2009, 2014).

A systematic review of the association between HRF and MC found strong evidence (60-
100% of identified studies, which had a low risk of bias, reported significant correlations)
for a positive relationship between CRE and MC, and between MF and MC (Cattuzzo et al.,
2016). Cross-sectionally, Cantell, Crawford and Doyle-Baker (2008) measured differences
in HRF between high and low MC groups of children, adolescents, and adults. Unlike the
majority of HRF research, CRE was not included as a measure of HRF, with the authors
focusing solely on MF. While no considerable differences based on MC level were seen in
MF for either the child or adolescent groups, adults with lower MC had significantly (p <
.033) lower scores on all MF indices (Cantell et al., 2008). Trends were noted between MC
and MF for adolescents, as well as adults, with female adolescents who were identified as
low MC occupying the “fair” category for fitness, compared to their high MC counterparts
who occupied the “good” and “very good” categories for fitness. Similarly, a trend among
adult males was found, with low MC males classified mainly as “good” for fitness level,

compared to “excellent” for the high MC group (Cantell et al., 2008). In contrast to the
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research by Stodden et al., (2014) and Cantell, Crawford and Doyle-Baker (2008), Haga,
Gisladottir and Sigmundsson (2015) found that the relationship between HRF and MC may
be stronger among younger participants, rather than older. In a sample of children and
adolescents (n = 194), the MC-HRF relationship was stronger in 4-6 year olds (r = .56; p <
.001) and 11-12 year olds (r = .44; p < .001) compared to 15-16 year olds (r = .20; p > .05)
(Haga et al., 2015). Other research has found that MC may not be necessary for adolescents
to maintain fitness levels, with only a weak correlation (r = .25) found between MC and
fitness indices in 15-16year olds (n = 94; Gisladéttir, Haga and Sigmundsson, 2014). Thus,
results from both Haga et al. (2015) and Gisladottir et al. (2014) bring into question the
proposed strengthening nature of relationships with age between variables in Stodden et al.’s
(2008) conceptual model and point to the need for longitudinal research designs which can

fully untangle the complex and dynamic relationships proposed in the model.

Some longitudinal studies have found relationships between HRF and both PA and MC, with
CRE again the most commonly studied component of HRF across age groups (Burgi et al.,
2011; Larsen et al., 2015). Larsen et al. (2014) included measures of CRE and MS in their
longitudinal study of children (n = 673) aged between 6 and 12 years when examining the
relationship between HRF and PA. Childhood CRE was identified as the strongest HRF
determinant of adolescent MVPA in this study (Males: B = .87, 95% CI = .48 — 1.26;
Females: B = .27, 95% CI = .01-.54; Larsen et al., 2015). An increase of one standard
deviation in CRE level resulted in an increase of 54 minutes per week of MVPA for boys
and 16 minutes per week for girls (Larsen etal., 2015). As well as examining cross-sectional
relationships between HRF, PA and MC, Burgi et al. (2011) also measured these same
participants longitudinally. While CRE and PA were associated at baseline in Burgi et al.’s
(2011) study, baseline CRE was not found to predict changes in PA. That being said, higher
levels of vigorous PA at baseline were positively associated with changes in CRE ( =.003,
95% CI =.001 - .007; Burgi et al. (2011).

It is important to acknowledge the link between the level and intensity of PA, and HRF. It
may not simply be any type of PA that is positively associated with HRF, but PA at the right
intensity. One longitudinal study following children (n = 158) from 11 to 16 years of age
found that maintaining a high level of PA (> 60minutes MVPA per day) across the years
was most strongly associated with HRF rather than simply increasing PA (Baquet et al.,
2006). Children who increased their PA time during the study, but who did not reach the
standard of more than 60 minutes MVVPA per day, did not improve HRF (Baquet et al., 2006).

This is not unexpected, given that the recommended PA guidelines for youth were
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determined to ensure individuals engaged in an amount and intensity of PA that is sufficient
to protect them from adverse health outcomes resulting from insufficient PA. Longitudinal
studies such as these (Baquet et al., 2006; Burgi et al., 2011; Larsen et al., 2015) that examine
the relationship between childhood and adolescent MC, PA and HRF are few and far
between. A systematic review of MC and HRF in youth found only 18% of the studies were
longitudinal (Cattuzzo et al., 2014), highlighting the need for studies which examine the
developmental relationships outlined in Stodden et al.’s (2008) conceptual model, where a

particular focus on the role of HRF within the model is needed (Robinson et al., 2015).

2.3.2.2 Perceived Competence: Introduction

PC is the other proposed mediator within Stodden et al.’s (2008) conceptual model (Fig 2.3).
Feltz (1988) defined PC as an individual’s belief in their capacity to effectively master a
task. PC is a construct that falls into the often confusing area of psychological definitions for
“self-concept” — the wide term that encompasses emotions, beliefs, and cognitions an
individual has about their capacity to perform some task or behaviour, or the confidence they
have in their abilities in a particular domain (Shavelson et al., 1976). According to Shavelson
et al. (1976) an individual’s self-concept refers to an understanding of one’s own strengths

and limitations.

2.3.2.2.1 PC: Theoretical Background

Concepts of a similar nature to self-concept, such as self-efficacy, self-esteem, and self-
confidence often appear in the PA literature. According to Horn (2004), self-concept is a
relatively stable descriptive component of the self, while self-worth/self-esteem, is a
relatively stable evaluative component of the self. Our understanding of self-concept is that
it can be domain specific e.g. academic and non-academic self-concept. Non-academic self-
concept can be further divided into social, emotional, and physical self-concept (Shavelson
et al., 1976). Going forward, this literature review will focus on the physical self-concept
domain. For the purpose of this literature review, perceived competence (PC) will refer
specifically to the construct as described in Harter’s Competence Motivation Theory, where
PC is an individual’s perception of their abilities to be successful within specific domains
(Harter, 1982a, 2012). PC will be used as a global term for all types of perceived competence
in the physical domain as described by Harter, when PC in the physical domain is not further
broken down into sub-components. Specific terms such as perceived athletic competence
(PAC) or perceived physical appearance (PPA) will be used when the research clearly
distinguishes between sub-components of physical PC. The broad term “physical self-

concept” will be used where it is necessary to include a broad range of self-descriptive
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concepts related to the physical domain such as self-efficacy and self-confidence, rather than

PC alone.

2.3.2.2.2 PC and Harter’s Competence Motivation Theory

Stodden et al.’s (2008) conceptual model refers to perceptions of competence in the physical
domain. PC is a concept found in Self-Determination Theory (SDT; Deci and Ryan, 2000).
SDT contains the fundamental precept that for an individual to engage in a behaviour they
must first believe that they have the capacity to do so. SDT also purports that PC influences
goal attainment, and that information for both comes from past experiences (Rodgers et al.,
2014). SDT posits that individuals are motivated once three basic psychological needs are
met, namely the need for autonomy, relatedness, and competency (Deci and Ryan, 2000).
Individuals have a desire to display competency, or to demonstrate that they can have an
effect on their environment (White, 1959). As a result, competence, in addition to referring
to an individual’s capabilities, also relates to the degree of importance that the individual
places on the task involved (Rodgers et al., 2014). In other words, PC refers to an
individual’s psychological need to master tasks which are viewed as challenging and

important (Rodgers et al., 2014).

Harter’s competence motivation theory (Harter, 1982a, 2012) has similarities with SDT,
where the importance placed on a task or behaviour is associated with PC as a construct
(Deci and Ryan, 2000). Competence motivation theory provides a theoretical framework
that is developmental in nature and explains how PC influences motivation and behaviour in
various domains throughout the developmental period from childhood to adolescence. In
the original theory four measurable domains were included: cognitive, social, physical, and
global self-worth (Harter, 1982a). Within the physical sub-domain are two further sub-
domains; perceived athletic competence (PAC) and perceived physical appearance (PPA)
(Harter, 1978). PAC refers to an individual’s belief in their ability to perform sports and
PA-related skills, while PPA refers to how happy a person is about the way they look (Harter,
2012). Harter (1982) highlighted how individuals distinguish between achievement
domains, and that perceptions of competence in one area may not necessarily equate to PC
in another. According to competence motivation theory, individuals who have high PC, take
responsibility for their own performances and are intrinsically motivated, and are likely to
persist in their behaviour. Conversely, individuals with low PC who are extrinsically
motivated, and who do not believe they are responsible for their performances are unlikely

to persist (Feltz, 1988; Harter, 1978). These predictions of behaviour are similar to those
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formed in SDT, where high PC and perceived internal control increase motivation (Deci and
Ryan, 2000). Competence motivation theory acknowledges the important influence of
socialising agents (parents, teachers, coaches, peers, etc.) on youth self-perceptions,
affective responses, and motivation (Harter, 1978). It also highlights that motivation will
only be facilitated when the task is at an optimally challenging level (Harter, 1978).

While other theories relating to PC did not provide for empirical measurement of the
construct in question, Harter developed a self-perception profile for children (SPP-C)
(Harter, 1982a) and later for adolescents (SPP-A) (Harter, 2012).

2.3.2.2.3 Importance of PC

PC has been found to be positively associated with current and future PA behaviours (Baker
and Davison, 2011; Crocker et al., 2000; Davison et al., 2010; De Meester, Maes, et al.,
2016; Raudsepp et al., 2002; Zhang et al., 2015). Given the health benefits associated with
PA (Bailey et al., 2012; Ekelund et al., 2012; Hills et al., 2011; Kriemler et al., 2010;
Warburton et al., 2006), any increase in PA, be it through PC, MC, or HRF, is a positive. In
children and adolescents (n = 466; mean age 11.7 years), PC explained 27-29% of the
variance in PA, with more positive perceptions associated with greater self-reported PA
(Crocker et al., 2000). In a similar age group (n = 288; 10-12 years), PC was found to be a
significant positive predictor of self-report PA among both boys (B =.19; p <.05) and girls
(B=.36; p <.01) (Zhang et al., 2015). In both male and female adolescents (n = 153; age
range = 11 — 14 years), dimensions of PC (athletic competence, physical self-worth,
perceived strength competence) were significantly and positively correlated with self-report
MVPA (r=.17 - .37; p<.05) (Raudsepp etal., 2002). De Meester et al. (2016) found that,
in adolescents (n = 215; mean age = 13.64 + .58 years) PC was significantly related to self-
report weekly PA (B =163.38, p <.001) whereas actual competence was not (p > .05). In
addition, adolescents with low actual MC but high PC reported partaking in significantly
more PA than adolescents who had both low actual and perceived competence (De Meester,
Maes, et al., 2016). In their study on children (n = 90; mean age 7.5 = 1.2 years), Masci et
al. (2017) also found that participants who overestimated their physical competence also
reported partaking in significantly more (p < .05) after-school sport than children who
accurately assessed, or underestimated, their ability. Interestingly, each of the above studies
which reported positive associations between PC and PA relied on self-report measurement
of PA. The link between perceptions of competence in the physical domain, and perceptions
of PA may accentuate this association given that both are reliant on individual interpretation.

Some studies using accelerometer-measured PA have not reported a significant association
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between PC and PA (Crane et al., 2015). In young children (n = 116; mean age 5 years 7
months) PC did not significantly predict objectively-measured MVVPA (Crane et al., 2015;
Kavanaugh et al., 2015). Likewise, in older children (n = 232; mean age 12.3 years)
measures of physical self-concept were not significantly correlated with objectively
measured PA, but were found to correlate with subjectively measured PA (Kavanaugh et al.,
2015). Measuring PA objectively could shed some more light on the nature of this
relationship.

Some longitudinal studies have found positive associations between PC and PA even when
using objective methods of PA measurement. PAC in childhood (Baker and Davison, 2011,
Davison et al., 2006), and relative change in PAC from childhood to adolescence (Baker and
Davison, 2011), were significant positive predictors of both self-report (Davison et al., 2006)
and accelerometer-measured (Baker and Davison, 2011) PA in adolescent girls. Davison et
al. (2006) found that girls (n = 174; age range 9 — 11 years) with higher PC at age 9 self-
reported higher PA at age 11. Baker and Davison (2011) found that a one unit increase in
PAC at age 11 resulted in a 4.4-minute increase in MVVPA at age 13. Another study among
adolescent girls (n = 151; mean age at baseline = 13 years) reported that PC was strongly
correlated with an inclination to be physically active (Davison et al., 2010). Girls who
reported a lack of PC as a reason for non-participation in PA were significantly less likely
to achieve sufficient PA levels, measured via accelerometry across the early adolescent years
(Davison et al., 2010). For each one unit decrease in PC there was a 30% lower chance of
maintaining PA levels (Davison et al., 2010). It was highlighted by Davison et al. (2006)
that other factors may influence the nature of the PC-PA relationship, such as family and
parental support. In their study, girls with higher PC at age 9 and who displayed higher PA
at age 11 were also more likely to elicit greater parental support at age 11, thus establishing
the importance of social support for PA, but also identifying that children higher in PC are
more likely to receive a beneficial level of social support from parents. While the adolescent
female population appears a popular cohort for research on PC and PA, and evidence points
to an association between these variables when PA is measured either subjectively (self-
report) or objectively (accelerometry), it is less clear as to the relationship between PC and
PA in adolescent males. One study measuring predictors of PA in adolescents (n = 333; mean
age at baseline = 12.41 £+ .27 years) found that PC significantly predicted both moderate (3
= .18, p <.05) and vigorous (B = .29, p < .01) PA in both males and females 6 years later
(Timo et al., 2016), but again, PA in this study was measured via self-report. Thus it is still
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unclear whether the relationship between PC and PA is influenced by measurement method,

or by gender.

2.3.2.2.4 Measurement of PC

PC is assessed using questionnaires. The SPP (Harter, 1982b, 2012), and the Physical Self-
Perception Profile (PSPP) (Fox and Corbin, 1990) are examples of questionnaires that have
been used to assess PC among youth. Harter (1982b, 2012) developed the SPP to measure
domain specific PC using a question format that reduces the likelihood of socially desirable
responses (Feltz, 1988; Harter, 1982b) and taps into an individual’s perceptions of
competence across separate domains; athletic competence (PAC), physical appearance
(PPA), scholastic competence, social competence, job competence, romantic appeal,
behavioural conduct, close friendship (Harter, 2012). The structure of the SPP allows for
the assessment of selected dimensions within the questionnaire if desired (such as PAC and
PPA) (Harter, 2012). An overall measure of competence, called global self-worth (GSW) is
also included in an adolescent version of the questionnaire (SPP-A) (Harter, 2012). The use
of Harter’s SPP is widespread in research that focuses on youth and PA or health. Both the
child (SPP-C) (Cairney et al., 2012; Fu et al., 2013; Mitchell et al., 2012; Vedul-Kjelsas et
al., 2012b) and adolescent (SPP-A) (Baker and Davison, 2011; Haugen et al., 2013;
Neumark-Sztainer et al., 2003) versions of the questionnaire have been used in cross-
sectional, longitudinal and intervention studies. In younger children, the ability to evaluate
self-worth is not present, therefore the GSW subscale of the SPP is not included in
measurements of PC with children younger than 8 years of age (Harter and Pike, 1984).
When assessing PC in young children there are also questions as to the accuracy of younger
children’s self-judgements (Harter and Pike, 1984). Younger children are often not as
capable of making accurate judgements about themselves and may confuse their desire to be
competent with the reality of their competence level (Harter and Pike, 1984). That being
said, while it is generally believed that perceptions of competence align more with actual
competence as children enter into adolescence and become more cognitively developed,
recent studies on lIrish children and adolescents have highlighted a mismatch between
perceived and actual competence within the physical domain even in adolescence (Farmer
et al., 2017; O’Brien et al., 2018). Among adolescents, the SPP-A has been used across a
wide age range of participants from age 11 to age 15.4 years (Baker and Davison, 2011;
Haugen et al., 2013; Neumark-Sztainer et al., 2003).
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The PSPP developed by Fox & Corbin (1990) is based on Harter’s (1985) competence
motivation theory but only pertains to competence in the physical domain. Within this
domain are five sub-domains: attractive body, sports competence, physical strength, physical
condition, physical self-worth. The PSPP was originally developed on university students
(mean age 19.7 years) (Fox and Corbin, 1990) but was later validated among a younger
population aged 12 — 14 years (Whitehead, 1995). As with the SPP, the PSPP has been used
across a range of ages to measure PC in the physical domain in youth in cross-sectional,
intervention, and longitudinal studies (Barnett et al., 2008; Crocker et al., 2000; Mcintyre et
al., 2014; Raudsepp et al., 2002).

2.3.2.2.5 Current trends

Harter’s competence motivation theory (Harter, 1982b) supports Stodden et al.’s (2008)
developmental approach, proposing that the importance of PC changes as children develop
and improve their capacity for more accurate perceptions of competency. Piek, Baynam and
Barrett (2006) found an inverse association between PAC and age, with younger participants
(n = 164; mean age 9.10 + 0.81 years) having significantly higher PAC (f = —.064,p <
.001) than older (n = 101; mean age = 13.84 + 1.12 years). In comparison, PAC was found
to increase over the course of two years in a sample of slightly younger children (n = 2,150;
mean age at baseline = 9.6 years) (Cairney et al., 2012). Shapka and Keating (2005) found
no significant differences in PAC, PPA, or GSW by age in their longitudinal study on
adolescents (n =518; aged 14 — 18years). Differences in results found for change in PC with
age (Cairney et al., 2012; Piek et al., 2006; Shapka and Keating, 2005) may be due to the
difficulty attributed to measuring PC in young children resulting from their inability to
accurately evaluate competency levels (Harter and Pike, 1984; Harter 2006). At a young
age, PC may be higher, but when individuals begin to more accurately link PC to actual
competence, or compare themselves to others, their PC may decrease (Harter 2006).
Alternatively, PC may remain stable over time due to initial overestimation of competency
(Harter and Pike, 1984), which is followed by an increase in actual competency (Barnett et
al., 2010; D’Hondt et al., 2013, 2014; Vandorpe et al., 2012), as well as more accurate self-
perceptions (Harter and Pike, 1984).

Significant life transitions can impact self-perceptions longitudinally. The impact of school
transition on numerous psychological constructs has been extensively researched, but it

remains unclear whether the transition has a positive or negative effect (Evans et al., 2018;
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Symonds and Galton, 2014). Considering the school transition often coincides with the onset
of puberty it can be difficult to separate the impact of the transition on PC from the impact
of puberty. One study in Germany where the school transition occurs before puberty (after
Grade 4; age approx. 10years) found that PC did decrease after the transition, providing an
argument for the independent impact of school transition on PC beyond that of puberty
(Arens et al., 2013).

Males often report higher PC in the physical domain than females (Lisa Barnett et al., 2008;
Crocker et al., 2000; De Meester, Maes, et al., 2016; Masci et al., 2017; Piek et al., 2006;
Shapka and Keating, 2005). De Meester et al. (2016) reported a significant difference
between male and female adolescents for PC (f = -.16, p < .05) despite no significant
differences in actual competence. In a longitudinal study tracking adolescents during two
years of high school (n = 517; age range at baseline = 14 — 15 years) girls reported
significantly lower PAC (p < .001) and PPA (p < .001) than boys, but no significant
differences were reported for GSW (Shapka and Keating, 2005). In children gender
differences for PAC (p <.01) were seen by Crocker et al. (2000) in Canadian school children
with boys reporting significantly higher levels of PC in the physical domain (Crocker et al.,
2000). Masci et al. (2017) also found that a significantly higher proportion of females
underestimated their competence levels, at just 7 years of age. There are relatively few
studies examining trends in PC in the physical domain among Irish youth. In one study
examining perceived motor competence among Irish adolescents (n = 395; mean age 13.78
years) a gender difference was reported for PC, with boys scoring significantly higher (p <
.001) in physical self-confidence measured across 15 selected motor skills, compared to girls
(McGrane et al., 2016). In Northern Irish adolescents (n = 546; age range 11 — 15 years)
significant gender differences were reported for PPA (p < .001) and PAC (p < .05)
(McClenahan et al., 2003). In keeping with international trends, boys reported higher levels
of PC in both domains compared to girls (McClenahan et al., 2003). Similarly, in a
longitudinal study of Northern Irish children (n = 110) studied at age 8 years and again at
age 11 years, higher levels of PAC (p < .001) were reported among boys at both time points
(Muldoon, 2000). For PPA, significant gender differences (p <.001) in favour of boys were
only seen at age 11. Similar to Shapka & Keating (2005), no significant changes in PC with
age were noted among this sample as a whole with both PPA and PAC at age 8 significantly
correlated with age 11 PPA and PAC (r =.359 and r = .422; p < .001) (Muldoon, 2000).
When analysing trends in PPA by gender however, girls’ PPA decreased significantly over

time (Muldoon, 2000).
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PC is identified as a mediator within Stodden et al.’s (2008) conceptual model, yet the role
of PC in promoting PA engagement is questionable when PA is objectively measured (Crane
et al., 2015; Kavanaugh et al., 2015). Considering the significant level of attention given in
the research field to PC, particularly regarding its role within Stodden et al.’s (2008)
conceptual model (Robinson et al., 2015), it is imperative to fully understand how PC
develops, particularly during key phases such as the school transition, and the role of PC in

promoting PA engagement over time.

2.3.2.2.6 PC, MC, PA: direct relationships

Reviews in the PA domain have highlighted PC as a positive correlate for PA in youth (Babic
et al., 2014; Robinson et al., 2015). In their review of physical self-concept Babic et al.
(2014) found that PC was the construct most strongly associated with PA. However, it
should be noted that the majority of studies included in this review used self-report measures
of PA which may have had an impact on how variables were associated with PA (Kavanaugh
etal., 2015). From the studies included in their review it was found that there was a positive
relationship between PA and PC (r =.33), which was influenced by age (r = .08 for children;
r = .35 for early adolescents; r = .31 for late adolescents; (Babic et al., 2014). Weak
relationships found between PC and PA in childhood are consistent with Stodden et al.
(2008), who suggest that PC is not strongly correlated with PA in early childhood, but rather
the relationship between the two strengthens as children develop into adolescents and
develop more accurate perceptions of their physical abilities. Research supports this view
point that the effect of PC on PA is age-dependent (Cohen et al., 2015).

PC has also been consistently associated with MC (Lubans et al., 2010). In their review of
health-benefits associated with MC in youth, Lubans et al. (2010) found that PC and at least
one aspect of MC were associated in each of the studies included in the review. Vedul-
Kjelsas et al. (2012a) found that PC was positively associated with both HRF (r = 0.56, p <
.01) and MC (r =-.35, p <.01) in children (n = 67; mean age 11.47 years). High performers
in MC had higher overall self-perceptions (Vedul-Kjelsas et al., 2012a). PC was most
strongly related to MC in girls, while it was more strongly associated with HRF in boys
(Vedul-Kjelsas et al., 2012a). In a two year longitudinal study of changes in MC, PC and
intelligence, in which participants (n = 65; age at baseline = 15 years) were categorised as

DCD, intermediate (DCD at baseline but no longer DCD at follow-up), or controls, level of
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MC was found to influence PC (specifically PAC, and perceived scholastic competence)
(Cantell et al., 2003). Participants in the DCD group reported lower levels of PAC, and
perceived scholastic competence than both the intermediate and control groups (Cantell et
al., 2003).

A review by Robinson et al. (2015) also highlighted evidence that pointed to a positive
relationship between PC and MC. It was noted however, that when assessing the validity of
Stodden et al.’s (2008) conceptual model, many studies were limited in that an overall
measure of PC was taken, rather than a measure of perceived MC (PMC) specifically.
Therefore, it was suggested that measures which focus specifically on PMC may be
important when evaluating the relationship between PC and MC as outlined in Stodden et
al.’s (2008) model. Interestingly, in a cross-sectional study examining associations among
most of Stodden et al.’s (2008) variables (except HRF), (Haerens et al., 2016) did not find a
significant association between PC and objectively-measured PA in children (n = 361; mean
age 9.5 years) when they grouped children into clusters based on their levels of both PC and
actual MC. Children who had high perceived and actual MC were significantly (p < .001)
more active than children who had low perceived and actual MC. The interesting finding
from this study however, which questions the role of PC in promoting PA, was that children
who had low actual but high perceived competence were not significantly more active than
those who displayed low levels of both actual and perceived MC (De Meester, Stodden, et
al., 2016). PC was not highlighted as being redundant or unimportant however. When
MC/PC clusters were compared with respect to BMI, it was found that the children who had
high actual and perceived MC had significantly lower BMI scores than children in the low
perceived and actual MC cluster (De Meester, Stodden, et al., 2016). Nevertheless, those
who were clustered in the low actual but high perceived MC were not significantly different
with regards to BMI to either the high or low clusters (De Meester, Stodden, et al., 2016).
This indicates that while only actual MC is associated with PA level among the participants
in this study, a combination of both actual and perceived MC may influence BMI. Results
from this study are in contrast with those of De Meester, Maes, et al. (2016). While there
are differences in the ages of the participants (9.5 years versus 13.6 years) another notable
difference is the method of PA measurement used in each study. Researchers should be
cognisant of the impact of PA measurement method used when evaluating conclusions made

about relationships between PA and other health-related variables (Kavanaugh et al., 2015).
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2.3.2.3 Mediators: Relationship between HRF and PC

Existing research regarding the direct relationships of both HRF and PC with MC and PA
has been outlined above. While both HRF and PC have independently been studied with
regard to MC and/or PA, direct relationships between these two proposed mediating
variables in Stodden et al.’s (2008) model have also been identified. HRF has been found
to be positively associated with PC, global self-worth (GSW), and MC (Smith et al. 2014).
In their review of the health benefits of MF in youth, Smith et al. (2014) found that overall
the included studies showed a moderate positive association (r = 42, 95% CI = .36 - .47)
between MF and PC in youth. Cross-sectionally, Carraro, Scarpa and Ventura (2010)
examined the correlations between PC and HRF in adolescents (n = 103; mean age = 13.2
years). Significant correlations were found between PC and HRF (r = .33 - .45, p < .05),
with higher PC in the physical domain generally associated with higher HRF scores. Dunton
et al. (2006) also examined the relationship between HRF and physical self-perceptions and
included PA as an additional variable of interest. Their study looked specifically at
adolescent girls (n = 103; age range = 14 — 17 years), and measured CRE and body
composition as components of HRF. Results showed that PC was positively associated with
CRE (r = .41 - .72, p <.001) and negatively associated with %BF (r = -.35 - -.60, p < .005)
(Dunton et al., 2006). In another study, it was found that improving HRF (CRE and MS
were targeted) through a 13-week exercise intervention lead to a concomitant increase in PC
in adolescents with low MC (Mclntyre et al., 2014). Significant improvements (p <.04) in
PC were only seen among males in this study, possibly due to the smaller sample size of
females (n = 25 males and n = 10 females). This study did not assess or discuss actual
changes in HRF, but rather focused on changes in self-perceptions. Neither did it measure
if significant improvements in self-perceptions led to any changes in PA behaviour. 1t would
be interesting to examine the effects of enhanced PC through HRF on PA to determine if by
improving HRF there is an improvement in PA caused by enhanced PC, independent of HRF

improvement.

As a component of HRF, CRE has been identified as a mediator in the relationship between
PC and weight status in children (n = 104; mean age 10.7 years) (Mitchell et al., 2012).
Children with a high BMI combined with high CRE were more likely to have high PAC than
children who had a high BMI but were low in CRE. A significant negative relationship
between BMI and PPA was also found for the low CRE participants only ( =-.311, p <.05)
(Mitchell et al., 2012). In this case, high CRE appears to be a protective factor against

developing low PC, irrespective of BMI. Or, to put it another way, having higher CRE may
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negate the detrimental impact of being overweight on levels of PC. CRE has also been
identified as a predictor of PAC across sexes among adolescents (Haugen et al., 2013).
Research is equivocal when determining whether it is HRF or indeed PA which has a greater
influence on PC. In adolescent girls (n = 103; age range 14 — 17 years), actual physical
fitness may have a more positive bearing on self-perceptions than PA (Dunton et al., 2006).
Dunton et al. (2006) suggest that interventions aiming to increase PA, but that do not contain
sufficient stimulus to increase HRF, may not have any effect on self-perceptions in the

physical domain

2.3.3 HRF and PC: mediating effects on the MC-PA relationship

So far the direct relationships between each of the variables outlined in Stodden et al.’s
(2008) conceptual model have been discussed. This section will focus on the mediating
effect of both HRF and PC on the MC-PA relationship as proposed in the model (Stodden et
al., 2008).

2.3.3.1 HRF as a mediator

HRF is one of two proposed mediators of the MC-PA relationship (Stodden et al., 2008), but
research that looks specifically at the mediating aspect of HRF on the developmental MC-
PA relationship as suggested in Stodden et al.’s (2008) model is limited (Robinson et al.,
2015). Cross-sectionally, Khodaverdi et al. (2015) looked to specifically examine the
mediating effects of both variables identified by Stodden et al. (2008) (HRF and PC) on the
MC-PA relationship in 8 — 9 year old girls (n = 352). Measurement of HRF in this study
included tests for four of the five components of HRF, namely body weight status (BMI),
ME (maximum number of pull-ups and sit-ups), flexibility (sit and reach test) and CRE
(600yard run/walk). CRE was the only HRF component identified as a mediator for the MC-
PA relationship in this study, with CRE mediating specifically the relationship between
locomotor proficiency and PA (B = .28; ClI = .21, .39) (Khodaverdi et al., 2015). Activities
which focus solely on locomotor skill may require, and enhance, CRE, while activities which
require object-control skills may benefit from fitness in all aspects of HRF (Khodaverdi et
al., 2015). This may partly explain why CRE mediated the locomotor skills to PA
relationship, but did not influence the object-control to PA relationship (Khodaverdi et al.,
2015). In addition, an age-related effect has been found for the relationships between HRF
and MC (Stodden, 2014). Therefore, the age of the participants in Khodaverdi et al.’s (2015)

study may also have influenced the associations found. The MC-HRF relationship has been
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found to be stronger in later childhood and early adolescence compared to early childhood,
and, it appears that age may have a bearing on which MC components are associated with
HRF (Stodden, 2014). In younger children, associations between HRF and MC were found
for locomotor skills, compared to older children and adolescents where the association is
stronger between object-control skills and HRF (Stodden et al., 2014). It is possible that in
older children, having better object-control skills, which are required for a multitude of
competitive sports, enables individuals to engage in a range of sports and PA which require
and develop fitness across multiple HRF components. In turn, having the fitness to engage
in these types of activities will facilitate further development of object-control skills.
Overall, in the older child and adolescent population there is a lack of research assessing the
mediating effect of HRF, as a composite, on the MC-PA relationship. If Stodden et al.’s
(2008) conceptual model is to be used to guide research, then this gap in the literature needs

to be addressed in order to either support or dismiss Stodden et al.’s (2008) hypothesis.

2.3.3.2 PC as a mediator

Compared to the paucity of research on HRF as a mediator for the MC-PA relationship, a
greater amount of studies have examined the potential mediating effect of PC on the MC-
PA relationship, although Robinson et al. (2015) have highlighted this as an area which is
also in need of more research, particularly in terms of longitudinal studies. In one of the few
longitudinal studies in this area which did look at the mediating effect of PC, it was found
that childhood MC influenced adolescent PA through the mediating effect of PC (Barnett et
al., 2008). Being competent in specifically object control skills in childhood had a
significant and positive effect on PC in adolescence, which in turn had a significant and
positive effect on adolescent PA (B =.28; 95% CI=1.16, .39]) and CRE (= .39; 95% CI =
[.28, .49]) (Barnett et al., 2008). In keeping with Stodden et al.’s (2008) conceptual
framework, research studies have found that the mediating effect of PC on the MC-PA
relationship appears to be influenced by an individual’s stage of development. PC was not
found to be a significant mediator (B = —0.194; p = .837) of the relationship between MC
and PA in younger children (n = 116; mean age 5.6 years) (Crane et al., 2015), but has been
found to act as a mediator (B = .16; 95% CI =[.12, .32]) in older children (n = 352; mean
age = 8.7 years (Khodaverdi et al., 2015) and adolescents (p =.33; 90% CI =[.33, .58];n=
215; mean age = 16.4 years) (Barnett et al., 2011).
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2.3.3.3 Mediators of the MC-PA relationship: Summary

HRF and PC have been proposed by Stodden et al. (2008) as mediators in the developmental
MC-PA relationship. The model hypothesises that the associations among variables in the
model will strengthen over time. The evidence is not clear-cut however, when examining
the relationship between HRF and MC in particular. Some studies have found the
association between HRF and MC to strengthen with age (Marja Cantell et al., 2008; Stodden
et al., 2014), while others have found the reverse to be true (Gisladottir et al., 2014; Haga et
al., 2015). In one of the only studies to analyse the entirety of Stodden et al.’s (2008) model,
it was found that, in a small sample of Finnish youth (n =42, mean age = 11.26 £ 0.31 years),
when both HRF and PC were included as mediators, reciprocal relationships for all of the
pathways in Stodden et al.’s (2008) model existed, except for PC-MVPA in males (Jaakkola
et al., 2019). While addressing the questions of mediation, and reciprocal relationships in
Stodden et al.’s (2008) model, Jaakkola et al. (2019) assessed the model from a cross-
sectional perspective. There is an evident need for longitudinal studies to fully understand
the predictive nature of the pathways outlined in the model. Cattuzzo et al. (2016)
highlighted in their systematic review of MC and HRF that only 18% of the studies included
were longitudinal in design. Longitudinal studies can help in identifying developmental
trends and can aid in addressing the knowledge gaps that currently exist. Another
observation from reviewing the HRF literature is that, generally speaking, there are few
studies that measure all five components of HRF when examining relationships between
some/all of the variables in Stodden et al.’s (2008) model. A study design that encompasses
all five components for a true reflection of HRF is needed. The most obvious gap in the
literature when looking at the proposed conceptual model by Stodden et al. (2008) is the
paucity of research looking at the mediating effect of both HRF and PC on the MC-PA
relationship (Robinson et al., 2015). Again, to fully test Stodden et al.’s (2008) model,
researchers need to establish whether HRF and PC do act as mediators in the model, and if
so, what the nature of these mediating relationships is.

2.4 General Ph.D Overview

Current trends show that a large proportion of youth are not reaching the guideline 60
minutes of MVPA per day recommended for health, and that girls consistently report lower
PA levels than boys (Borraccino et al., 2009; Hallal et al., 2012). A significant decrease in
PA is seen as children transition from childhood to adolescence (Borraccino et al., 2009;

Corder et al., 2015; Nader et al., 2008). This decrease in PA often coincides with a transition
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from primary to secondary school (De Meester et al., 2014; Jago et al., 2012; Marks et al.,
2015). These trends are seen on both an international (Corder et al., 2015; De Meester et al.,
2014; Jago et al., 2012; Marks et al., 2015; Nader et al., 2008) and national scale (Gavin et
al., 2014; Harrington et al., 2016; Woods et al., 2010). PA is an important factor in promoting
good health among youth, with a reduced prevalence of CVD risk factors found in youth
who have higher levels of PA (Bailey et al., 2012; Ekelund et al., 2012; Hills et al., 2011;
Janz et al., 2002; Kriemler et al., 2010; Nemet et al., 2005; Silva et al., 2014; Warburton et
al., 2006). Physical inactivity is itself one of the top five risk factors for premature mortality
globally and is also a leading contributor to three of the remaining four risk factors (WHO,
2009). Increasing PA therefore and decreasing inactivity will have massive health benefits
in youth. Despite the promotion of PA for the reduction of CVD risk factors in youth,
research has not conclusively stated whether it is PA, or improved HRF as a result of a
sufficient level and intensity of PA, which brings about a reduced CVD risk (Janz et al.,
2002).

MC may be an important factor in developing healthy PA habits, with research evidence
promoting the necessity of MC for engagement in PA throughout childhood and adolescence
(Barnett et al., 2009; Green et al., 2011; Lloyd et al., 2014). Recently, MC in adolescence
has been found to be poor, with a large proportion of adolescents not reaching the expected
standard of MC both internationally (Erwin and Castelli, 2008; Mitchell et al., 2013; Okely
and Booth, 2004) and nationally (O’Brien et al., 2018; O’Keeffe et al., 2007). Similar to the
gender differences seen in PA behaviours, girls consistently report poorer levels of overall
MC (Barnett et al., 2009; Breslin et al., 2012; Marja Cantell et al., 2008; Lopes et al., 2011;
O’Brien et al., 2018) and specifically poorer object-control skill competency (Barnett et al.,
2010; Lisa Barnett et al., 2008; Breslin et al., 2012). Given that girls are already at risk of
lower than healthy PA levels, this concomitant inadequacy in MC may add even greater
disadvantage to adolescent girls. Findings from the research are inconclusive however,
when explaining how both gender and age impact on the importance of MC for promoting
PA. In a number of cases, childhood MC has been found to be positively associated with
adolescent PA (Barnett et al., 2009; Green et al., 2011; Lloyd et al., 2014; Lopes et al., 2011),
but in other cases, especially where girls and younger children are concerned, this
relationship has not been found (Green et al., 2011; McKenzie et al., 2002).

Stodden et al. (2008) have proposed and developed a conceptual model that looks at this

relationship between MC and PA. The proposed model includes HRF and PC as mediators
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in the MC-PA relationship (Stodden et al., 2008). Key to the model is the idea that the
relationship between MC and PA is reciprocal and developmental. It is hypothesised that
MC will promote PA, but that PA will also provide the opportunity for advancing MC. Itis
also hypothesised that the nature of the relationships between variables in the model will
strengthen as children develop (Stodden et al., 2008). There is partial support for aspects of
the model, with research showing a strengthening of the MC-PA relationship overtime from
early to middle childhood (Fisher et al., 2005; Logan et al., 2015; McKenzie et al., 2002;
Williams et al., 2008). Stodden et al. (2008) propose a continuation of this developmental
trend into adolescence that has yet to be proven in the research (Barnett et al., 2011; Logan
et al., 2015; Okely et al., 2001). The reciprocal relationship element of the model has also
not been tested conclusively, particularly with regard to whether this relationship exists for
all components that make up the MC composite (Barnett et al., 2011).

In terms of HRF and PC as mediators of the MC-PA relationship, to date there is a lack of
research examining this area (Robinson et al., 2015). Where research does examine
relationships among Stodden et al.’s (2008) variables, the findings are not conclusive as to
the developmental nature of these relationships (Marja Cantell et al., 2008; Gisladottir et al.,
2014; Haga et al., 2015; Stodden et al., 2014). HRF and MC are composite terms that
encompass numerous components. The traditional definition of HRF contains the
components MS, ME, CVE, flexibility, and body composition (Caspersen et al. 1985;
ACSM, 2014), while MC contains three components, namely locomotor, object-control, and
stability skills (Gallahue and Ozmun, 2012). Where research has looked at relationships
between some of the variables in Stodden et al.’s (2008) model, oftentimes only some of the
components of either HRF or MC are examined. To gain a full understanding of the
influence of these variables it is important to measure all components, rather than focusing
on one or two aspects within each composite. Overall, there is a need for longitudinal studies
that can allow for examination of how the MC-PA relationship develops over time, looking
at all components of MC, and taking into account the mediating influence of both HRF and
PC (Cattuzzo et al., 2014; Logan et al., 2015).

The conceptual model depicts a spiral of engagement between MC and PA (and mediated
by HRF and PC) which can be either positive or negative, with a positive spiral of
engagement hypothesised to promote health through the maintenance or development of a
healthy weight status (Stodden et al., 2008). The importance of weight status as an outcome

of the model is clear — weight status is a significant marker of health and disease (Benson et
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al., 2006; Després, 2012; Freedman et al., 1999; Melo et al., 2014; Raitakari et al., 2003;
Shen et al., 2006; WHO, 2018a). Currently the prevalence of overweight and obesity among
youth is alarming (Keane et al., 2014; Ng et al., 2014; Ogden et al., 2015; Woods et al.,
2010). High prevalence of overweight/obesity coupled with low levels of PA are creating
health problems for youth that will negatively affect their lifestyles both now and into
adulthood. While all the variables included in Stodden et al.’s (2008) model are
independently important, the end goal of health-related research is to improve and promote
health. Therefore, Stodden et al.’s (2008) proposed model, if fully tested and validated, may
hold the key to potential methods for improving health (weight status) through its four main
variables (MC, PA, HRF, PC).

2.5 Purpose of the Current Study

The purpose of the current study is to test the proposed relationships depicted in Stodden et
al.’s (2008) conceptual model, with a view to gaining a better understanding of how MC,
PA, HRF and PC interact to promote or negate health in youth. Considering the problems
posed by the current theoretical definition of HRF, an analysis of the composition of HRF
will be conducted to allow for a full examination of the pathways depicted in Stodden et al.’s
(2008) model. The transition from childhood to adolescence, often coinciding with the move
from primary to secondary school, has been identified as a key period where there is
substantial drop-off in PA levels. Recent reviews (Cattuzzo et al., 2014; Logan et al., 2015;
Robinson et al., 2015) have highlighted the need for longitudinal studies that monitor
changes in the variables identified by Stodden et al. (2008) to develop a clearer picture of
what leads youth to withdraw from PA participation as they get older. Given the negative
short- and long-term health consequences of physical inactivity in youth, it is essential that
we gain a full understanding of the factors leading to declining PA with age. The current
study aims to test Stodden et al.’s (2008) conceptual model by measuring PA, MC, PC, and
HRF, longitudinally over three years as children transition from primary to secondary

school.
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Chapter 3 Methodology

3.1 Study Design

This study was concerned with tracking changes in PA, MC, HRF, and PC over the transition
from primary to secondary school. In a longitudinal study design, measures were taken at
three timepoints; final year (6" class) of primary school, 1% year of secondary school, and
2" year of secondary school. Schools were convenience sampled, using the procedures
detailed below, to maximise the availability of participants for longitudinal testing from

primary school through the school transition into secondary school.

3.2 Participant Details and Recruitment

Recruitment began with contacting, via email and phone, five specific secondary schools
where the majority of 1% year students were known to transfer from three or less feeder
primary schools. Two of the secondary schools that were contacted expressed interest in
participating, and met the criteria relating to feeder primary schools. Both schools were
mixed-gender schools located in the Greater Dublin Area and were comparable in terms of
school-level socio-economic status. Approval from participating secondary schools was
granted by each school principal, whereupon the relevant feeder primary schools were then
contacted. Both secondary schools had three main feeder primary schools. The principal of
each of these primary schools was contacted via email and/or phone. All six primary schools
expressed interest in participating in the study and were subsequently provided with a plain
language statement detailing what the study entailed. All six primary school principals and

boards of management gave consent to participate in the study.

Participant demographics for each of the three timepoints are detailed in Table 3.1.
Participants were students who began 6™ class of primary school in September 2016, and
who met the following inclusion criteria: a) attended one of six primary schools which acted
as main feeder schools for two selected secondary schools located in the Greater Dublin
Area, b) returned informed consent signed by parent/guardian, and c) returned a Physical
Activity Readiness Questionnaire (PAR-Q) signed by parent/guardian. Student assent was
also provided prior to participation in the study. Ethical approval was granted by DCU
Research Ethics Committee (DCUREC2016_109).

In 6™ class (time point 1), 261 students met the inclusion criteria. Of the participants

involved in 6™ class, 37 did not transfer into the designated secondary schools and were
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therefore not tested in 1% year (time point 2). Participants in 1% year included an additional
75 students who had not attended the initial feeder primary schools giving a total sample of
299 participants at time point 2. In 2" year (time point 3), students in one secondary school
were unavailable to participate due to administrative issues within the school, therefore 108
adolescents were available for participation in 2" year from one secondary school. There
were no significant differences for age or sex between students who attended either
secondary school . The total number of participants with data for at least one timepoint was
336. Of the total sample, 224 participants had data for the first two timepoints, and 85

participants were tested at all three time points.

Table 3.1 Participant details

Primary School Secondary School
T1 6th Class T2 1st Year T3 2nd Year
Participants (n) 261 299 108
Age (years) 12.25 + .37 13.21 + .39 14.18 + .50
Sex (%) Male 49 52 48
Female 51 48 52

No significant difference in demographics between participants who attended one secondary
school or the other (p > .05).

3.3 Measures

At each timepoint, the research team was led by the lead researcher/author and included a
number of undergraduate and postgraduate students as research assistants. Before each
phase of data collection, the research team was trained by the lead researcher in the
procedures for the tests used. Each research team member was assigned a station consisting
of one to two tests and provided with a testing manual and recording sheet for those tests.
Detailed maps of the testing set-up for each of the three testing sessions can be seen in
Figures 3.1 — 3.3. Before the first phase of data collection (time point 1) a pilot study to
gauge the feasibility of the testing protocols selected was carried out in one primary school

that was not part of the study.

Participants were longitudinally assessed on PA, MC, HRF and PC. The first phase of data
collection (time point 1: 6" class primary) was completed in February/March 2017 with the

second and third phases (timepoint 2: 1%t year secondary, timepoint 3: 2" year secondary)
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taking place one and two years later, respectively. Each participant was given an ID code
which was used for that participant each year. Details of all measures taken are given below.
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Figure 3.1. Testing set-up — Session 1
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Figure 3.2. Testing set-up — Session 2
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Figure 3.3. Testing set-up — Session 3

3.3.1 Physical Activity

PA was measured objectively using accelerometery (Actigraph models: GT1M, GT3X,
GT3X+, wGT3X-BT). Accelerometer validation studies have found the four Actigraph
models to be comparable when recording data in the y-axis (Grydeland et al., 2014,
Kaminsky and Ozemek, 2012; Powell et al., 2016).

At each time point, prior to testing, accelerometers were charged, initialised for a 9-day
period (allowing for exclusion of the first and last days of wear to account for participant
reactivity, and incomplete day recording) and labelled with participant ID codes. A record
sheet was created with each accelerometer code matched to a participant ID code. Mobile
phone numbers were also recorded, when participants elected to provide it, to allow for
sending of SMS reminders to wear the accelerometer, a strategy which has been shown to
aid compliance (Belton et al., 2013). On the first day of testing at each time point
accelerometers were distributed to each class. The testing team demonstrated and verbally
explained how to wear the accelerometer. Participants were instructed to wear the
accelerometer on their right hip, with the belt adjusted so that the accelerometer was snug
against the hip and not bouncing on movement. Participants were advised they could wear
the accelerometer under or over their clothes depending on personal preference. Participants

were asked to wear the accelerometer for nine consecutive days during waking hours.
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Participants were instructed to remove the accelerometer when sleeping and
showering/bathing, as well as for water-based activities and contact sports. In addition,
each participant received a small plastic bag containing an instruction sheet detailing when
and how to wear the accelerometer. Participants were advised to return their own
accelerometer into this bag at times when they needed to remove it i.e. for water-based or
contact sports. The accelerometers were set to record in 10 second epochs to capture the
sporadic and intermittent behaviour of youth (Esliger et al., 2005). Accelerometers were
collected at the end of the 9-day period. Data were downloaded and analysed using Actilife

version 6.13.3.

3.3.2 Motor Competence

MC was assessed across 12 FMS: kick, catch, overhand throw, one-hand strike, and two-
hand strike (object control skills); run, skip, horizontal jump, and vertical jump (locomotor
skills); two-board balance, zig-zag hop, and walking toe-heel backwards (stability skills).
All object-control and locomotor skills, with the exception of the vertical jump, were
assessed according to the performance criteria set out in the Test of Gross Motor
Development I11 (TGMD-III; Ulrich 2016). The vertical jump was assessed in accordance
with the criteria set out in the Victoria Department of Education training manual (Victoria
Department of Education, 1996). For both manuals, each locomotor and object control skill
is made up of specific movement components, with presence or absence of a component
scored as 1 or O respectively. All stability skills were assessed according to the criteria set
out in the Movement Assessment Battery for Children-2 (MABC-2; Barnett et al. 2007)
Prior to participants performing each skill, one trained field staff member gave an accurate
demonstration of the skill. Each participant had one practice attempt for familiarisation
followed by two recorded trials. To ensure consistency, no verbal feedback was given to the
participants during the trials. Participants were videoed performing each of the object-
control and locomotor skills using Canon type Legria FS21 cameras (Canon Inc., Tokyo,
Japan). Cameras were positioned to ensure the entire body was captured throughout the
movement.  Scoring of these skills was done at a later date by trained members of the
research team and the lead researcher. Additional measures, as detailed in Table 3.2 below,
were also recorded during testing for seven of the skills to allow for some estimation of

outcome along with the process measures described above.
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Table 3.2 Additional outcome measures for MC tests

FMS Outcome Measure Instrument

Horizontal Jump  cm (to the nearest 0.1cm) Measuring tape

Vertical Jump cm (to the nearest 0.1cm)  Jump belt

Run Speed (m.s) Speed gates (Brower
Timing System)

One-Hand Strike  Speed (km.hr) Speed gun (Stalker Pro
Il Sports Radar Gun)

Two-Hand Strike  Speed (km.hr) Speed gun (Stalker Pro
Il Sports Radar Gun)

Kick Speed (km.hr) Speed gun (Stalker Pro
Il Sports Radar Gun)

Overhand Throw  Speed (km.hr) Speed gun (Stalker Pro

Il Sports Radar Gun)

3.3.3 Health-Related Fitness
Five components of HRF were assessed using protocols from EUROFIT (Council Of
Europe, 1983), FITNESSGRAM (Plowman and Mahar, 2013), and the HELENA Study
(Ortega et al., 2011). Tests and protocols used to measure the various components of HRF
are given in Table 3.3 below.
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Table 3.3 Tests and protocols for HRF

HRF Test Protocol
Component
CRE 20 MST EUROFIT (Council of Europe 1983,

1988)  and FITNESSGRAM
(Plowman & Mahar 2013)

MS Horizontal jump EUROFIT (Council of Europe 1983,
1988)and
HELENA Study (Ortega et al.,
2011)

Vertical jJump HELENA Study (Ortega et al.,

2011)

Hand grip strength EUROFIT (Council of Europe 1983,

1988) and
HELENA Study (Ortega et al.,
2011)
ME Curl-ups FITNESSGRAM (Plowman and
Mahar, 2013)
Push-ups FITNESSGRAM (Plowman and

Mahar, 2013)
Flexibility =~ Backsaver sit-and-reach FITNESSGRAM (Plowman and
Mahar, 2013)

Body BMI EUROFIT (Council of Europe 1983,
Weight 1988) and FITNESSGRAM
Status (Plowman and Mahar, 2013)

Trained field staff followed the standardised testing protocols when administering all HRF
tests. Some overlap between MC and HRF tests occurred (horizontal and vertical jJumps).
In these cases, the test was carried out once, with each participant given one practice and two
recorded trials and both MC and HRF results were recorded. To ensure consistency with
MC tests no feedback was given during the trials. Prior to each HRF test participants were

given clear instructions from a trained research team member, along with a demonstration.
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For the CRE test (20m shuttle run) participants received clear instructions prior to
commencement. Verbal encouragement from the research team was given to motivate
participants to reach maximum effort during the 20MST. When testing handgrip strength
(MS) each participant was given three recorded trials on each hand. For the ME tests (sit-
ups and curl-ups) participants were given one practice attempt of 1-3 repetitions, followed
by one recorded trial. Technical feedback was given during the practice attempt only.
Flexibility was measured using the back-saver sit and reach, with each participant having
four attempts on each leg, and measurement taken on the fourth attempt only. During all
HRF tests no performance feedback was given to participants, and participants were not

informed of their scores on any of the tests.

Height and weight were measured for each participant. Height was measured to the nearest
0.1cm using a SECA Leicester Portable Height Measure. Weight was measured to the
nearest 0.1kg using a Seca 761 dual platform weighing scales. In accordance with standard
measurement protocol for height and weight (Health Service Executive, 2012), participants
removed their shoes and any heavy clothing before being measured. WC was measured to
the nearest 0.1cm.

3.3.4 Perceived Competence

PC was assessed using three subscales of the Self-Perception Profile for Adolescents (SPP-
A; Harter 2012) namely; perceived athletic competence (PAC), perceived physical
appearance (PPA), and global self-worth (GSW). Each subscale of the SPP-A contains five
items (Harter 2012). The answering format requires participants to first decide which
teenager they identify with the most, the teenager described in the first part of the sentence,
or the teenager described in the second part of the sentence (e.g. “Some teenagers are not
happy with the way they look, but, other teenagers are happy with the way they look™). After
making this initial decision, participants must then decide whether the description of the
teenager that they decided is most like them is “really true” or “sort of true” for them. Each
item is scored from 1 (low PC) to 4 (high PC). Assessment of PC was conducted in a
classroom setting (with a maximum of 30 participants) with the primary researcher and/or a
trained research team member, and the class teacher present throughout. Prior to answering
the questionnaire participants received clear instructions from the researcher. One example
question was verbally completed by the researcher to demonstrate the correct answering
format. Participants were then instructed to answer the sample question at the top of the
questionnaire (SPP-A). The researcher checked that all students had followed the correct

answering format before participants continued answering the questions.
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3.4 Data Analysis Preparation

3.4.1 Physical Activity

PA data was processed using Actilife software version 6.13.3. The first and last days of the
wear period were omitted from analysis to account for subject reactivity (Dossegger et al.,
2014). In line with other studies assessing PA across a transition period, a valid day was
deemed as having wear-time of greater than or equal to 8 hours (Jago et al., 2012; Marks et
al., 2015) . Specific wear-time details for separate studies are given in each chapter. Greater
than 20 minutes of zero-counts were identified as non-wear time and activity count values
of <0 and >15,000 counts per minute were excluded as these count values are deemed
biologically impossible (Esliger et al., 2005). Minutes of MVPA per day were calculated by
applying the Evenson et al. (2008) cut-points which equate counts per minute to a particular
intensity of PA (i.e. sedentary, light, moderate, vigoous). Evenson et al. (2008) cut-points
have been validated for use in youth (Trost et al., 2011) and used in studies with similar
samples to the participants in this study (Jago et al., 2012; Marks et al., 2015; O’ Brien et
al., 2015b).

3.4.2 Motor Competence

MC data scoring for the nine skills taken from the TGMD-I1I (Ulrich 2016) and Victoria
Department of Education (1996) manuals was carried out post test day by analysing the
recorded video footage of each participant. A minimum inter-observer agreement between
trained field staff of 95% was required for scoring each of the nine skills (kick, catch, throw,
one-hand strike, two-hand strike, run, skip, horizontal jump, and vertical jump). Each skill
is made up of specific movement components. The presence of a component was marked
with a score of 1, while the absence of a component was marked with a score of 0. Previous
studies have defined “Mastery” as the presence of all skill components in both trials, while
“Near Mastery” is defined as the presence of all but one skill component in both trials (Van
Beurden et al. 2003). For each of the nine skills taken from the TGMD-I11I (Ulrich, 2016)
and Victoria Department of Education (1996) manual the number of components present
over two trials was summed for each participant, giving a score for each skill. The three
stability skills (two-board balance, zig-zag hop, walking toe-heel backwards) were scored
using the MABC-2 manual (Barnett et al. 2007). Each of the three skills was scored on the
testing day, producing a raw score indicating time in seconds (two-board balance), number
of consecutive hops (zig-zag hop), and number of steps (walking toe-heel backwards)

(Barnett et al. 2007). Using the participant’s age in years and months each raw score was
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converted to a standard score and then the three standard scores for the balance skills were
summed to produce a balance composite score. The MABC-2 manual allows for comparison
of scores for components (e.g. balance) to standard and percentile scores (Barnett et al.
2007).

3.4.3 Health Related Fitness

Maximum running speed on the 20MST, taken as the speed in km/hr of the participant’s last
completed shuttle, was used to calculate VO2amax (Léger et al. 1988). Maximum height (\VJ)
and distance (HJ) jumped was calculated. Maximum grip strength on each hand was
calculated. These two scores were averaged to give a mean total grip strength score. The
total number of curl-ups and push-ups achieved, as well as the distance reached in the back-
saver sit-and-reach test was calculated. Scores on FITNESSGRAM HRF tests were
compared to FITNESSGRAM norms to assign participants to healthy fitness zones or not.
World Health Organisation Child Growth Standards for BMI (de Onis et al., 2007) were
used to categorise participants into severe thin, thin, normal weight, overweight, and obese

categories.

3.4.4 Perceived Competence

The scores for the 5 items of each subscale of the SPP-A (PAC, PPA, and GSW) were
averaged to give a mean PC score of between 1 and 4 for each specific subscale (Harter
2012).

3.5 Data Treatment

3.5.1 Data Storage

Hard copies of record sheets and questionnaires from each time point were stored in a locked
filing cabinet in the office of the lead researcher in the School of Health & Human
Performance at Dublin City University. For questionnaires, the front page, which contained
the participant name, was removed and destroyed once the participant ID number on the first
page was cross-checked with the name. Video files were transferred from camera SD cards

to a password-protected external harddrive and then deleted from the cameras.

3.5.2 Data Entry

Participant details and corresponding ID codes were entered into an SPSS spreadsheet. At
each timepoint this spreadsheet was updated to include additional participants. A separate
SPSS spreadheet was created to enter all test data along with participant ID codes. At each
time point, the lead researcher created blank Excel templates for each of the tests. The

research team were trained by the lead researcher in how to enter the data into these master
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Excel sheets. Excel spreadsheets were then converted to SPSS files, and merged by the lead
researcher to create a single file for each timepoint. The output SPSS file was inspected to
ensure correct matching of participant 1D codes across time points. Finally, the SPSS
spreadsheets for each time point were merged on completion of data entry at time point 3, to

create one SPSS file containing data across the three years.

3.5.3 Data Cleaning

Basic descriptive statistics (means, standard deviations, frequencies, maximums, minimums)
were conducted to check the data. Where minimum or maximum values were found to be
below or above the range defined (i.e. below 0 or above 1 for criteria in the TGMD skills)

the value was cross-checked with the relevant hardcopy and corrected accordingly.

3.5.4 Statistical Analysis

Details of the specific analysis carried out for each study can be found in Chapter 4 — 7.
Statistical analysis included descriptive statistics, independent samples t-tests, confirmatory
factor analysis, repeated-measures ANOVA, path analysis, and cross-lagged regressions.
Confirmatory factor analysis, path analysis, and cross-lagged regressions were conducted
using AMOS version 23. All other statistical analysis was conducted using SPSS version
23.
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CHAPTER 4

What is Health-Related Fitness?
Investigating the underlying factor

structure of fitness in youth.
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Chapter 4 Study 1

4.1 Purpose of the chapter

4.1.1 Rationale

There is a scarcity of research on the role of HRF within Stodden et al.’s (2008) conceptual
model. This is in part due to difficulties in analysing relationships between HRF and other
health-related variables while accounting for the multicomponent nature of HRF. The
purpose of this study was to test the underlying factor structure of HRF in youth to create a
composite score that could be used in subsequent analyses within this thesis of the pathways

hypothesised in Stodden et al.’s (2008) conceptual model.

4.1.2 Contribution to the field

This study adds to the field by providing a statistically and theoretically proofed HRF
composite that is representative of the HRF construct in youth. Where previously
researchers were inclined to choose just one component of HRF when analysing
relationships between HRF and other variables, or combined HRF test scores into an equally
weighted composite, this study provides a HRF composite that accounts for the relative
importance of each component of HRF, providing the means to analyse relationships

between HRF, as a composite, and other health-related variables.

4.1.3 Peer review status

The study in this chapter was presented as a poster presentation at the 2018 European College
of Sport Science conference. Itis currently under review in the European Physical Education
Review under the title; What is Health-Related Fitness? Investigating the underlying factor

structure of fitness in youth.
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4.2 Abstract

Health-related fitness (HRF) is theoretically defined as a multidimensional
construct containing the components cardiorespiratory endurance, muscular
strength, muscular endurance, flexibility and body composition. Given the
range of field-based HRF tests available, health practitioners face a difficult
task in selecting tests that best reflect the HRF construct as defined in the
literature. This study aimed to investigate the underlying factor structure of
the theoretical HRF construct with a view to identifying field-based tests
representative of HRF in youth. Participants were 261 children (53% female,
47% males; mean age 12.22 * 0.48 years). Indicators of four fitness
components (20m shuttle run, curl-ups, push-ups, horizontal jump, vertical
jump, grip strength, and modified-back-saver-sit-and-reach) were measured.
Confirmatory factor analysis of the four-component model revealed a low
contribution of flexibility (.10) to the overall model, leading to its removal.
The subsequent three-component model showed better fit across all fit statistics
(NFI, TLI, CFIl, RMSEA, SRMR). Analysis of indicator loadings led to the
removal of grip strength (.37), further improving model fit. The reduced three-
component model was re-specified as a first-order model containing five
indicators, and showed the best fit (NFI, CFI, SRMR). These findings suggest
that a fitness construct in youth is adequately represented by three HRF
components included in the theoretical definition (cardiorespiratory endurance,
muscular strength, muscular endurance). These components load onto the
same construct and can be tested using five (20m shuttle run, curl-ups, push-

ups, horizontal jump, vertical jump) tests suitable for field-based research.

4.3 Introduction

Physical fitness is a powerful indicator of health among youth (Ortega et al., 2008; Ruiz et

al., 2009). In children and adolescents higher fitness levels are associated with positive

outcomes for bone health, mental health, obesity, and cardiovascular disease (CVD) (Ortega

et al., 2008; Ruiz et al., 2009). It is important to note however that physical fitness is a

hypothetical construct (Marsh, 1993). In the past, studies assessing physical fitness have

included a range of variables, from blood pressure, lung function, and body girth, to
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cardiorespiratory endurance (CRE), strength, coordination, and flexibility (Fleishman, 1964;
Marsh, 1993). A definition of health-related fitness (HRF) was proposed by Caspersen and
colleagues (1985), who suggested that HRF is a multidimensional construct comprised of
five components (Caspersen et al., 1985). Specifically, these five components are CRE,
muscular strength (MS), muscular endurance (ME), flexibility, and body composition. CRE
refers to the capacity of the respiratory and cardiovascular systems to carry out continuous
strenuous exercise (Ortega et al. 2008). MS is the ability of the muscular system to produce
force against a resistance in one maximal effort (Smith et al., 2014). Many researchers in
the health field choose tests of explosive (e.g. horizontal and vertical jumps) strength or
power to represent MS as a component of fitness (Ortega et al., 2011; Tomkinson et al.,
2018). ME is the ability of the muscular system to produce force over a prolonged period
(Ortega et al. 2008; Smith et al. 2014). ME and MS together contribute to muscular fitness
(MF), a term that refers to the ability to do work against a resistance either maximally,
explosively, or repeatedly (Ortega et al. 2008; Smith et al. 2014). Flexibility is the range of
motion at a joint (Pate, Oria and Pillsbury, 2012). Body composition is the physical make-
up of the body, often described as the percentage of muscle, fat, bone and water within the
body (Caspersen et al. 1985). This definition of HRF, as a multidimensional construct
consisting of five components, is predominantly accepted and utilised within health-
promotion research (ACSM, 2014; Payne and Isaacs, 2016). According to Pate (1988) these
five components were included in the HRF construct because they are affected by physical

training and are associated with important health outcomes.

Recent research provides evidence for associations between health and CRE, MS and ME
(Ortega et al. 2008; Smith et al. 2014), but there is limited evidence to suggest an association
between health and flexibility (Pate, Oria and Pillsbury, 2012). The relationship between
CRE and health is well-established (Corbin et al. 2014; Pate et al. 2012; Ortega et al. 2008).
In their review, Ortega and colleagues (2008) found strong evidence for associations
between CRE and adiposity, CVD risk, quality of life, and mental health. Associations
between MF and health have been reported, but are less well established (Corbin et al. 2014;
Ortega et al. 2008). Despite this there is growing evidence for the benefits of MF for health
among youth. Specifically, superior MS and ME have been favourably associated with a
reduced risk of insulin insensitivity (Benson et al., 2006), a reduced likelihood of excess
adiposity (Grgntved et al., 2015b; Janz et al., 2002; Smith et al., 2014), and a reduced risk
of CVD (Grgntved et al., 2015b; Janz et al., 2002). Longitudinal studies have also identified
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the importance of developing MF at a young age for maintaining good health later in life
(Grentved et al., 2015a; Janz et al., 2002; Ruiz et al., 2009). There is limited research on
the relationship between flexibility and health in youth (Pate, Oria and Pillsbury, 2012).
Studies that have measured flexibility and health outcomes have not found significant
associations (Casonatto et al., 2016; Stodden et al., 2015). It is worth questioning, then, the
inclusion of flexibility as a component of HRF, given the lack of research evidence

supporting its link to important health outcomes.

Another problem arising from a five-component HRF construct occurs when body
composition is positioned as an outcome of relationships between HRF and other variables.
This is common in health promotion research (Lima, Pfeiffer, et al. 2017; Rodrigues et al.
2016; Casonatto et al. 2016; Bailey et al. 2012; Smith et al. 2014; Janz et al. 2002; Grgntved
et al. 2015b). A current conceptual model developed by Stodden et al. (2008) highlights
physical activity, motor competence, HRF, and perceived competence as central to health in
youth. This model proposes HRF as a mediator in the reciprocal relationship between motor
competence and physical activity, while “weight status” is presented as the outcome of these
relationships. From a methodological perspective, indicators (e.g. body composition) cannot
be both independent and dependent variables. Therefore, where measures of body
composition are outcomes of the research question, HRF can only be treated as a four-
component construct (should flexibility remain as a component of the construct). In
addition, assessment of body composition involves passive tests such as measuring height,
weight and body circumferences, compared to the four remaining components of HRF which
are measured using active tests that require the participant to perform some action or skill
(e.g. running to measure CRE; jumping to measure MS). This further highlights the
difference in nature between body composition and the other components of HRF included
in the traditional definition (Caspersen et al., 1985) lending support to the argument for
removing body composition as a component, thus reducing HRF to a four-component

construct.

Another issue of note is that within the field of health promotion research, all components
of HRF are not always measured when associations between HRF and other variables are
being examined. Often, individual tests from popular fitness test batteries are chosen, with
selected tests used to measure specific components of HRF. For example, FITNESSGRAM

(Plowman and Mahar, 2013) suggests push-ups, curl-ups and trunk extension as methods to
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assess MF while EUROFIT (Council of Europe, 1983), dividing MF into MS and ME, offers
a bent-arm hang in addition to curl-ups to assess ME, and an arm-pull and standing broad
jump to assess MS. If HRF is a multidimensional five component construct, then important
information may be lost by measuring just one component and using this as a representation
of the overall construct. For example, in recent studies testing Stodden et al.’s (2008)
conceptual model, just one component of HRF (CRE) was measured (Lima, Pfeiffer, et al.,
2017). CRE is evidently an important HRF component (Ortega et al., 2008; Ruiz et al.,
2009), but considering the reported contribution of both MS and ME to health in youth
(Benson et al., 2006; Grgntved et al., 2015a; Janz et al., 2002; Ortega et al., 2008; Smith et

al., 2014) the exclusion of these components may be problematic.

Numerous valid and reliable HRF tests are available to the researcher for use in field-based
settings (Artero et al., 2011; Morrow et al., 2010; Ortega et al., 2008). In addition to a
requirement for valid and reliable measures, time and equipment/facilities are extremely
important considerations for researchers and health practitioners. As such, some of the
available fitness tests are more applicable than others in certain settings. For example, tests
of ME such as curl-ups and push-ups are easy to administer and require little equipment
(Plowman and Mahar, 2013). In comparison, tests such as pull-ups, or flexed arm hang,
require gym equipment that may not be available in some field settings (Council of Europe,
1983; Plowman and Mahar, 2013). Given the wide range of options available to field-based
researchers, the decisions around a testing protocol which includes tests of HRF that reflect
the overall construct can be problematic.

Despite numerous studies assessing components of HRF, to the author’s knowledge no study
has assessed the factor structure of this theoretical construct among youth. Given that
various individual components of HRF are often used as indicators of the overall construct,
it is important to understand the underlying structure of HRF so that discussions of HRF are
talking about a general and comparable concept. In addition, although sex differences in
absolute scores for HRF are widely reported, with males consistently scoring higher than
females across all HRF components except flexibility (Ortega et al., 2011; Santos et al.,
2014), it is generally accepted that the overall HRF construct is the same for males and
females. To the author’s knowledge, no study has tested this assumed sex invariance for
HRF.
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This research aims to test, using factor analysis, a four-component HRF construct based
primarily on the theoretical definition of HRF (Caspersen et al., 1985) but excluding the
component of body composition (due to the previously outlined problems posed by its
inclusion as an independent variable), to determine the underlying structure of HRF within
a youth population and to test its invariance across sex. In addition, this research aims to
provide support for the selection of specific field-based tests which can adequately represent

the HRF construct within a youth population.

4.4 Methods

4.4.1 Participants and settings

Data for this cross-sectional study were collected as part of the first phase of a longitudinal
study which aims to track changes in health-related variables in children as they transition
from primary to secondary school. Principals from six mixed gender primary schools were
contacted via email to invite their 6™ class students to participate in this study. These schools
were specifically chosen as they were identified as the main feeder primary schools for two
second level schools which were invited to, and confirmed participation in, phase two of the
longitudinal aspect of this study. Informed consent was granted by all six primary school
principals, and individual consent was obtained from parents/guardians. Ethical approval
was obtained from the authors’ institutional ethics committee. Prior to testing, a physical
activity readiness questionnaire was also completed for each participant by their
parent/guardian. The consenting sample consisted of 261 children (53% female and 47%

males; mean age 12.22 + 0.48 years).

4.4.2 Measures

Seven tests were used to measure four components (MS, ME, CRE and flexibility) of HRF
(Table 4.1). Tests were selected following a review of methodologies in recent large-scale
studies of HRF in youth (Ortega et al., 2011; Ruiz, Castro-Pifiero, et al., 2011; Santos et al.,
2014), with specific consideration paid to the applicability of tests within a school-based
setting, test reliability, and the ability of the tests to measure each of the four specified
components of the proposed HRF construct. Protocols for each HRF test can be found in
the FITNESSGRAM manual (Plowman and Mahar, 2013), the EUROFIT manual (Council
of Europe, 1983), and the HELENA study (Ortega et al. 2008; Ortega et al. 2011) (Table
4.1).
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Table 4.1. Measurement of HRF

HRF
Component Test Source Reliability
FITNESSGRAM;
CRE 20MST EUROFIT 0.78 - 0.99 (Artero et al. 2011)
EUROFIT; HELENA
MS Grip strength ~ Study 0.96 - 0.98 (Artero et al. 2011)
EUROFIT; HELENA
HJ Study p > .05 test-retest differences (Ortega et al. 2008)
VJ* HELENA Study p > .05 test-retest differences (Ortega et al. 2008)
ME Pushups FITNESSGRAM 0.77 (Morrow et al. 2010)
Curlups FITNESSGRAM 0.87 (Morrow et al. 2010)
Flex BS S&R FITNESSGRAM 0.89 (Morrow et al. 2010)

20MST=20metre shuttle run test; Hl=horizontal jump; VVJ=vertical jump; BS S&R=backsaver sit-and-reach; EUROFIT
(Council of Europe 1983). FITNESSGRAM (Meredith & Welk 2010). The HELENA Study (Ortega et al. 2008). *VJ
was assessed using the Abalakov jump test protocol outlined in the HELENA study (Ortega et al. 2008) and using a jump
mat and belt (Coulson & Archer 2009) in place of an infrared jump platform.

A minimum of four trained field staff conducted the testing sessions. Each class group was
tested separately, with approximately 25 students in each class group. Testing was
performed over the course of three separate physical education classes. 20MST, and grip
strength were tested on the first day, curlups on the second day, and HJmax, VJmax, pushups,
and BS S&R on the third day. On each day participants were put into groups of 5-6 students
and each group rotated through the tests in a circuit fashion. One trained field staff member
provided every 5-6 participants with a demonstration and verbal instructions of the test, the
exception being the 20MST where groups of 10-12 participants were given a demonstration
and instructions prior to beginning the test. Trained field staff followed the standardised
testing protocols (Council of Europe, 1983; Ortega et al., 2011; Plowman and Mahar, 2013)
when administering all tests. For the 20MST verbal encouragement from field staff was
given to motivate participants to reach maximum effort. Speed reached on the last completed
shuttle in the 20MST was used to calculate VO2max (Léger et al., 1988). No performance
feedback was given to participants during testing, and participants were not informed of their

scores on any of the tests.

4.4.3 Data Analysis
Data were analysed using SPSS version 23 and AMOS version 23 for Windows. Raw scores

for each HRF test were entered into SPSS and descriptive statistics for each HRF test were
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calculated. A one-way between-groups multivariate analysis of variance (MANOVA) was
conducted to identify sex differences for HRF tests. A Bonferroni adjusted alpha level of <
.017 was used to calculate significance. Effect sizes were calculated to identify the

magnitude of any differences.

To analyse the underlying structure of HRF, a confirmatory factor analysis (CFA) using
maximum likelihood estimation methods was conducted in AMOS version 23 (Arbuckle,
2014). CFA is widely used to test whether a hypothesised model fits the data (Fox, 2010).
The initial model tested a four component HRF construct (Model 1; Fig. 4.1) based primarily
on the theoretical definitions of HRF (Caspersen et al., 1985;ACSM, 2014; Pate, 1988;
Payne and Isaacs, 2016) while taking into account the argument for excluding body
composition as the fifth component. Within CFA, the presence of single-indicator latent
variables (such as CRE in Fig 4.1) can cause identification issues (Kelloway, 1998; Kline,
2015). To address this identification issue in the current study, and enable the testing of the
theoretically defined HRF construct, the error variance for CRE was set to 0 and the loading
to 1 as recommended in Ldmmle et al. (2010). To account for missing data, the nature of
missing data was tested using Little’s “
2016.83; p = 0.971). A statistically non-significant result for Little’s MCAR test allows for
MCAR to be inferred (Tabachnick and Fidell, 2007). Where data is MCAR and there is a

low percentage of data missing, most procedures to deal with this issue can be used

missing completely at random” MCAR test (x° =

successfully (Tabachnick and Fidell, 2007). In this data set all measured variables had low
levels of missing data (< 7%). Group mean substitution was therefore selected to estimate
missing values (Tabachnick and Fidell, 2007).
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Figure 4.1. Model 1 — Four component HRF model

To begin with, x> was used to assess goodness of fit between the observed and fitted
covariance matrices. A statistically insignificant y? indicates a good fitting model, even
though a poor ¥ does not necessarily imply a poor model fit, since y? can give erroneous
results with large samples (Byrne, 2010). In addition, model fit was further assessed based
on the Normed-Fit Index (NFI), the Comparative Fit Index (CFI), the Tucker-Lewis Index
(TLI), the Root Mean Square Error of Approximation (RMSEA), and the Standardised Root
Mean Square Residual (SRMR). NFI, TLI and CFI values of >0.9 signify acceptable model
fit (Byrne, 2010; Schumacker and Lomax, 1996), with values of >0.95 for TLI and CFI
considered to signify superior fit (Hu and Bentler, 1999). For RMSEA and SRMR, values
of <0.06 and <0.08 respectively indicate a good fitting model (Hu and Bentler, 1999). The
strength of each factor loading was inspected to determine its contribution to the model.
Factor loadings approaching 0.30 are generally deemed to indicate poor contribution of that
factor to the model (Brown, 2006). Decisions on the removal or retention of factors were
made based both on evaluation of factor loadings and theory. Based on analysis of the factor

loadings for the four-component HRF construct (Fig. 4.1 Model 1), additional models were
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subsequently tested, and a multiple-group analysis was used test invariance in the HRF

construct across sex.

4.5 Results

Performances on each HRF test are shown in Table 4.2. One-way MANOVA revealed
significant sex differences for VO2zmax, HImax, push-ups, and flexibility (Table 4.2). The
importance of the differences can be seen by examining the effect sizes in Table 4.2.
According to Cohen (1992) effect sizes of .20 - .49 are small, .50 - .79 are medium, and >.80
are large. Males had significantly higher scores for VO2amax, HImax and push-ups. Females
had significantly higher scores for flexibility. VOzmax, push-ups, curl-ups and BS S&R tests
were all tested in accordance with FITNESSGRAM (Plowman and Mahar, 2013) protocols.
When these HRF test-scores were assigned age and sex-specific values in accordance with
FITNESSGRAM norms (Ortega et al., 2011; Plowman and Mahar, 2013) one-way
MANOVA showed no significant sex differences for standardised scores.

Table 4.2. Mean HRF scores according to sex

Sex Difference

All Males Females Absolute  Fitnessgram
(n=262) (n=129) (n=133) F n2  values norms
VO2max
] 49.66 (5.03) 51.11(5.39) 48.21(4.19) 20.2 0.08 m* ns
(ml.kg.min)F
Handgrip (kg) 17.73 (4.11)  18.10(3.90)  17.34(431) 1.7 ns
HJ (cm) 37.21(23.28) 144.93(22.65) 129.85(21.49) 232 010 m*
VJ (cm) 35.49(6.87) 36.74(7.31) 34.30(6.22) 6.2 ns
Push-upsF 8.68(8.01)  11.27(8.74) 6.09(6.25) 239 010 m* ns
Curl-upsF 13.54(10.77) 15.26(11.88) 11.80(9.23) 6.9 ns m*
BS S&R (cm)F 9.93 (7.64) 7.07 (7.13) 12.66 (7.11) 292 012 f* ns

Data are shown as means with standard deviation in brackets.
*Significant at Bonferroni adjusted p-value < .017. n? = partial eta squared effect size
“m” or “f” in the sex difference column denotes the sex (m=male, f=female) that performed significantly

better. F = included in Fitnessgram
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Table 4.3. CFA fit statistics for HRF Models

Model Description e Df Prob NFI TLI CFI RMSEA SRMR

Model 1 4 Component model 3191 12 0.001 091 090 0.94 0.080 0.057
(CRE MS ME Flex)

Model 2 3 Component model 17.74 7 0013 095 093 097 0.077 0.045
(CRE MS ME)

Model 3 Reduced 3 Component model 10.80 3 0.013 097 091 0.97 0.100 0.037
(CRE MS ME)

Model 4 1% Order Model 10.80 3 0.013 097 091 0.97 0.100 0.037

%2 = Chi-square test. Df = degrees of freedom. Prob. = probability. NFI = Normed Fit Index; TLI = Tucker-Lewis Index; CFI = Comparative Fit Index; RMSEA: Root

mean square error of approximation; SRMR = Standardized Root Mean Square Residual
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Factor analysis results showed that all of the models tested fit the data well (Table 4.3), with
NFI, TLI, and CFI all above 0.9 (Byrne, 2010; Schumacker and Lomax, 1996). In Model 1,
a four component second-order model, HRF was described primarily by three components,
CRE, MS and ME, with factor loadings ranging from 0.75 — 0.87; (Fig. 4.1). Given the low
loading for flexibility (0.10) (Brown, 2006), it was removed as a component and a three-

component model (Fig. 4.2: Model 2) was subsequently tested.

VOZmax

Handgrip

HJ

V)

Push-ups

TTTTIT 1

Curl-ups

Figure 4.2. Model 2 — Three component HRF Model

Factor loadings remained similar for CRE (0.76), MS (0.75) and ME (0.86) in the three-
component (Fig 4.2) compared to the four-component model (Fig 4.1). On reviewing the
loadings on the manifest variables for the three-component model (Fig 4.2), grip strength
was removed from MS due to its low loading (0.37). Removing grip strength did not have
a negative effect on fit. A number of the fit indices improved slightly (NFI, SRMR) and a
number decreased slightly (TLI, RMSEA). CFI, TLI, NFI and SRMR all remained within
acceptable limits for a good fitting model (Byrne, 2010; Hu and Bentler, 1999; Schumacker
and Lomax, 1996). An examination of the confidence intervals for RMSEA showed the
lower confidence limit met the rules of thumb for fit. The reduced three component model

(Fig 4.3) was therefore selected as it was a more parsimonious model.
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Figure 4.3. Model 3 — Reduced three component HRF model

The reduced 3 component model was then re-specified as a first-order model given the
identification issues posed by single indicator latent variables (Kelloway, 1998; Kline, 2015)
and with a view to identifying the factor loadings for each individual test in the overall HRF
construct (Fig. 4.4). Error terms for HJ and VJ, and push-ups and curl-ups were correlated
(Fig 4.4; Model 4) since HJ and VJ both measure MS, and push-ups and curl-ups both
measure ME. The fit indices were identical for the second-order reduced 3 component model
(Fig 4.3), and the first-order model (Fig 4.4). This is expected, given that correlating the
errors on the two MS and two ME indicators in the first-order model in effect connects these
indicators in the same way as having them as indicators within a component i.e. MS or ME.

Multiple-group analysis of the re-specified first-order HRF model (Fig. 4) showed good fit
(Table 4.3). This HRF model was invariant across sex (CMIN =5.547; p = 0.236) for factor
loadings. As expected, measurement intercepts were significantly different between males
and females (CMIN = 51.618; p = 0.000), but the overall pattern of factor loadings was
invariant (Table 4.4).
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Table 4.4. Factor loadings () for indicators of HRF by sex

Male Female
VOZmaX 0.68 0.80

HJImax 0.61 0.76
Push-ups 0.61 0.47
V Jmax 0.40 0.45

Curl-ups 0.28 0.43

()= VO
(=) HJ
© VJ
@ Push-ups
(=) Curl-ups

Figure 4.4. Model 4 — First order HRF model

4.6 Discussion

The primary purpose of this study was to test the factor structure of a four component HRF
construct, based largely on the dominant definition of HRF (Caspersen et al., 1985), but
excluding body composition as a component due to the aforementioned problems associated
with its inclusion. The underlying factor structure of the hypothetical HRF construct has not
been reported in youth. Testing the structure of this construct was therefore important
considering the widespread research in this area, and the need to present HRF as a construct
that makes both theoretical and statistical sense.

Results from this study suggest a different definition of HRF to the five-component HRF

construct most frequently referred to in the literature. Prior to model testing body
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composition was excluded as a component of HRF. It is reasonable to argue that due to the
difference in nature between assessments of body composition and the remaining HRF
components, and the frequent positioning of body composition as the dependent variable
when HRF is an independent variable, that the inclusion of body composition in an overall
HRF construct makes neither theoretical nor statistical sense. Thus, the initial statistical
testing of the HRF construct was of a four-component construct containing indicators of the
components CRE, MS, ME, and flexibility.

The best fitting model (Hu and Bentler, 1999) proved to be a reduced three-component
construct (Fig. 4.3), which, given the known identification problems posed by single-
indicator latent variables (Kelloway, 1998; Kline, 2015) (CRE in this case), was re-specified
as a first-order model (Fig. 4.4). Correlating the errors for the two MS indicators (HJ and
VJ) and the two ME indicators (push-ups and curl-ups) in effect combined these into separate
MS and ME components, highlighted by the identical fit statistics for the first-order and
second-order models (Table 4.3). This model suggests then that HRF in youth is best
represented by three rather than four components, where indicators with higher loadings
(VO2max, HImax, and push-ups) play a more important role. The three components retained
in the HRF construct were CRE, MS, and ME. Flexibility was removed due to its low factor
loading (0.10). The removal of flexibility as a component of HRF is supported by previous
research which has highlighted the lack of association between flexibility and health in youth
(Casonatto et al., 2016; Stodden et al., 2015). In their analysis of the factor structure of
motor performance ability (MPA) in youth, a construct not dissimilar to HRF, Lammle et
al., (2010) also found a similarly low contribution of flexibility to the overall MPA construct.
Results from Lammle and colleagues (2010), and findings from the present study, suggest
that flexibility might be better considered as an independent element rather than being

included in an overall fitness construct.

Analysis of the factor loadings within the first-order model in the current study shows that
VO2max, as @ measure of CRE, is the most important indicator, with a loading of 0.76. The
fact that a measure of CRE is of such significance to the overall HRF construct is not
surprising, given the widely reported association between CRE and health in youth (Corbin
etal., 2014; Ortega et al., 2008; Pate, Oria, Pillsbury, et al., 2012), and the importance placed
on this component in studies of youth health and fitness. In fact, CRE is the most extensively
measured component of HRF, with researchers often choosing to test CRE exclusively as a
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measure of HRF when there is a desire to limit the number of tests in a research protocol.
Results from this study however strongly suggest that HRF cannot be described by just one
component. Recently, MF has begun to receive more attention in the health research field,
with studies showing positive associations between muscular fitness and health in youth
(Benson et al., 2006; Grgntved et al., 2015a; Janz et al., 2002). Therefore, including
measures of both MS and ME make sense not only from a statistical, but from a theoretical
perspective. If CRE alone is used as a measure of HRF, as has been the case in many studies
(Barnett et al., 2008; Kriemler et al., 2010; Woods et al., 2010), then the important
contribution of MS and ME would be ignored.

Results presented in this paper demonstrate that HJ as a measure of MS, and push-ups as a
measure of ME, both have relatively high factor loadings (r = .71 and r = .60 respectively)
within the HRF construct. Despite their lower factor loadings, VJ (r = .45) and curl-ups (r
=.38), as measures of MS and ME respectively, also contribute to overall model fit. HJ has
been previously identified as a good overall measure of MS, with strong associations
between it and other lower body (R? = 0.829-0.864) and upper body (R? = 0.694-0.851)
strength tests (Castro-Pinero et al., 2010). What is more, HJ as a measure of MS has been
found to negatively correlate with BMI (Brunet et al., 2007; Riddiford-Harland et al., 2006),
a well-established marker of health (Baker et al., 2007), which further lends support to the
relevance of HJ within the HRF construct. VJ has also been associated with body
composition in youth, with performance on the VJ test significantly and inversely associated
with body fatness (Minck et al., 2000) and BMI (Riddiford-Harland et al., 2006).

Push-ups and curl-ups as measures of ME are less well-researched, with limited studies
examining the association between push-up performance and health outcomes in youth.
Despite this lack of research, it has been recommended by previous authors to include tests
of ME when measuring HRF to give an overall picture of HRF (Plowman and Mahar, 2013).
Grip strength was originally included as an indicator of MS in this study but was removed,
with a resultant improvement in model fit, due to its relatively low factor loading (r = .37)
(Brown, 2006), and the contrasting nature of grip strength with the remaining indicators in
the HRF model. Grip strength, while included in many HRF test batteries (Council of
Europe, 1983; Ortega et al., 2011) and frequently tested as a marker of MS (Francis et al.,
2016; Moliner-Urdiales et al., 2011; Ortega et al., 2011), is found to positively correlate with
BMI, with children who have a higher BMI performing better on this test (Artero et al.,
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2010). In children tests of MS have generally been found to correlate positively with BMI,
while tests of ME have shown a negative correlation with BMI (Hassan et al., 2016). It is
reasonable to suggest that MF tests which require the individual to support and move their
own body weight (such as HJ, VVJ, push-ups and curl-ups) may be more poorly performed
by those with higher mass, whereas a test such as the hand grip strength test is less likely to
be affected in this way as it requires minimal movement of the body. It is possible then that
grip strength may have contributed to poorer model fit due to an opposing relationship with

weight status compared to other tests used in this study.

Of further importance in testing the structure of the HRF construct in youth is assessing the
degree to which the construct is the same for males and females. In the current study a
multiple-group analysis of the first-order HRF model showed that while there were
significant differences between males and females for absolute scores in all individual HRF
tests, the structure of the proposed HRF construct was invariant across sex. This is to be
expected, given that in studies on HRF in youth, males and females are typically measured
on the same tests despite sex differences in absolute scores on HRF test (Ortega et al., 2011;
Santos et al., 2014). While the current study assessed the factor structure of HRF cross-
sectionally to produce a HRF composite that proved to be invariant by sex, the sample is
limited in terms of age-range. Future studies should test this composite across a broader age
range, and longitudinally, to determine if this five-indicator HRF composite is invariant by

age-group and by time.

4.7 Conclusion

HRF is a positive predictor of health in youth (Ortega et al., 2008). The association between
CRE and health is well-established (Corbin et al., 2014; Pate, Oria, Pillsbury, et al., 2012),
and there is now a growing body of research identifying the positive effect of MS and ME
on health outcomes in youth (Smith et al., 2014). As such, HRF is a primary construct of
interest in youth health-promotion research. Previously, many studies examining
associations between HRF and other health-related variables have chosen to measure just
one component, with CRE frequently the component of choice (Kriemler et al., 2010; Woods
et al., 2010). Considering the strong positive association of MS and ME with health
however, excluding these components is not ideal. The problem that arises with a multi-
component construct like HRF, is how to combine the relevant components into a single
score which reflects the construct and can be used in research examining associations
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between HRF, as a composite, and other variable. This study addresses these issues and
provides researchers with a concise selection of tests that represent the HRF construct in
youth, and that are suitable for use in a field-based setting. Findings from this study provide
researchers with an effective method to measure HRF. Empirical evidence from this study
suggests that HRF in youth is best represented by five indicators representing three
components of fitness (CRE, MS and ME). These five indicators involve HRF tests that are
widely used (Ortega et al., 2011; Ruiz, Castro-Pifiero, et al., 2011; Santos et al., 2014), valid
and reliable (Artero et al., 2011; Morrow et al., 2010; Ortega et al., 2008) and, easily
administered in a field-based setting.
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CHAPTER 5

The role of health-related fitness and
perceived athletic competence Iin
mediating the physical activity-motor
competence relationship during the
transition from primary to secondary

school
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Chapter 5 Study 2

5.1 Purpose of the Chapter

5.1.1 Rationale

The role of HRF and PC as mediators within Stodden et al.’s (2008) conceptual model is not
fully understood. There is a paucity of research examining how HRF mediates the primary
MC-PA relationship depicted in the model. In addition, the composite nature of HRF has
rarely been considered when examining relationships between HRF and PA, MC, or PC.
The reciprocal pathways outlined in Stodden et al.’s (2008) model are also not well
understood, in part due to a lack of longitudinal studies addressing this aspect of the model.
The study outlined in this chapter used the HRF composite developed in Chapter 4 to address
gaps in knowledge regarding HRF as a mediator within Stodden et al.’s (2008) conceptual

model, and regarding the reciprocal nature of the hypothesised relationships.

5.1.2 Contribution to the field

The study outlined in this chapter adds to the literature by evaluating aspects of Stodden et
al.’s (2008) conceptual model that have not previously been tested in such a comprehensive
manner. The longitudinal design allows for testing of the pathways hypothesised in the
model during the transition from primary to secondary school, and the role of HRF and PC
in mediating these pathways. In addition, it also allows for evaluation of the directionality
of the pathways between MC, PA and the mediators HRF and PC.

5.1.3 Peer review status

The study outlined in this chapter is accepted for publication in Journal of Sport Sciences
under the title: Small Fish, Big Pond: the role of health-related fitness and perceived athletic
competence in mediating the physical activity-motor competence relationship during the
transition from primary to secondary school, and was presented orally at the 2018

Children's Research Network PhD Symposium.
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5.2 Abstract

This study investigates the role of Perceived Athletic Competence (PAC) and
Health-Related Fitness (HRF) in mediating the reciprocal relationship between
Motor Competence (MC) and Physical Activity (PA) during the transition from
primary to secondary school. MC, PA, PAC and HRF were measured in 224
participants (baseline age 12.26 + .037 years; 51% female) in final year of
primary school and one year later in first year of secondary school. Path
analysis in AMOS 23 was used to test the mediating influence of PAC and
HRF on the MC-PA relationship. Fit indices showed that, in both directions,
HRF and PAC mediated the relationship between MC and PA (PA predicting
MC; 2 =3.91, p =.272, CFl = .99, RMSEA = .04. MC predicting PA: y2 =
6.46, p = .167, CFI = .99, RMSEA = .04). Pathways were stronger through
HRF than through PAC, indicating that HRF is the more substantial mediator
of the MC-PA relationship during the school transition. Pathways were
stronger in the direction of PA predicting MC than in the reverse direction.
Interventions seeking to influence PA and MC across the school transition

should focus on HRF as it is a primary mediator of the MC-PA relationship.

5.3 Introduction

Globally there is a trend of decreasing physical activity (PA) with increasing age (Borraccino
et al., 2009; Corder et al., 2015). In Ireland it has been shown that older children and
adolescents are less likely to be active compared to younger children (Gavin et al., 2014;
Woods et al., 2010), and PA declines as children get older (Murphy et al., 2016). Thisis a
worrying trend given the negative health outcomes associated with low levels of PA (Bailey
et al., 2012; Ekelund et al., 2012; Warburton et al., 2006). The transition period between
primary and secondary school has been identified as a specific period where changes in PA
behaviour occur (De Meester et al., 2014; Jago et al., 2012; Marks et al., 2015). In general,
this school transition occurs at a pivotal time in a child’s life when they are entering
adolescence. Notwithstanding the significant physical and psychological changes associated
with this period, moving school environment appears to have an additional impact on PA,
with children who change environment having a greater decrease in PA compared to the

same age children who continue into secondary school in the same environment (Marks et
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al., 2015). While the decrease in PA over time is well-documented, what remains unclear is

the mechanism behind this decrease in PA from childhood to adolescence.

A growing area of interest is the relative importance of motor competence (MC) in the
development of lifelong healthy PA behaviours. MC reflects an individual’s proficiency in
fundamental movement skills (FMS) across three movement categories: locomotor, object
control, and balance (Gallahue & Ozmun, 2012; Stodden et al., 2008). Research has
highlighted a relationship between MC and PA, with higher MC associated with greater PA
levels both in childhood, and longitudinally into adolescence and adulthood (Barnett, van
Beurden, Morgan, Brooks, & Beard, 2009; D’Hondt et al., 2014; Green et al., 2011; Lloyd,
Saunders, Bremer, & Tremblay, 2014). A conceptual model proposed by Stodden et al.
(2008) suggests that a reciprocal relationship exists between MC and PA, and that the nature
of this relationship can lead to either positive or negative spirals of engagement in PA,
ultimately influencing health status over time. In early childhood the relationship is
hypothesised to be dominated by the influence of PA on MC (Stodden et al., 2008). There
is a developmental expectation that FMS can be mastered by the age of 7 — 9 years (Gallahue
and Ozmun, 2012; Victoria Department of Education, 1996), therefore it is proposed that in
the early years, PA provides the opportunity to develop MC. In later childhood, it is
proposed that the relationship becomes more reciprocal as children with superior MC are
more likely to be active, which in turn will further increase MC. Research in young children
lends support to this hypothesis with time in PA associated with increased proficiency in
MC (Babic et al., 2014). In adolescents research partially supports Stodden et al.’s (2008)
model, with a reciprocal relationship observed for object control but not locomotor MC
(Barnett, Morgan, Van Beurden, Ball, & Lubans, 2011), and for males but not for females
(Jaakkola and Washington, 2012).

According to Stodden’s model (Stodden et al., 2008), the MC-PA reciprocal relationship is
mediated by two other important variables — health-related fitness (HRF) and perceived
competence (Stodden et al., 2008). Perceived competence influences motivation and
behaviour in three domains (social, cognitive, and physical) (Harter, 1978). Perceived
competence in the physical domain refers to an individual’s belief in their ability to perform
sports and physical activity-related skills (Harter, 2012). Perceived athletic competence
(PAC) or perceived sport competence (PSC) are common terms for perceived competence
in the physical domain. In this study, PAC was measured and therefore perceptions of

101



competence in the physical domain will be referred to henceforth as PAC, unless citing
studies that specifically use a different term when measuring self-perceptions in the physical
domain. PAC is often lower in older compared to younger individuals (Piek et al., 2006),
and tends to decrease over time (Shapka and Keating, 2005). Differences between males
and females are also frequently reported for PAC , with males having higher self-perceptions
than females (Piek et al., 2006; Shapka and Keating, 2005). In one of the few longitudinal
studies examining perceived competence as a mediator of the MC-PA relationship, PSC was
found to mediate for object control MC (Barnett, Morgan, van Beurden, & Beard, 2008).
This suggests that being competent in object control skills in childhood had a significant and
positive effect on PSC in adolescence, which in turn had a significant and positive effect on
adolescent PA (Barnett et al., 2008). The same mediated pathway was not found for
locomotor MC in this study. In keeping with Stodden et al.’s (2008) developmental
framework, studies have found that the mediating effect of PAC on the MC-PA relationship
appears to be influenced by an individual’s stage of development. PAC was not found to be
a significant mediator of the relationship between MC and PA in younger children (Crane et
al., 2015), but has been found to act as a mediator in older children (Khodaverdi et al., 2015)
and adolescents (Barnett et al., 2011). This indicates that there may be age-related
differences in the role of PAC in mediating the MC-PA relationship which need to be further
investigated. The transition from primary to secondary school could be a key timeframe for

examining these relationships, at a stage when children are transitioning into adolescents.

Health-related fitness (HRF) is the other proposed mediator in Stodden et al.’s (2008) model.
HRF is a powerful indicator of health among children and adolescents, with higher fitness
levels associated with positive health outcomes (Ortega, Ruiz, Castillo, & Sjostrém, 2008;
Ruiz et al., 2009). The theoretical definition of HRF (Caspersen et al., 1985) refers to a
multidimensional construct consisting of five components: cardiovascular endurance (CRE),
muscular strength (MS) and muscular endurance (ME), flexibility, and body composition.
In practice, researchers frequently choose individual components to represent the overall
HRF construct (Lima, Pfeiffer, et al. 2017). Irrespective of which component is measured,
across all components of fitness there is a trend for increasing fitness with increasing age
(Ortega et al., 2011; Santos et al., 2014). Sex differences are also seen in HRF, with males
having higher fitness levels than females across most components of HRF, flexibility being
the exception (Ortega et al., 2011; Santos et al., 2014; Woods et al., 2010). For CRE
especially, the gap between males and females tends to widen with increasing age (lIrish Life
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Schools Fitness Challenge, 2016; Pate et al., 2006). Research that looks specifically at the
mediating aspect of HRF on the developmental MC-PA relationship, as presented in Stodden
et al.’s (2008) model, is limited (Robinson et al., 2015). Cross-sectionally, in addition to
examining PAC as a mediator, Khodaverdi et al. (2015) also examined, separately, the roles
of CRE, ME, flexibility, and body composition as mediators in the MC-PA relationship
(Khodaverdi et al., 2015). CRE was the only HRF component that acted as a mediator, and
mediated specifically the relationship between locomotor MC and PA (Khodaverdi et al.,
2015). An age-related effect has been found for the relationships between HRF and MC
(Stodden, 2014), and it is likely that the age of the participants in Khodaverdi et al.’s (2015)
study had a bearing on the associations found. The relationship between HRF and MC has
been found to be stronger in later childhood and early adolescence than in early childhood
(Stodden, 2014). In addition, at a young age associations between HRF and MC are found
for locomotor skills, while in older children and adolescents it is object-control proficiency
that is more strongly associated with HRF (Stodden, 2014). It may be that at an older age,
being proficient in object-control skills, which are required for numerous competitive sports,
allows individuals to participate in a wide selection of sports and PA which require fitness
across multiple components (e.g. MS is important for jumping in basketball) and not just
CRE. In the reverse, having the fitness to participate in these activities will allow for
opportunities to further develop object-control MC. Within the older children and
adolescent population there is a lack of research looking at the mediating effect of HRF as a

whole on the MC-PA relationship in older children and adolescents.

Each of the variables in Stodden et al.’s (2008) conceptual model are widely accepted as
being influential in developing positive, or negative, health trajectories throughout
childhood. However, if Stodden et al.’s (2008) conceptual model is to be used to guide
research, it needs to be fully tested including all variables identified in the model, and within
the proposed developmental framework. There is a need to address the gaps in Stodden et
al.’s (2008) model to examine if the proposed reciprocal MC-PA relationship is influenced
by age or sex, and if the proposed relationships vary for each MC component. In addition,
changes in interactions between the variables during the transition from primary to
secondary school need to be examined to better understand the nature of the relationships

proposed as children leave childhood and enter adolescence.
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5.4 Materials and Methods

5.4.1 Participants

Data were collected from participants in 6 class of primary school (January — April 2017),
and a year later in 1% year of secondary school (January — May 2018). In 6" class, 261
children (53% female and 47% males; mean age 12.22 + 0.48 years) participated. Of the
participants involved in 6™ class, 37 did not transfer into the secondary schools within the
catchment area which had been selected for data collection and were therefore not tested in
1%t year. In 1% year, 299 adolescents (48% female and 52% male; mean age: 13.91 + 0.58
years) participated. Participants in 1% year included an additional 75 students who had not
attended the initial feeder primary schools. Of the total number of participants involved in
the study, 224 participants (51% female and 49% male; mean age: 12.26 + .037 years at
baseline) had data at both time points and were included in analysis.

5.4.2 Measures

PA was measured using Actigraph (models: GT1M, GT3X, GT3X+, wGT3X-BT)
accelerometers. Validation studies have found that these four Actigraph models are
comparable (Grydeland et al., 2014; Kaminsky and Ozemek, 2012; Powell et al., 2016).
Data was captured in 10-second epochs (Esliger et al., 2005). Participants wore the
accelerometer for nine consecutive days during waking hours. The first and last days of the
wear period were omitted from analysis to account for subject reactivity (Dossegger et al.,
2014). To increase compliance a reminder text message was sent each morning to

participants who had provided a contact phone number (Belton et al., 2013).

Three components of MC were assessed; 1) object control skills: kick, catch, overhand
throw, one-hand strike, and two-hand strike, 2) locomotor skills: run, skip, horizontal jump,
and vertical jump, 3) balance: two-board balance, zigzag hop, and walking toe-heel
backwards. Object control and locomotor skills, except for the vertical jump, were assessed
according to the Test of Gross Motor Development 11 (TGMD-I1I (Ulrich, 2016). The
vertical jump was assessed in accordance with the Victoria Department of Education training
manual (Victoria Department of Education, 1996). For both manuals, each locomotor and
object control skill is made up of specific movement components, with presence or absence
of a component scored as 1 or O respectively. Participants were videoed performing each of

the object-control and locomotor skills and scoring of these skills was done at a later date by
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trained field staff. All balance skills were assessed according to the criteria set out in the
Movement Assessment Battery for Children-2 (MABC-2(Barnett et al., 2007)).

PAC was assessed using the Self-Perception Profile for Adolescents (SPP-A (Harter, 2012)).
The PAC subscale contains five items scored on a four-point scale, with higher scores

indicating more positive self-perceptions (Harter, 2012).

A composite HRF score was calculated from five tests measuring three components (CRE,
MS, ME) of fitness (Table 5.1). Tests were selected following a review of methodologies in
recent large-scale studies of HRF in youth ( Ruiz et al., 2011; Santos et al., 2014; Ortega et
al., 2011). Protocols for each HRF test can be found in the FITNESSGRAM manual
(Plowman and Mahar, 2013), the EUROFIT manual (Council of Europe, 1983), and the
HELENA study (Ortega et al.,, 2008; Ortega et al., 2011) (Table 5.1). A previous
confirmatory factor analysis (CFA) found these five tests gave the best representation of the
overall HRF construct (Britton et al., 2018). Results from the CFA were used to form a

weighted HRF composite score (Britton et al., 2018).

Table 5.1 Measurement of HRF

HRF
Component Test Source
FITNESSGRAM,;
CRE 20MST EUROFIT
EUROFIT; HELENA
MS HJ Study
VJ* HELENA Study
ME Push-ups FITNESSGRAM

Curl-ups FITNESSGRAM
20MST=20metre shuttle run test; HJ=horizontal jump; VJ=vertical jump; FITNESSGRAM (Meredith & Welk

2010). The HELENA Study (Ortega et al. 2008). *VJ was assessed using the Abalakov jump test protocol
outlined in the HELENA study (Ortega et al. 2008) and using a jump mat and belt (Coulson & Archer 2009)

in place of an infrared jump platform.

5.4.3 Data Processing

Accelerometer data was processed in Actilife version 6.13.3. Minutes of moderate-vigorous

PA (MVPA) per day were calculated using Evenson et al. (2008) cut-points. Greater than 20

minutes of zero-counts were identified as non-wear time, and activity count values of <0 and

>15,000 counts per minute were excluded as these values are deemed biologically

impossible (Esliger et al., 2005). In line with other studies assessing PA across a transition
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period, a valid day was deemed as having wear-time of greater than or equal to 8 hours (Jago
et al., 2012; Marks et al., 2015) and the minimum number of valid days required to be

included in the analysis were two weekdays and one weekend day (Marks et al., 2015).

Videos for each participant for the nine skills taken from the TGMD-III (Ulrich 2016) and
Victoria Department of Education (1996) manuals were viewed and analysed by trained field
staff after testing was completed. The number of components present over two trials was
summed for each participant creating a total score for each skill. A minimum inter-observer
agreement between trained field staff of 95% was required for scoring each skill. ~ Total
category scores for locomotor MC and object control MC were calculated by summing the
skill totals for each, with a maximum score of 34 for locomotor and 40 for object control
MC. Balance skills were scored using the MABC-2 manual (Barnett et al. 2007). Using the
participant’s age in years and months each raw score was converted to a standard score.
Standard scores were summed to produce a total score which was also converted into a

percentile score.

Scores for the five items in the SPP-A measuring PAC were averaged to give a mean PAC
score (Harter 2012).

Maximum running speed on the 20MST, taken as the speed in km/hr of the participant’s last
completed shuttle, was used to calculate VO2max (Léger et al., 1988). Maximum height (\VJ)
and distance (HJ) jumped was calculated, as well as the total number of curl-ups and push-
ups achieved. A composite HRF score was formed by combining and weighting each test
based on factor loadings from a previous confirmatory factor analysis for HRF in youth
(Britton et al., 2018).

5.4.4 Analysis

Data were analysed using SPSS and AMOS versions 23. Scores for MVPA, MC, PAC, and
HRF were entered into SPSS. Means and standard deviations were calculated for each
variable at both time points. One-way repeated measures ANOVAs were conducted to
investigate the effect of time, and time*sex, on each variable. Effect sizes were calculated
according to Cohen’s (1988) (Cohen, 1988) criteria where 0.01, 0.06 or 0.14 represented

small, medium and large effect sizes respectively.
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Following analysis of the basic descriptive statistics, maximum likelihood structural
equation modelling (SEM) was conducted in AMOS to assess pathways between PA and
MC. First, direct reciprocal relationships between PA and MC over time were analysed. The
ability of MVPA in 6" class to predict MC (object, locomotor, and balance) in 1% year was
specified. The reverse pathway was then specified, with MC in 6" class predicting time in
MVPA in 1% year. Variables between which significant correlations were found were

allowed to covary in the models.

Next, the mediators (PAC and HRF) were entered into the models and a nested model
comparison was used to determine significant differences in model fit based on the addition
of mediators (Fig 1 & 2). Only direct pathways that were significant in the non-mediated
analysis were included in these models. A nested model comparison using model trimming
was conducted to compare a two-mediator model (PAC and HRF together as mediators) with
two single-mediator models (PAC as a mediator, and then HRF as a mediator) (Hutchens,
2017; Kline, 2015). Comparisons were conducted for both directional pathways. A Chi-
square (x2) difference test was used to determine if either of the single-mediator models had
significantly different fit to the two-mediator model. A significant y*test indicates that there
Is a significant difference in model fit between two models (Kline, 2015).

Fit indices for the best fitting mediation models were reported. Goodness of fit was examined
using the Chi-square () test, the Comparative Fit Index (CFI), and the Root Mean Square
Error of Approximation (RMSEA), as recommended by Garson (2009). A non-significant
¥? indicates good fit. CFI values of > 0.9 signify acceptable model fit (Byrne, 2010;
Schumacker and Lomax, 1996), with values of > 0.95 for CFI considered to signify superior
fit (Hu and Bentler, 1999). RMSEA values below 0.06 indicate good fit (Hu and Bentler,
1999).

Finally, a multigroup analysis to assess differences by sex in the models was conducted. A
Chi-square () difference test was used to determine if there was a significant difference in
model fit between males and females with a significant ¥ test indicating variance between
sexes for the model (Kline, 2015).  Critical ratios for each regression path were also
inspected. A critical ratio of > 1.96 for a given pathway indicates a significant difference

between groups in this pathway (Arbuckle, 2014).
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5.5 Results

5.5.1 Longitudinal changes

Mean scores by sex for each variable are given in Table 5.2. The repeated-measures
ANOVA revealed a significant and large (n? = .19) effect for time on MVPA (F (1, 52) =
12.06, p < .01, Wilk’s lambda = .81), with MVPA decreasing from 6™ class to 1% year. No
significant time*sex interaction was found. Mean time in MVVPA was significantly higher
for males at both time points (6" class: t (133) = 2.87, p < .01; 1% year: t (101) = 3.04, p <
.01).

Time and sex effects were measured for all three components of MC. A significant and
medium effect (n?=.09) for time on balance was found (F (1, 154) = 14.86, p <.001, Wilk’s
lambda = .91), with an increase in mean balance score from 6" class to 1% year. A mean
increase in balance from the 76" to 84" percentile was evident. No significant time*sex
interaction was found for balance. For locomotor MC the effect of time was medium and
significant (n?=.08; F (1, 124) = 11.09, p < .01, Wilk’s lambda = .92). A significant but
small (n? = .04) interaction effect for time*sex (F (1, 124) = .96, p < .05, Wilk’s lambda =
.96) on locomotor MC was found. Mean locomotor MC increased for males but did not
change significantly for females over time. Males had significantly higher locomotor MC
compared to females in 1% year (t (185) = 2.46, p < .05), but not in 6™ class (t (238) = .55,
p>.05). There was a significant and large effect (n?=.39) for time on object control MC (F
(1, 78) = 49.43, p < .05, Wilk’s lambda = .61). Mean object control MC increased from 6™
class to 1% year. No significant interaction effect between time and sex was found for object
control MC. Males had significantly higher object control MC at both time points (6" class:
t (245) =7.17, p < .01; 1% year: t (101) = 8.04, p < .01).

There was a significant and medium effect (n? = .06) for time on PAC (F (1, 185) = 12.08,
p < .05, Wilk’s lambda = .94) with PAC decreasing from 6" class to 1% year. A significant
but small (n? = .03) time*sex interaction was found (F (1, 185) = 5.63, p < .05, Wilk’s
lambda = .97), with PAC decreasing to a greater extent in females compared to males. PAC
was significantly higher for males compared to females in 1% year (t (252) = 3.60, p < .01)
but not in 6" class (t (245) = 1.94, p > .05).

For HRF the effect of time alone was not significant. A significant and large interaction

effect (n? = .24) for time by sex was found however (F (1, 122) = .318, p < .001, Wilk’s
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lambda = .77). HRF increased for males, but decreased for females, over time. Males had
significantly better HRF than females at both time points (6" class: t (259) = 7.02, p < .01;
1% year: t (297) = 8.21, p < .01).
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Table 5.2. Mean scores for PA, MC, PAC and HRF

T1 T2
Sex Sex
N Male Female Difference Male Female Difference

MVPA (mins) 53 54,41 + 26.27 46.26 + 16.04 m** 44.19 +£19.21 37.07+£11.74 m**
Locomotor 126 29.58 + 3.50 29.23 + 3.62 ns 31.08 +2.84 29.52 +3.31 m*
Object control 80 33.19+4.23 26.08 £ 7.01 m*** 36.42+2.35 30.54 + 4.60 m***
Balance 155 36.58 £8.12 36.38 £8.74 ns 38.63+6.72 39.16 + 6.68 ns
PAC 186 3.00 £0.62 2.78+0.75 ns 2.96 +0.68 254 +0.81 m***
HRE 224 1.61 +3.12 -1.40+2.44 m*** 1.80 + 3.47 -1.57 + 2.68 m***

Ir = Pearson’s correlation coefficient. *significant at p <.05; **p < .01; ***p <.001
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5.5.2 Direct Reciprocal Relationships

Regression analyses revealed a direct relationship from 6™ class PA to 1% year object control
MC (B = .354, p< .01). MVPA in 6" class accounted for 12.6% of the variance in 1% year
object control MC (R? = .126). None of the other direct pathways between PA and MC were
significant.

5.5.3 Mediation: Nested Model Comparisons

Following the assessment of direct relationships, the mediation models were specified in
AMOS. Significant direct pathways and significant correlations were included. Model 1
predicted MC in 1% year from PA in 6" class (Figure 5.1). Model 2 looked at the reverse
relationship, predicting PA in 1% year from MC in 6™ class (Figure 5.2). For both models
PAC and HRF in 6" class were entered as mediators of the MC-PA relationships (Table 5.3:
Model 1a and Model 2a). The models were then constrained to assess changes in model fit
when PAC alone mediated the PA-MC relationship (Table 5.3: Model 1b and Model 2b),
and when HRF alone mediated (Table 5.3: Model 1c and Model 2¢). A y? difference test for
Model 1 showed that both the HRF-only and PAC-only models had significantly poorer fit
than the model including both HRF and PAC as mediators (PAC-mediated: CMIN = 73.36;
p = .000. HRF-mediated: CMIN = 36.83; p = .000; Table 5.3). For Model 2, the ¥°
difference test also showed that both the HRF-only and PAC-only models had significantly
poorer fit than the model including both HRF and PAC as mediators (PAC-mediated: CMIN
= 104.91; p = .000. HRF-mediated: CMIN = 35.76; p = .000; Table 5.3). Version a) of
both models (Figure 5.1 and 5.2) where HRF and PAC were both included as mediators of
the PA-MC relationship was therefore retained for further analysis. Fit indices for Model 1a

and 2a (Table 5.4) showed acceptable fit for both models.
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Table 5.3 Nested Model Comparison

Mediator ~ Model 2 df Sig. %2
CMIN Sig.
HRF&PAC 1a 11.82 3 .008
PACOnly 1b 4383 7 .000 39.91 .000
HRFOnly 1c 2575 7 .001 21.36 .000
HRF&PAC 2a 646 4 .167
PACOnly 2b 109.09 8 .000 102.63 .000
HRFOnly 2c 3954 8 .000 33.08 .000

2 = Chi-square; df = degrees of freedom; Sig. = significance level;

CMIN = Chi-square equivalent; RMSEA = Root mean square error of approximation

Table 5.4 Fit Indices for Mediated Models (Model 1a and 2a)

Direction Model 2 df Sig. CFlI RMSEA
RMSEA LCI UCI

PAto

MC la 3.91 3 272 .99 .04 .00 14

MC to

PA 2a 6.46 4 167 .99 .04 .00 10

v? = Chi-square; df = degrees of freedom; Sig. = significance level;
CFI = Comparative Fit Index
RMSEA = Root mean square error of approximation; LCI = lower confidence interval;

UCI = upper confidence interval

5.5.4 Mediated Reciprocal Relationships

The structural equation models for Model 1a and 2a revealed that reciprocal relationships,
mediated by HRF, existed for PA with all three MC components (Figure 5.3). There were
unidirectional but not reciprocal pathways between MC and PA mediated by PAC (Figure
5.3). MVVPA accounted for 22% of the variance in locomotor MC (R? = .219) with both PAC
and HRF mediating the relationship. MVPA accounted for 32% of the variance in object
control MC (R? = .313) and 14% of the variance in balance MC (R? = .135) but these
pathways were mediated only by HRF. In the reverse direction, MC accounted for 24% of
the variance in MVPA (R? = .238). This pathway was mediated through HRF only.
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Pathways were stronger from MVPA to MC rather than in the reverse direction (Figures 5.1

and 5.2).
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Figure 5.1 MVPA predicting MC
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Figure 5.2 MC predicting MVPA

5.5.5 Sex Differences

A multigroup analysis examined differences between males and females for both directional
models. (Models 1a and 2a) there were no significant differences in the overall model fit
between males and females (Model 1a: CMIN =8.82, p = .512. Model 2a: CMIN = 15.16,
p = .056). Further inspection of the critical ratios table revealed that critical ratios for all
regression pathways in both models were below the threshold of 1.96 indicating that there

are no significant differences in pathways between males and females (Arbuckle, 2014).

5.6 Discussion

Results from this study identified a reciprocal longitudinal relationship between PA and MC
that was mediated by HRF. PAC did not mediate reciprocal relationships between PA and
MC but did act as a mediator for some unidirectional relationships. Reciprocal relationships
were stronger in the direction of MVPA predicting later MC, compared to the reverse
direction. These results partially support the hypothesised relationships depicted in
Stodden’s model (Stodden et al., 2008), whereby HRF acts as a mediator of the MC-PA
relationship. In comparison, PAC was not as influential in mediating the relationships

depicted by Stodden. In addition, contrary to the developmental expectation proposed by
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Stodden and colleagues that MC will have a stronger bearing on PA in later childhood
(Stodden et al., 2008), in this study the reverse was true, with 6™ class MVPA having a more

dominant bearing on later MC than the reverse relationship.

MVPA decreased for both males and females across the transition from primary to secondary
school, consistent with previous research (De Meester et al., 2014; Marks et al., 2015). In
terms of MC, an increase in mean object-control was seen over time for both for males and
females. For males, locomotor proficiency increased, but for females there was no significant
change in locomotor skill level over time. There is a developmental expectation that MC
will improve with age (Barnett et al., 2016; D’Hondt et al., 2014). Children also have the
developmental potential to reach proficiency in most FMS by the age of 7-9 years (Gallahue
and Ozmun, 2012). However, FMS are not innate and must be learned. Thus, children can
only be expected to master these basic building block movements if they are given the
opportunity to develop them. In fact, recent studies examining MC in late childhood and
adolescence have found that participants often do not achieve mastery/near mastery (Van
Beurden et al., 2003) in many FMS at this development stage (Mitchell et al., 2013; O’ Brien
et al., 2015a; O’Brien et al., 2018; Okely and Booth, 2004). Therefore, while children and
adolescence may have the developmental potential to proficiently execute the performance
criteria of most FMS by early adolescence (Gallahue & Ozmun 2012), numerous recent
studies have documented how this is not a common occurrence. Except for catch and run,
results from our study also indicate that youth who have progressed beyond the age of
expected FMS-mastery, as per the performance criteria set out in the TGMD-111, are not fully
proficient in many locomotor and object-control skills. This is in keeping with other studies
that have reported lower than expected levels of MC in Irish adolescents (O’ Brien et al.,
2015a; O’Connor et al., 2018). Evidently many adolescents are not demonstrating mastery
of numerous basic “building block” movement skills as is often expected of this age group.
The same trend seen in locomotor and object-control skills for increasing proficiency with
increasing age was also seen for balance scores, with an increase in mean balance from 6™
class to 1% year. In addition, a mean increase from the 76" percentile in 6™ class to the 84"
percentile in 1% year was seen for balance skills. Given that the percentile score considers
age by standardising scores, this percentile increase is significant and indicates that, like

other categories of FMS, balance skills are still developing in late childhood.

PAC decreased across the transition from primary to second level, with a greater decrease
observed in females compared to males. As children age they begin to more accurately link
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PAC to actual competence, or compare themselves to others, which can lead to a decrease
in PAC (Harter 2006). This is likely what occurs in the transition from primary to secondary
school. A sex difference in PAC is frequently reported, with males having more positive
self-perceptions in the PA domain than females (Barnett et al. 2008; Piek et al., 2006; Shapka
& Keating, 2005b). One of the most interesting results from the current study is that while
there was a trend for decreasing PAC over time for both males and females, and males
exhibited higher PAC at both time points (significant in 1%t year, but not 6™ class), the extent

of the decrease over time was greater for females than males.

HRF increased for males but decreased for females across the transition. It is generally
expected that fitness in all components should increase from childhood to adolescence
(Ortega et al., 2011; Santos et al., 2014). Mean scores across four of the five tests (HJ, VJ,
push-ups, curl-ups) included in the HRF composite score increased over time, while VOzmax
decreased. Research on changes in CRE has found that VO2zmax tends to increase from
childhood into adolescence (Janz et al., 2000; Kemper et al., 2013). This increase lasts into
late adolescence for males, but for females a plateau in VO2max is frequently reported much
earlier in adolescence at about 13 or 14 years (Janz et al., 2000; Kemper et al., 2013). In the
current study, both male and female participants showed a decrease in VO2max at a younger
age than would be expected. One explanation for this decrease in VO2max may come from
the PA data. Both males and females significantly decreased their MVVPA over time, which
could potentially explain a decrease in CRE. However, limitations of accelerometery, such
as the number of participants with valid wear-time for analysis, should be considered when
interpreting these results. The specific context of PA engaged in may also contribute to
changes in overall HRF, and indeed MC, in males and females over time. For overall HRF,
a mean increase was seen for males, compared to a mean decrease for females. Organised
sport provides individuals with opportunities to develop HRF and MC. In Ireland, youth
participation in both club and extra-curricular sport is higher in males compared to females
(Hardie Murphy et al., 2017). In addition, across a span of five years, females were
significantly more likely to drop out of sports than males, and significantly less likely to take
up a new sport (Hardie Murphy et al., 2017). Therefore, while not within the scope of this
research, previous Irish data suggests that the decreasing HRF levels seen in females in the
current study may be reflective of a decrease in female sport participation, and thus a
decrease in opportunities to develop aspects of HRF and MC beyond simply CRE, during
this period.
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5.6.1 Reciprocal Relationships

A primary assumption of Stodden’s model is the existence of a reciprocal relationship
between MC and PA (Stodden et al., 2008). In the current study, there are no direct reciprocal
relationships between MC and PA in either direction. However, when the mediators
proposed by Stodden are included, reciprocal relationships are evident for PA and MC, via
HRF. With HRF acting as a mediator, MVPA in 6" class predicted competence in 1% year
object-control, locomotor, and balance MC. Likewise, in the reverse direction, MC in 6™
class predicted 1% year MVVPA. Interestingly, although adding to the overall model fit, and
mediating the unidirectional pathway between 6" class PA and 1% year locomotor MC, PAC
did not act as a mediator for any of the reciprocal relationships in Stodden’s model.
Therefore, in terms of testing Stodden’s theoretical model, findings from this study suggest

that reciprocal relationships in this sample are mediated through HRF and not PAC.

When looking at the strength of the pathways in the current study, the reciprocal relationship
between MC and PA is driven from PA to MC i.e. pathways from PA via HRF to MC are
stronger than pathways in the reverse direction. From a developmental perspective,
Stodden’s model hypothesises that in early childhood the MC-PA relationship is dominated
by the impact of PA on MC, i.e. younger children develop their MC by participating in PA.
In one of the few longitudinal studies evaluating the MC-PA relationship in younger
children, Burgi et al. (2011) lent support for Stodden et al.’s (2008) hypothesis, with the MC-
PA relationship in younger children dominated by the impact of PA on MC. The MC-PA
relationship is expected to become more reciprocal as children enter middle and late
childhood, where increasing importance may be placed on MC for providing the necessary
skills to continue PA (Fisher et al., 2005; Holfelder & Schott, 2014; Stodden et al., 2008;
Williams et al., 2008). Thus, among older children and adolescents in this study there exists
a relationship that is generally only hypothesised to exist in earlier childhood. Other recent
studies have also noted this phenomenon in older children, with the MC-PA reciprocal
relationship among 12-13 year old girls dominated by the impact of PA on MC rather than
the reverse (Jaakkola et al., 2018). Together this suggests that even in late childhood and
early adolescence PA is influencing development of MC, despite the general expectation
that by this age children will have mastered most FMS (Gallahue and Ozmun, 2012; Victoria
Department of Education, 1996). Therefore, practitioners may need to rethink the
expectation that older children and adolescents have sufficient MC to engage in adequate

levels of health-enhancing PA.

117



Object

MVPA

\ -4

Loco

Balance

Figure 5.3 Pictorial representation of mediated pathways

5.6.2 Role of the mediators

Results from the present study found HRF to mediate the reciprocal MC-PA relationship
across the transition from primary to second level school. Previous studies have identified
positive relationships for HRF with both MC and PA. Cross-sectionally CRE and PA have
been found to be positively correlated among children, with higher levels of CRE associated
with increased time in MVVPA (Bailey et al., 2012). Haugen et al. (2013) found that, in
adolescents, higher self-reported PA (a composite of MVVPA, moderate PA, and strength
training) was associated with better HRF levels across all components of fitness, indicating
that enhancements in HRF may be brought about by increases in PA (Haugen et al., 2013).
A positive relationship between HRF and MC in adolescents has also been found. Hands et
al. (2009) found that all HRF components significantly contributed to variance in MC. The
relationship between HRF and PA was also measured by Hands et al. (2009) and results
showed that HRF was more strongly associated with MC than with PA (Hands et al., 2009).
Results from our study show a similar trend, with pathways from HRF to MC stronger than
pathways from HRF to MVPA. HRF and MC are multifaceted constructs, whereas PA is
frequently assessed in a singular way, in minutes of activity or step counts. To adequately

perform some FMS, a degree of MS or ME may be needed, thus resulting in a stronger
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relationship between these two variables (Utesch et al., 2019). In contrast, minutes of
MVPA, or step-counts, may be associated with CRE (Hands et al., 2009) and a limited range
of FMS (e.qg. run, skip) but may not relate as strongly to other locomotor skills (e.g. HJ, VJ),

object-control skills or components of fitness such as MS and ME.

In addition to identifying relationships between PA, HRF and MC individually, our results
show the role of HRF as a significant mediator of the MC-PA relationship during an
important transition from primary to second level school. Being more physically active in
6" class is associated with better HRF in 6™ class, which in turn predicts better MC in 1%
year. In the reverse, being more proficient in FMS in 6™ class is also positively associated
with HRF in 6™ class, which in turn predicts higher PA levels in 1% year. Interestingly,
pathways from HRF to both MC and MVPA are stronger than pathways from MC and
MVPA to HRF (Figure 5.1 and 5.2). HRF in this study encompasses CRE, MS and ME.
Being proficient in these three components of fitness may enable youth to have the physical
capacity to engage in a range of activities at a relatively high intensity, allowing for
development of MC (Ré et al., 2016) and likely resulting in youth engaging in adequate
levels of MVPA. Evidently, HRF is playing a key role in this MC-PA relationship as

children transition from childhood to adolescence.

Previous studies which measured individually the effect of PAC and/or HRF on the MC-PA
relationship have found perceived competence to be a significant mediator in older children
and adolescents (Barnett et al., 2011; Barnett et al., 2008; Khodaverdi et al., 2015).
However, to the author’s knowledge, no previous study has tested the mediating effects of
both PAC and HRF in the MC-PA relationship within the same model. Results from the
current study showed reciprocal relationships existed through mediation by HRF but not by
PAC. In addition, direct pathways mediated by HRF were stronger than those mediated by
PAC. With HRF as a mediator, MVPA in 6™ class predicted all three MC components in 1°
year, and in the reverse direction, 6" class MC also predicted 1% year MVPA. With PAC as
a mediator, MVPA in 6" class predicted locomotor MC in 1% year, but no other pathways in
either direction were significant. Thus, it appears that actual fitness is more important than
perceptions of competence for the mediating aspect of Stodden’s model in this age group.
The method of PA measurement could go some way to explaining the discrepancy in our
findings and that of previous studies (Barnett et al. 2011; Barnett et al. 2008; Khodaverdi et
al. 2015). Previous studies which have found PC to act as a mediator assessed PA via self-
report, whereas our study used accelerometery. The link between perception of activity
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level, and perception of competence in the activity domain, may lead to differing results
when analysing mediation effects. In addition, accuracy of perceptions, or lack thereof, may
diminish the strength of PAC as a mediator when compared to a more objectively measured
construct like HRF. Although perceptions of competence generally align more with actual
competence as children enter into adolescence and become more cognitively developed,
recent studies on lIrish children and adolescents have highlighted a mismatch between
perceived and actual competence within the physical domain (Farmer et al., 2017; O’Brien
etal., 2018).

The current study examines mean changes in Stodden’s variables across a key transition. It
is important to acknowledge that individual differences in developmental trajectories will
likely provide additional information with which to progress our understanding of the
pathways depicted in Stodden’s model (Luis P. Rodrigues et al., 2016). Future longitudinal
studies should consider tracking changes over three or more timepoints to allow for this
depth of analysis (King et al., 2018; Rodrigues et al., 2016). In addition, future studies could
examine the context of PA to further our understanding of how specific types of PA may
promote specific FMS or HRF development.

5.7 Conclusion

In conclusion, reciprocal relationships mediated by HRF existed for MC and PA across the
transition from primary to second level school. Because of the mediating role played by
HRF in the MC-PA relationship, and its positive association with both PA and MC,
improving and developing HRF in the broad sense (targeting MS and ME along with CRE)
will likely have a positive impact on both PA and MC in older children and adolescents. It
is important to recognise that while the expectation is for MC to drive involvement in PA
during late childhood and early adolescence, in this and other recent studies on older
participants, the relationship from PA to MC is more dominant. Therefore, older children
and adolescents may still be developing their MC through engaging in PA, albeit at a later
age than expected. This makes the decrease in PA at this age even more worrying, given
that these individuals may not have the necessary skills to enable them to engage in PA

opportunities later in life.



CHAPTER 6

Predicting physical activity, motor
competence, health-related fitness, and
perceived competence in adolescents after
the transition from primary to secondary

school.
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Chapter 6 Study 3

6.1 Purpose of the Chapter

6.1.1 Rationale

In chapter 5, HRF was found to be a significant mediator of the MC-PA relationship. In
addition, strong pathways from HRF to both PA and MC, rather than the reverse, were found.
The purpose of Chapter 6 was to build on these findings and determine the relative
importance of each variable included in Stodden et al.’s (2008) model for predicting future
behaviour across the school transition.

6.1.2 Contribution to the field

This study contributes to knowledge in the field as it is the first study to longitudinally assess
all of the variables included in Stodden et al.’s (2008) conceptual model across a significant
life transition. As such, it is possible to identify the relative importance of each of the
variables in predicting future behaviour. The longitudinal design allows for a comprehensive

test of the predictive and reciprocal pathways outlined in Stodden et al.’s (2008) model.
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6.2 Abstract

Physical activity (PA) decreases with age, and the school transition is noted for
significant changes in PA behaviour. Motor competence (MC), health-related fitness
(HRF), and perceived competence (PC) are generally positively associated with
physical activity (PA). This study investigated how PA, MC, HRF, and PC in final
year of primary school were predictive of these variables post school transition in
first year of secondary school. PA (accelerometery), object-control and locomotor
components of MC (TGMD-III; Ulrich, 2016), PC (perceived athletic competence
subscale of the Self-Perception Profile for Adolescents; Harter, 2012), and HRF
(20m shuttle run, horizontal jump, vertical jump, push-ups, curl-ups) were measured
in final year of primary school (6th class) and first year of secondary school (1st
year). In 6th class, 261 participants (53% female and 47% males; mean age 12.22 +
0.48 years) were tested. In 1st year, 299 participants (48% female and 52% male;
mean age: 13.91 + 0.58 years) were tested. In total, 224 participants were involved
in the study at both timepoints. Cross-lagged regression in AMOS23, using full
information maximum likelihood estimation, was conducted to test reciprocal and
predictive pathways between variables in 6th class and 1st year. The full cross-
lagged model showed acceptable fit (y2 = 69.12, df =8, p < .01, NFI = .93, CFI =
.94). HRF was the strongest predictor of future PA (B =.353), and also predicted PC
(B =.336) and MC (B = .163). Object-control MC predicted future PA (f =.192).
Reciprocal relationships existed between object-control MC and PA, and between
object-control MC and PC. HRF was the strongest predictor of PA post-transition.
Obiject-control MC also predicted PA. PA promotion strategies should target the
development of HRF and object-control MC in primary school to reduce the decline
in PA frequently observed after the school transition.

6.3 Background

Physical activity (PA) is associated with positive health outcomes in youth (Bailey et al.,
2012; Ekelund et al., 2012), but globally there is a trend for decreasing PA with age (Corder
et al., 2015). Despite recognition of the importance of PA, and subsequent public health

initiatives targeting the problem of youth physical inactivity, there is little to suggest this
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decline in PA is being reversed. A key period where substantial changes in PA are often
reported is the transition from primary to secondary school (Inchley, Kirby and Currie, 2008;
De Meester et al., 2014; Marks et al., 2015). In Irish youth, students in secondary school
have been found to be significantly less active than their primary school counterparts (Gavin
et al., 2014; Woods et al., 2010). The school transition in Ireland, as in several other
countries, occurs at the age of approximately 12 years, often coinciding with the onset of
puberty. Notwithstanding the significant physiological changes that occur at this time,
changing school environment, as an independent factor, has been shown to impact on PA
behaviours (Lau et al., 2017; Marks et al., 2015; Taymoori et al., 2011).

Numerous factors are associated with youth engagement in PA (Robinson et al., 2015;
Stodden et al., 2008). A seminal model published by Stodden and colleagues in 2008, which
includes motor competence (MC), health-related fitness (HRF), and perceived competence
(PC) as factors associated with PA, has since guided a body of research within the PA
domain seeking to understand pathways that promote engagement in PA. Within this model
MC is positioned as a primary determinant of PA, with HRF and PC proposed to mediate
the relationship between MC and PA (Stodden et al., 2008). Pathways between each of the
variables are hypothesised to be reciprocal and developmental, in that each variable has an
impact on each other variable and the strength of these associations is likely to change with
age (Robinson et al., 2015; Stodden et al., 2008).

MC is generally used to describe goal-directed movement requiring coordination of the body
(Cattuzzo et al., 2014). An important aspect of MC is proficiency in fundamental movement
skills (FMS) (Stodden et al., 2008). FMS are considered the basic building blocks needed
for future PA (Clark and Metcalfe, 2002) and include locomotor skills, such as running,
skipping and jumping, and object-control skills such as kicking, throwing and striking
(Gallahue and Ozmun, 2012). Longitudinally, MC has been shown to be positively
associated with PA, with low-MC children often becoming low-active adolescents (Barnett
et al., 2009; Lloyd et al., 2014; Lopes et al., 2011). It is generally accepted that children
have the capacity to master the basic components of most FMS by the age of between 6 and
9 years (Gallahue and Ozmun, 2012). Recent research however shows that many young
people are not reaching the expected level of FMS mastery, both nationally (Belton et al.,
2014; O’ Brien et al., 2015a; O’Connor et al., 2018) and internationally (Mitchell et al.,
2013).
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HRF, a proposed mediator in Stodden et al.’s (2008) model, generally refers to a
multidimensional construct consisting of cardiorespiratory endurance (CRE), muscular
strength (MS), muscular endurance (ME), and flexibility (Caspersen et al., 1985). Often
researchers choose just one component of HRF as a measure of fitness, with CRE most
frequently assessed (Barnett et al. 2008 Kriemler et al. 2010; Woods et al. 2010) due to the
well-established positive association between CRE and health (Ortega et al. 2008). There is
a growing body of evidence that supports a positive association for MS and ME with health
(Smith et al., 2014), indicating that MS and ME, in addition to CRE should be measured in
youth. Longitudinally, childhood HRF is found to be a positive predictor of adolescent PA
(Aires, Andersen, et al., 2010; Larsen et al., 2015), while cross-sectionally, HRF is also
positively associated with MC in youth (Cattuzzo et al., 2014). Current trends for HRF
report that the majority of youth (> 60%) are achieving acceptable levels of CRE (Belton,
Issartel, et al., 2018; Santos et al., 2014; Tomkinson et al., 2018). That being said,
Tomkinson et al. (2018) found that for every year from the age of nine, the percentage of
males and females achieving a healthy CRE level decreased by 3% and 7% respectively.
Considering the strong evidence for a positive association between HRF and health in youth,
and cognisant of the drop-off in PA frequently reported during adolescence, establishing the
role of HRF at this stage of development may be an important step in understanding how

and why youth disengage from PA.

PC refers to an individual’s ability to effectively master a task (Feltz, 1988) and, like HRF,
is positioned as a mediator of the MC-PA relationship within Stodden et al.’s (2008)
conceptual model. Cross-sectionally, positive associations between PC and self-report PA
in youth have frequently been reported (De Meester, Maes, et al., 2016; Masci et al., 2017).
When assessing PA using objective measures however, the same positive association has not
always been found (Crane et al., 2015; Kavanaugh et al., 2015). In relation to MC, a positive
association between PC and MC has been identified in youth, with some longitudinal studies
finding that MC positively predicts PC in older adolescents (Cantell et al., 2003). PC has
been found to be higher in younger compared to older youth (Piek et al., 2006), and, in some
cases, has been found to be negatively affected by school transition (Arens et al., 2013).
However, a review of the effects of school transition on psychological development
generally highlighted how there are numerous interacting factors which determine whether
the school transition has a positive or negative impact on individuals (Symonds and Galton,
2014). Research on the development of PC in the physical domain within an Irish setting

Is scarce, particularly in relation to changes during the school transition. Considering the
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significant impact that the school transition may have on PC (Arens et al., 2013) and the role
that PC may play in promoting future PA (Stodden et al., 2008), it is important to establish
the nature of the relationship between PC and PA over the course of the school transition,

with a view to reducing the negative impact of this transition on future PA.

Individual pathways outlined in Stodden et al.’s (2008) conceptual model have been tested,
both cross-sectionally and longitudinally. However, the complexity of the proposed model,
particularly the hypothesised reciprocal pathways, requires a longitudinal design including
all the variables identified by Stodden et al. (2008) to fully understand the predictive and
reciprocal nature of the pathways. The current study aims to evaluate the pathways outlined
in Stodden et al.’s (2008) conceptual model during a critical period in a child’s life, the
transition from primary to secondary school, with a view to understanding the primary

predictors of PA post school transition.

6.4 Materials and Methods

6.4.1 Participants

Data were collected from participants in 6™ class of primary school (January — April 2017),
and one year later in 1% year of secondary school (January — May 2018). Participant
recruitment began with contacting secondary schools which fit the criteria of having a
maximum of three main feeder primary schools. Two secondary school principals consented
for their schools to be involved in the study. Following this, the main feeder primary schools
for both consenting secondary schools were contacted. Six primary school principals (three
feeder schools for each secondary school) provided consent. Parental consent and
participant assent were obtained in 6" class of primary school for each participating student.
At baseline, 261 participants were tested (53% female and 47% males; mean age 12.22 +
0.48 years). Of these, 37 participants were not available for testing in 1% year of secondary
school as they did not transfer into the catchment area schools selected for data collection.
In 1% year, 299 participants (48% female and 52% male; mean age: 13.91 + 0.58 years) were
tested. The sample in 1% year included an additional 75 students who had not attended the
feeder primary schools. In total, 336 participants were involved in the study for at least one
timepoint, and 224 of these participated at both timepoints. Ethical approval for all measures

was obtained from the authors’ institutional ethics committee.

6.4.2 Measures

Actigraph accelerometers (models: GT1M, GT3X, GT3X+, wGT3X-BT), set to capture data

in 10-second epochs, were used to measure PA (Esliger et al., 2005). Participants wore the
126



accelerometer for nine consecutive days during waking hours. To account for subject
reactivity the first and last days of the wear period were excluded from analysis (Dossegger
et al., 2014). A reminder text message was sent each morning to participants who had
provided a contact phone number to increase compliance (Belton et al., 2013). Minutes of
moderate-vigorous PA (MVPA) per day were calculated using Evenson et al. (2008) cut-
points using Actilife version 6.13.3. Non-wear time was identified as greater than 20minutes
of zero-counts, and count values of <0 and >15,000 per minute were excluded (Esliger et al.,
2005). Similar to other studies measuring PA across school transition, greater than or equal
to 8 hours was considered a valid day (Jago et al., 2012; Marks et al., 2015). The minimum
number of valid days required for inclusion in analysis were two week- and one weekend
day (Marks et al., 2015).

MC was assessed using skills selected from the TGMD-III (Ulrich, 2016) and the Victoria
Department of Education (1996) manual: 1) object control skills: kick, catch, overhand
throw, one-hand strike, and two-hand strike, 2) locomotor skills: run, skip, horizontal jump,
and vertical jump. Each skill is made up of movement components. Presence or absence of
a component is scored with a 1 or O respectively. Participants were videoed performing each

skill and these videos were later scored by trained researchers.

Harter’s Self-Perception Profile for Adolescents (SPPA) (Harter 2012) was used to measure
perceived athletic competence (PAC). Athletic competence is one of nine dimensions in the
SPPA, with the others being scholastic competence, social competence, physical appearance,
job competence, romantic appeal, behavioural conduct, close friendship, and global self-
worth. Each dimension is measured using five items scored with a structured alternative
format scale designed to reduce social desirability (Harter, 2012). Each item has two criteria,
e.g., “Some kids feel that they are better than others their age at sports BUT Other kids don’t
feel they can play as well”. Participants first select which criteria they fit best with, then
score this as either “sort of true for me” or “really true for me”, creating a four-point scale.
In the PAC dimension, items regard how well participants feel they do at sport, and how
athletic they are in general. Higher scores indicate more positive self-perceptions (Harter,
2012). At both timepoints the PAC subscale showed satisfactory internal reliability
(Cronbach’s alpha coefficient; .83 and .87 in 6" and 1% year respectively).

HRF was measured using five tests (20metre shuttle run, horizontal jump, vertical jump,
push-ups and curl-ups). A previous confirmatory factor analysis (CFA) showed these five

tests give a fair representation of HRF in youth (Britton et al., 2018). Protocols for each
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HRF test can be found in manuals for FITNESSGRAM (Plowman and Mahar, 2013) and
EUROFIT (Council of Europe, 1983), and in the HELENA study (Ortega et al., 2008; Ortega
etal., 2011) (Table 6.1).

Table 6.1 Measurement of HRF

Test Source
FITNESSGRAM,;

20MST EUROFIT
EUROFIT;

Grip strength HELENA Study
EUROFIT;

HJ HELENA Study

VJ* HELENA Study

Pushups FITNESSGRAM

Curlups FITNESSGRAM

BS S&R FITNESSGRAM

20MST=20metre shuttle run test; HJ=horizontal jump; VJ=vertical jump; BS S&R=backsaver sit-and-reach;
EUROFIT (Council of Europe 1983). FITNESSGRAM (Meredith & Welk 2010). The HELENA Study
(Ortega et al. 2008). *VJ was assessed using the Abalakov jump test protocol outlined in the HELENA study
(Ortega et al. 2008) and using a jump mat and belt (Coulson & Archer 2009) in place of an infrared jump
platform.

6.4.3 Data Processing

Due to the longitudinal study design, a missing data analysis was conducted. All variables
had some degree of missingness at both timepoints. In 6™ class 220 participants (65%) had
missing data on at least one variable. In 1% year 295 participants (88%) had missing data on
at least one variable. A large proportion of this missing data was due to accelerometer non-
compliance. Excluding MVPA, 68% of participants in 6™ class had complete data, while
34% of participants had complete data in 1% year. Little’s “missing completely at random”
(MCAR) test was conducted to determine the nature of missingness for data at each
timepoint. Little’s MCAR test was insignificant for data in 6™ class (Little’s MCAR y? (33)
=22.05, p =.93) and 1% year (Little’s MCAR 2 (37) = 52.28, p = .05) indicating that
missing data was MCAR (Tabachnick and Fidell, 2007). Given the random nature of the
missing data, path analysis using full information maximum likelihood estimation in AMOS
version 23 was chosen as a means to estimate cross-lagged and autoregressive pathways

between variables in 6" class and 1% year (Arbuckle, 2014). Maximum likelihood estimation
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is recommended for longitudinal data with missing values that are MCAR as it uses all
available data for each participant to estimate model pathways (Enders et al., 2001; Shin et
al., 2016).

Confirmatory factor analyses (CFA) were conducted in AMOS version 23 to create latent
variables for locomotor MC, object-control MC, AC, and HRF. First, the measurement
models for each latent variable in 6" class were tested. All items tested for each variable
were included in the initial CFA’s. Following statistical and theoretical analyses, catch was
removed from the object-control MC latent variable due to both its relatively low loading
(0.43; Brown, 2006), and the nature of its assessment within the TGMD. The success criteria
for the catch include using two hands to catch a tennis ball. For older children and
adolescents, advanced execution of the skill generally results in catching with one hand.
Therefore, if evaluating the catch as directed in the TGMD manual, participants with more
advanced skill levels who catch the ball with one hand will ultimately fail on the “catch with
two hands” criteria. This indicates a clear issue with the inclusion of catch within the object-
control MC latent variable when evaluating this skill in older children and adolescents. The
removal of the catch resulted in an improvement in model fit in the object-control MC latent
variable. All individual items were retained for locomotor MC, PAC, and HRF. Each of the
latent variables showed acceptable model fit in 6" class (Table 6.2). Following this,
measurement invariance from 6" class to 1 year was assessed and showed all latent

variables to be invariant over time (Table 6.3).

Table 6.2 Fit indices for latent variables in 6t class

Variable %2 df Sig. CFlI RMSEA

RMSEA LCI UCI
AC 556 5 0352 0990  0.040 0.020 0.070
Object- 11 2 0576  1.000  0.000 0.000 0.090
Control*
L ocomotor 265 2 0266 0980  0.031 0.000 0.117
HRF 1426 3 0.003 0960 0.106 0.055 0.164

*catch removed due to low loading
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Table 6.3 Measurement invariance for latent variables

Variable i df Sig.

PAC 6.33 4 0.176
Obiject-

Control* 7.33 3 0.062

Locomotor 5.291 3 0.152

HRF 7.786 4 0.100

*catch removed due to low loading

6.4.4 Analysis

A cross-lagged regression model was specified consisting of four latent (locomotor MC,
object-control MC, AC, and HRF) and one observed (MVPA) variable, each measured in 6™
class and again in 1% year. Full panel analyses in AMOS, using maximum likelihood
estimation, was used to test all hypotheses simultaneously. The model included
autoregressive paths for each variable over time and cross-lagged paths from each variable
in 61 class to each other variable in 1% year. As measurement invariance was satisfied the
full cross-lagged regression model was specified with observed variables to allow for a more
parsimonious model fit (Harju et al., 2016). Variables that had a correlation of > .30 within

timepoints were allowed to correlate.

Goodness of fit for the full model, was examined using the Chi-square (x?) test, the
Comparative Fit Index (CFI), and the Normed Fit Index (NFI). Along with CFI, Root Mean
Square Error of Approximation (RMSEA) is another of the most frequently reported fit
statistics (Tabachnick and Fidell, 2007). In models with few degrees of freedom (df)
interpretation of RMSEA can however result in rejecting a good-fitting model (Hu and
Bentler, 1999) A non-significant ? indicates good fit. CFI and NFI values of > 0.9 show
acceptable model fit (Byrne, 2010; Schumacker and Lomax, 1996), while values of > 0.95

for CFI are considered to show superior fit (Hu and Bentler, 1999).

Using multigroup analysis, a Chi-square (y?) difference test was conducted on the full model
to identify any sex differences in pathways. A significant y? test indicates variance between

sexes for model fit (Kline, 2015). The table of critical ratios was also inspected. Values >
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1.96 for a given pathway indicate a significant difference between groups for this pathway
(Arbuckle, 2014).

6.5 Results
The full cross-lagged model showed acceptable fit (x> = 69.12, df = 8, p < .01, NFI = .93,
CFI = .94). Pathways with standardised regression coefficients greater than .10 are shown

in Figure 6.1.
.349%*
T1 MVPA > T2 MVPA
353**/ /
) e
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J125EE
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Figure 6.1 Autoregressive and cross-lagged pathways

Each variable in 6" class significantly and positively predicted itself in 1% year (Figure 6.1).
HRF and object-control MC were highly stable over time, while all other variables showed

moderate stability over time. MVPA was the least stable over time.

HRF was a moderate and significant predictor of MVPA (B =.353) and PAC (B = .336) in
1%t year, and significantly predicted 1% year locomotor MC (B =.163), though this association
was small. Other than the associations between 6™ class HRF and 1% year MVVPA and PAC,
all other pathways from 6" class to 1% year variables were small (0.10 — 0.29). Reciprocal
relationships between object-control MC and MVPA, and object-control MC and PAC were
found. In addition, object-control MC in 6™ class was a significant predictor of HRF (B =
.125) and locomotor MC (B = .165) in 1% year. Locomotor MC in 6™ class negatively
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predicted MVPA in 1% year, though this association was small and insignificant (f = -.175).
PAC in 6™ class was a predictor of locomotor MC in 1% year (B = .100).

For variance in 1% year variables, the overall model predicted 81% variance in HRF, 61%
variance in PAC, 44% variance in object-control MC, 39% variance in locomotor MC, and
34% variance in MVPA. Excluding autoregressive pathways, HRF was the only 6™ class
variable to exhibit moderate associations with multiple variables in 1% year. Object-control
MC also contributed to a variance in multiple factors in 1% year, but these associations were

small.

Significant differences in model fit for males and females were found following a %2
difference test (CMIN = 48.02, df = 25, p < .004). Inspection of the critical ratios table
showed differences in regression coefficients for several pathways in the model (Table 6.4).
A moderate autoregressive pathway was found for MVPA in males, but the same pathway
in females was extremely weak. A strong autoregressive pathway was found for object-
control MC in females, but the same pathway for males was small. A small positive pathway
from 6" class MVPA to 1% year object-control MC was found for males, but for females the
pathway was negative, and much stronger. Similarly, the pathway from 6 class MVPA to
1% year locomotor MC in females was moderate and negative, whereas for males there was

no visible pathway between 6" class MVPA and 1% year locomotor MC.

Table 6.4 Pathways by sex

Males Females
Pathway B Sig B Sig
T1 MVPA - T2 MVPA 0.590 kel 0.019 NS
T1 Object-T2 Object 0.298 o 0.654 Aok
T1 MVPA-T2 Object 0.144 NS -0.329 **
T1 MVPA-T2 Loco -0.004 NS -0.358 **

6.6 Discussion

The purpose of this study was to identify pathways between PA, MC, HRF and PAC, across
the transition from primary to secondary school in a cohort of adolescent Irish youth.
Building on previous research (Britton et al., 2019) which identified baseline HRF as a
strong mediator between MC and PA, the current research sought to better understand the
predictive role of each of the variables identified in Stodden et al.’s (2008) model. A
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significant finding from this research is the role of HRF in predicting future PA, PAC and
MC. Even when accounting for baseline PA, HRF was the strongest predictor of 1% year
MVPA. HRF also positively predicted 1% year PAC and locomotor MC. Britton et al. (2019)
demonstrated that pathways were stronger in the direction of HRF to MC and PA rather than
in the reverse direction. Results from the current study support these findings providing
evidence for the important role of HRF in predicting future PA. Indeed, contrary to Stodden
et al.’s (2008) model, where MC is hypothesised as the driving force for engaging in PA, in
this sample, HRF is the primary factor positively predicting MVPA post school-transition.

A positive association between HRF and PA in youth has frequently been reported, both
cross-sectionally (Bailey et al., 2012; Burgi et al., 2011; Haugen et al., 2013) and
longitudinally (Aires et al., 2010; Jaakkola et al., 2016). Jaakkola et al. (2016) found both
MC and fitness in early adolescence to have a significant impact on self-report PA in young
adulthood, with the association with moderate PA stronger for fitness than for MC (Jaakkola
et al., 2016). In the current sample, compared to MC, HRF acted as a much stronger
predictor of future PA. While MC is undoubtedly an important factor for PA engagement,
it is possible that HRF is more important in promoting involvement in PA. Involvement in
PA can of course in turn subsequently allow for development of MC (Jaakkola et al., 2018)
and further enhancements in HRF (Bailey et al., 2012). In a study examining adolescents
involvements with the ball during recreational soccer matches, Ré et al. (2016) found that
HRF, along with agility, was the strongest predictor of involvements with the ball, while
soccer specific technical skills did not significantly contribute to an individual’s
involvement. At a recreational level, having higher levels of HRF may enable youth to be
more engaged within a PA setting, as demonstrated by Ré et al. (2016), which may then

allow for subsequent development of MC, as well as promoting higher levels of MVPA.

In comparison to other cross-sectional studies examining associations between HRF and MC
(Stodden et al., 2013), the longitudinal nature of the present study allows for analysis of
predictive pathways between variables and clearly shows that HRF is a stronger predictor of
MVPA compared to MC. Considering the potential importance of HRF in enabling youth
to engage in MVPA, as demonstrated from the current findings, and the numerous health
benefits associated with HRF (Ortega et al., 2008), it is essential that practitioners seek to
promote HRF development in youth. However, in the same way that repetitively striking a
ball from a tee, such as outlined in MC test manuals, would not be recommended as a method

to develop MC in youth, simply mimicking HRF tests as a means of developing HRF should
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also not be encouraged. Novel and fun programmes that develop HRF with a view to
promoting lifelong engagement in PA are more likely to be successful (Belton, O’Brien, et
al., 2018), rather than overly prescriptive methods of HRF promotion. Programmes that take
this more holistic approach seem to be more likely to succeed in their goals of increasing
HRF, PA and MC (Lai et al., 2014).

In addition to HRF, object-control MC was the only other variable in 6™ class that
significantly and positively predicted MVPA in 1% year. Similar to the current results,
Barnett et al. (2009) found that object-control, but not locomotor MC, at age 10 significantly
predicted self-report PA six years later (Barnett et al., 2009). Object-control MC appears to
be more stable over time compared to locomotor MC (Barnett et al., 2010). The relationship
between object-control MC and MVPA in the current sample was reciprocal, supporting the
hypothesis outlined in Stodden et al.’s (2008) conceptual model. This is in keeping with a
previous study which reported a positive reciprocal relationship in older adolescents for
object-control MC and self-report MVVPA (Barnett et al., 2011). Consistent with Barnett et
al.'s (2011) findings, the current study found no reciprocal relationship between MVPA and
locomotor MC. In the current sample object-control MC, more so than locomotor MC, was
predictive of future PA. Object-control MC encompasses skills such as kicking, throwing,
and striking. These skills are required for participation in many of Ireland’s most popular
youth sports (Hardie Murphy et al., 2017). Despite other forms of activity available to young
people which require locomotor proficiency (cycling, walking, running), it is likely that
activities which require object-control MC are more popular in an Irish adolescent
population, and that, without proficiency in this component of MC, youth are likely to
disengage from popular sports and thus fail to be sufficiently physically active for health. In
addition to a reciprocal relationship between object-control MC and MVPA, a reciprocal
relationship was also found between object-control MC and PAC. While PAC did not
predict MVPA in this sample, similar to other studies using objective measures of PA
(Kavanaugh et al., 2015), it did positively predict object-control MC. In fact, this reciprocal
relationship was slightly stronger in the direction of PAC predicting object-control MC
rather than the reverse. It may be that higher levels of PAC provide young people with the
confidence to develop their skills, and that, in time the knock-on effect of higher PAC on
MC would then promote future engagement in MVPA.. Further research is required to fully
investigate this pathway in adolescence.
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6.6.1 Differences between males and females

Substantial differences in some of the pathways depicted in the model were seen between
males and females in the current study. For males, MVVPA in 6™ class was a strong predictor
of 1%t year MVPA, whereas for females this pathway was virtually non-existent. This
supports previous research nationally (Murphy, Rowe and Woods, 2016) and internationally
(Anderssen, Wold and Torsheim, 2005) which has found PA to be more stable in males
compared to females over time. In the current study, PA was less stable across the school
transition compared to HRF, MC and PAC. PA is a behaviour, whereas HRF and MC are
individual attributes (Hands et al., 2009). Compared to HRF and MC, PA is more likely to
be influenced by psychosocial factors (Rowland, 2005), which can be magnified during
major transitions such as the school transition (Anderssen et al., 2005). It is possible that
the instability in PA seen in females during the school transition reflects a greater impact of
school transition on females compared to males. In research on the effects of the school
transition on adolescents, Anderson et al. (2000) found that the impact of the transition on
self-perceptions was greater on females. It may be that the same holds true for PA

behaviours during this transitional period.

While MVPA was less stable in females than males across the transition, the opposite was
found for object-control MC, indicating that object-control MC is less likely to change in
females compared to males across the school transition. A longitudinal study in Irish youth
reported that, between the ages of 10 and 18, females were more likely to drop out of
organised sport and less likely to take up a new sport compared to males (Hardie Murphy et
al., 2017). Popular youth sports in Ireland, such as Gaelic games, soccer, and basketball
(Hardie Murphy et al., 2017) provide the opportunity to develop many object-control skills.
If females are more likely to drop out of sport during the adolescent years (Hardie Murphy
etal., 2017), then it is likely they will not have the opportunity to further develop their object-

control MC, potentially explaining the higher stability in this MC component over time.

Contrary to expectation, 6" class MVPA negatively predicted 1% year MC for females. In
comparison, 6™ class MVPA did not have a substantial effect on 1t year MC for males. MC
has been identified as an important factor for social acceptance within peer groups for males
(Grimminger, 2013). For females however, no positive association is seen between MC and
popularity with peers (Grimminger, 2013). In fact, earlier studies found that sport
competency was associated with being the least popular member in female peer groups
(Feltz, 1978; Williams and White, 1983). This could potentially explain how MVPA in 6%
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class negatively predicted MC in 1% year for females in this sample. Female participants
who were relatively active in primary school may recognise that being competent in sports
or motor skills is not in fact conducive to being accepted within their peer group, and as a

result may depress their abilities simply to “fit in”.

That being said, HRF in 6" class was a positive predictor of MC for females in 1% year. HRF
in females, and males, is highly stable over time. In comparison, MVVPA for females is
highly unstable. This lack of stability in MVVPA compared to HRF for females may in part
explain how MVPA could negatively predict MC while HRF positively predicts MC.
Notwithstanding the significant mean change in MVPA in females across the school
transition, significant intra-individual change is also occurring, as indicated by the low
stability of MVPA. Thus, females who were highly active in 6" class may be low active in
1% year and vice versa. This may then have a knock-on effect on their execution of MC in
1%t year. In comparison, HRF in females is much more stable indicating that fitness levels
attained by 6™ class of primary school carry through into 1% year of secondary school. In
addition, compared to MVPA which is a singular variable, HRF is a multifaceted construct
(Caspersen et al., 1985; Utesch et al., 2019). Having high levels of HRF indicates that an
individual displays fitness across a range of different activity-types (e.g. activities requiring
CRE, MS and ME). Higher levels of HRF in 6" class likely provide individuals with the
tools to engage in numerous activities in 1% year that require proficiency in various FMS,
thus enabling the development of MC (Hands et al., 2009). It is unlikely that females who
were active in 6™ class lose the capacity to successfully execute the basic components of
many object-control and locomotor skills in 1% year. It is more likely that the perceived
value of MC and PA within the female peer group impacts on the desire of some female
adolescents to appear competent in what is often perceived as a male environment
(Grimminger, 2013).

6.7 Strengths and limitations

This is the first study to explore the predictive pathways between all of the variables depicted
in Stodden et al.’s (2008) model across the school transition. In addition, the use of CFA to
check for measurement invariance in each variable over time in this study is a crucial yet
often ignored practice in longitudinal analyses. Poor accelerometer compliance, and the
subsequent loss of PA data, along with a high degree of missing data in general, is a

limitation of this study, not uncommon in longitudinal research in this field. However, the
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use of full information maximum likelihood path analysis allowed for analysis on pathways
between variables from primary to secondary school to be conducted, despite missing data.

6.8 Conclusion

Findings from the current study point to the importance of HRF for future PA engagement
in adolescents. Whereas MC is commonly positioned as one of the primary predictors of
PA, this study found HRF, measured as a composite, to be more important in predicting PA
across the transition from primary to secondary school. Object-control proficiency, as a
component of MC, was however found to have a positive effect on PA, and other factors
shown to be associated with positive PA behaviour. From this perspective it would seem
that developing HRF and object-control MC in primary school may be crucial factors to
consider as we strive to address the frequently reported decrease in PA observed across the

school transition.
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CHAPTER 7

Changes in Physical Activity, Motor
Competence, Perceived Competence, and
Health-Related Fitness during the school

transition: a longitudinal study
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Chapter 7 Study 4

7.1 Purpose of the Chapter

7.1.1 Rationale

In chapters 5 and 6 pathways in Stodden et al.’s (2008) conceptual model were evaluated
during the transition from primary to secondary school. While these chapters contributed to
understanding of the pathways between the variables included in Stodden et al.’s (2008)
model, little was known about the way in which each of these variables changed during the
school transition, or the impact of the transition on these variables in the longer term, as
youth progressed through secondary school. The purpose of the study in this chapter was to
longitudinally assess changes in PA, MC, HRF, and PC immediately and one year after the

school transition.

7.1.2 Contribution to the field

This study contributes to the field by presenting information on changes in seminal health-
related variables at a critical time in an adolescent’s life, that of the transition from primary
to secondary school. This study measured a wide array of variables that are known to be
associated with PA and health and provides an insight into how changes in health-related
variables during the school transition differ between males and females.

7.1.3 Peer review status
The study in this chapter is currently under review in the Journal of Physical Activity and
Health under the title: Changes in Physical Activity, Motor Competence, Perceived

Competence, and Health-Related Fitness during the school transition: a longitudinal study
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7.2 Abstract

School transitions can negatively impact PA. This study measured mean change in
physical activity (PA), motor competence (MC), perceived competence (PC), and
health-related fitness (HRF) across the primary to secondary school transition. PA
(accelerometery), MC (TGMD-III (Ulrich, 2016)), PC (Perceived Athletic
Competence, Perceived Physical Appearance, Global Self-Worth (Harter, 2012)),
and HRF (20m shuttle run, horizontal jump, vertical jump, push-ups, curl-ups) were
measured in participants (n = 85; baseline age 12.22 years) yearly for three years,
from final year of primary to second year of secondary school. Mixed between-
within ANOVA were used to analyse sex differences for changes in each variable
over time. PA decreased significantly immediately post-transition but increased
during secondary school for males. MC increased or remained stable in males post-
transition.  MC increased in females immediately post-transition but decreased
during secondary school.  perceived physical appearance and global self-worth
decreased over time. perceived athletic competence decreased significantly for
females. Performance on 20metre shuttle run decreased over three years, but other
measures of HRF increased or remained stable. PA declined during the school
transition. Changes in PA and other related variables were influenced by proximity

to the school transition, and by sex.

7.3 Background

Globally, physical activity (PA) levels in children and adolescents are below the
recommended guidelines (World Health Organization, 2010) of 60 minutes moderate-
vigorous physical activity (MVPA) per day (Hallal et al., 2012). There is also a trend for
decreasing PA with increasing age (Corder et al., 2015). Cross-sectional and longitudinal
studies have found that PA is higher in younger compared to older children (Cooper et al.,
2015; Corder et al., 2015) and tends to decrease from childhood into adolescence (Adamson
et al., 2017). Low PA levels among children, along with a trend for decreasing PA into
adolescence, is worrying given the positive association between PA and health (Bailey et al.,
2012; Ekelund et al., 2012).

The transition from primary to secondary school is noted for significant changes in PA (De

Meester et al., 2014; Inchley et al., 2008; Marks et al., 2015). In many countries, including

Ireland, the school transition occurs at approximately 12 years. In Australian children, where
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the school transition occurs at a similar time to Ireland, significant reductions in
accelerometer-measured MVPA (-4 minutes) and light PA (-23 minutes) and a significant
increase in sedentary time (+16minutes) were seen six months post school transition, with
no significant difference for sex (Marks et al. 2015). Notwithstanding physiological changes
that occur around this time with the onset of puberty, changing school environment in itself
was found to impact PA behaviours such as cycling to school and activity intensity at break
times, independent of the effects of maturation (Marks et al., 2015). In comparison, in
Belgian children (n = 420; mean age at baseline = 11.1 years) a mean increase in weekday
MVPA was seen two years post school transition in males (34.55 + 20.60 to 40.79 + 26.57
mins) and females (19.78 + 13.65 to 21.59 + 15.40 mins) (De Meester et al., 2014).
Proximity of the follow-up measure to the transition may have resulted in contrasting
findings from these studies. The negative impact of school transition on PA may be more
pronounced immediately post-transition, and may decrease as adolescents adjust to their new
environment (Marks et al., 2015). Other studies measuring PA pre and post school transition
have also reported significant changes in PA, with mean after-school MVPA decreasing in
British boys (-16%) and girls (-12%) after the school-transition and mean weekend MVVPA
increasing (+24% for boys and +17% for girls) in this sample (Jago et al., 2012). In some
countries school transitions take place earlier in childhood, or later into adolescence.
Regardless of when the transition takes place, changes in PA have been found at the
transition point, with a decrease in PA found when the transition takes place later in

adolescence (Taymoori, Berry and Lubans, 2011) and earlier in childhood (Lau et al., 2017).

The reasons that youth engage in PA are numerous and studies show that many factors
combine to promote PA (Robinson et al., 2015; Stodden et al., 2008). A conceptual model
developed by Stodden et al. (2008) identified motor competence (MC), perceived
competence (PC), and health-related fitness (HRF) as pertinent factors interacting with each
other and PA to promote health in youth. MC contains three categories of fundamental
movement skills (FMS) - stability, object-control, and locomotor skills, and reflects an
individual’s motor skill proficiency (Gallahue and Ozmun, 2012; Stodden et al., 2008). MC
is positively associated with PA in childhood, and longitudinally into adolescence and
adulthood (D’Hondt et al., 2014; Green et al., 2011; Lloyd et al., 2014). It is generally
accepted that children have the physical capacity to successfully execute the performance
criteria of most FMS by the age of 7 — 9 years (Gallahue and Ozmun, 2012), and that MC
will improve with age (Barnett et al., 2016; D’Hondt et al., 2014). Whether this happens

depends on children being given the opportunity to learn and practice FMS, as FMS are not
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innate but must be learned through practice (Clark, 2007). Previous research has lent support
to the idea that MC generally increases with age (D’Hondt et al., 2013; Henrique et al., 2018;
Limaetal., 2017). D’Hondt et al. (2013) measured changes in product-based FMS between
age 6-8 and age 10-12 and found that mean performances improved over time. Henrique et
al. (2018) also reported mean increases in product-based FMS from 6 — 9 years. Lima et al.
(2017) tracked MC from childhood (age 6) into adolescence (age 13) and found a similar
trend. Contrary to PA research, to the author’s knowledge no research has looked at trends
in MC development across a key transition such as the primary to secondary school
transition. Given the known association between MC and PA (Barnett et al., 2009; D’Hondt
etal., 2014; Green etal., 2011; Lloyd et al., 2014), and the impact that school transition may
have on PA (Marks et al., 2015), monitoring both variables over the transition will allow for

a better understanding of the nature of PA and MC change across the transition.

In addition to actual MC, perceived competence (PC), is identified as an important factor in
youth engagement in PA (Stodden et al., 2008). PC in the physical domain is the belief in
one’s ability to perform physical activity-related skills (Harter, 2012). PC has been found
to be positively associated with current and future PA (De Meester, Maes, et al., 2016; Zhang
etal., 2015). Zhang et al. (2015) found PC to be a significant positive predictor of self-report
PA in 10-12 year olds, while De Meester et al. (2016) found that, in adolescents, PC was
significantly related to self-report weekly PA. Similar to PA, there is a trend for decreasing
PC with age (Shapka and Keating, 2005) and for PC to be higher in males compared to
females (Piek et al., 2006; Shapka and Keating, 2005). The impact of school transition on
psychological constructs has been well researched, but findings are inconclusive as to
whether the transition positively or negatively affects self-perceptions (Evans et al., 2018;
Symonds and Galton, 2014). Because the transition generally coincides with the onset of
puberty it can be difficult to separate the impact of the transition on PC from the impact of
puberty. One study that managed to address this issue was carried out among German
children, where the school transition occurs before puberty (after Grade 4; age approx.
10years) (Arens et al., 2013). Results showed that PC decreased post transition, despite
these children likely having not reached puberty at the time of transition. Again, PC was
assessed immediately pre and post the transition, perhaps accentuating the negative effect of
the transition (Marks et al., 2015). Measuring additional timepoints post transition may

show the longer-term impact of the transition on changes in PC.
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Health-related fitness (HRF) is known to interact with both actual and perceived competence
to promote PA (Ré et al., 2016; Stodden et al., 2008). HRF is a multidimensional construct
generally referred to as consisting of five components; cardiorespiratory endurance (CRE),
muscular strength (MS) and endurance (ME), flexibility, and body composition (Caspersen
etal., 1985). HRF is a powerful marker of health in youth (Ortega et al., 2008; Ruiz et al.,
2009), and is positively associated with PA (Burgi et al., 2011; Larsen et al., 2015).
Childhood CRE has been identified as a strong determinant of obectively-measured MVPA
in adolescence (Larsen et al., 2015), while high levels of vigorous PA in younger children
(mean age at baseline = 5.2 years) have been shown to be positively associated with changes
in CRE 9months later (Burgi et al., 2011). HRF generally increases for both males and
females from childhood into adolescence (Ortega et al., 2011; Santos et al., 2014). For
specific components of HRF, changes with age vary by sex. For example, VO2max, @ measure
of CRE, tends to increase as children transition into adolescence (Janz et al., 2000; Kemper
et al., 2013). For females, a plateau is then seen around the ages of 13-14 years, while for
males the increase lasts into later adolescence (Janz et al., 2000; Kemper et al., 2013). MS
and ME generally increase at a faster rate in males compared to females from around 12
years of age, reflecting physiological changes associated with the onset of puberty
(Tomkinson et al., 2018). An increase in circulating testosterone in post-pubescent males
results in rapid increases in MS and ME. In comparison to other components of HRF,
flexibility develops at a similar rate in males and females (Tomkinson et al., 2018). While
these changes in HRF components over time are well documented, there is little research on
the nature of these changes at the time of the school transition. One study looking at changes
in HRF across the school transition in Ireland reported an increase in HRF from final year
of primary school to first year of secondary school for males, but a decrease in HRF for
females (Britton et al., 2019). This change was identified directly post school transition.
Identifying whether these trends continue further into secondary school for males and
females could give a greater insight into the duration of the impact on changes in fitness.

The school transition is often cited as a key period when PA habits change for the worse.
There is evidence to suggest that, irrespective of the onset of puberty, the school transition
may have an effect on PA (Taymoori, Berry and Lubans, 2011; Jago, Page and Cooper,
2012; De Meester, Maes, et al., 2016; De Meester, Stodden, et al., 2016) and PC (Anderson
et al., 2000; Arens et al., 2013). Taking the perspective of Stodden et al. (2008) whereby, in
addition to PA and PC, MC and HRF are identified as key contributors to health, this study

aims to develop a picture of trends for change in each of these variables during the school
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transition, and to identify if these trends are consistent as youth progress through secondary
school.

7.4 Methods

7.4.1 Participants

Data were collected from participants in final year (6™ class) of primary-level school
(January — April 2017), 1%t year (January — May 2018), and 2" year (January-February 2019)
of secondary school. Ethical approval was granted by DCU Research Ethics Committee
(DCUREC2016_109). Informed consent was granted by all participating school principals,
and individual parental/guardian consent was also obtained. Prior to testing, a physical
activity readiness questionnaire was also completed for each participant by their
parent/guardian. At baseline (6" class of primary-level school) 261 children (53% female;
mean age 12.22 + 0.48 years) participated. In 1% year of secondary school 37 participants
were unavailable for data collection as they moved to schools not involved in the study. An
additional 75 students who had not attended the initial feeder primary schools were included
at this time point (n = 299; 48% female; mean age: 13.91 + 0.58 years). At two-year follow
up (2" year of secondary school) students in one secondary school were unavailable for data
collection because of administrative issues in the school. Therefore, 108 participants were
available for testing (52% female; mean age: 14.18 = 0.50 years). The total number of
participants with data for at least one variable at three timepoints was 85. There were no
significant differences for baseline age or sex between participants who attended one

secondary school versus the other.

7.4.2 Measures

PA was measured using Actigraph (models: GT1M, GT3X, GT3X+, wGT3X-BT)
accelerometers. Accelerometers were worn by participants for nine consecutive days during
waking hours, with the first and last days omitted from analysis to account for reactivity

(Dossegger et al., 2014). Data were captured in 10-second epochs (Esliger et al., 2005).

MC was assessed using Ulrich's (2016) Test of Gross Motor Development |11 for all object-
control skills (kick, catch, overhand throw, one-hand strike, and two-hand strike) and for
three of four locomotor skills (run, skip, and horizontal jump). The fourth locomotor skill,
the vertical jJump, was assessed in accordance with the Victoria Department of Education
training manual (Victoria Department of Education, 1996). These manuals divide the skills
into specific movement components, and participants are marked with a 1 for presence, or a
0 for absence, of each component for each skill. Participants were videoed performing each
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skill and scoring by trained field staff was done later. Balance skills were assessed using the
Movement Assessment Battery for Children-2 (MABC-2; Barnett, Henderson. and Sugden,
2007).

PC was assessed using 3 subscales of the Self-Perception Profile for Adolescents (SPP-A
(Harter, 2012) - perceived athletic competence (PAC), perceived physical appearance (PPA),
and general self-worth (GSW). Each subscale contains five items scored on a four-point
scale, with higher scores indicating more positive self-perceptions in that domain (Harter,
2012).

A review of methodologies from recent large-scale studies (Ortega et al., 2011; Ruiz, Castro-
Pinero, et al., 2011; Santos et al., 2014) led to the selection of six tests for measurement of
HRF (Table 7.1). Detailed protocols for each test area available from the test manuals
(FITNESSGRAM (Plowman and Mahar, 2013); EUROFIT (Council Of Europe, 1983);
Helena Study (Ortega et al., 2008; Ortega et al., 2011)).

Each of the variables was measured at each time-point, and data collection and analysis

procedures were the same for each time-point.

Table 7.1 Selected HRF tests and source

HRF Component Test Source

Body Weight Status BMI FITNESSGRAM

CRE 20MST FITNESSGRAM; EUROFIT

MS HJ EUROFIT; HELENA Study
VJ* HELENA Study

ME Push-ups FITNESSGRAM

Curl-ups FITNESSGRAM

20MST=20metre shuttle run test; HJ=horizontal jump; VVJ=vertical jump; FITNESSGRAM (Meredith &
Welk 2010). The HELENA Study (Ortega et al. 2008). *VJ was assessed using the Abalakov jump test
protocol outlined in the HELENA study (Ortega et al. 2008) and using a jump mat and belt (Coulson &
Archer 2009) in place of an infrared jump platform.

7.4.3 Data Processing

Actilife version 6.13.3 was used to process all accelerometer data. Mean daily minutes of
MVPA were calculated using Evenson et al. (2008) cut-points. Periods of greater than
20minutes of zero-counts were considered as non-wear time and excluded. Count values of

<0 or >15,000 were considered implausible and excluded. Participants were included for
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analysis if they met the wear-time criteria of greater than or equal to 8 hours (Jago et al.,
2012; Marks et al., 2015) for at least two days (Rich et al., 2013).

Videos for each of the object-control and locomotor skills were analysed by trained field
staff. At each timepoint, prior to scoring, a minimum interrater agreement of 95% between
the lead researcher and designated research team member was met. For each skill, the
number of components present over two trials was summed to give a total skill score. For
the object-control and locomotor component scores the total skill scores for the relevant
FMS were summed to give a component score out of 34 for locomotor and 40 for object-
control. Balance was scored using the MABC-2 manual (Barnett et al., 2007). Raw scores
on each balance test were standardised by age and converted to standard scores. These were

then summed to give a total score for balance.

Scores for PAC, PPA, and GSW were obtained by calculating the mean of the five items
comprising each sub-scale (Harter, 2012).

Running speed on the last completed shuttle of the 20MST was used to calculate VOzmax
using the equation outlined in Léger et al. (1988). Maximum jump height (\VJ) and distance
(HJ) was calculated, as well as the maximum number of push-ups and curl-ups completed.

BMI was calculated using the equation weight/height?.

7.4.5 Statistical Analysis

SPSS and AMOS (version 23) were used to analyse the data. Scores for each of the variables
were entered in SPSS and descriptive statistics were calculated for each variable at each
timepoint. Mixed between-within subjects ANOVA were conducted to investigate the effect
of time, and the interaction of time with sex, on each variable across the school transition.
Pairwise comparisons using a Bonferroni correction were used to identify significant
differences between each of the three timepoints. If sphericity could not be assumed
(Mauchly’s Test of Sphericity, p > .05), degrees of freedom for the dependent variable were
corrected using either the Hyunh-Feldt or Greenhouse-Geisser correction, depending on the
value of epilson (€) given for each by Mauchly’s Test of Sphericity (Field, 2013, p. 658).
Effect sizes were calculated according to Cohen’s (1988) criteria (0.01 = small, 0.06 =

medium, 0.14 = large effect size).

7.5 Results
Mean scores and significant differences for sex for all measures at each time point are given

in Table 7.2. Results from the mixed between-within ANOVA revealed a significant and
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large interaction effect between sex and time for MVPA (F (1.79, 48.44) = 4.43, p < .05, n?
= .14). Pairwise comparisons showed a significant decrease in MVPA from 6" class to 1%
year in males (p <.001). Mean MVPA from 1 to 2" year increased for males but decreased
for females, although these changes were not statistically significant. Mean MVPA for both
males (p < .001) and females (p < .001) was significantly lower in 2" year compared to 6™

class.

There was no interaction effect for sex and time on object-control skills. There was a
significant and large main effect for time (F (1.71, 42.8) = 9.7, p < .05, n?=.28). Pairwise
comparisons showed that mean object-control proficiency increased significantly for males
(p < .05) and females (p < .01) from 6" class to 1% year, and then decreased significantly for
females (p < .01) from 1% to 2" year, but not below 6™ class levels. For both males and
females there was no significant difference between 6™ class and 2" year object-control MC.
For locomotor MC there was a significant and large interaction effect between sex and time
(F (2, 74) = 4.86, p < .05, n?>=.17). Locomotor MC did not change significantly from 6™
class to 2" year for males, but for females locomotor MC was significantly lower (p < .01)
in 2" year compared to 6™ class. There were no significant interactions or main effects for

balance.
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Table 7.2 Mean scores for PA, MC, PC and HRF over time

T1 T2 T3
N Male Female Male Female Male Female
MVPA (mins) 29  70.79+33.46 4951 +17.78" 28.27 +13.55 37.14+2261  3735+1472  2654+10.85
Locomotor 39 29.43+3.20 30.12 +3.40 3157 +2.06 29.56 +3.12" 30.50 +2.90 28.08 +3.68"
Object control 27 32.00+4.79 27.72+755 37.00+2.35 31.89£4.307  36.89+1.27 28.83 540"
Balance 43 1425+4.19 14.74 +3.85 14.19 +4.52 14.74 + 3.85 15.38 +4.32 15.48 + 3.93
PAC 50  3.12+055 2.73+0.76* 2.97 +0.70 2.23+0.74* 3.09 +0.62 23140717
PPA 49  330+0.41 3.10+0.63 3.07+0.51 2.68 + 0.69* 2.73+0.61 2.61+0.72
GSW 50  3.49+0.39 3.42 £0.44 3.33+0.34 2.99 +0.63* 3.21+047 2.86 + 0.60*
VO2max 46  4851+5.36 44.42 +3.49™ 46.38 +5.11 4272+3467  4532+652 40.48 + 453"
HJem 50  139.01+26.95 12142 £17.12"™  139.74+30.28 12636 +18.17  153.55+3591  121.00 2355
vdem 51  3595+7.10 33.87 +5.66 38.00 +6.73 33.65 +5.57 38.60 + 9.94 31.39 +3.94
Pushups 40  9.31+820 6.04 + 5.65 12.13+9.81 5.50 +5.21" 11.19 +8.89 4.08 +4.71%"
Curlups 54  13.04+9.88 8.45 + 6.24" 28.09 +19.27 17.17+1327°  3409+21.01  19.65+13.83"

*significant difference between males and females within time-point at p <.05; **p <.01; ***p < .001

HJ=horizontal jump; VJ=vertical jump
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There was a significant and medium interaction effect for sex and time on PAC (F (2, 96) =
1.07, p < .05, n?=.07). Pairwise comparisons showed PAC decreased significantly for
females from 6" class to 1% year (p < .001) and remained significantly lower than 6™ class
levels into 2" year (p < .01). Change in PAC over time was not significant for males. There
was no interaction effect for sex and time on PPA or GSW. There was a significant and
large main effect for time on PPA (F (2, 94) = 20.20, p < .001, n? = .30). Pairwise
comparisons showed a significant decrease in PPA from 6 class to 1% year for females (p <
.01) and from 1% year to 2" year for males (p < .05). For both males and females, PPA in
2" year was significantly lower (p < .001) than PPA in 6™ class. There was a significant
and large main effect for time on GSW (F (2, 96) = 19.34, p < .001, n?= .29). Pairwise
comparisons showed a significant decrease in GSW from 6" class to 1% year (p < .001) and
1%t year to 2" year (p < .001) for females. GSW was significantly lower in 2" year compared

to 6™ class for both males (p < .05) and females (p < .001).

There was no interaction effect for time and sex on VO2max, however there was a significant
and large main effect for time on VO2zmax (F (1.83, 80.59) = 14.89, p < .001, n? = .25).
Pairwise comparisons showed that VO,max decreased significantly from 6" class to 1% year
(p < .05) and from 1% year to 2" year (p < .05) for females. For males VOzmax Was
significantly lower in 2" year compared to 6 class (p < .05). There was a significant
medium interaction effect for sex and time on curl-ups (F (1.81, 94.22) = 3.29, p < .05, n)? =
.06). Pairwise comparisons showed a significant increase (p < .001) in the mean number of
curl-ups from 6" class to 1% year for both males and females. There were no significant
interaction or main effects for push-ups. For HJmax there was a significant medium
interaction effect between sex and time (F (2, 96) = 5.78, p < .01, n?>= .11). Pairwise
comparisons showed that there was no significant change in Himax from 6" class to 1% year
for males or females, or from 1% year to 2" year for females. There was a significant increase
(p <.05) in HImax from 1% year to 2" year for males. For VJ there was a significant medium
interaction effect between sex and time (F (2, 98) = 4.66, p < .05, n?=.09). Pairwise
comparisons showed that VJmax did not change significantly over time for males or females

but significant differences for sex in mean scores in 1%t and 2" year were found (Table 7.2).

There was no significant interaction effect for time and sex on BMI. There was a significant
and large main effect for time on BMI (F (2, 100) = 22.20, p < .001, n%= .40). Pairwise
comparisons showed no significant change in BMI from 6" class to 1% year, but a significant

increase in BMI from 1% year to 2" year for both males and females (p < .01).
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7.6 Discussion

Changes in PA, MC, PC and HRF across the school transition were seen in the current
sample. Consistent with previous research (Adamson et al., 2017; Corder et al., 2015),
MVPA decreased over time. For females, MVPA decreased at each timepoint, whereas for
males there was a sharp decrease in MVPA in the immediate aftermath of the school
transition, followed by a slight increase in MVPA into 2" year, though not returning to pre-
transition levels and remaining substantially below the recommended PA guidelines.
Similar to the current study, research measuring PA changes directly post-transition found a
decrease in MVVPA (Jago et al., 2012; Marks et al., 2015), with Jago et al. (2012) also finding
a greater decrease in MVPA for males compared to females. Contrary to this trend however
is the mean increase in MVVPA for males from 1% to 2" year in the current study. The initial
negative impact of the school transition may reduce for males as they continue into
secondary school. This is not the case for females in this sample, with a consistent mean
decrease in MVPA across the three years. Sociocultural factors may play a role in the
relationship between gender/sex and PA (Spencer et al., 2015). Studies show that
engagement in PA for females is often at odds with the normative definition of femininity,
and that the prevalence of gender stereotyping in sport has a negative impact on young girls’
participation (Spencer et al., 2015). In Irish youth, a recent study found that significantly
more females than males dropped out of sport over the course of five years, and females
were less likely to take up a new sport (Hardie Murphy et al., 2017). Females in the current
sample appear to disengage from participating in regular PA during the first two years of
secondary school. This extended period of time suggests that females are less likely to
change their behaviour in the years to come without a specific intervention in place.

A decrease in self-perceptions in youth, as seen in the current study, may play a role in PA
behaviours. Across the three domains of PC, a trend for decreasing PC with age was seen.
PAC was the only sub-scale to show a slight recovery following the initial decrease directly
post-transition. PAC decreased from 6" class to 1% year in males and females, and then
showed a slight increase from 1% to 2" year, although remaining below 6™ class levels. It is
not unexpected that PC would decrease with age, especially following the school transition
(Arens et al., 2013; Shapka and Keating, 2005). It is interesting to see however that two
years post transition, PAC began to increase slightly. The decrease in PAC immediately
post transition was much greater for females than for males. Cross-sectionally, a gender
difference in PAC is frequently reported, with males having more positive self-perceptions
in the PA domain than females (Barnett et al., 2008; Piek et al., 2006; Shapka and Keating,
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2005). However, results from this study also show a gender difference for change in PAC.
It is unlikely that this is due to less PA participation in females as MVPA decreased in both
males and females during this time. The relatively more negative impact that the school
transition appears to have on females may relate to sociocultural factors such as the place of
females within a male-centred world of sport and PA (Spencer et al., 2015). The school
transition has been identified as a time when adolescents’ self-perceptions are lowered as
they adjust to their new environment and look to figure out their place in it (Anderson et al.,
2000). This negative impact has been found to have a greater effect on females (Anderson
et al., 2000). Qualitative research has pointed to self-presentation in females at this age as a
barrier to engaging in PA in secondary school (Knowles et al., 2011). In the current study,
as well as a decrease in PAC across the transition, PPA decreased in males and females from
6'" class into 2" year. At each time-point however, females had poorer perceptions of their
physical appearance than males. Lower PPA coupled with the masculine-centred
environment established within the PA domain may make PA seem an unviable option for
young females (Spencer et al., 2015), particularly in the context of establishing feminine-
identity during a time when self-perceptions are already negatively impacted by school
transition (Anderson et al., 2000). Therefore, consideration should be given to gender-
specific barriers to PA when developing initiatives to promote PA in adolescence.

Males and females did not differ significantly in the way that object-control MC developed
over time. A mean increase in object-control proficiency was seen across the transition from
6" class to 1% year. Given most participants did not display full competence in each of the
skills assessed in 6™ class there is potential for improvement in object-control MC from 6™
class, given learning and practice opportunities (Clark, 2007). Exposure to a varied PE
curriculum taught by subject-specific teachers in secondary school (National Council for
Curriculum and Assessment, 2017), as well as an introduction to a variety of extra-curricular
sports, may have allowed for an increase in object-control proficiency. These potential
influencing factors were not measured in this research. By contrast, the decrease in
accelerometer-measured MVPA would indicate that participants were not engaging in high
levels of activity after the transition. However, measuring PA using accelerometers, though
valid, is not without its limitations, one of which being the willingness of the participant to
wear the device for the required time. Given that this was a longitudinal study requiring
three wear periods, the resultant number of participants with valid data was small, which

should be noted when interpreting the results.
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No significant changes in locomotor MC were seen over the course of three years. However,
there was an interaction effect for sex. Males showed a non-significant increase in locomotor
skill from 6™ class to 1% year, while females showed a steady decrease in locomotor
proficiency from 6" class to 2" year. One possible explanation for this steady decrease seen
in female locomotor skill may be linked to changes in PPA and the nature of some of the
locomotor tests. For example, both HJ and VJ require participants to swing the arms above
the head. Current fashion for girls’ sportswear includes cropped tops that, on raising of the
arms, expose the stomach. While anecdotal, it was evident numerous times during testing
that many of the female participants were uncomfortable moving in this way, and, despite
clear demonstrations, were inclined to hold down their clothes while jumping. It is unlikely
that females in the current sample reduced their capability to perform locomotor skills with
age, given that the success criteria for assessing MC require execution of only the basic
movement components which, once learned, are unlikely to be “un-learned”. Therefore, it
is more likely that other factors such as PC are impacting on the locomotor skill execution
during testing in females at this age There may be an unwillingness to correctly perform
some skills, such as the HJ and VJ, despite having the physical capabilities to do so.
Strategies for promoting female engagement in PE frequently include “girls-only” PE classes
(Eime et al., 2010; Knowles et al., 2011; Neumark-Sztainer et al., 2003). While the ideal is
to create an environment where females are supported and encouraged to engage in PA with
males present (Barr-Anderson et al., 2008), participating with or in front of male peers is
evidently a perceived barrier for many young females (Eime et al., 2010). Therefore, in the
context of accurate measurement when testing within the PA environment, it may be

beneficial to test in small groups of the same sex.

Changes in components of HRF were seen over time. VO2max (CRE) decreased across the
transition and into 2" year for both males and females. A plateau in VOzmax levels for
females is expected at this age (Janz et al., 2000; Kemper et al., 2013), however, previous
research has generally found VO2max continues increasing in males into late adolescence,
contrary to what was found in the current sample (Janz et al., 2000; Kemper et al., 2013). A
potential reason for the decrease may be the significant reduction in MVPA over the same
period, however, as mentioned previously, the ability to obtain a true reflection of PA levels
via accelerometry can pose problems in interpreting these results. The greater increase in
MS and ME over time in males compared to females was expected due to puberty and
physiological changes that accelerate sex differences in HRF around this time (Tomkinson

et al., 2018). However, the decrease in MS seen in females was unexpected as previous
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studies reported increases over time in MS for both males and females (Aires et al., 2010;
Janz et al., 2000). That being said, FITNESSGRAM reference norms for MS and ME in
females plateau within the age range of 10-12 years (Plowman and Mahar, 2013). These
norm-referenced values indicate that large studies have found this plateau in late
childhood/early adolescence for females. Similar to locomotor proficiency, the mean
decrease in female MS may reflect wider issues related to PC among young girls, and an
uncomfortableness in the PA environment (Spencer et al., 2015), rather than purely a
decrease in physical capacity over time. In addition, the decreasing PA and MC levels
identified in females in the current sample during the early years of secondary school may
be associated with decreasing MS, given that without PA and MC it is practically impossible

to maintain fitness.

7.7 Conclusion

The aim of this study was to give an overview of how PA, MC, PC and HRF change over
the course of the transition from primary to secondary school. Previous longitudinal studies
have generally not reported on changes in these variables across a significant transition such
as the school transition. Studies which have looked at the transition often measure only one
timepoint post transition, which can limit conclusions drawn as to the impact of the transition
in the longer term. This study addresses some of these issues. Findings indicate that changes
in PA, MC, PC and HRF occur over the transition, but are not linear in all cases. In addition,
patterns of change are influenced by sex and gender. Future studies should look to analyse
the relationships between these variables, and to identify which variables are predictive of
each other across the school transition for males and females.
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Discussion and Conclusions
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Chapter 8 Discussion and Conclusions

8.1 Thesis General Discussion

The primary objective of this thesis was to evaluate the conceptual model developed by
Stodden et al. (2008) across the transition from primary to secondary school. In addition,
this research also provided the opportunity to measure and track PA, MC, HRF and PC in
Irish adolescents across the school transition.

One of the key gaps identified in the literature review was the scarcity of research on HRF
as a mediator in Stodden et al.’s (2008) conceptual model (Robinson et al., 2015). Where
studies have considered HRF, they often measure just one component, generally CRE
(Barnett et al., 2008; Kriemler et al., 2010), to the exclusion of other components like MS
and ME. This is in part due to difficulties in analysing relationships between HRF and other
variables while accounting for the multicomponent structure of HRF. To this end, Chapter
4 detailed the development of a statistically and theoretically proofed HRF composite that
can be used by researchers to measure HRF. Findings from the study presented in Chapter
4 provide researchers with five tests that have been empirically shown to be representative
of HRF in youth, and that are valid, reliable, and easily administered in a field-based setting.
Where before, researchers were inclined to choose just one component of HRF, or to simply
combine HRF test scores into an equally-weighted mean score, the HRF composite
developed in Chapter 4 accounts for the relative importance of each component of HRF
within its factor structure, and provides a way to analyse relationships between HRF, as a

composite, and other health-related variables.

Following the development of this statistically and theoretically proofed HRF composite, it
was possible to address the primary aim of this thesis - to analyse longitudinally the pathways
hypothesised in Stodden et al.’s (2008) conceptual model. Firstly, the role of HRF and PC
as mediators, and the proposed reciprocity of pathways in the model, were assessed in
Chapter 5. Stodden and colleagues (2008) proposed a reciprocal relationship between MC
and PA, mediated by HRF and PC. Previous research partially supported this hypothesis,
with Barnett et al. (2011) finding a reciprocal relationship between PA and object-control
MC, but not locomotor MC. Regarding the mediators, age-related differences in the role of
PC as a mediator had been noted (Barnett et al., 2011; Crane et al., 2015; Khodaverdi et al.,
2015), while, for HRF, there was limited research on its role as a mediator (Robinson et al.,

2015). To fully analyse the role of HRF and PC, and the reciprocal nature of the pathways
155



in the model, a longitudinal analysis of the variables outlined in Stodden et al.’s (2008)
conceptual model was conducted in Chapter 5. Findings indicated that there were no direct
reciprocal relationships between PA and any component of MC. In other words, MC did not
directly predict PA, nor did PA predict MC. Reciprocal relationships between MC and PA
existed only when HRF and PC were included to mediate these relationships, supporting the
hypothesis made by Stodden et al. (2008). In comparison to Stodden et al.’s (2008)
hypothesised pathway, the relationship between MC and PA in our sample was stronger in
the direction of PA predicting MC rather than the reverse. This is also consistent with a
previous longitudinal study on adolescents (Jaakkola et al., 2018), and suggests that older
children and adolescents may not have sufficient MC to engage in adequate levels of PA for
health. Another important finding from Chapter 5 was the role of HRF within the model.
HRF was stronger as a mediator compared to PC, and HRF was a stronger predictor of both
MC and PA, than MC or PA were as predictors of HRF. Thus, HRF appears to be the driving
force for the relationships outlined in this model. Without HRF, and to a lesser extent PC,
there were no reciprocal pathways between MC and PA. It is essential, therefore, to develop
HRF, in conjunction with MC, to promote PA. In the reverse, PA that allows for the
development of HRF should in turn promote the development of MC. In sum, HRF, as a
composite, is a key player in Stodden et al.’s (2008) conceptual model, and a key driving
force for promoting both PA and MC.

Considering the role of HRF as a significant mediator in the MC-PA relationship, coupled
with the existence of strong pathways from HRF to both PA and MC, the purpose of Chapter
6 was to build on these findings and determine the relative importance of each variable
included in Stodden et al.’s (2008) model for predicting future behaviour across the school
transition. Direct reciprocal relationships were also analysed, and a cross-lagged panel
design was used to control for baseline levels of each of the variables in predicting future
behaviours. The findings from Chapter 6 identified HRF as the strongest predictor of PA
post-transition, even when controlling for baseline PA. This is contrary to Stodden et al.’s
(2008) model, where MC is hypothesised as the driving force for engaging in PA. Findings
also showed that HRF in 6™ class positively predicted locomotor MC and PAC in 1% year.
Object-control MC was the only other significant predictor of 1% year MVVPA, although this
pathway was weaker than the HRF to MVPA pathway. These findings question the
positioning of HRF as a mediator of PA within Stodden et al.’s (2008) model, rather than as
a primary determinant. MC is commonly viewed as one of the primary factors leading to
engagement in PA (Barnett et al., 2009; Lloyd et al., 2014; Lopes et al., 2011; Stodden et
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al., 2008), but the study outlined in Chapter 6 found HRF to be more important than MC in
predicting PA across the school transition. A strength of this study is that all the variables
included in Stodden et al.’s (2008) model were measured at each time point, which enabled
an analysis of the order of importance of each variable in predicting PA. In keeping with
previous studies which identified object-control MC, rather than locomotor MC, as a
predictor of PA in youth (Barnett et al., 2009, 2011), object-control MC in this study was
also found to predict PA, although to a lesser extent than HRF. Overall, findings from
Chapter 6 suggests that PA promotion strategies should focus on developing both HRF
(focusing on MS and ME, as well as CRE) and object-control MC early in primary school
to promote PA in secondary school. Both HRF and object-control MC may be crucial factors

in addressing the decrease in PA across the school transition.

Chapters 5 and 6 provided evidence for the importance of HRF and object-control MC in
promoting PA across the school transition. However, little is known about how these
variables change and develop during this key period. Chapter 7 used data from three
timepoints to examine changes in PA, MC, HRF and PC immediately, and one-year post,
the school transition. As evidenced in Chapters 5 and 6, HRF is an important factor for PA
engagement in youth. Data presented in Chapter 7 show that over the school transition some
components of HRF were found to decrease, while others increased or remained stable.
Specifically, CRE decreased from 6™ class to 1% year, and again from 1% year to 2" year for
both males and females, while MS decreased over time for females. In keeping with trends
consistently reported in the literature (Jago et al., 2012; Marks et al., 2015), PA also
decreased across the transition for males and females. Considering these results, together
with findings from Chapters 5 and 6, it is likely that decreasing CRE, and MS in females, is
impacting negatively on both PA and MC over time. In terms of MC, object-control MC
increased directly post-transition, but did not change significantly into 2" year of secondary
school. Balance and locomotor skills did not change significantly with time. Despite low
levels of MC within this sample, indicating a potential for improvement over time, little
development in MC was observed. It is recognised that MC is not innate but must be
developed through practice opportunities (Clark, 2007). Considering the decrease in PA,
and aspects of HRF, across the transition, it is likely that youth in this study were not
engaging in enough PA and as a result were not getting the practice opportunities required
for MC development. Combined with changes in MC, PA and HRF, changes in PC were
also found across the school transition, with PC decreasing as youth transitioned into

secondary school. Changing school environment has been found to impact negatively on
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PC in youth (Arens et al., 2013; Shapka and Keating, 2005), and PC has also been reported
to be positively associated with PA, although this association is more frequently reported for
self-report PA (Kavanaugh et al., 2015). It appears that the school transition may negatively
affect PC and, considering the frequently reported association between PA and PC, the

decrease in PA across the school transition may also have impacted negatively on PC.

Another key element of this research involved understanding sex and/or gender differences
in the variables and pathways depicted in Stodden et al.’s (2008) model. Some of the sex
and gender differences of note were discussed in Chapters 6 and 7. In Chapter 6, where the
relative importance of each of the variables in predicting behaviour in secondary school was
examined, findings indicated that some pathways differed between males and females. For
example, PA was much less stable over the school transition for females compared to males.
This low stability of PA in females indicates that there are other factors influencing PA
during this transition phase causing behaviour change. In addition, PA in 6" class was found
to negatively predict MC in 1% year for females, whereas this pathway was positive for
males. It is expected that PA should promote MC (Jaakkola et al., 2018; Stodden et al.,
2008), but our findings in females show the opposite. The low stability of PA across the
transition indicates that PA behaviour for females is changeable during this period, which
may account for the negative pathway from PA to MC in females. In Chapter 7, differences
between males and females were again noted for changes in many of Stodden et al.’s (2008)
variables from primary to secondary school. While a significant mean decrease in PA was
seen for males and females immediately post-transition, a mean increase in PA for males
into 2" year of secondary school was seen, while for females, the decline in PA continued
into 2" year. This indicates that the negative effect of the school transition on PA may be
greater in females than males. In addition, the continuation of the PA decline into 2" year
for females highlights the need for intervention to address this problem. For HRF there was
a trend for increasing MS and ME over time for males, compared to no change, or a decline
in MS and ME over time for females. The decrease in specifically MS in females was
unexpected, although decreasing PA with time is likely impacting on HRF development.
Considering the differences found between males and females for changes in PA, HRF and
MC over time, and the differences between males and females in some of the pathways
outlined in Stodden et al.’s (2008) model, researchers should tailor PA promotion
interventions to be “sex/gender-specific”, considering the different factors that are most
pertinent to males and females. One of the limitations of Stodden et al.’s (2008) model is

that, despite the well-known differences between males and females in many of the variables,
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the model does not account for sex/gender differences in its hypothesised pathways.
Considering the empirical evidence from the current research which identifies gender- and
sex-related differences in some of the model’s hypothesised pathways, it seems that
consideration of these differences should be taken into account within the model, particularly
where researchers intend to use Stodden et al.’s (2008) model to guide the development of
youth PA promotion interventions. Similar to the way in which developmental age is
accounted for within the model (Stodden et al., 2008), it would be beneficial to also account
for gender/sex within the model’s pathways, with a view to informing interventions which

are both age- and gender/sex-specific.

Taken together, the findings from this research suggest that there are potential modifications
to the original model that should be further explored. HRF, not MC, was found to be the
primary predictor of PA. Therefore, one potential adaptation to Stodden et al.’s (2008)
conceptual model is to position HRF as the primary predictor of PA, in place of MC. Object-
control skills, as a component of MC, did positively predict PA post school transition,
although to a weaker extent than HRF, pointing to a role for MC in PA promotion in youth.
Another interesting element that was explored in this research was the difference in pathways
in the model between males and females. Stodden and colleagues did not account for sex-
or gender-related differences in pathways in the original model. Evidence from the current
research suggests however that the associations between the variables in Stodden et al.’s
(2008) conceptual model differ based on sex and/or gender. Thus, another potential
adaptation to the model that could be further explored is the inclusion of sex/gender-specific

pathways, similar to the developmental age pathways included in the original model.

In sum, thesis findings suggest that, in the context of Stodden et al.’s (2008) model, HRF is
a primary factor in promoting PA engagement, particularly during the transition from
primary to secondary school. The fact that components of HRF were found to decrease over
the school transition, suggests interventions that develop HRF early in primary school are
needed to buffer against the potential negative effects of school transition. Object-control
MC also appears to be an important factor to consider when promoting PA in adolescents,
and while object-control MC increased immediately post-transition, no further increase was
seen into 2" year of secondary school. HRF, object-control skills are important in PA
promotion, and currently are not developing to the level expected, or to a level that might
buffer against the decrease in PA seen with transition into secondary school. Though the
role of PC in Stodden et al.’s (2008) model is less clear compared to the roles of both HRF
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and MC, the fact that PC does mediate some unidirectional relationships between MC and
PA suggests that consideration should be taken of PC in youth when designing PA
interventions. Specifically, given the decline in PC across the school transition, special care
should be taken to develop PC across a range of domains in primary school to positively
effect PA in secondary school. Finally, PA promotion strategies should take sex and gender
differences into account to ensure that interventions are effective for their intended

population.

8.2 Thesis Strengths

Longitudinal design: A major strength of this research is its longitudinal design. This
allowed for testing of changes in variables and interpretation of causal pathways which is
not possible in cross-sectional designs. In addition, it was possible to truly test the

reciprocity of relationships by using longitudinal data.

Consideration of all variables identified in Stodden et al.’s (2008) conceptual model: The
inclusion of all of the variables that make up the conceptual model is another major strength
of this research. As a result, it was possible to test, in unison, the relevant pathways
hypothesised in the model.

Consideration of HRF as a composite: Considering each of the components identified in
the definition of HRF, establishing its factor structure, and creating a statistically and
theoretically-proofed HRF composite is a strength of this study. It allowed for a
comprehensive testing of pathways between HRF and other variables in Stodden et al.’s
(2008) conceptual model, without limiting the analysis to a single measure or component of
HRF.

Objective measurement of PA: Using accelerometers to objectively measure MVPA, rather

than relying on self-report methods of measurement, was a strength of this study.

Sophisticated statistical analysis: The use of confirmatory factor analysis in Chapter 4
revealed the factor structure of HRF in youth, and enabled the creation of a statistically-
proofed HRF composite for use in subsequent studies. The use of structural equation
modelling, specifically path analysis (Chapters 5) and cross-lagged panel regression
(Chapter 6) allowed for detailed examination of predictive pathways, mediated pathways,
and reciprocal pathways controlling for baseline values. It also allowed for consideration of

measurement invariance over time, and provided methods (e.g. full information maximum
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likelihood estimation) for analysing data with missing values, both of which are key issues

in longitudinal research.

8.3 Study Limitations

Accelerometer compliance: Across each timepoint, the number of participants who failed to
wear the accelerometer for the specified wear time was a limitation. Despite using
previously recommended strategies to increase compliance, a large amount of PA data was
lost due to non-compliance, and this problem was exacerbated with time. The wearing of
hip-worn accelerometers is not an appealing or interesting prospect for most adolescents. In
addition to being quite cumbersome, accelerometers also have to be removed for many
contact-based sports, as well as water-based sports (Warren et al., 2010), reducing the quality

of the data collected from them.

Missing data: Missing data across the three years was a limitation of this study, one which
is common in longitudinal research. Despite every effort of the lead researcher during
recruitment and testing to maximise availability of participants longitudinally, participants
within one school were unavailable for tesing in the third year of the study due to
adminstrative problems within the school. This greatly reduced the number of participants
available for three-year analyses. In addition to this loss of participants for the third year of
data collection, missing values across measures at each timepoint were also a limitation.
Collection of data on all of the variables occurred over the course of three PE classes. The
test set-up was planned to minimise interference of performance on one test with
performance on another — for example, the 20metre shuttle run test, which requires
participants to run to exhaustion, was scheduled for the first day of testing along with body
weight status tests, a balance test, and the handgrip test, as these were deemed to be least
affected by a maximal running test. However, when it came to analysing the data and
creating composite scores, participants who missed one day of testing may have lost data on
every composite measure. Despite these limitiations, statistical methods were chosen which

made maximum use of all the available data on each participant.

Sample size: Considering the significant number of pathways to be tested in Stodden et al.’s
(2008) conceptual model, the sample size was relatively small, particularly in the third year
when participants from one school were unavailable for testing. Analsysis on differences in
pathways between BMI category groups was not possible to conduct due to the small number
of participants classified as overweight/obese. A larger sample may be less homogenous in
terms of body weight status, and could allow for analysis such as this.
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8.4 Future Directions

There is a growing body of research highlighting the positive association of MS and ME
with health outcomes in youth, therefore measurement of HRF should include these
components along with CRE. The five-indicator composite produced in Chapter 4 of this
thesis provides researchers with a statistically and theoretically proofed model with which
to measure HRF as a composite in field-based research on youth. Future research should
use this HRF composite for a more comprehensive and relevant measurement of HRF in

youth.

The development of HRF should be one of the primary aims of PA promotion interventions.
Compared to MC, PC, and baseline levels of MVPA, HRF was the strongest predictor of
MVPA in youth across the transition from primary to secondary school. Interventions that
focus on developing HRF in primary schools should avoid overly prescriptive methods of
HRF promotion, such as simply mimicking HRF tests, and should develop CRE, MS, and

ME in fun and engaging ways.

While it has been previously expected that the MC-PA relationship will be stronger in the
direction of MC predicting PA in older childhood and adolescence, this was not the case in
the current sample. Lower than expected levels of MC reported in youth in previous studies,
and the stronger pathway from PA to MC found in this and other studies, suggest that older
children and adolescents are still developing their MC, albeit at an older age than generally
expected. Current teachers and practitioners should be aware that many young people have
not mastered the basic components of most FMS and should include practice opportunities

within to further their MC development.

Accelerometers were used in this research for objective measurement of PA. Despite
adopting strategies to promote compliance, a significant number of participants did not
provide PA data due to lack of compliance. Future studies, particularly those of a
longitudinal nature among adolescents, should investigate alternative options for objective

measurement of PA, such as wrist-worn devices, which may increase compliance.

Significant sex and gender differences in many of the variables, and in the nature of changes
in these variables, were found in this research, to the detriment of female adolescents. While
physiological changes relating to puberty have an effect on absolute scores for HRF, there
is no physiological reason that levels of PA, MC and PC should be lower in females
compared to males, or should decrease more substantially across the transition from primary

to secondary school. Research consistently highlights the gender gap in the physical domain,
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beyond simply the physiological capacity of males compared to females. The current study
suggests however that we are still failing female adolescents when it comes to providing an

environment conducive to promoting health-enhancing PA behaviours.

8.5 Concluding the PhD Journey

The primary purpose of this thesis was to evaluate pathways in Stodden et al.’s (2008)
conceptual model over the course of the primary to secondary school transition. As well as
addressing knowledge gaps in relation to pathways in this model, this research also provides
an overview of current levels of PA, MC, HRF and PC in Irish youth, and the nature of

changes in these variables during a significant transition period.

Along with addressing the primary research aims of this thesis, the PhD process has provided
me with challenges and opportunities, ultimately developing not only my research skills, but

also my communication, organisation, and lecturing skills.

I would like to conclude this PhD journey with a quote from 4 Non Blondes which is
representative of my time as a postgraduate researcher in DCU, and which became my PhD

anthem as | journeyed through bad and good times;

Twenty-five [or nine!] years and my life is still
Trying to get up that great big hill of hope
For a destination

And I try, oh my God do I try
| try all the time, in this institution

And | pray, oh my God do I pray
| pray every single day

For a revolution

What’s going on?
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Informed Consent Form - Principal or PE teacher

I.  Research Study Title:“Youth Physical Activity Towards Health (Y-PATH):Building the Bridge”

Il. Clarification of the purpose of the research

Physical activity has been shown to be extremely beneficial to youth; however the majority of young
people in Ireland are not participating in enough physical activity to benefit their health. Y-PATH:
Building the Bridge aims to improve physical activity levels among youth by identifying pertinent factors
relating to physical activity levels in children and adolescents during the transition from primary to second
level school.

The current recommendation in Ireland for children and young people (2-18 yrs) is at least 60 minutes of
moderate to vigorous physical activity everyday (Department of Health and Children, 2009). At present
the gap between the recommended time children should spend being physically active and the reality is
causing increasing problems in children’s and adolescent’s health.

The purpose of this research is to gather information on physical activity levels, health-related fitness,
motor competence, perceived competence, and neurocognitive function, as children transition from
primary to second level school. Participants will be measured on these variables at three time points during
the research; 6" class of primary school, 1% year, and 2™ year of second level school. This information
will be used to develop strategies that may be used in the school to increase the opportunities for physical
activity, and to ultimately improve the physical activity levels of the students in the school.

I11. Confirmation of particular requirements as highlighted in Plain Language Statement

Participating School: please complete the following (Circle Yes or No for each question)

Have you read or had read to you the Plain Language Statement Yes/No
Do you understand the information provided? Yes/No
Do you understand you must make student grades available to the research team? Yes/No
Have you had an opportunity to ask questions and discuss this study? Yes/No
Have you received satisfactory answers to all your questions? Yes/No

Involvement in the research is completely voluntary. Participants may choose to withdraw from the study
at anytime. There shall be no penalty for withdrawing before all stages of the research project have been
completed. Confidentiality is an important issue during data collection. Participants’ identity, or other
personal information, will not be revealed or published. Participants will be assigned an ID number under
which all personal information will be stored in a secure file and saved in a password protected file in a
computer at DCU. The investigators alone will have access to the data. Confidentiality of information
provided can only be protected within the limitations of the law. It is possible for data to be subject to
subpoena, freedom of information claim or mandated reporting by some professions.

I have read and understood the information in this form. My questions and concerns have been answered
by the researchers, and | have a copy of this consent form. Therefore, | consent for my school to take part
in this research project

Teacher/Principal’s Signature:

Name in Block Capitals:

Witness:

Date:
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Informed Consent Form — Parent/Guardian of U16s

Dear Parent/Guardian,

Please find overleaf an informed consent form for your child’s participation in a physical
activity study titled “Youth Physical Activity Towards Health (Y-PATH): Building the Bridge”.
This study is being carried out by Dublin City University in your child’s school. The study
aims to gather information on the physical activity levels of students in the school as well
as information on other factors such as perceived self-competence, body composition
measurements, neuro-cognitive functioning and physical fitness levels. As part of this we
will be looking at students grades in English, Irish and Maths, to consider whether changes
in physical activity levels result in changes in academic performance. All of these measures
will be taken in 6" class of primary school, and again in both 1%t and 2" year of second level
school.

There is increasing evidence to show that physical inactivity in childhood leads to health
problems later in adolescence and adulthood. By tracking changes in various factors
relating to your child’s overall health and wellbeing, we will be able to better understand
how to promote physical activity, physical fithess, and health and wellbeing among Irish
youth. This will lead to better informed physical activity programmes that will improve the
health of all children and adolescents.

Information gathered on your child will not be shown individually to anyone - it will be
combined with information from lots of other students and as such no-one will have access
to an individual child’s information. Information gathered on the group of students involved
in the study will be made available to parents through the school once the study has been
completed.

In order for your child to participate in this study, please read the attached form. If you wish
your child to be involved please sign and return Option 1 at the bottom of the form. If you
DO NOT wish your child to participate in the study you need take no further action.

Thank you for your time.

Yours sincerely,

(}/m%‘ﬁctm =y $

Ms. Una Britton Dr. Sarahjane Belton Dr. Johann Issartel
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Informed Consent Form Under 16’s

project Title: “Youth Physical Activity Towards Health (Y-PATH): Building the Bridge”
Investigators: Dr. Sarahjane Belton, Dr. Johann Issartel, Ms Una Britton.

Introduction to the study:

Physical activity has been shown to be extremely beneficial to youth. However the
majority of young people in Ireland are not participating in enough physical activity to
benefit their health. Y-PATH: Building the Bridge aims to track changes in physical
activity levels of youth, as well as other factors such as physical fitness levels,
perceived physical self-competence, body composition, fundamental movement skills
and neurocognitive functioning. The purpose of this study is to monitor changes in
physical activity and related factors, including academic performance, over time.

This is what will happen during the research project:

Before any testing commences you will fill out a Physical Activity Readiness
Questionnaire for your child to determine if they are able to participate.

Your child will complete a perceived physical competence questionnaire. This
guestionnaire will be filled out in class with the help of the class teacher and a
researcher.This questionnaire aims to determine your child’s perceptions of their
athletic capabilities, physical appearance, and general self-worth.
Your child will have their height, weight hip/waist circumference, and percentage
body fat measured.
Your child will take part in a 20 minute shuttle run test.
Your child will be recorded using a video camera in PE class measuring how well
they can:

e Run
Horizontal jump
Two-board balance
Walking toe-heel backwards
Zig-zag hopping
Kick
Overhand throw
One-hand strike
Two-hand strike
Skip
Catch
Push-up
Sit-up
Sit-and-reach
Grip strength

e Vertical jump
Your child will be asked to wear a small device (accelerometer) around their waist
to measure how much they move in a specific length of time (9 days). Your child
will receive an automated text message on their mobile phone each morning and
afternoon from the research team reminding them to put on their accelerometer (if
you wish to provide your phone number to the researcher team).
Your child will undergo a series of neuro-cognitive function tests to assess areas
such as attention and memory.
Your child’s year-head/principal will make your child’s grades in English, Irish and
Maths available to the research team.
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All information gathered will be treated in the strictest of confidence. To ensure this,
your child’s name will be removed from all data and replaced with an ID number. Only
the researcher will know your child’s ID number, and only the researchers will have
access to the information.

Please read Option 1 and Option 2 below and complete as appropriate.

Option 1: Child to be included in the study

| have read and understood the information in this form. | have read and
explained the information in the form to my child. The researchers have
answered my questions and concerns, and | have a copy of this consent form. |
understand that all students, including my child, are included in this study.

ACTION: To advise the research team of your decision to_include your child in
the study please sign and return this form to your child’s PE teacher for attention
of Ms Una Britton.

Parent/Guardian Signature:

Name in Block Capitals:

Child’s Name in Block Capitals:

Option 2 Child to be removed from the study

| have read and understood the information in this form. | have read and
explained the information in the form to my child. The researchers have
answered my questions and concerns, and | have a copy of this consent form. |
request that my child is not included in the study. | understand that my child will
not be penalised in any way for doing this.

ACTION: No further action necessary. Please file this consent form for future
reference.
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Appendix C

Participant Assent Form
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ASSENT FORM FOR PARTICIPANTS

Study Title:Youth Physical Activity Towards Health (Y-PATH): Building the Bridge

My parent/guardian has talked to me about being part of a research study.
It has been explained to me that | will be asked to participate in activities to do with the study in
1st year and 2" year of second level school. At each of these times, the study will involve me:

i.Completing a physical activity questionnaire.
i.Completing a mental health and wellbeing questionnaire.
iii.Having my height, weight, and body fat percentage measured.
iv.Taking part in a 20m shuttle run test.
v.Wearing a device to measure how quickly and how often | move.
vi.Completing a cognitive functioning assessment to see how well my brain works.
vii.Being video recorded doing the following activities in PE class;
Running, jumping, balancing on two boards, walking toe-heel backwards, zig-
zag hopping, kicking, throwing, striking, skipping, catching, push-ups, sit-ups,
sit-and-reach, and grip strength.
viii.Having my year head/principal give my English, Irish and Maths grades to the researcher.

1. | know that | am free to decide not to take part in this study if | wish.
2. | can change my mind and not take part if | wish.

SIGNED: DATE:
(Participant’'s name)

Participant’'s Phone Number (Reminder Text):

SIGNED: DATE:
(Witness’ name)
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Appendix D

Physical Activity Readiness Questionnaire -
Children
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Physical Activity Readiness Questionnaire — Children
PRE-TEST QUESTIONNAIRE

Completed by a Parent/Guardian of Child

NAME OF CHILD ..ot e
CHILD DATEOFBIRTH ..o CHILD’S AGE: ........ccceoene.

As your child is to be a participant in this project, would you please complete the following

physical activity readiness questionnaire for your child.
Please tick appropriate box

Has the test procedure(s) that your child will participate in been fully YES NO
explained to you? 0 U

Any information contained herein will be treated as confidential

0 U
(1) Has your doctor ever said that your child has a heart condition and that
your child should only do physical activity recommended by a doctor?
(2) Does your child ever experience chest pain during physical activity? . U
(3) Does your child ever lose balance because of dizziness or do they ever N 0
lose consciousness?
(4) Does your child have a bone or joint problem that could be made worse 0 0
by a change in their physical activity participation?
(5) Does your child have uncontrolled asthma (i.e. asthma that is not easily 0 0
controlled by an inhaler?
(6) Is your doctor currently prescribing any medication for your child’s
blood pressure or a heart condition? b b
(7) Do you know of any other reasons why your child should not undergo 0 0

physical activity? This might include diabetes, a recent injury, or serious

illness.

If you have answered NO to all questions then you can be reasonably sure that your child can take part in the

physical activity requirement of this project.

declare that the above information is correct at the time of completing
this questionnaire on date ...... looi... loein..
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Please note: If your child’s health changes so that you can answer YES to any of the above
questions, notify the investigators and consult with your doctor regarding the level of
physical activity that your child can participate in.

If you answered YES to one or more questions:
Talk to your doctor in person discussing with him/her those questions you answered yes.

Ask your doctor if your child is able to participate in the physical activity requirements of
the project.

Doctor’s Name.... ..., Date ...

Doctor’s Signature .........oeevevievieiiiienienennnn.

Signature of Investigator ................ccoooeevinnn Date ....cooovviiiiiiiiin
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