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ABSTRACT 
 
The overall aim of this research was to deepen our understanding of the physiological and 

psychosocial factors that influence the physical activity behaviours of children with 

neurodevelopmental, emotional, or behavioural challenges. Our goal was to pursue a series of 

observational studies (Phase 1) that would provide the platform for the development and 

evaluation of a community-based intervention (Phase 2). In Phase 1, the main research 

questions were: 

• Are there key differences in physiological, psychological, and parent support factors 

for children across the motor competence spectrum? (Study 1)? 

• Are muscle strength, neuromuscular performance, and hypermobility factors 

associated with children’s motor competence? (Study 2)? 

• Does (and if so, how does) parent physical activity support predict children’s self-

perceptions and physical activity outcomes (Study 3)? 

Phase 2 of the research program utilised the findings from Phase 1—as well as those 

documented in the broader literature—to develop and assess the feasibility of a 10-week 

community-based intervention to improve physical literacy outcomes in children with 

neurodevelopmental conditions, emotional and/or behavioural problems. 

The first study (Chapter 2) reported in the thesis is a cross-sectional study in which 

the goal was to compare children with varying levels of movement competence across 

physiological characteristics and physical activity-related self-perceptions. Additionally, the 

physiological characteristics and physical activity support behaviours of parents were 

compared. One hundred and seventeen children aged 6-12 years were classified based on 

motor competence into three groups: children with developmental coordination disorder 

(DCD), those At Risk of DCD, and typically developing children. Ninety parents also 

participated and were stratified into the same three groups based on their child’s motor 

competence group. Results indicated that, relative to typically developing children, children 

with DCD have multiple physiological deficits (e.g., lower muscle strength, higher body fat 
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percentage), receive less parental logistic support for physical activity involvement, and report 

lower scores on psychological constructs that are predictive of physical activity involvement. 

Interestingly, those in the at risk group presented with a singular deficit in physiological 

capacity (muscle strength), with no evidence of impact on physical activity levels compared 

to typically developing children. 

The second study (Chapter 3) was designed to examine how neuromuscular 

performance and hypermobility are associated with children’s motor competence. Sixty aged-

matched children were classified into three motor competence groups. Neuromuscular 

performance was determined utilising the Resistance Training skill Battery for Children, 5-

repetition maximum leg press, and Biodex Dynamometry, with hypermobility assessed via the 

Beighton Criteria and Lower Limb Assessment Score. Between-group comparisons revealed 

differences in 5-repetition maximum leg press and the lower limb component score of the 

resistance training skill competency, but no differences in isometric or isokinetic strength 

measured via Biodex dynamometry. Importantly, neuromuscular performance of children 

varied according to levels of motor competence—specifically, those with low motor 

competence performed poorly on (more complex) tasks requiring multi-joint movement. 

Additionally, neuromuscular performance predicted almost half of the variance observed in 

motor competence. 

The aim of the third study (Chapter 4) was to investigate the direct and indirect 

predictive effects of perceived parent logistic support for physical activity on children’s 

physical activity-related self-perceptions and objectively measured physical activity. 

Children’s perspectives of parental support for physical activity were assessed using the 

Activity Support Scale for Multiple Groups (child report). Children’s self-perceptions toward 

physical activity were reported with the Children’s Self-perceptions of Adequacy in and 

Predilections for Physical Activity, and time spent in physical activity was measured using 

accelerometers. No significant direct effect was observed between perceived levels of parents’ 

logistic support for physical activity and children’s physical activity. However, results 

demonstrated that irrespective of a child’s movement ability, their perceptions of parents’ 
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logistic support for physical activity indirectly and positively predicted children’s physical 

activity levels, via children’s confidence for physical activity. 

In the fourth and final study (Chapter 5), we utilised a non-randomised, mixed-method 

design to determine the feasibility and preliminary efficacy of a community-based physical 

literacy program for children with neurodevelopmental conditions, emotional and/or 

behavioural problems. The Thriving Families program, which was developed based on 

findings from chapters 2-4 and existing psychology and behaviour change literature, was 

shown to be a largely feasible community-based intervention. The intervention incorporated 4 

key elements, including (a) the provision of structured, enjoyable, socially-supportive physical 

activity sessions, (b) involvement of parents to improve physical activity support, (c) education 

workshops for parents and program instructors to upskill their motivational and confidence-

building skills, and (d) utilisation of behaviour change techniques to underpin the intervention 

components. Parents and instructors provided quantitative and qualitative feedback regarding 

the value and usefulness of the Thriving Families program. Furthermore, preliminary efficacy 

data indicated the program is likely to be effective in improving (selected, but not all) physical 

literacy outcomes among children. 

The final chapter (Chapter 6, General Discussion) presents a general overview and 

concluding remarks regarding the physiological, psychosocial, and physical activity-related 

characteristics of children with neurodevelopmental, emotional, and/or behavioural problems. 

Overall, the results from this research program demonstrate that there are some noteworthy 

differences in the physiological and psychosocial profiles of children across the motor 

competence spectrum. It is my hope that the outcomes of this research will assist in educating 

families, health professionals, and the wider community about the physical activity 

experiences of children with neurodevelopmental, emotional, and/or behavioural problems. I 

also hope that the intervention described in the Chapter 5 provides a valuable blueprint for 

programs designed to support positive physical activity outcomes for these children and their 

families. 
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1.0 Physical activity participation in children  

Participation in physical activity (PA) has long been identified as an integral part of 

growth and development in children, and has well-established associations with physical 

health and psychological wellbeing.1 During childhood and adolescence, PA levels correlate 

positively with engagement and achievement in school, protect against obesity, and play an 

important role in determining lifelong activity patterns.2,3 Current global recommendations 

indicate that children (5-17 years) should engage in moderate to vigorous PA for at least 60 

minutes per day for optimal health; however, up to 80% of children in Western countries are 

not meeting this target.2,4 Despite the well-known benefits of PA,5 research has shown a steady 

decline in PA participation rates after the age of five,2 and there is now an urgent need to better 

understand why children are not engaging in PA and to find novel ways to improve children’s 

PA participation.  

 

1.1 Barriers and facilitators to physical activity  

There are a myriad of influences on children’s ability to engage in beneficial levels of 

PA for health, including individual barriers such as physical, developmental, or behavioural 

conditions, and/or external factors such as a lack of familial support or an inability to access 

facilities.6,7 Children are diverse in nature and it is well established that even typically 

developing children will experience one or more barriers to engaging in PA.8 However, it is 

notably more difficult for those children with complex medical conditions (e.g., cystic 

fibrosis) who may need to engage in acute-care (e.g., hospital based) interventions to 

participate safely in PA.9 Between these two ends of the spectrum is a cohort of children who 

compared to typically developing children, experience greater barriers to PA participation in 

community-based and/or school settings.10,11 For example, children with neurodevelopmental 

conditions (e.g., Developmental Coordination Disorder (DCD), Autism Spectrum Disorder, 

Attention Deficit Hyperactivity Disorder) have been shown to engage in less PA, and as a 

result, have increased risk of developing chronic disease/s compared to their typically 

developing peers.12–14 In turn, lower levels of participation in PA, results in fewer 
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opportunities for children to develop the motor competence, physical fitness, confidence, and 

motivation to be, and remain active. This negative ‘spiral’ may therefore exacerbate activity 

deficits and the negative health and developmental outcomes with which they are 

associated.15,16.   

 

1.2 Approaches to influencing children’s physical activity  

1.2.1 Motor competence 

Developing adequate levels of motor competence during childhood is considered 

advantageous and believed to form an essential basis for PA participation across the 

lifespan.16,17 Motor competence represents the extent to which individuals can competently 

perform movement skills, and during childhood, motor competence not only provides the 

foundation for PA participation 18,19, but it also aids in the development of skills necessary for 

popular forms of PA (e.g., running, swimming, team-based sports).19 Within the literature, the 

term ‘motor competence’ encompasses a wide variety of terms such as fundamental movement 

skill proficiency, motor proficiency or performance, motor ability and motor coordination.16 

There is substantial evidence supporting the association between motor competence, PA, and 

components of health-related fitness. For example, Lubans and colleagues, whose systematic 

review reported a strong association between fundamental movement skill proficiency and 

PA.20 Additionally, a positive association was reported between fundamental movement skills 

and cardiorespiratory fitness. However, the authors concluded that more evidence, in 

particular longitudinal and intervention studies, were needed to examine the positive 

relationship between motor competence and psychological, physiological, and behavioural 

outcomes in children.20 The links between motor competence, PA, and components of health-

related physical fitness have been well supported and established in the literature, however the 

directionality of the relationships remains an area of ongoing research.21,22 Notably, emerging 

evidence suggests that perceptions in motor competence may mediate the relationship between 

childhood skill proficiency and future PA levels.18 
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There have been numerous interventions designed to target and improve motor 

competence (i.e., fundamental movement skills) in children.23 To-date, interventions in 

typically developing children have used a variety of durations and methods, with most being 

performed in primary schools and delivered by physical education specialists or teachers.23 A 

systematic review by Morgan and colleagues concluded that fundamental movement skill 

interventions were efficacious in improving overall motor competence in children.23 Several 

studies found significant effects on overall motor skill competency, including two studies that 

investigated the long-term implications of fundamental movement skill interventions.23–25 

Barnett and colleagues reported that following a 12-month motor skill intervention, the 

intervention group had improved significantly in one of the six motor skills (i.e., kicking) post-

intervention compared to controls.24 In addition, at the 6-year follow-up, the intervention 

group had improved catching ability and maintained their advantage in jumping and galloping 

in comparison to controls; however, there was no transfer into significant improvements in 

PA levels.24 This evidence, which is supported by numerous other studies 23, suggests motor 

skill interventions can improve motor competency, although long-term implications on PA 

still remain unclear. 

Research into interventions to improve motor competence in children with 

neurodevelopmental conditions have been increasing, with researchers adopting various 

approaches to improve the unique barriers experienced by this population.26–28 A meta-

analysis by Smits-Engelsman and colleagues evaluated the efficacy of motor skill 

interventions in children with neurodevelopmental conditions.29 Similar to findings in 

typically developing children, the authors reported motor skill interventions were effective in 

improving motor competence, reporting a moderate overall weighted effect size (dw=0.56).29 

Furthermore, they compared different classes of interventions and revealed stronger effects 

for task-orientated interventions and physical therapies (e.g., neuromotor task training), in 

comparison to process-orientated interventions (e.g., sensory integration).29 However, this 

conclusion was based on the immediate post intervention effects and did not examine the long- 

term effects or retention of the improvements, or the impact on PA levels. Moreover, this 
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review reported that only three of a possible 26 studies reported outcomes of three months or 

greater, of which only one involved a motor skill intervention.29  

Extending the findings of the aforementioned meta-analysis, Yu and colleagues 

quantified the effect of motor skill interventions on motor performance and cognitive, 

emotional, and other psychological factors in children with DCD.30 The authors’ findings were 

consistent with those from Smits-Engelsman and colleagues, reporting similar moderate 

overall effect sizes (Hedges g=0.63) for immediate training on motor performance, and also 

advocating for task-orientated approaches.30 Interestingly, they also reported immediate 

moderate training effects on cognitive, emotional, and other psychological aspects in children 

with DCD.30 However, the authors concluded that there remains a challenge in understanding 

how to increase the sustainability of these training effects. Despite evidence in the literature 

of improvements in motor competence, it remains unclear as to the best interventions to 

improve long-term motor competence and its relationship with subsequent PA participation.  

 

1.2.2 Health-related physical fitness 

Health-related physical fitness is a broad term that encompasses multiple components, 

including cardiorespiratory fitness, musculoskeletal fitness (e.g., muscular strength), motor 

fitness (e.g., speed/agility), and body composition.31 These components affect a child’s ability 

to perform activities of daily living, participate in PA and are considered important markers 

for health.31,32 It has been established in both field and laboratory settings that children with 

neurodevelopmental conditions have lower cardiorespiratory fitness in comparison to 

typically developing children.33–36 In addition, this cohort of children have been identified as 

having a poorer health profile when compared to their typically developing peers, with 

increased risk of cardiovascular disease and decreased pulmonary function.12,13,37 It has been 

posited that reduced cardiorespiratory fitness in children with neurodevelopmental conditions 

could be part of a continuous negative loop incorporating low motor competence, decreased 

PA, and poorer health-related physical fitness mediated by genetic predisposition, self-

perceptions, social pressure, and physical constrains.38 For example, a longitudinal study by 
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Cairney and colleagues assessed the trajectory of cardiorespiratory fitness in children with and 

without DCD, and reported that cardiorespiratory fitness was lower in children with DCD with 

the gap persisting long term.34 However, limitations to these previous studies, which assessed 

health-related fitness, included the use of predictive methods to assess cardiorespiratory 

fitness, or using an exercise modality that required substantial coordination, placing children 

with neurodevelopmental conditions at a significant disadvantage.  

Intervention studies aimed at improving cardiorespiratory fitness in children with 

neurodevelopmental conditions are limited. A pilot study by Bonney and colleagues 

investigated the impact of a graded active video game program on cardiorespiratory fitness 

and muscle power in adolescent girls with probable DCD.39 Following participants’ 

engagement in one, 45 min session of active gaming per week for 14 weeks, the authors noted 

improvements in cardiorespiratory and anaerobic fitness. Whilst the results from this study 

are promising, the study was small and had no comparison group. In addition, the outcome 

measures chosen were field-based (which may negatively impact reliability and validity), and 

the study was unable to capture continuous heart rate thereby only utilising peak heart rate as 

a measure of exercise intensity.39 Despite the methodological limitations, this study provides 

preliminary evidence that fitness interventions are possible in children with 

neurodevelopmental conditions with the potential for a positive effect on cardiorespiratory 

fitness. 

Whilst the importance of cardiorespiratory fitness has been well established, the 

influence of muscular strength on health-related physical fitness in children with 

neurodevelopmental conditions remains unclear. The current Australian national guidelines 

for PA in children recommend that part of their 60 minutes per day should include muscle 

strengthening exercise.4 Faigenbaum and colleagues reported that children with inadequate 

muscle strength and poor motor skill performance are less likely to gain competence and 

confidence in their physical abilities and are more likely to exhibit disease risk factors and 

experience adverse health outcomes.40 Furthermore, research suggests that in typically 

developing children, up to 70% of the variability in a range of motor competence could be due 
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to muscular strength and physical development variables (e.g., age, body weight, fat free body 

mass).41 In their systematic review, Rivilis and colleagues indicated that children with 

neurodevelopmental conditions had significantly poorer muscular strength and endurance 

when compared to typically developing children.42 Whilst these findings have been supported 

by others,33,43,44 limitations in previous research include inconsistency in methodological 

approaches and subsequent findings. For example, many of the studies included assessment 

measures that required high levels of coordination (i.e., long or broad jump) to assess muscle 

strength, with the exception of two studies in which dynamometry was used.43,45 A study by 

van der Hoek and colleagues, assessed muscle strength via hand-held dynamometry and did 

not find significant differences in knee extensor strength.43 However, concerns regarding the 

reliability and validity of hand-held dynamometry have been raised, given testing occurs at 

specific joint angles rather than through a range of moment.46 Unsurprisingly, results differ in 

a study by Raynor which assessed muscle strength using gold-standard isokinetic (biodex) 

dynamometry and reported significant differences in isokinetic knee flexor and extensor 

strength between groups of children based on levels of motor competence.45 Whilst studies 

conducted to date are variable with regards to methodological approaches, they are suggestive 

of a difference between children who are typically developing and those with 

neurodevelopmental conditions when comparing measures of muscle strength. Furthermore, 

the potential influence of muscle strength on motor competence and PA engagement, and its 

responsiveness to change, warrants further investigation.  

To date, strength training has been shown to be safe, effective, and a worthwhile 

modality of physical conditioning in typically developing children.40 A meta-analysis by 

Behringer and colleagues concluded that strength training was an effective method for 

enhancing selected motor skills (i.e., running, jumping, throwing) during childhood and 

adolescence, with a significant positive correlation between the mean intensity of the 

resistance training program and gains in motor competence.47 Additionally, they found that 

age was negatively correlated with improvements in motor skills, suggesting younger subjects 

gained greater improvements in muscle strength and therefore, motor competence.47 An 
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intervention study by Meinhardt and colleagues investigated the impact of a 19-week strength 

training intervention on PA outcomes in typically developing children; they found that 

strength training increased spontaneous PA energy expenditure in boys following 

intervention, with no impact after a three month wash-out period.48 However, limited strength 

training intervention studies have been conducted in children with neurodevelopmental 

conditions; currently, only two strength training case studies have been published. The first, a 

case study on a 5-year-old child diagnosed with DCD, who completed two strength training 

sessions per week for 12 weeks, resulted in improvements in the child’s muscle strength, 

function and proprioceptive positioning.49 Comparable results were reported by Menz, Hatten 

and Grant-Beuttler in a 6-year-old with DCD, who experienced improvements in both 

muscular strength and fundamental movement skill scores following a strength training 

intervention.50 Although indicative, a significant gap still exists in the literature regarding the 

effectiveness of resistance training interventions in children with neurodevelopmental 

conditions, and its impact on motor competence and PA levels.  

Body composition can significantly impact health, participation in PA, and motor 

competence in children.51–54 Numerous studies have reported that children with 

neurodevelopmental conditions have higher body mass index, larger waist circumference, and 

higher body fat percentage when compared to typically developing children, with longitudinal 

studies suggesting this gap remains consistent over time.33,34,55–57 However, to date, only two 

studies have assessed fat-free mass within this cohort.55,58 Cairney and colleagues used whole 

body air displacement plethysmography to assess body fat and fat-free mass in children with 

DCD, and reported that these children have greater body fat percentage compared to typically 

developing children; however, there was no difference in fat-free mass.58 These findings were 

supported by Chia and colleagues who utilised dual energy x-ray absorptiometry to assess 

body composition, and reported significantly higher body fat percentage in children with 

DCD, although no difference was observed in fat-free mass between groups.55 Despite 

research which has identified muscular strength, and by association, lean muscle mass (i.e., a 

component of fat-free mass), as a necessary factor to motor competence, no studies have 
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investigated the association between lean muscle mass and variables related to PA 

participation in children with neurodevelopmental conditions.  

The importance of these findings in health-related fitness components (e.g., body 

composition, cardiorespiratory fitness, muscle strength) is supported by data suggesting that 

children who are not exposed to an environment with opportunities to enhance these elements, 

may not develop the necessary abilities to allow them to participate in PA, and as a result, lack 

PA confidence and self-efficacy.18,22,59 Without opportunities to gain confidence and 

competence in their abilities to undertake PA, children, particularly those who have 

neurodevelopmental conditions, are less likely to engage in the recommended amounts of 

activity, and therefore, are more likely to experience negative health outcomes.40,60 It is 

recognized that a child’s physical capabilities alone are not the sole influence on their PA 

behaviour. Affective responses (e.g., self-efficacy) and cognitive processes are also known to 

play a significant role in children’s ability to participate in PA.60,61 As such, numerous 

psychological theories (e.g., self-determination theory, self-efficacy theory) have been 

developed in order to understand the relationship between PA participation and psychological 

determinants. 

 

1.2.3 Self-determination theory  

Self-determination theory (SDT) is a widely utilised theoretical/psychological 

framework which has been applied to understand PA motivation across the lifespan. The 

theory is premised on the idea that individuals may vary not only in amount (or quantity) of 

motivation, but also the type (or quality) of motivation.62 Quality of motivation is arranged on 

a continuum of self-determination from “non self-determined” to “self-determined”.63 

Intrinsic motivation (i.e., the most self-determined) is considered a uni- dimensional construct 

and the most desirable form of motivation, whereby an individual participates in an activity 

for the inherent interest or enjoyment of the activity. This type of motivation leads to the most 

adaptive outcomes, with Teixeira and colleagues identifying intrinsic motivation as a key 

predictor for long term PA adherence.64 Extrinsic motivation is considered multidimensional, 
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with integrated, identified, introjected and external regulations falling under this category of 

motivation. More autonomous forms of extrinsic motivation are integrated (i.e., where PA 

aligns with the individual’s goals or values) and identified (i.e., the individual values the 

benefits of PA) regulation. With introjected (i.e., PA participation is due to internal pressure 

such as guilt) and external regulation (i.e., individual participates in PA to gain an external 

reward or avoid punishment) considered controlling forms of motivation.63 Central to SDT is 

the hypothesis that autonomous motivation is associated with more positive behavioural and 

affective outcomes than controlled motivation.64 

Satisfaction of three basic psychological needs are considered as key determinants of 

motivational outcomes and are essential for psychological growth and well-being.65,66 

Autonomy refers to an individual’s need to perceive a feeling of choice for a task, that the task 

being completed is of their own volition, and that they are the source of their own actions.67 

Competence refers to an individual’s need to effectively interact with one’s environment and 

a sense of growth and accomplishment68 Relatedness involves an individual’s need to feel 

supported and have meaningful connections with others.69 Ryan and Deci suggest that 

satisfaction of these needs should lead to more autonomous motivation towards a task (e.g., 

PA), whereas need thwarting or need deprivation will decrease autonomous motivation.66 

Need-supportive instruction can be utilised to support an individuals’ need for 

autonomy, competence, and relatedness, and the approaches utilised can vary dependant on 

the type of support offered. For example, autonomy support can involve an instructor 

providing their participants with choices or a rationale for the PA;70–72 competence support 

can be offered by the instructor by providing appropriate challenges, goal setting opportunities 

or feedback to the participant;71 and relatedness support can be offered through the provision 

of a caring and supportive environment.69 Research suggests that an individual in an 

instructional position (e.g., coach, parent, exercise professional) can engage in behaviours that 

are beneficial (i.e., need-supportive), or undesirable (i.e., need-thwarting or depriving).73 The 

facilitation of need-supportive behaviours lead to more positive motivational outcomes, which 
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have been demonstrated in a variety of PA context (e.g., recreational exercise classes, clinical 

populations).64 

A systematic review conducted by Teixeira and colleagues examined the relationship 

between key SDT constructs and engagement in exercise and PA outcomes.64 Findings 

supported a positive relationship between more autonomous forms (i.e., intrinsic and 

identified) of motivations and exercise. Moreover,  results showed a trend suggesting 

identified regulation being predictive short-term PA adoption, whilst intrinsic motivation 

predicted long-term exercise adherence.64 Furthermore, findings demonstrated significant 

differences favouring SDT-based intervention groups on levels of perceived autonomy 

support, need satisfaction, and autonomous and introjected regulations for exercise, as well as 

greater self-reported exercise. 

Evidence surrounding SDT and its effectiveness in influencing PA has been 

demonstrated in a variety of PA settings and cohorts of children.74,75 Sebire and colleagues 

investigated adapted scales to measure SDT constructs and test a motivational model on 

predicting accelerometer-derived PA in children.76 Assessing 462 children across the UK, this 

study provided the preliminary evidence for construct validity, internal consistency and 

theoretical alignment of revised behavioural regulation and need satisfaction scales in primary 

school aged children.76 Findings demonstrated need satisfaction was positively associated with 

intrinsic and identified motivation type, with intrinsic motivation positively associated with 

children’s objectively measured PA. This highlights an opportunity for SDT to be utilised as 

a model to implement behaviour change toward PA in children. 

 

1.2.4 Self-efficacy theory  

Self-efficacy theory is a central concept of Bandura’s Social Cognitive Theory and is 

widely utilised in the prediction of health behaviours and in behavioural modification.77 Self-

efficacy is defined by Bandura as one’s “belief in one’s capabilities to organize and execute 

the courses of action required to produce given attainments”, which in lay terms may be 

considered as a situation-specific form of self-confidence. The literature suggests, an 
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individual’s efficacy beliefs play a predictive and mediational role in one’s thought patterns, 

behaviour and motivation.77 The primary sources of efficacy information include past 

performance accomplishments, mastery experience, social persuasion, social modelling and 

the interpretation of physiological and emotional states.77 Efficacy expectations are theorized 

to influence the activities that individuals choose to pursue, the degree of effort they expend 

in pursuit of their goals, and the levels of persistence they demonstrate in the face of setbacks, 

failures, and difficulties.77 Furthermore, Bandura suggests individuals who begin with higher 

self-efficacy are more likely to have higher future self-efficacy than those who begin with 

lower self-efficacy.77 

Numerous cross-sectional studies have documented differences in self-efficacy across 

children of differing ages and in various settings. A study by Pender and colleagues 

investigated if pre-exercise self-efficacy predicted perceptions of exercise exertion, and if in 

turn this influenced post-exercise efficacy and subsequent completion of an exercise task.78 

One hundred and three females aged 8-17 years completed a cycle ergometry task, with the 

author’s reporting participants with high pre-exercise self-efficacy reported lower perceived 

exertion during exercise compared to those with lower pre-exercise self-efficacy.78 These 

findings also demonstrated that participants who had greater perceptions of effort during 

exercise had a deleterious effect on exercise self-efficacy, reducing their confidence in 

successfully completing the same exercise task in the future.78 Given the study also found that 

exercise self-efficacy increased following successful completion of an exercise task, 

innovative strategies to improve pre-exercise self-efficacy and in turn perceptions of exertion 

during exercise may enhance positive responses to exercise and in turn improve exercise 

habits. Further evidence to support PA interventions impact on self-efficacy has been 

supported by a systematic review by Cataldo and colleagues, who examined the impact of PA 

interventions on self-efficacy in youth.79 Despite the small number of studies included, the 

review found moderately strong evidence that PA related programs improve self-efficacy in 

youth.79 
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When considering self-efficacy, the literature suggests significant differences 

between typically developing children and children with higher needs (e.g., those with 

neurodevelopmental conditions).60 A study by Engel-Yeger and Hanna Kasis assessed the 

relationship between DCD, perceived self-efficacy and preference to participate in daily 

activities.80 They reported that not only did children with DCD have lower self-efficacy than 

typically developing peers, but that the lower the self-efficacy, the lower the motor 

performance and their preference to participate.80 This is consistent with earlier findings by 

Cairney and colleagues, who determined that differences in PA between typically developing 

children and children with lower motor competence may be underpinned by (relatively more) 

negative self-perceptions, such as lower confidence and predilection (i.e., choosing to 

participate in a sedentary activity rather than PA) for PA.81 These findings, highlight  the need 

to address current gaps in the literature regarding self-efficacy towards PA in children with 

neurodevelopmental conditions and the need for innovative intervention strategies to address 

any potential deficits.  

1.2.5 Family support 

PA is a learned behaviour and is influenced by family, friends and the environment. 

A child’s PA behaviours become patterned over time - with greater difficulty modifying such 

behaviours with increasing age - indicating a crucial role for the parent/guardian in 

appropriately encouraging and supporting PA during one’s formative years.82 During 

childhood, parents can positively or negatively impact their children’s PA in a number of 

ways, including direct modelling, instrumental support, encouraging or discouraging PA, and 

providing a supportive home environment.83,84 A study by Trost and colleagues evaluated the 

model of parental influence on youth activity and reported that parental support was an 

important correlate of youth PA, which acts directly and indirectly through its influence on 

self-efficacy.83 They observed that PA behaviour, enjoyment of PA and perceived importance 

placed on PA by the parent(s) were positively associated with parental support.83 In addition, 

the literature suggests encouragement of activity, parental participation in PA, parental role 
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modelling and provision of transportation have also been linked to higher level of PA in 

children.8,84,85  

To date, only one study has assessed aspects of parental practices and PA in children 

with neurodevelopmental conditions.44 A study by Beutum, Cordier and Bundy reported that 

the primary carer’s participation in PA and perception of the child’s motor competence were 

significantly related to percentage of time that the child engaged in moderate to vigorous PA.44 

Limitations in this study included a small sample size, the primary carer’s activity was 

subjectively assessed and that the study only assessed two aspects of parenting practices - 

primary carer’s PA participation and accessing PA areas in the community.44 Given the 

evidence suggesting children with neurodevelopmental conditions are engaging less in PA, 

the influence of parenting practices on children’s PA patterns needs to be further explored. 

Additionally, identifying the parenting practices related to PA and the correlates to the child’s 

activity is essential to inform and develop better targeted interventions with the aim of 

improving PA participation. 

Previous research has identified the importance of family involvement in exercise 

intervention studies, identifying it as key component for transfer of knowledge from 

intervention setting to the home environment.86–88 Reviews of school-based intervention 

programmes in children who are overweight/obese found that parent involvement increased 

the effectiveness of PA interventions.86,87 These results have been supported by Kargarfard 

and colleagues who examined the effectiveness of parental support and involvement in an 

intervention study to improve health-related physical fitness.89 The study, involving 206 

female children and their mothers and 60 control group children (without their mothers), and 

investigated the impact of a PA program on health-related fitness.89 Authors reported that 

family support, particularly the mother’s participation contributed to enhanced health related 

achievements and greater improvements in physiological measures in comparison to the 

control group.89 These findings have been echoed in a systematic review of interventions to 

improve motor performance in children with neurodevelopmental conditions, which suggested 

that parent involvement is required to maximise transfer into daily life and ensure long-term 
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progress,29 and clearly emphasising the importance of family involvement in future PA 

interventions.  

 

1.3 Physical literacy  

Physical literacy is concept that has emerged to understand the multidimensional 

nature of PA participation.90 It unifies theories and models from the fields of exercise 

physiology, motor development, and exercise and health psychology, with an emphasis on 

maximising individual attributes, regardless of skill or fitness level.91 As such, this concept 

has garnered increasing attention over recent years, and has been widely adopted in consensus 

statements and education curricula in numerous Western countries (e.g., Canada, Australia, 

United Kingdom).92,93 Physical literacy was originally defined by Whitehead as, the 

motivation, confidence, physical competence, knowledge and understanding to value and take 

responsibility for engagement in PA for life.91 Whilst definitions of physical literacy differ, 

central to each framework is the inclusion of inter-related domains which are theorised to 

influence daily PA behaviour. Central to the majority of physical literacy models are the 

domains of  physical capabilities (i.e., competence) which refers to one’s ability to move with 

competence in a wide variety of activities; affective responses (i.e., motivation and 

confidence) in relation to PA; and cognitive processes (i.e., knowledge and understanding) 

referring to a person’s understanding of how, why and when they move.94,95 It is, therefore, 

emerging as a useful concept to guide PA interventions and improve child engagement in PA. 

There is evidence suggesting physical literacy may be a key predictor of children’s 

PA involvement and experiences.96 A cross-sectional study by Belanger and colleagues, 

recently investigated the association between physical literacy and adherence to movement 

behaviour guidelines.96 The authors reported among almost 3000 typically developing 

children aged 8-12 years, children meeting PA guidelines displayed higher physical literacy 

scores specifically across physical competence and motivation and confidence domains.96 

However, much of the research regarding physical literacy and its constructs has been cross-
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sectional or observational in nature, with a limited number in children with 

neurodevelopmental conditions.96,97 

Given the amount of time children spend in the school-based environment, physical 

education classes have been identified as a key avenue to improve PA participation via school 

based physical literacy interventions. Despite a growing number of school-based physical 

literacy interventions most have been largely unsuccessful at influencing long term PA 

behaviour change or sustaining long term gains.98–100 Coyne and colleagues implemented the 

‘Run Jump Throw Wheel’ program into physical education classes in children aged 8-12 years 

with the aim to improve children’s physical literacy on the Canadian Assessment of Physical 

Literacy tool and subsequently improve their engagement in physical education classes.101 The 

program was implemented over 10 weeks with the primary focus of improving children’s 

fundamental movement skills (i.e., a component of physical competence) utilising track and 

field inspired games and activities. Whilst improvements were seen in the overall physical 

literacy scores pre- and post-intervention, specific improvements occurred only in the physical 

competence and knowledge and understanding domains.101 There were no significant 

differences seen in motivation and confidence to be active or daily behaviour domains (i.e., 

PA participation).101 Given the importance of motivation and confidence (i.e., self-efficacy) 

in establishing positive behaviour change, it is not surprising that an intervention focused on 

singular elements of physical literacy did not see the desired changes in PA behaviour. 

Despite growing interest in children’s physical literacy, the majority of investigations 

have been in school-based settings, with limited studies targeting community participation. A 

study by Bremer and colleagues demonstrated feasibility and acceptability of a 12-week 

physical literacy intervention in children in an afterschool setting, and whilst the study 

reported positive feedback from program leaders, the overall improvements in physical 

literacy were limited.102 To date no studies have assessed changes in physical literacy and its 

components in children with neurodevelopmental conditions. However, evidence from 

previous interventions in children with neurodevelopmental conditions, have demonstrated 

that multi-component approaches, which include families, have shown the most promising 
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effects on improvements in PA.86,87 As a result, novel intervention strategies utilising multi-

component approaches are needed to address the growing need to improve PA participation 

in this cohort. 

 

1.4 Conclusion 

Development of appropriate physical literacy in children is considered an important 

key precursor for the promotion of PA participation and other positive health behaviours. 

Based on the literature above, a greater understanding of the physiological (i.e., competence) 

and psychosocial (i.e., motivation and confidence) factors that influence children’s PA 

participation is needed. Utilising this knowledge to create novel intervention strategies aimed 

at improving PA participation in children with neurodevelopmental conditions is warranted 

and addresses the growing and potentially lifelong health concerns in this population.  

 

1.0  Thesis Structure and Aims 

The overall aim of this research was to build on the foundational knowledge of the 

physiological and psychosocial characteristics that influence the PA behaviours of children 

with neurodevelopmental conditions. Our primary research question was designed to explore 

the differences in physiological and psychosocial factors in children across the motor 

competence spectrum in order to guide the development of a community-based intervention. 
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Figure 1. Overview of thesis structure 
 

The first paper (Chapter 2) is a cross-sectional study comparing children with varying 

levels of movement competence across physiological characteristics and self-perceptions 

towards PA. Additionally, the physiological characteristics and PA support behaviours of the 

children’s parents were compared. One hundred and seventeen children aged 6-12 years were 

classified based on motor competence into three groups: children with DCD, those at risk of 

DCD and typically developing children. Ninety parents also participated and were stratified 

into three groups based on their child’s motor competence group. Results indicated that, 

relative to typically developing children, children with DCD have multiple physiological 

deficits (e.g., lower muscle strength, higher body fat percentage), receive less parental logistic 

support for PA involvement, and report lower scores on psychological constructs that are 

predictive of PA involvement. Interestingly, those in the at risk group presented with a singular 

deficit in physiological capacity - muscle strength - with no evidence of impact on PA levels 

compared to typically developing children. 
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Based on the findings in the first paper, muscle strength emerged as the central 

competence factor that differed between the three motor competence groups. Therefore, the 

second paper (Chapter 3) examined if and how muscle strength, neuromuscular performance 

and hypermobility were associated with children’s motor competence. Sixty children were 

classified into three motor competence groups (low motor competence, at risk of low motor 

competence and typically developing). Neuromuscular performance was determined utilising 

the Resistance Training Skill Battery for Children, 5-repetition maximum leg press and 

Biodex dynamometry, with hypermobility assessed via the Beighton Criteria and Lower Limb 

Assessment Score. Between-group comparisons demonstrated differences in 5-repetition 

maximum leg press and the lower limb component score of the Resistance Training Skill 

Competency, but no differences in isometric or isokinetic strength measured via Biodex 

dynamometry. Importantly, neuromuscular performance of children varied according to levels 

of motor competence, with those with low motor competence performing poorly on tasks 

requiring multi-joint movement. Additionally, neuromuscular performance predicted almost 

half the variance observed in motor competence and highlights a novel intervention strategy. 

The third paper (Chapter 4) aimed to investigate the direct and indirect effects of 

perceived parent logistic support for PA on children’s PA-related self-perceptions and 

objectively measured PA. Children’s perspectives of parental support for PA were captured 

using the Activity Support Scale for Multiple Groups child report. Children’s self-perceptions 

towards PA were reported with the Children’s Self- perceptions of Adequacy in and 

Predilections for PA, and time spent in PA were measured using accelerometers. No 

significant direct effect between perceived levels of parents’ logistic support for PA and 

children’s PA were established. However, results demonstrated that irrespective of a child’s 

movement ability, children’s perceptions of parents’ logistic support for PA indirectly and 

positively predicts children’s PA levels, via children’s confidence for PA. 

The fourth paper (Chapter 5) utilised a non-randomised, mixed method design to 

determine the feasibility and preliminary efficacy of a community based physical literacy 

program for children with neurodevelopmental, emotional and/or behavioural problems. The 
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Thriving Families program, which was developed based on the findings from chapters 2-4, 

existing literature and informed by psychological theory was found to be a feasible program 

in this community-based setting. The intervention incorporated 4 key elements; a) provision 

of structured, enjoyable, socially-supportive PA sessions; b) involvement of parents to 

improve PA support; c) education workshop for parents and program instructors to upskill in 

providing a need supportive environment that can facilitate improving motivation and 

confidence towards PA, and d) utilisation of evidence based behaviour change techniques to 

underpin the intervention components. Both parents and instructors provided quantitative and 

qualitative feedback regarding the value and usefulness of the Thriving Families program. 

Furthermore, preliminary efficacy indicated the program is likely to be effective in improving 

the physical literacy outcomes of children. 

The final chapter (Chapter 6, General Discussion) presents a closing discussion and 

concluding remarks regarding the physiological and psychosocial characteristics of children 

with neurodevelopmental, emotional and/behavioural problems, and their relationship to PA. 

Overall, results from this research demonstrate that there are distinct differences in the 

physiological and psychosocial profile of children across the motor competence spectrum. The 

outcomes of this research will assist in educating families, health professional and the wider 

community in understanding the physiological and psychosocial challenges towards PA 

experienced by children. Moreover, the benefits of a physical literacy intervention which 

could be widely disseminated to support families in taking a proactive approach in improving 

their child’s physical literacy and in turn their PA behaviour. 
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2.1 Abstract 
 

Children with low movement proficiency have been identified as having poorer 

physiological and psychosocial outcomes; however, the varied measurement approaches used 

to assess these outcomes have varied resulting in conflicting evidence regarding the presence 

and magnitude of differences compared to Typically Developing (TD) children. Additionally, 

there has been limited research into the role of parental support for physical activity (PA) in 

this group. We compared children with varying levels of movement proficiency on 

physiological characteristics and self-perceptions regarding PA. In addition, these children’s 

parents were compared on physiological characteristics and support of their children’s PA. 

Children (N = 117) aged 6 to 12 years, along with their parent/guardian, participated in this 

study. Children were classified according to the Movement Assessment Battery for Children-

2 test (Typically Developing (TD) = 60; At Risk = 19; Developmental Coordination Disorder 

(DCD) = 38). Children’s PA, muscle strength, cardio-respiratory fitness (CRF), body 

composition, and self-perceptions regarding PA were assessed, with parents assessed on CRF, 

body composition, and PA support. Compared to TD children, children with DCD had lower 

PA (p = 0.036), predilection (p ≤ 0.001) and adequacy (p ≤ 0.001) regarding PA, higher body 

fat percentage (p = 0.019), and received less logistic support (i.e., transportation) from their 

parents (p = 0.012). TD children had increased muscle strength compared to the DCD (p ≤ 

0.001) and At Risk (p ≤ 0.001) groups. Results indicated that, relative to TD children, children 

with DCD have multiple physiological deficits, receive less parental logistic support for PA 

involvement, and report lower scores on psychological constructs that are predictive of PA 

involvement. 

 

2.2 What this paper adds?  

The study provides a comprehensive, three-group approach to assessing variables that 

influence PA, including objectively measured physiological factors, psychosocial factors, and 

levels of parental support. Our results highlight that children in the DCD and At Risk groups 



 30 

differ not only from TD children but also from each other, with children with DCD 

experiencing deficits across multiple domains. This study highlights the importance of 

appropriately identifying whether children have, or are at risk of, low movement proficiency, 

in order to better address the deficits experienced by these children. These findings also 

provide information that may guide best practice exercise (or PA) interventions in this 

population. 

 

Key Words: Developmental Coordination Disorder; movement proficiency; physical 

activity; physical fitness; parent support; self-perceptions 
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2.3 Introduction 

Regular childhood physical activity (PA) has well established associations with 

improved physical health and psychological wellbeing.1 During childhood and adolescence, 

higher PA levels also correlate positively with engagement and achievement in school, protect 

against obesity, and play an important role in determining lifelong activity patterns.2,3 Even 

though the benefits of PA are well known,4 research has shown a steady decline in PA 

participation rates after the age of five.2 As a result, there is an urgent need to better understand 

the characteristics of children not engaging in PA, along with those at risk of reduced 

participation. 

There are a variety of individual (e.g., physical, developmental, behavioural) and 

external (e.g., family support, access to PA facilities) factors that contribute to child and 

adolescent PA participation.5 One such factor is movement proficiency, which has been shown 

to support childhood and adolescent PA participation.6 Movement proficiency represents the 

extent to which individuals can competently perform movement skills, and during childhood, 

movement proficiency not only provides the foundation for PA participation,6,7 it also aids in 

the development of skills necessary for popular forms of adult PA.7 Children with low 

movement proficiency represent a subset of children who often have difficulties engaging in 

regular PA.8 Low movement proficiency that is not associated with any other identifiable 

movement-related condition is typically diagnosed as Developmental Coordination Disorder 

(DCD). DCD is a neurodevelopmental disorder in which the acquisition and execution of 

coordinated motor skills is substantially below that expected for age. It is characterised by 

difficulties with fine and/ or gross motor skills, and can impact on the performance of activities 

of daily living and participation in academic, leisure, and play activities.9 Importantly, children 

with DCD are less likely to engage in adequate amounts of PA, and are therefore more likely 

to experience negative health outcomes.10,11 

Given the association that exists between movement proficiency and PA participation, 

it is not surprising that recent research has demonstrated that children with DCD are less 

physically active compared to their typically developing (TD) peers.8,10 As well as limiting 
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opportunities to accrue PA-induced health benefits,10,11 this lack of PA among children with 

DCD has also been shown to contribute to deficits in other important physiological 

characteristics, including lower cardiorespiratory fitness (CRF), reduced muscle strength, and 

increased body fat – when compared to their TD peers.8,12,13  

Developing a comprehensive understanding of the physiological characteristics of 

children with DCD is important given that these children (a) experience difficulties 

developing and performing movement skills, (b) are less active than their peers, and (c) display 

reduced performance on several measures of physical fitness. To date though, there have been 

inconsistencies in physiological evidence (e.g., body composition) among this cohort.14,15 

Additionally, variation in the methods used to assess CRF has resulted in discrepant 

information regarding the exact nature of the fitness-related deficits among children with DCD 

(relative to TD children). Specifically, assessments that rely on predictive methods, or that 

have used an exercise modality requiring coordination (e.g., shuttle run tests), and that place 

children with DCD at significant disadvantage, may not provide accurate estimates of fitness 

for this population.13,16 It is therefore important that researchers employ a range of objective 

measures to determine physical fitness parameters. Such measures facilitate the accurate 

detection of potential physiological deficits in children with DCD, and inform best practice 

physical interventions in this population. 

In addition to physiological profiles, the impact of psychosocial and familial factors 

on PA participation is important to consider. With respect to psychosocial considerations, the 

assessment of PA-related variables among children with DCD would be incomplete without 

accounting for important psychological factors that drive movement proficiency and PA 

engagement. Among TD children, researchers have demonstrated that perceived movement 

proficiency may mediate the relationship between childhood skill proficiency and adolescent 

PA or fitness.6 Additionally, between the age of 6 and 12 years (during which time declines in 

PA are apparent), children become more accurate appraisers of their movement proficiency, 

resulting – in some instances – in a stronger correlation between perceptions of, and actual, 

movement proficiency.17 Among children with DCD, perceptions regarding one’s movement 
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competence, and one’s predilection for PA, are key determinants of PA, and may represent 

barriers to regular participation; children with DCD, for example, have been shown to report 

lower perceived competence and enjoyment for PA than their TD counterparts.10,18 Indeed, 

Cairney et al. contend that PA differences between children with DCD and TD children may 

be largely a function of discrepancies in their PA-related perceptions. Clearly, it is important 

when profiling PA-related variables to account for the psychological (and not just 

physiological) factors that may distinguish children with DCD from their TD counterparts. 

Guided by these considerations, an aim of this work was to characterise a cohort of children 

across the spectrum of movement proficiency on relevant psychosocial factors and a range of 

objectively derived physiological fitness variables. 

Given that DCD often emerges in early childhood, and that familial influences on PA 

are critically important during one’s formative years, we also sought to assess relevant familial 

factors among these children. Regular PA participation during childhood is dependent, in part, 

upon appropriate encouragement and support from parents/guardians.19 Parents can support 

(or thwart) their children’s PA, through direct modelling (i.e., their own PA behaviour), 

providing logistical support (e.g., taking children to places where they can be active; enrolling 

children into physical activity programs), encouraging participation, restricting sedentary 

behaviour, and providing a conducive home environment.20 Given that physical fitness is an 

important underlying component for participation in regular PA across all ages (and is a 

reflection of PA behaviour), understanding potential differences in the physical fitness and 

modelling behaviour in parents of children with DCD is important. In addition to direct 

modelling support, Trost et al. reported that parental support is an important correlate of 

children’s PA, both directly and indirectly through positive relations with children and 

adolescents’ perceptions of competence.20 Furthermore, Beutum et al. reported that in children 

with DCD, primary carer’s participation in PA and the carer’s perception of the child’s motor 

skill were both significantly related to the percentage of time that the child engaged in 

moderate to vigorous physical activity (MVPA).21 These studies provide evidence of 

associations between parent behaviour/support and children’s PA levels. At present though, 
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there are limited examples in the literature using objective PA assessment alongside efforts to 

(a) document parent PA behaviour and support among children with DCD, or (b) establish 

comparisons between support provision among children with DCD relative to TD children. 

Much is known about the physiological and psychological characteristics of children 

with DCD. Relative to TD children, those with DCD may be less physically active, have 

poorer physical fitness, and report less favourable perceptions about PA.8,10,13,18 Given that 

DCD often emerges in childhood, and that parent support is a critical factor for the promotion 

of children’s movement skills and PA, it is possible that there may also be differences in the 

extent of PA support provided to children with DCD (relative to TD children). To date, 

however, studies of children with DCD have focused on a specific sub-set of physiological, 

psychological, and/or support-related concepts.10,12,21 Additionally, research has traditionally 

compared children in a two-group model (Children with DCD relative to TD children). The 

aim of this study was to provide a more holistic assessment of PA variables using a three-

group approach (Children with DCD, those ‘at risk’ of DCD, and TD children) whilst 

measuring a range of key physiological (e.g., body composition, muscle strength, CRF), 

psychological (e.g., perceived competence, enjoyment of PA), and parent support (e.g., 

logistical support for, and modelling of, PA) factors. On the basis of existing work,8,12,13 we 

hypothesised (a) that there would be significant differences in physiological characteristics 

across the three groups, with poorer movement proficiency associated with lower CRF, muscle 

strength, PA levels, and increased body fat, (b) parents of children with poorer movement 

proficiency would exhibit lower CRF and lower levels of PA, and (c) parents of children who 

are classified as having low movement proficiency would report lower levels of support for 

PA (when compared to parents of TD children). In line with existing research,10,18 we also 

anticipated that children who are classified as having low movement proficiency would report 

lower perceived competence, enjoyment, and predilection for PA relative to TD children. 
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2.4 Methods 

2.4.1 Participants 

One hundred and twenty children aged 6 to 12 years participated in this study; half 

with low movement proficiency, and half as TD controls matched for age (see Table 1). Along 

with their parent/guardian (see Table 2), participants were recruited for this study through the 

community including community-based paediatric exercise programs. Children who were 

allocated to the DCD group met the four diagnostic criteria for DCD.9  

Low movement proficiency was determined using (a) the Movement Assessment 

Battery for Children-2 test (MABC-2;22 criterion A); (b) parents reported that their child had 

difficulty performing recreational and daily activities upon self-referral to the community-

based exercise programs (criterion B); (c) the children experienced movement difficulties, 

which had an onset in the early developmental period (criterion C); and, (d) children with an 

intellectual disability or medical condition that prevented their participation in PA (e.g., 

physical injury, cerebral palsy) were excluded (criterion D). No children were diagnosed with 

Autism Spectrum Disorder (ASD) or Attention Deficit Hyperactivity Disorder (ADHD); 

however, we evaluated the presence of symptoms of these conditions using the Autism 

Spectrum Quotient and Vanderbilt ADHD Diagnostic Parent Rating Scale. Written consent 

was obtained from a parent/ guardian, along with ongoing verbal assent from the child, and 

the relevant human research ethics committee approved the study. An a priori power analysis 

indicated a sample size of 110 was required to detect significant between-group differences 

(TD v DCD) based on an anticipated medium effect size (d = 0.62) for PA.10  
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Table 1. Descriptive characteristics of child participants (N=117) 
 
Child Characteristics TD (n=60) At Risk (n=19) DCD (n=38) 

 M (SD) M (SD) M (SD) 

Age (years) 8.9 (1.9) 8.1 (1.9) 9.2 (1.8) 

Body Mass (kg) 30.3 (9.7) 26.5 (6.5) 33.9 (9.9) 

MABC-2 (percentile) 57.53 (22.8) 13.1 (22.8) 2.31 (1.85) 

PA (MVPA) 197.34 (98.2)a 175.29 (87.3) 136.08 (90.7)a 

Physiological     

Lean Mass (kg) 22.29 (5.0) 20.11 (3.8) 23.42(5.9) 

Body fat percentage 21.86 (8.4)a 20.11 (6.6)b 27.02 (9.7) ab 

CRF ( peak; ml/kg/min) 39.73 (8.4) 39.38 (6.6) 35.94 (7.7) 

Total 5RM strength (kg) 91.20 (24.7)cd 71.05 (17.6)c 69.28 (19.9)d 

Perceptions of PA    
Predilection 28.39 (5.6)c 26.52 (6.4)b 22.00 (6.8) bc 
Enjoyment 10.08 (2.2) 9.89 (2.9) 8.81 (3.5) 
Adequacy 22.35 (4.1)c 22.10 (4.3)b  18.18 (5.7) bc 

Note: MABC-2= movement assessment battery for children-2; PA= physical activity; 
MVPA= moderate to vigorous physical activity; CRF= cardio-respiratory fitness; 5RM= five-
repetition maximum 
a Groups are significantly different from each other (p < 0.05) 
b Groups are significantly different from each other (p < 0.05) 
c Groups are significantly different from each other (p < 0.01) 
d Groups are significantly different from each other (p < 0.01) 
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Table 2. Descriptive characteristics of parent participants (N=93) 

Parent Characteristics TD (n=42) At Risk (n=17) DCD (n=34) 
Gender    

Male 31 8 11 
Female 11 9 23 

 M (SD) M (SD) M (SD) 
Age (years) 42.89 (4.8) 43.6 (4.5) 43.53 (3.5) 
Body Mass (kg) 75.82 (18.4) 75.98 (17.5) 79.42 (16.8) 
PA (MVPA) 36.66 (20.6) 38.13 (19.6) 32.84 (19.3) 
Physiological     
Lean Mass (kg) 47.53 (10.2) 48.91 (10.0) 45.84 (9.3) 
BF percentage 33.61 (9.1) 29.92 (8.7) 37.65 (9.3) 
CRF ( peak; ml/kg/min) 30.29 (8.6) 35.08 (9.5) 28.43 (9.5) 
PA Support    
Logistic Support 3.38 (0.5)a 3.21 (0.6) 3.04 (0.7)a 
Modelling 3.17 (0.7) 3.39 (0.5) 2.99 (0.7) 
Use of Community Resources 3.21 (0.6) 3.14 (0.7) 3.05 (0.6) 
Restricting Sedentary 
Activities 3.53 (0.5) 3.54 (0.6) 3.24 (0.5) 

Note: PA= physical activity; MVPA= moderate to vigorous physical activity; CRF= 
cardiorespiratory fitness; 5RM= five-repetition maximum 
a Groups are significantly different from each other (p < 0.05) 
 

2.4.2 Design 

Participants attended three, one-hour assessment sessions, each separated by at least 

two days. During the first session, movement proficiency and muscle strength were assessed, 

and PA monitors were provided to both parent and child. In the second session, body 

composition and the fastest walking speed of both parent and child were measured during a 

 familiarisation procedure, and child and parent questionnaires were administered. During 

the third session, CRF was assessed and parents completed additional symptom questionnaires 

related to ADHD and ASD. PA monitors were collected on the final session or on completion 

of the minimum wear time. 
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2.4.3 Assessment measures 

Movement proficiency. Movement proficiency was assessed using the MABC-2 test, 

and scored according to the MABC-2 manual in order to gauge the movement proficiency of 

each child.22 The MABC-2 test assesses proficiency on three main components: manual 

dexterity; aiming and catching; and balance. For each component, age-adjusted standard 

scores and percentiles are calculated. Each child received standardised instructions before 

each task, as outlined in the MABC-2 instruction manual.22 The MABC-2 testing was 

conducted by an experienced movement specialist. For the purpose of categorical analyses, 

children whose overall proficiency fell on or below the 5th percentile were placed in the DCD 

group; while those who fell between the 6th and the 16th percentile were grouped in the ‘at risk 

of DCD’ (At Risk) group, and those scoring above the 16th percentile were classified as TD.22 

Indications of Autism Spectrum Disorder. Indications of ASD was measured using 

the Autism Spectrum Quotient.23 The tool is a 10-item parent questionnaire developed to 

detect autistic traits in children. Statements were rated on a 4-point scale ranging between 

“Definitely agree” and “Definitely disagree”, with reversed scoring on 4 of the 10 statements. 

Individual scores above 6 indicate the presence of autistic traits and that further assessment 

should be considered. Scores derived from the Autism Spectrum Quotient have been shown 

to demonstrate validity evidence in previous reports.23 

Indications of Attention Deficit Hyperactivity Disorder. Indications of ADHD 

were assessed with the Vanderbilt ADHD Diagnostic Parent Rating Scale,24 a 45-item 

symptom instrument including all 18 symptoms that are characteristics of ADHD, where 

parents rate their child on a 4-point scale ranging from never (0) to very often (3). Scores 

derived from the Vanderbilt ADHD Diagnostic Parent Rating Scale have been shown to 

display evidence of concurrent validity and internal consistency.24 

Moderate to vigorous physical activity. MVPA was monitored using an ActiGraph 

GT3X-BT activity monitor, which has shown evidence of concurrent validity and intra-/ inter-

unit reliability when used to measure PA in TD children and clinical populations.25 

Accelerometers were worn on the waist for a minimum of four days (three weekdays and one 
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weekend day) to assess MVPA levels. The activity cut points established by Freedson and 

colleagues were used to determine minutes spent in MVPA (501-7600 counts per minute) for 

children.26 For parents, the activity cut points established by Freedson and colleagues were 

used to determine minutes spent in MVPA (1952+ counts per minute).27 PA data are reported 

in average daily time spent in MVPA. 

Body composition. Body composition was assessed using a full body dual energy x-

ray absorptiometry scan (DEXA; Encore 2004, Lunar Prodigy, GE Medical Systems, 

Madison, WI, USA), which has been shown to be a valid tool for the measurement of body 

composition in both children and adults.28 Participants were weighed barefoot and with 

minimal clothing, and height was measured prior to the scan. Lean mass was used as an 

estimation of muscle mass and body fat percentage was utilised to determine adiposity. 

Cardiorespiratory fitness. Following a treadmill familiarisation session, 

participants’ fastest walking speed was determined through walking on the treadmill at 

progressive increments of 0.2 km/hr every 20 seconds, commencing at 4.8 km/hr, until there 

was a transition from a walk to a run.29 In a follow-up session, peak oxygen uptake ( peak) 

was assessed on a breath-by-breath basis using a Cosmed portable analyser (Model K4b2; 

Cosmed, Rome, Italy). The unit (70 mm x 50 mm x 100 mm; 475 grams) was worn in a chest 

harness and an appropriate facemask (i.e., paediatric or adult size) was fitted. Participants’ 

expired gases were collected via the facemask connecting a sampling line to a biodirectional 

flowmeter, and then to the O2 and CO2 analyser, allowing air flow volumes and fractions of 

expired oxygen and carbon dioxide to be measured. Prior to the commencement of testing, the 

unit was calibrated in accordance with the manufacturer’s guidelines. Participants then 

completed an incremental treadmill protocol previously used in a DCD population,14 which 

commenced at 1 km/hr below the previously determined fastest walking speed. The treadmill 

gradient was increased every two minutes, with a 30 seconds rest in between stages until 

volitional exhaustion; heart rate (Polar FT7 monitor) was recorded at the end of each stage. 

After a period of rest, to ensure a peak was reached, each child completed an additional three 
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minute supra-maximal effort at 110% of the speed that was attained in the peak test.30 

Participants’ expired respiratory gases were collected throughout, and ratings of perceived 

exertion were assessed using a visual scale at the end of each stage.31 The test was considered 

a peak if participants met two of the following three criteria: respiratory exchange ratio value 

was greater than 1.00; heart rate equal to or greater than 90% age predicted heart rate max; 

and volitional exhaustion.32 For the purpose of analyses, participants’ peak corrected to 

body mass was recorded as an indicator of CRF. 

Muscle strength. A five-repetition maximum (5-RM) strength test was administered 

to assess dynamic maximal strength – via chest press, leg press, and pull down – using 

specialised seated paediatric weight-supported pin-loaded machines. The 5-RM method is the 

maximal weight an individual can move through a full range of motion five times, whilst 

maintaining correct technique.33 Each exercise was verbally explained and demonstrated, and 

the initial load for each exercise was set at the lowest setting for the purposes of providing a 

warm up and allowing the child to become familiarised with the equipment. The child was 

then instructed to perform five repetitions. If the child succeeded, a rest period of three minutes 

was given, and another set was attempted with an increased load based on the child’s rating 

of perceived exertion.31 This process continued for a maximum of five sets so as to minimise 

fatigue. The 5-RM was recorded as the last resistance lifted in which the participant was able 

to complete all five repetitions through full range and without loss of technique (as judged by 

the exercise specialist).34 The instructor ended children’s participation if their technique failed 

during a set or if a full repetition was not performed. 

Children’s self-perceptions. The Children’s Self Perceptions of Adequacy in and 

Predilection for PA (CSAPPA)35 questionnaire was used to determine children’s perceptions 

of their adequacy in performing PA (‘adequacy’ – 7 items), likelihood of selecting 

(‘predilection’ – 9 items) PA, and enjoyment of (‘enjoyment’ – 3 items) physical education in 

school. Participants were requested to rate a series of structured alternative statements 

according to how they felt at that moment in time. For example, children were asked to choose 
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the option that they felt best described them from pairs of statements such as “some kids are 

among the last to be chosen for active games” and “other kids are usually picked to play first”, 

and were then instructed to indicate whether the selected sentence was either “sort of true for 

me” or “really true for me”. Responses to each item are coded from 1 to 4, where higher 

numbers represent greater adequacy/ predilection/enjoyment. Scores derived from the 

CSAPPA have been shown to demonstrate strong test-retest reliability.35 Internal consistency 

estimates (α) for scores derived from each CSAPPA dimension in this study were 0.83, 0.83, 

and 0.86 for adequacy, predilection, and enjoyment, respectively. 

Parents’ support for PA. The Activity Support Scale for Multiple Groups (ACTS-

MG)36 parent report is a 12-item questionnaire assessing parental support for PA, consisting 

of four subscales representing logistic support (e.g., taking children to places where they can 

be active), modelling, use of community resources, and restricting sedentary activities. Parents 

were asked to respond to statements (e.g., “I take my child to places where he/she can be 

active”) using response options anchored at 1 (strongly disagree) and 4 (strongly agree). 

Researchers have demonstrated evidence for validity and reliability of scores derived from the 

ACTS-MG,36 and in this study, internal consistency estimates (α) for logistic support, 

modelling, use of community resources, and restricting access to screen-based activities were 

0.65, 0.88, 0.73, and 0.90 respectively. 

 

2.5 Data analysis 

Prior to performing primary analyses, data were assessed for normality and 

homogeneity. Three child participants (from the 120 recruited) were excluded from all 

analyses due to being extreme outliers on the body composition variables (i.e., z scores > 3). 

Of the 117 children included in the final sample, 74 participants were male (TD = 32; At Risk 

= 13; DCD = 29) and 46 female (TD = 28; At Risk = 9; DCD = 9). Fifteen children (TD = 3; 

At Risk = 2; DCD = 10) were identified as having traits of ASD, 17 children (TD = 3; At Risk 

= 4; DCD = 10) exhibited one subtype of ADHD, and three children (At Risk = 2; DCD = 1) 

exhibited both attention deficit and hyperactivity traits. One child did not complete a body 
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composition assessment due to parent request, and 12 children did not meet the previously 

stated criteria for a peak; missing data for these children were treated using pairwise 

deletion. Demographic information for the final sample (excluding outliers and omissions) is 

presented in Table 1. 

Given that any parent may have multiple children participating in the study, analysis 

on parent-child dyads was computed using the first child who participated in the study (i.e., 

the first child of that parent to complete the procedure). Of the 99 parents who were recruited, 

six declined to participate in the parent component of the study (N = 93). With regards to 

physical outcomes, one parent declined to participate in the body composition assessment, 

five parents chose not to complete the CRF testing due to illness/injury, and three parents were 

unable to achieve a peak (missing data were again treated using pairwise deletion). 

Demographic information for the final parent sample (excluding outliers and omissions) is 

presented in Table 2. 

In order to compare children’s physiological and psychological variables across 

different movement proficiency classifications, two-way (i.e., 2 × 3; gender x movement 

proficiency classification) multivariate analyses of variance (MANOVAs) were performed. In 

the first MANOVA, dependent variables included all physiological indices (i.e., CRF, muscle 

strength, body composition, MVPA); in the second, dependent variables included children’s 

PA perceptions (i.e., adequacy, enjoyment, predilection regarding PA). Gender was included 

as a factor alongside movement proficiency classification based on gender differences 

previously reported for children’s PA-related characteristics.2 To examine differences in 

parent physiological variables and support for child PA (i.e., all variables reported by or 

collected with parents) according to child gender and movement proficiency classification, 

separate two-way (i.e., 2 × 3; child gender x movement proficiency classification) MANOVAs 

were again performed. The first MANOVA included physiological indices as dependent 

variables (i.e., CRF, muscle strength, body composition, MVPA), and the second included 
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dimensions of parent support for child PA (i.e., logistic support, modelling, use of community 

resources, and restricting sedentary activities). 

 

2.6 Results  

2.6.1 Children’s physiological characteristics 

Analyses revealed significant multivariate main effects for proficiency group, F(10, 

182) = 4.86, p = 0.001, η2
p = 0.21, λ = 0.62, and gender, F(5, 91) = 2.54, p = 0.034, η2

p = 0.12, 

λ = 0.88, but no proficiency-by-gender interaction effect, F(10, 182) = 0.59, p = 0.816, η2
p = 

0.03, λ = 0.94. Univariate follow-up analyses identified that the proficiency group effect was 

accounted for by significant between-group differences on MVPA, F(2, 95) = 3.378, p = 0.03, 

η2
p = 0.06, body fat percentage, F(2, 95) = 4.31, p = 0.016, η2

p = 0.08, muscle strength, F(2,95) 

= 14.58, p = <0.001, η2
p = 0.24, and CRF, F(2, 95) = 3.83, p = 0.025, η2

p = 0.08, but not lean 

mass, F(2, 95) = 1.20, p = 0.30, η2
p = 0.03.  

Post-hoc analysis for MVPA indicated that participants in the DCD group scored 

significantly lower than TD children (mean diff = 52.64, p = 0.036, d = 0.56; see Table 1 for 

descriptive output); however, participants classified in the At Risk group did not differ 

significantly from the TD (mean diff = 26.29, p = 0.608, d = 0.28) or DCD groups (mean diff 

= 26.34, p = 0.644, d = 0.29). For body fat percentage, children in the DCD group displayed 

significantly greater body fat percentage than the TD (mean diff = 4.96, p = 0.019, d = 0.56) 

and At Risk (mean diff = 7.31, p = 0.013, d = 0.95) groups; no significant difference emerged 

between the TD and At Risk group (mean diff = 2.35, p = 0.584, d = 0.31). For muscle strength, 

TD children were significantly stronger than both the At Risk (mean diff = 22.36, p = 0.001, 

d = 1.10) and DCD (mean diff = 23.39, p = 0.001, d = 1.10) groups; no significant difference 

emerged between the At Risk and DCD group (mean diff = 1.03, p = 0.987, d = 0.06). Finally, 

although a significant difference in CRF was identified at the univariate level, post hoc follow 

up demonstrated no significant difference between the TD and At Risk groups (mean diff = 

0.41, p = 0.983, d = 0.05); with differences observed between TD and children with DCD only 

approaching significance (mean diff = 4.10, p = 0.059, d = 0.49). 
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Although inspection of gender effects was not of substantive importance for 

addressing our hypotheses, follow up analyses revealed that the gender effect was accounted 

for by significant differences in body fat percentage, F(1, 95) = 7.44, p = 0.008, η2
p = 0.07, 

and CRF, F(2, 95) = 5.60, p = 0.020, η2
p = 0.06. Females (M = 26.29, SD = 8.63) had 

significantly higher body fat percentage than males (M = 21.90, SD = 8.52) and lower CRF 

(M = 36.49, SD = 8.59) than males (M = 40.17, SD = 7.96). There was no significant different 

between genders for MVPA, F(2, 95) = 0.92, p = 0.762, η2
p = 0.00, lean mass, F(2, 95) = 0.29, 

p = 0.591, η2
p = 0.00, or muscle strength, F(2, 95) = 0.43, p = 0.837, η2

p = 0.00.  

 

2.6.2 Children’s self-perceptions 

Analysis of differences on children’s perceptions of adequacy, predilection toward, 

and enjoyment of PA revealed significant multivariate main effects for movement proficiency, 

F(6, 216) = 3.94, p = 0.001, η2
p = 0.09, λ = 0.81, but no multivariate main effect for gender 

F(3, 108) = 0.86, p = 0.462, η2
p = 0.02, λ = 0.98, and no multivariate interaction effect F(6, 

216) = 1.00, p = 0.423, η2
p = 0.03, λ = 0.94. Univariate follow-up analyses revealed that the 

proficiency group effect was accounted for by significant between-group differences on 

predilection, F(2, 110) = 11.57, p < 0.001, η2
p = 0.17, enjoyment, F(2, 110) = 4.39, p = 0.015, 

η2
p = 0.07, and adequacy, F(2, 110) = 7.67, p = 0.001, η2

p = 0.12.  

Inspection of post-hoc (i.e., Tukey’s HSD) tests for predilection revealed that children 

with DCD reported significantly lower predilection for PA than their TD (mean diff = 6.39, p 

≤ 0.001, d = 1.02) and At Risk (mean diff = 4.53, p = 0.030, d = 0.68) counterparts; no 

significant difference was observed between the TD and At Risk groups (mean diff = 1.86, p 

= 0.496, d = 0.31). For adequacy, post-hoc tests showed that children with DCD reported 

significantly lower adequacy perceptions compared to both the TD (mean diff = 4.17, p ≤ 

0.001, d = 0.83) and At Risk (mean diff = 3.92, p = 0.013, d = 0.77) groups; again, no 

significant difference was apparent between the TD and At Risk groups (mean diff = 0.25, p 

= 0.979, d = 0.06). Finally, despite observing a significant effect for enjoyment at the 

univariate level, post hoc analysis revealed no significant difference between DCD and At 
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Risk groups (mean diff = 1.08, p = 0.37, d = 0.33), with differences between the DCD and TD 

groups only approaching significance (mean diff = 1.27, p = 0.08, d = 0.42).  

 

2.6.3 Parent physiological capacity 

Analyses revealed no significant multivariate main effects for parents’ physiological 

capacity according to their child’s movement proficiency classification, F(8, 140) = 1.42, p = 

0.192, η2
p = 0.08, λ = 0.85, or their child’s gender F(4, 70) = 0.35, p = 0.843, η2

p = 0.02, λ = 

0.98, and no significant multivariate interaction effect, F(8, 140) = 0.867, p = 0.546, η2
p = 

0.05, λ = 0.91.  

 

2.6.4 Parental support for physical activity 

Analyses of parent support revealed a significant multivariate main effect for child 

proficiency group, F(8, 164) = 2.40, p = 0.018, η2
p = 0.10, λ = 0.80, but no multivariate main 

effect for gender, F(4, 82) = 0.83, p = 0.512, η2
p = 0.03, λ = 0.96, and no multivariate 

interaction effect, F(8, 164) = 0.79, p = 0.615, η2
p = 0.04, λ = 0.93. Univariate follow-up 

analyses identified that the child proficiency group effect was accounted for by significant 

between-group differences on logistic support, F(2, 91) = 3.36, p = 0.039, η2
p = 0.07, but not 

modelling, F(2, 91) = 1.69, p = 0.191, η2
p = 0.04, use of community resources, F(2, 91) = 0.47, 

p = 0.623, η2
p = 0.01, or restriction of sedentary activities, F(2, 91) = 0.54, p = 0.179, η2

p = 

0.04. Examination of post-hoc tests for logistic support indicated that parents of children with 

DCD reported providing significantly lower logistic support than parents of TD children 

(mean diff = 0.38, p = 0.012, d = 0.56); parents of children in the At Risk group did not differ 

from parents with children in the TD (mean diff = 0.22, p = 0.239, d = 0.32), or DCD (mean 

diff = 0.16, p = 0.401, d = 0.25) groups. 

 

2.7 Discussion 

The present study focused on testing (a) differences in physiological characteristics 

and PA-related perceptions between children with DCD, those At Risk, and TD children, and 
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(b) how parents/guardians of these children differ in physical fitness and PA support for their 

child. Our hypotheses were broadly supported, with analyses revealing significant differences 

between movement proficiency groups on physiological characteristics, self-perceptions 

regarding PA, and parental support. More specifically, compared to TD children, those with 

DCD engage in less MVPA and have lower muscular strength and increased body fat 

percentage – these results are in line with previous findings.12,13 Interestingly, the At Risk 

group presented with a singular deficit in physiological capacity - muscle strength - with no 

evidence of impact on MVPA levels compared to TD children. It is possible the magnitude of 

the deficit in muscle strength seen in the At Risk group was not substantial enough to impact 

on MVPA levels, but highlights the importance of early detection and intervention to 

counteract potential further decline and impact on other physiological characteristics. Results 

suggest that children At Risk are more like TD children in their physiological characteristics 

than children with DCD, and providing evidence that a three-group approach may have greater 

merit than the traditional two-group classification. In addition to differences in multiple 

physiological parameters, children with DCD also reported lower scores on psychological 

constructs and were provided with less logistic support than children in the TD or At Risk 

groups. Our results highlight the importance of appropriately identifying whether children 

have, or are at risk of, low movement proficiency, as this will enable researchers and clinicians 

to address the deficits experienced by these children. 

Contrary to previous findings,13,16 our results did not demonstrate that children with 

DCD (or at risk of DCD) had decreased CRF. Potential reasons for the discrepancy in findings 

are that our study used a laboratory-based assessment method, allowing participants to 

complete the progressive test at an individualised starting speed. In contrast, previous studies 

have utilised field-based assessments (e.g., shuttle run tests), typically in the form of group-

based exercise modalities requiring significant coordination, placing those with movement 

difficulties at a disadvantage, as well as the use of predictive equations to estimate . 

Moreover, it might also be possible that children with DCD may not be highly motivated to 
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perform field-based assessments alongside their peers.37 Although field-based assessments 

may correspond more closely to school yard play than lab-based protocols, to better 

understand the potential physiological challenges experienced by children with or ‘at risk’ of 

DCD, an individualised progressive testing protocol may provide a truer representation of 

CRF. 

Similar to previous studies, our results showed differences in both predilection and 

adequacy regarding PA across groups.10,18 Specifically, those with the lowest movement 

proficiency displayed lower perceived competence with regards to predilection for, and 

adequacy towards, PA compared to both TD and At Risk groups. This finding indicates that 

these children are not as confident in their ability to partake in PA, and that given the choice 

they would choose a sedentary based activity rather than active pursuits. 

The second aim of the study was to determine differences in parental physiological 

capacity and the PA support given to children across movement proficiency groups. It has 

been well established that parent support can positively or negatively influence PA through 

several mechanisms.20 In contrast to our hypothesis, analyses revealed that irrespective of 

which proficiency group their child was in, parents demonstrated similar levels of physical 

fitness and PA modelling behaviours. Our results imply that in seeking effective strategies 

with which to increase PA levels in children with DCD, targeting parents’ physical fitness and 

PA levels alone may not be efficacious. Although this is one of the first studies to investigate 

parent modelling behaviours among children with DCD, it has been reported previously that 

parent modelling alone may be insufficient in influencing TD children’s PA levels.20 

We observed no differences across parent/guardian fitness and PA modelling; 

however, analyses did reveal significant differences for parental logistic support (e.g., taking 

children to places where they can be active; enrolling children into physical activity 

programs). Specifically, parents of children in the DCD group reported providing significantly 

less logistic PA support than parents of children in the At Risk or TD groups. There are a 

variety of factors that could contribute to why parents of children with DCD provide less 

logistic support, but given that children with DCD have difficulties in physical and 
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psychosocial domains, it may be more challenging for parents to appropriately resource their 

child’s PA participation. It is also possible that parents may provide reduced logistic support 

for PA simply because they provide greater support in other domains (e.g., accessing allied 

health services). 

The strengths of this study include the range of assessments, the inclusion of children 

and parents, the three-group approach to quantifying movement proficiency, and the objective 

measurement of key physiological characteristics. These strengths should be balanced, 

however, against important limitations and associated future research directions. First, it is 

worth highlighting that we utilised a cross-sectional approach, and as a result, it is important 

to acknowledge that we did not seek to provide insight into the nature of the relationships 

between our variables of interest, and accordingly, it is worth noting that there may in fact be 

bidirectional relationships between many of these factors (e.g., muscle strength, body fat, and 

MVPA; motor proficiency and perceived competence). Additionally, whilst participants were 

screened for potential co-occurrence of symptoms of ASD and ADHD, this study was not 

powered to detect differences across our physiological and psychosocial variables and 

potential subgroups with multiple neurodevelopmental conditions such as ADHD + DCD. In 

the future, it would be particularly worthwhile to adopt prospective or longitudinal designs in 

which psychological and support-related factors (including potential confounding factors such 

as socioeconomic status) are modelled as predictors of MVPA and other physiological 

outcomes. As participants volunteered and were recruited from sites including a community-

based exercise program there is potential for a sampling bias, however we did not see this as 

a significant limitation given the differences observed. Future work should be done to 

investigate how community PA programs/ interventions can influence changes in child-related 

psychological and physical outcomes, in addition to affecting changes at a parent/guardian 

level. 
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2.8 Conclusion  

The findings of this study demonstrate that children with DCD – relative to TD 

children – present with deficits across physiological factors (e.g., strength, fitness, motor 

control, body composition), psychosocial (e.g., perceived competence) factors associated with 

PA, and levels of parental logistic support for PA. It is our hope that these findings may inform 

researchers not only as to the assessment methods most suited to identifying characteristics of 

children with movement difficulties (and their parents), but may also provide the platform for 

identifying key intervention strategies among this cohort. 
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2.10 Supplementary Material 

Table S2.1 Descriptive statistics for, and correlations between, child physiological characteristics and perceptions of PA 

 

Note. ** = p < 0.01 level, * = p < 0.05 level.  
 

 
 
 
 

Variables M SD 2 3 4 5 6 7 8 9 

           

1. Movement Proficiency (MABC-2) 66.21 19.12 0.34** -0.11 -0.28** 0.26** 0.44** 0.42** 0.24* 0.37** 

2. MVPA (mins) 174.31 97.46 -- -0.47** -0.40** 0.43** 0.85 0.14 0.12 0.26** 

3. Lean Mass (kg) 22.30 5.24  -- 0.34** -0.25** 0.56** 0.12 -0.03 -0.13 

4. Body Fat Percentage 23.26 8.94   -- -0.58** 0.15 -0.28** -0.37** -0.40** 

5. CRF ( peak; ml/kg/min) 38.60 8.35    -- 0.08 0.33** 0.35** 0.34** 

6. Muscular Strength (5RM) 80.81 24.49     -- 0.34** 0.18* 0.19* 

7.  Predilection 25.99 6.77    
  

-- 0.64** 0.70** 

8.  Enjoyment 9.64 2.88    
  

 -- 0.63** 

9.  Adequacy 20.95 5.10    
  

  -- 

!VO2
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Table S2.2 Descriptive statistics for, and correlations between, parent physiological characteristics and PA support 

 

Note. ** = p < 0.01 level, * = p < 0.05 level.  

 

Variables M SD 2 3 4 5 6 7 8 

1. MVPA (mins) 35.92 20.48 0.18 -0.41** 0.33** 0.09 0.41** 0.88 0.12 

2. Lean Mass (kg) 47.57 9.96 -- -0.21* 0.30** 0.00 0.22* 0.02 0.02 

3. Body Fat Percentage 34.81 9.73  -- -0.77** -0.16 -0.49** -0.10 -0.13 

4. CRF ( peak; ml/kg/min) 30.38 9.42   -- 0.13 0.55** 0.00 0.14 

5.  Logistic Support 3.22 0.60    -- 0.42** 0.88** 0.52** 

6.  Modelling 3.14 0.71     -- 0.42** 0.37** 

7.  Use of Community Resources 3.14 0.61      -- .52** 

8.  Restricting Sedentary Activities 3.42 0.56       -- 

!VO2
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3.1 Abstract  

Objectives: To evaluate if neuromuscular performance and hypermobility are factors 

associated with children’s motor competence. Design: Cross-sectional observation study. 

Methods: Data was collected on 60 children aged 6–12 years; motor competence was 

determined using the Movement Assessment Battery for Children-2 test, with children 

classified into 3 groups (Typically Developing n = 30; ‘At Risk’ of low motor competence 

(LMC) n = 9; LMC n = 21). Neuromuscular performance was determined utilising the 

Resistance Training Skills Battery for Children (RTSBc), 5-repetition maximum (5RM) leg 

press and Biodex dynamometry to assess isometric and isokinetic peak torque of the knee 

flexors and extensors. Hypermobility was measured using the Beighton and Lower Limb 

Assessment Score. Results: Between-groups MANCOVA revealed typically developing 

children scored significantly higher on the RTSBc than those ‘at risk’ of LMC (p = 0.021) and 

those in the LMC group (p < 0.001). 5RM scores also differed between groups, with typically 

developing children achieving significantly higher scores than the LMC group. No differences 

were found between groups for isometric or isokinetic measures of strength. Sequential 

regression analysis revealed neuromuscular performance variables explained 44.7% of the 

variance in motor competence, with RTSBc (p < 0.001) and 5RM (p = 0.019) emerging as 

positive significant predictors. Hypermobility failed to explain significant variance in motor 

competence beyond that explained by neuromuscular performance. Conclusions: 

Neuromuscular performance of children varies according to levels of motor competence, with 

those with LMC performing poorly on tasks requiring multi-joint movement. Furthermore, 

neuromuscular performance predicted almost half the variance observed in motor competence 

and highlights a novel intervention strategy. 
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3.2 Practical implications 

• Disparities in neuromuscular performance become apparent in children with LMC 

only with increases in task complexity. 

• Between-group comparisons demonstrate differences in five-repetition maximum leg 

press and the lower limb component score of the RTSBc, but no differences in 

isometric or isokinetic strength. 

• Neuromuscular performance predicted almost half the observed variance in motor 

competence 

 

 

Key Words: muscle strength, paediatric, motor proficiency, physical activity, movement 

difficulties 
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3.3 Introduction 

A physically active lifestyle during childhood supports growth, development, and 

health, and importantly, plays a role in determining lifelong activity patterns.1,2 Current 

recommendations indicate that children (5-17 years) should engage in a range of physical 

activities for at least 60 minutes per day for optimal health; however, up to 80% of children in 

western countries are not meeting this target.2,3 Numerous factors are proposed to contribute 

to insufficient physical activity (PA) levels, including poor motor competence (also referred 

to as motor proficiency, motor coordination and motor ability), poor health related fitness (i.e., 

cardio-respiratory fitness, body composition, muscular strength, hypermobility), psychosocial 

factors (i.e., motivation, confidence, and perceptions of physical competence), and a lack of 

parental/familial support.4,5 Low levels of participation in PA subsequently present children 

with fewer opportunities to develop motor competence, physical fitness, confidence, and 

motivation to be active. This negative ‘spiral’ may, therefore, exacerbates activity deficits and 

the negative health and developmental outcomes with which they are associated.4,6 

In order to understand PA levels in children, an emphasis has traditionally been placed 

on investigating the relationship between PA and motor competence (i.e., the extent to which 

an individual can competently perform a broad range of locomotor, stability and object control 

skills).7 Children with low motor competence (LMC) typically display lower levels of PA, and 

additionally, have difficulty with activities of daily living, scholastic achievement, and active 

play due to impairments in fine and gross motor skills.8 Despite evidence of a relationship 

between motor competence and PA, however, efforts to improve motor competence and 

subsequent PA levels (of children with LMC) through motor skill interventions have yielded 

limited and/or variable success. For example, although some studies have demonstrated 

changes in motor competence immediately post-intervention, effects on PA may have been 

absent, and any observed changes in motor competence were not sustained over time.9 As 

such, researchers and clinicians have questioned whether other psychological and health-

related factors may contribute to PA and motor competence profiles in children. With respect 

to psychosocial factors, children with LMC demonstrate lower levels of motivation and 
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confidence to be active compared to their typically developing peers, which contributes to 

lowered PA participation.4,10 Additionally, differences between children with LMC and 

typically developing children have also been documented for health-related physical fitness 

factors—children with LMC, for instance, demonstrate lower cardio-respiratory fitness and 

increased adiposity.11–13  

Despite our understanding of some of the characteristics of children with LMC (e.g., 

PA levels, fitness, psychological attributes), however, evidence relating specifically to 

muscular strength, neuromuscular performance and hypermobility among children with LMC 

is sparse, and the limited evidence available is inconsistent in terms of findings and 

methodology.11,13,14 Specifically, Raynor assessed muscle strength via biodex dynamometry 

and reported significant differences in isokinetic knee flexion and extension between motor 

competence groups.14 However, a study by van der Hoek et al. assessed muscle strength via 

hand-held dynamometry and did not find differences in isokinetic knee extension.13 Similarly, 

inconsistencies in assessing hypermobility exist in the literature, with the rate of hypermobility 

in children with LMC being reported to be twice as high in comparison to typically developing 

children.15 However, others suggest this may be an over representation and called for stricter 

international cut off scores which would see the rate of hypermobility in children with LMC 

reduced to be in line with typically developing population.16 To date, no study has 

comprehensively examined muscle strength (i.e., isolated force production) through to 

neuromuscular performance (i.e., dynamic or complex multi-joint movements) and 

hypermobility in children with LMC. Ferguson et al. did propose that children with LMC have 

lower levels of muscular strength and endurance; however, the strength assessment methods 

utilised were power-based (i.e., movements that are explosive in nature).17 Due to coordination 

and motor planning difficulties, power-based assessments and other commonly employed 

strength assessments may not accurately reflect muscle strength estimates for children with 

LMC, but more likely assess neuromuscular performance. For the purpose of this study muscle 

strength is considered as single-joint isolated force production, with neuromuscular 

performance referring to the assessment of muscle strength in combination with motor control 
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(e.g., multi-joint movements including a leg press or step up activity). The role of 

hypermobility in LMC is similarly unclear, with inconsistencies in the reported prevalence of 

hypermobility and potential motor competence implications warranting further investigation. 

Common clinical justifications surround the increased mobility of the joints contributing to 

the deficit in muscular strength and motor development.18 However, the relationship between 

neuromuscular performance, hypermobility, and motor competence remains unclear.  

The aims of this study were to investigate (a) group differences in the strength, 

neuromuscular performance and hypermobility of children across motor competency 

classifications, and (b) the relationship between neuromuscular performance, hypermobility 

and motor competence. For the purpose of this study, motor competence was treated as both a 

categorical variable (aim a) and as a continuous variable (aim b) for greater sensitivity and to 

more accurately reflect the continuum of motor competence in children. We hypothesised that 

there would be significant differences in neuromuscular performance, strength and 

hypermobility between children with and without low levels of motor competence, with lower 

motor competence characterised by lower strength, neuromuscular performance and increased 

presence of hypermobility. We also hypothesised secondary analyses would demonstrate that 

strength, neuromuscular performance and hypermobility were positive predictors of variance 

in motor competence. 

3.4 Methods 

Sixty children aged 6 to 12 years were recruited from the community, including 

community-based paediatric exercise programs; 50% (i.e. n= 30) with or at risk of LMC, 

matched for age with typically developing controls (see Table 1). Written consent was 

obtained from a parent/guardian, as was ongoing verbal assent from the child. The study was 

approved by the relevant human research ethics committee (RA/4/1/7174). 

Participants attended two, one-hour assessment sessions, each separated by at least 

two days. During the first session, motor competence, repetition maximum muscle strength 

and hypermobility were assessed. In the second session, body composition, resistance training 

skill competency, and isometric and isokinetic muscle strength were assessed. 
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Table 1. Descriptive characteristics of participants (N=60) 

Characteristics TD  At Risk LMC  

n (% male) 30 (60) 9 (67) 21 (76) 
Beighton  
(% hypermobile) 7 (23) 2 (22) 7 (33) 

LLAS (% hypermobile) 7 (23) 4 (44) 10 (47) 

 M (SD) Range M (SD) Range M (SD) Range 

Age (years) 7.9 (1.6) 6.0- 11.9 7.2 (1.3) 6.0- 10.25 8.3 (1.5) 6.75- 12.2 

Height (cm) 128.1 (10.3) 111.5- 150.5 125.5 (8.2) 116.0- 140.0 132.3 (9.7) 118.0- 157.5 

Body Mass (kg) 26.9 (7.3) 17.5- 56.3 25.2 (5.4) 18.8- 37.3 29.8 (7.5) 18.8- 47.3 

Lean mass (kg) 20.4 (3.9) 13.7- 30.5 18.8 (3.1) 14.9- 25.9 20.8 (3.2) 15.4- 26.9 

Body fat (%) 23.4 (9.9) 7.7- 47.6 21.2 (4.2) 14.9 – 27.8 20.9 (7.9) 12.1- 38.8 

MABC-2 (total raw score) 84.1 (8.5)ab 70- 100 63.4 (3.0)ac 58-67 43.9 (9.4)bc 23- 55 
Note. MABC-2= movement assessment battery for children-2; LLAS= lower limb assessment score  
a Groups are significantly different from each other (p < 0.01) 
b Groups are significantly different from each other (p < 0.01) 
c Groups are significantly different from each other (p < 0.01) 
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Motor competence was assessed using the Movement Assessment Battery for 

Children, 2nd edition (MABC-2) test, which was implemented and scored according to the 

MABC-2 manual.19 The MABC-2 test assesses motor skill proficiency on manual dexterity, 

ball skills, and balance. For each component, age-adjusted standard scores and percentiles are 

calculated. Testing was conducted by an experienced movement specialist (e.g., allied health 

or exercise therapist) trained in paediatric assessment, with each child receiving standardised 

instructions before each task. For the purpose of categorical analyses, children whose overall 

proficiency fell at or below the 5th percentile were classified into the ‘LMC’ group, those who 

fell between the 6th and the 16th percentile were classified into the ‘at risk LMC’ group, and 

those scoring above the 16th percentile were classified as typically developing.19 For regression 

analyses the total test score for participants were utilised. 

Body composition was assessed using a full body dual energy x-ray absorptiometry 

scan (DEXA; Encore 2004, Lunar Prodigy, GE Medical Systems, Madison, WI, USA), which 

has been shown to be a valid tool for the measurement of body composition in children.20 

Participants were weighed barefoot and with minimal clothing, and height was measured prior 

to the scan. Lean mass was used as an estimation of muscle mass and body fat percentage was 

utilised to determine adiposity.21 

Muscle strength was determined utilising a Biodex System 4 Pro Dynamometer 

(Model 900-860, serial P1-13) to assess isometric and isokinetic strength of the knee extensors 

and knee flexors. Participants were set up as per the standard Biodex protocols to performed 

three maximum isometric and three continuous maximum isokinetic repetitions at 60°/s and 

90°/s on their right leg as a non-trivial proportion of the participants had yet to establish a 

preferred leg. Isometric trials evaluated muscle peak torque (i.e., the maximum force that a 

muscle group can produce) normalised to body weight (PT/BW) in a static posture with the 

knee flexed at 90°/s. Isokinetic trials assessed muscle peak torque (PT/BW) throughout range 

of motion at 60°/s and 90°/s.  Low velocities were employed as they have good repeatability 

in children22 and have been shown to relate to gross motor functions, such as walking, in 

children.23 Continual verbal encouragement was provided throughout the assessment, with 
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adequate rest and recovery provided in between contractions to minimise fatigue. The Biodex 

is considered safe and provides valid data for paediatric populations.24  

 Neuromuscular performance was assessed using a five-repetition maximum (5RM) 

test via a specialised paediatric pin-loaded leg press machine. The 5RM (kg) was defined as 

the maximum capacity to perform five repetitions until momentary muscular exhaustion and 

was administered utilising standard protocol, with the addition of child’s rating of perceived 

exertion using a children’s OMNI Scale.25 The assessor ended the test if the child’s technique 

failed during a set or if a full repetition was not performed. 

 As the 5-RM test is completed in a machine-supported position, the Resistance 

Training Skills Battery for Children (RTSBc) was utilised to determine neuromuscular 

performance during unsupported movements (i.e., step up). The RTSBc is a resistance training 

specific skill competency, which is based on a youth version developed by Lubans et al., with 

both the youth and child version previously validated.26,27 It was administered according to 

procedures previously published by Bebich-Philip et al. and is appropriate for children.27 For 

the purpose of this study and to allow comparison between the strength (e.g., dynamometry) 

and other neuromuscular performance measures (e.g., 5RM), only the combined score for the 

two lower limb resistance skills (e.g., squat and step up) were utilised (range 0-10 points). 

The revised Beighton Score is a hypermobility assessment that provides valid and 

reliable data and is commonly used in the paediatric populations.16 Participants were asked to 

perform five manoeuvres in accordance to the procedure previously published by Smits-

Engelsman et al.; an item was declared positive (i.e., they scored a point) if the manoeuvre 

criterion was met.16 Participants were considered as hypermobile if the cumulative score was 

≥ 7points. 

Due to the predominance of the upper limb testing in the revised Beighton Score, the 

Lower limb Assessment Score (LLAS) utilised to assess hypermobility of the lower limb (hip, 

knee, ankle, subtalar, mid-tarsal and first metatarsophalangeal joint) and administered in 

accordance to the previously published guidelines.28 The LLAS yields a 12-point score on 

each side of the body, with the scores for each side tallied and the body averaged to establish 
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a final score. A score of ≥ 7 is an indication of hypermobility in the lower limbs. This threshold 

was identified within the validation of the scoring system.28 

Prior to performing primary analyses, data were assessed for normality and 

homogeneity, with no extreme outliers identified. See Table 1 for descriptive characteristics. 

In order to compare children’s neuromuscular performance and hypermobility across different 

motor competence classifications, one-way multivariate analyses of covariance (MANCOVA) 

were performed. Lean mass and body fat percentage were included as covariates based on the 

possible influence of these characteristics on the variables of interest.29 Significant group 

effects were then followed-up using post hoc tests with Bonferroni correction for multiple 

comparisons (p < 0.005). See supplementary material S3.1 for pearson’s zero-order correlation 

matrix for motor competence, strength, neuromuscular performance and hypermobility 

outcome variables. Secondary analyses (treating motor competence as a continuous rather than 

categorical variable), hierarchical linear multiple regression was performed using body 

composition, neuromuscular performance and hypermobility measures as independent 

variables to predict variance in motor competence.  

 

3.5 Results 

Analyses revealed a significant multivariate effect according to motor competence 

classification after controlling for body composition, F (20, 92) = 1.99, p =0.014, Wilks' Λ = 

0.49, partial η2 = 0.30. Follow-up analyses at the univariate level indicated significant 

differences in adjusted means (See Table 2) for RTSBc (F (2, 55) = 12.10, p < 0.001, partial 

η2 = 0.31) and 5RM Leg Press (F (2, 55) = 7.59, p = 0.001, partial η2= 0.26). No significant 

differences were observed in adjusted means across all other biodex dynamometry measures.  

Post hoc analysis of RTSBc scores indicated that participants in the typically 

developing group scored significantly higher than those in both the At Risk (mean diff = 2.67, 

p = 0.024) and LMC (mean diff = 3.41, p < 0.001) groups; no significant difference emerged 

between the At Risk and LMC group (mean diff = 0.73, p = 1.000). For 5RM leg press, 

typically developing children were significantly stronger that LMC children (mean diff = 
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13.48, p = 0.001); however, participants classified in the At Risk group did not differ 

significantly from typically developing (mean diff = 9.11, p = 0.180) or LMC groups (mean 

diff = 4.37, p = 1.000). 

Hierarchical linear multiple regression was used to examine neuromuscular 

performance variables (RTSBc and 5RM) and hypermobility (Beighton and LLAS) as 

predictors of motor competence (see Table 3), after controlling for body composition variables 

(% body fat and lean mass). Body composition variables was entered at Step 1, and did not 

explain significant variance in motor competence. After neuromuscular performance variables 

were entered at step 2, the total variance explained by the model as a whole was 45.9% (F 

(4,55) = 11.66, p <0.001). The two neuromuscular performance variables explained an 

additional 44.7% of the variance in motor competence, after controlling for body composition 

variables, R squared change = 0.447, F change (2,55) = 22.69, p <0.001; with the RTSBc and 

5RM muscle strength emerging as positive significant predictors. Hypermobility variables 

were entered at step 3, with 26.7% and 35.0% of the children classified as hypermobile as 

measured by the Beighton and LLAS respectively. However, it failed to explain significant 

variance in motor competence beyond that explained by neuromuscular performance (R2 

change = 0.006, F change (2,53) = 0.30, p = 0.738). 
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Table 2. Means, Adjusted means, standard deviations and standard errors for each motor competence group (N=60) 

Characteristics TD (n=30) At Risk (n=9) LMC (n=21) 

 M (SD) Madj(SE) M (SD) Madj(SE) M (SD) Madj(SE) 

Muscle Strength       

Isometric Peak Torque Extension 54.58 (21.6) 54.16 (2.6) 43.89 (18.88) 49.97 (4.8) 48.50 (17.9) 46.49 (3.1) 
Isometric Peak Torque Flexion 18.62 (10.8) 18.54 (1.3) 16.43 (10.4) 19.56 (2.3) 16.55 (9.4) 15.33 (1.5) 
Isokinetic (60/sec) Peak Torque Extension 45.50 (17.1) 45.07 (1.7) 39.08 (13.8) 44.33 (1.7) 43.3 (12.6) 41.63 (1.9) 
Isokinetic (60/sec) Peak Torque Flexion 19.60 (7.1) 19.51 (1.0) 16.10 (6.3) 18.17 (1.9) 19.93 (8.6) 19.15 (1.3) 
Isokinetic (90/sec) Peak Torque Extension 42.38 (15.4) 42.1 (1.5) 35.77 (13.9) 40.57 (2.7) 40.62 (11.3) 38.95 (1.7) 
Isokinetic (90/sec) Peak Torque Flexion 21.09 (7.8) 21.04 (0.9) 16.7 (6.1) 18.77 (1.8) 21.09 (6.7) 20.28 (1.1) 

Neuromuscular Performance       

RTSBc 17.90 (2.3)ab 17.91(0.5) 15.11 (2.1)a 15.24 (0.8) 14.57 (2.9)b 14.50 (0.5) 

5RM Leg Press 42.33 (16.2)b 42.30 (2.3) 31.11 (3.3) 33.19 (4.2) 29.67 (10.3)b 28.82 (2.7) 

Hypermobility       

LLAS 5.67 (1.6) 5.70 (0.3) 6.66 (2.01) 6.47 (0.6) 6.57 (1.7) 6.60 (0.4) 

Beighton 4.77 (2.4) 4.80 (0.4) 5.55 (1.2) 5.21 (0.7) 5.33 (2.4) 5.44 (0.5) 
Note. LLAS= lower limb assessment score; RTSBc= resistance training skill battery for children lower limb score; 5RM= five repetition maximum 
Covariates appearing in the model are evaluated at the following values: Lean Mass (kg) = 20333.5167, Body Fat Percentage (%) = 22.1767.a 
a Groups are significantly different from each other (p < 0.05) 
b Groups are significantly different from each other (p < 0.01)
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Table 3. Summary of hierarchical regression predicting motor competence from neuromuscular 
performance and hypermobility measures controlling for body composition variables (N=60). 
 

 Motor Competence 

Variable Step 1 Step 2 Step 3 

 B β B β B β 

Constant 59.2**  13.1  24.1  

Lean Mass 0.00 0.17 -0.00 -0.16 -0.00 -0.19 

Body fat (%) 0.26 0.11 0.19 0.08 0.17 0.07 

RTSBc   3.00** 0.44 2.91** 0.42 

5RM Leg Press   0.52* 0.37 0.52* 0.37 

Beighton     -0.51 -0.06 

LLAS     -0.49 -0.04 

Note. LLAS= lower limb assessment score; RTSBc= resistance training skill battery for children 
lower limb score; 5RM= five repetition maximum 
* p < 0.05  ** p < 0.001  
 

3.6 Discussion 

Adequate health related fitness is crucial for children to participate in PA and engage 

with their peers, even more so for those who already experience difficulties in motor 

competence. This study focused on investigating differences in the neuromuscular performance, 

strength and hypermobility of children across different levels of motor competence. 

Additionally, we sought to understand the relationship between neuromuscular performance, 

strength, hypermobility and motor competence. 

Contrary to our hypothesis and previous research by Raynor,14 we found no group 

differences in hypermobility or dynamometry strength measures (i.e., isometric and isokinetic 

knee flexion and extension) across the motor competence groups. Potential reasons for this 

discrepancy in results may be due to the difference in the age range of participants and/or the 

different tests used to classify motor competence in the respective studies. Additionally, Raynor 

utilised higher speeds in their isokinetic trials which may have increased the difficultly for those 

with low motor competence, resulting in poorer performance outcomes.14 However, in line with 

our hypothesis and previous literature,11,17 our results demonstrated group differences in 

neuromuscular performance measures requiring multi-joint movements (i.e., RTSBc, 5RM). 
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When compared to typically developing children, children with LMC had lower 5RM leg press 

scores and lower limb component score of the RTSBc.  This is the first study to demonstrate 

across a spectrum of strength and neuromuscular performance assessments—from isolated 

single-joint to more complex multi-joint movements—that disparities are apparent for children 

with LMC only with increases in task complexity. This finding may be of particular relevance 

to researchers and clinicians, given previous literature has highlighted that children with lower 

motor competence have deficits in strength,13 and often advocates for assessments or training 

protocols that minimize motor coordination aspects so not to put these children at a 

disadvantage.13,17 However, this is somewhat self-defeating as it appears that it is only when 

there is an element of motor coordination required within the task that deficits manifest, and this 

important consideration should be reflected in both assessment of neuromuscular performance 

in children with LMC and training interventions. Assessment measures and interventions 

designed to address neuromuscular performance deficits (i.e., strength during multi-joint 

movements) in children with LMC must balance task complexity with assessment sensitivity 

and specificity so as not to disadvantage children with LMC, but still be sensitive enough to 

determine and address any potential deficits. Utilising functional and validated measures such 

as the RTSBc should be a key consideration for practitioners or therapists; the RTSBc is a low 

cost measurement tool complex enough to differentiate deficits in neuromuscular performance 

but also minimize timing and coordination elements of explosive or complex sport specific tasks 

(i.e., broad jump). 

The second aim of the study was to determine whether neuromuscular performance and 

hypermobility were positive predictors of variance in motor competence. Given group 

differences were not seen in hypermobility assessment measures, it is not surprising that contrary 

to our hypothesis, hypermobility failed to predict variance in motor competence above that 

predicted by neuromuscular performance measures (i.e., 5RM leg press and RTSBc component 

score). However, in line with our hypothesis, measures of neuromuscular performance predicted 

almost half of the variance in motor competence. Further highlighting the importance of 

adequate neuromuscular performance skills in children particularly who have or are at risk of 



	 69	

LMC. Previous literature has highlighted that motor skill interventions have been unsuccessful 

in facilitating long-term improvements in motor competence nor increased PA participation.9 

Given our findings demonstrated a relationship between neuromuscular performance and motor 

competence, neuromuscular performance should be equally considered when designing and 

implementing PA participation interventions. Future researchers should look to include 

appropriate stratification of children to allow tailored interventions that build muscle strength 

through to the development of neuromuscular performance tasks in addition to assessing the 

impact these factors have on PA participation. 

The strengths of this study include objective and/or standardized measures of key 

neuromuscular performance and hypermobility assessments and the three-group approach to 

quantifying motor competence. This study is the first to utilize robust body composition and 

dynamometry measures, in conjunction with product and process orientated measures to assess 

the neuromuscular performance in children with LMC. These strengths are balanced with some 

limitations and future directions. It is worth highlighting that we utilised a cross-sectional 

approach and there may in fact be a bi-directional relationship between motor competence and 

neuromuscular performance. However, in terms of practical application this emphasizes that one 

factor may be able to positively influence the other. Secondly, the assessment measures utilised 

did not include sport specific and/or power related tasks (i.e., jumping) that required high-level 

integration of motor skill. Based on the results comparing single joint through to multi-joint 

movements, we would expect to see greater discrepancy between typically developing and 

children with LMC as task complexity increases further. Finally, although we were careful to 

ensure that our data did not violate any assumptions underlying the chosen procedure, it is worth 

noting that there may be an inflated potential for type 1 error when testing differences between 

groups using unequal, or imbalanced, cell sizes.30 In future, recruitment of participants on a 3-

group design should be considered to ensure equal sample sizes between groups. 
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3.7 Conclusion 

This study demonstrates that children with LMC do not differ from typically developing 

children in muscle strength on isolated single joint strength assessments, but are significantly 

weaker in neuromuscular performance tasks requiring multi-joint movements. Furthermore, 

these differences are exacerbated with increasing task complexity; indicating neuromuscular 

performance may be a limiting factor in children with LMC’s movement performance. 

Importantly, neuromuscular performance predicted almost half the variance seen in motor 

competence and highlights a novel intervention avenue for those looking to improve PA and 

movement outcomes in children with LMC.  
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3.9 Supplementary materials 

Table S3.1 A Zero-order correlation matrix displaying the relationships between motor competence, strength, neuromuscular performance and hypermobility 
variables. 
 

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 
            
1. MABC-2 1 -0.17 -0.16 0.59** 0.52** 0.19 0.15 0.16 0.09 0.18 0.17 
2. LLAS  1 0.46** -0.15 -0.21 -0.17 -0.34** -0.18 -0.24 -0.18 -0.10 
3. Beighton   1 -0.21 -0.17 -0.13 -0.27* -0.15 -0.19 -0.13 -0.13 
4. RTSBc    1 0.47** 0.32* 0.25 0.32* 0.33** 0.27* 0.32* 
5. 5RM Leg Press     1 0.26* 0.34** 0.27* 0.27* 0.30* 0.26* 
6. Isometric Peak 
Torque Extension 

     1 0.79** 0.87* 0.76* 0.84* 0.73* 

7. Isometric Peak 
Torque Flexion 

      1 0.76** 0.74** 0.75** 0.67** 

8. Isokinetic (60/sec) 
Peak Torque 
Extension 

       1 0.81** 0.96** 0.80** 

9. Isokinetic (60/sec) 
Peak Torque Flexion 

        1 0.80** 0.85** 

10. Isokinetic (90/sec) 
Peak Torque 
Extension 

         1 0.84** 

11. Isokinetic (90/sec) 
Peak Torque Flexion 

          1 

 
Note. MABC-2=Total movement proficiency test score; LLAS= lower limb assessment score; RTSBc= resistance training skill battery for children lower linb 
score; 5RM= five repetition maximum 
* p < 0.05  ** p < 0.01  
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Figure S3.2 Resistance Training Skills Battery for Children (RTSBc) protocol 
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Figure S3.3 Specialised paediatric weight-supported leg press machine 
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Figure S3.4 Biodex System 4 Pro Dynamometer standard knee flexion/extension set up 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Setup and Positioning (Starting Movement: Away/Extension)  
1. Seat patient on chair.  
2. Rotate chair to 90 degrees.  
3. Rotate dynamometer to 90 degrees. Slide dynamometer along travel to position outside leg to be tested or exercised.  
4. Attach knee attachment to dynamometer. Align dynamometer shaft red dot with red dot on attachment.  
5. Move patient into position.  
6. Align patient knee axis of rotation with dynamometer shaft. Raise/lower seat or move patient toward/away from dynamometer to fine adjust.  
7. Adjust knee attachment so that it is proximal to medial malleoli. Secure with strap.  
 8. Stabilize patient with shoulder, waist and thigh straps.  
9. Set ROM stops. 
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Chapter 4: The effect of parental logistic support on 

physical activity in children with, or at risk of, movement 

difficulties 
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Science and Medicine in Sport. 
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4.1 Abstract  

Objectives: In a sample of children with, or at risk of, movement difficulties, 1) To test 

the direct effects of children’s perceptions of parents’ logistic support for physical activity on 

children’s physical activity-related self-perceptions and on children’s physical activity levels, 

and 2) To explore the indirect relationship between children’s perceptions of parents’ logistic 

support for physical activity and children’s physical activity levels through children’s physical 

activity-related self-perceptions. Design: Cross-sectional observation study Methods: Data were 

collected from 120 children aged 6 to 12 years; movement proficiency levels were determined 

using the movement assessment battery for children-2 test. Children’s perspectives of parental 

support for physical activity were captured using the Activity Support Scale for Multiple Groups 

child report. Children’s self-perceptions towards physical activity were reported with the 

Children’s Self- perceptions of Adequacy in and Predilections for physical activity, and time 

spent in physical activity were measured using accelerometers. Results: There was no significant 

direct effect between perceived levels of parents’ logistic support for physical activity and 

children’s physical activity. A significant indirect relationship between these variables was 

discovered, with higher perceived levels of parent logistical support for physical activity 

predicting stronger perceptions of adequacy (i.e., confidence) toward physical activity 

participation among children, which in turn was associated with increased physical activity 

minutes. Conclusions: The results demonstrate that irrespective of a child’s movement ability, 

children’s perceptions of parents’ logistic support for physical activity indirectly and positively 

predicts children’s physical activity levels, via children’s confidence for physical activity.  
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4.2 Practical implications 

Parent/guardians, clinicians, and researchers face significant challenges in addressing 

the current declining levels of physical activity (PA) in children. This study has provided the 

foundational evidence that regardless of the child’s motor skill level, targeting parent PA support 

may be a worthwhile option to improve children’s PA levels. Notably in children with low 

movement proficiency, the utilisation of the parent/guardian to improve the child’s confidence 

to be active which in turn may improve their PA levels may offer a highly influential element to 

support optimal outcomes long term. 

 

Key Words: Parent support, physical activity, confidence, participation, low movement 

proficiency, accelerometery 
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4.3 Introduction 

Despite the well-documented benefits of engagement in regular physical activity (PA) 

during childhood, the majority of children do not meet PA recommendations, with PA levels 

declining in most western societies.1–3 Of particular concern are children with movement 

difficulties, who often struggle with activities of daily living, scholastic achievement and active 

play due to impairments in fine and gross motor skills and engage in even less PA than their 

typically developing peers.4–6 Accordingly, there is a need for researchers and clinicians to better 

understand the reasons that children with movement difficulties are less active, and to develop 

methods for successful interventions to promote PA in this population. 

There are a multitude of factors that may limit participation in PA for children identified 

with movement difficulties. These include physiological (e.g., muscle strength, 

cardiorespiratory fitness, body composition) and psychosocial (e.g., confidence, enjoyment) 

barriers that may curtail PA participation.4,5,7 With a particular emphasis on psychological 

factors, children’s self-perceptions have been identified as an important determinant for their 

engagement in PA. Self-efficacy theory provides the theoretical framework, whereby, an 

individual’s efficacy beliefs play a predictive and mediational role in one’s thought patterns, 

behaviour and motivation.8 Furthermore, Bandura suggests individuals who begin with higher 

self-efficacy are more likely to have higher future self-efficacy than those who begin with lower 

self-efficacy. 8 This has been supported in the literature with investigators demonstrating that 

differences in PA between typically developing children and children with lower movement 

proficiency may be underpinned by (relatively more) negative self-perceptions, such as lower 

confidence and predilection (i.e., choosing to participate in a sedentary activity rather than PA) 

for PA.4,9 It appears, therefore, that alongside important physical constraints, there may be key 

psychosocial factors that result in reduced PA participation for children with movement 

difficulties. As a result, one important challenge for researchers is to identify and improve the 

modifiable environmental conditions that may promote more positive PA-related psychological 

perceptions for these children.  
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In a recent investigation among children with and without movement difficulties, 

Wright et al. demonstrated differences in the physical and psychosocial profiles of children.6 

Levels of parental support (for PA) was investigated and were also found to differ, with children 

with movement difficulties receiving less logistical support for PA (e.g., transport to places they 

can be active) from their parents. The reasons for the (relative) lack of support were not 

identified in the investigation; however, these findings identify—and support previous work10,11 

showing—that PA support from parents may be an important contributor to children’s PA (and 

associated PA perceptions) among this cohort.  

In typically developing children, a positive association has been established between 

both parent reported and children’s perceptions of parental PA support and child PA levels 

through the provision of direct (e.g., taking children to places where they can be active) and 

indirect strategies (e.g., modelling, verbal encouragement).10,12,13 With respect to the 

psychological mechanisms described earlier, researchers have demonstrated that children’s 

perceptions of parental support were more strongly associated with children’s PA levels 

compared to parent-report alone, and there is evidence that this relationship holds through 

childhood into adolescence.12,13 However, the insight provided through many of the previous 

studies in this area has been limited due to the use of broad self-report PA measures (as opposed 

to objectively-measured PA).10,14 A recent large cohort study by Tarp et al. demonstrated that 

children who spent time in higher intensity PA, demonstrated lower cardio-metabolic risk factors 

and favorable body composition, suggesting the promotion of PA in children is of particular 

importance to improve health outcomes.14 Relatively few studies, therefore, have been designed 

with the goal of understanding objectively-measured PA as a function of children’s PA-related 

self-perceptions and perceived parent PA support. In addition, the majority of research 

conducted in this area to date has been directed towards understanding (or predicting) PA 

participation in typically developing children, and as a result, may not accurately capture the 

experiences of children with low movement proficiency.  

There is evidence to suggest that children’s perceived parental PA support and 

children’s PA-related self-perceptions (e.g., confidence, enjoyment) may predict children’s PA. 
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In addition, it has been documented that children’s perceptions about PA may be more positive 

when parents provide extensive support for their child’s PA involvement,10,11 and as such, 

children’s PA-related self-perceptions might support an indirect relationship between parent 

logistic support for PA and child PA. Considering that children with movement difficulties 

specifically receive less logistic PA support from their parents, examination of this element of 

parent support and its implications is warranted. More research is needed, however, in order to 

model the predictive relationships between these factors among a cohort of children that include 

those with movement difficulties, and whilst also accounting in a comprehensive (i.e., 

objectively-measured) way for children’s PA levels.  

The aims of this study were to investigate the potential (a) direct effects of children’s perceived 

parent logistic support for PA on children's PA-related self-perceptions and PA, and (b) indirect 

relationship between children’s perceived parent logistic support for PA and children’s PA 

through children’s PA-related self-perceptions. In doing so, we also sought to include in our 

sample a cohort of children classified with low movement proficiency to advance our 

understanding beyond what has been shown for typically developing children. On the basis of 

existing research 10,11 we hypothesised that children’s perceived parent logistic support for PA 

would be positively and directly predictive of children’s PA-related self-perceptions and 

children’s PA, and—given the existence of those direct relationships—that a positive indirect 

relationship between parent PA support and children’s PA would also be observed (i.e., 

perceived parent logistic support for PA ⟶ children’s PA-related self-perceptions ⟶ children’s 

PA; see Figure 1 for proposed model). 

4.4 Methods 

The sample for this study was drawn from a larger study. A detailed overview of study 

design has been previously published.6 One hundred and twenty age-matched children aged 6- 

12 years, half with low movement proficiency and half as typically developing were recruited 

from the community, including community-based paediatric exercise programs. Written consent 

was obtained from a parent/guardian, as was ongoing verbal assent from the child. All 

assessments were performed by a trained exercise specialist, with experience in administering 
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paediatric assessments. The study was approved by the relevant human research ethics 

committee. 

Movement proficiency was assessed using the Movement Assessment Battery for 

Children, 2nd edition (MABC-2) test, with standardised instructions and scoring protocol 

according to the MABC-2 manual.15 The MABC-2 test assesses proficiency on three main 

components: manual dexterity; aiming and catching; and balance. For each component, age-

adjusted standard scores and percentiles were calculated, children whose overall proficiency fell 

on or below the 16th percentile were considered to have low movement proficiency (LMP); while 

those scoring above the 16th percentile were classified as typically developing.15 For mediation 

analyses the total test score for participants were utilised. The MABC-2 test is a valid and 

reliable tool to assess movement proficiency in children aged 3 to 16 years.15  

PA was monitored using an ActiGraph GT3X-BT activity monitor, which has 

previously been shown to produce valid and reliable estimates of PA in typically developing and 

clinical populations of children.16 Participants were asked to wear the accelerometers on their 

right hip during waking hours for a period of 7 days. Parents were given a diary to record periods 

of wear and non-wear time (i.e. sleep, water-based activity). Non-wear periods were defined as 

any time of  ³60 min of consecutive zero and/or as indicated by participant diary. Participants 

were included in analysis if accelerometers were worn for a minimum of four days (³ 10 hours; 

three weekdays and one weekend day) to assess average moderate to vigorous physical activity 

(MVPA) per day. Data were analysed in 60sec epoch, with Freedson moderate to vigorous cut 

points (501-7600) applied to determine participants MVPA per day.17  

The Children’s Self Perceptions of Adequacy in and Predilection for PA (CSAPPA)18 

questionnaire was used to determine children’s perceptions of their adequacy (i.e., confidence; 

7 items) in performing PA, predilection for PA (i.e., likelihood of selecting PA; 9 items), and 

enjoyment of PA (i.e., enjoyment of physical education in school; 3 items). Child participants 

were asked to rate a series of structured alternative statements and to choose the option that they 

felt best described them from pairs of statements such as “some kids are among the last to be 

chosen for active games” and “other kids are usually picked to play first”, and were then 
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instructed to indicate whether the selected sentence was either “sort of true for me” or “really 

true for me”. Responses to each item are coded from 1 to 4, where higher numbers represent 

greater adequacy/predilection/enjoyment. Scores derived from the CSAPPA have been shown 

to demonstrate strong test-retest reliability in children aged 6 – 16 years.6,18 Internal consistency 

estimates (α) for scores derived from each CSAPPA dimension in this study were 0.83, 0.83, 

and 0.86 for adequacy, predilection, and enjoyment, respectively. 

Children’s perception of parents’ logistic support for PA was measured using the 

Activity Support Scale for Multiple Groups (ACTS-MG) child report is a 18-item questionnaire 

measuring maternal (9 items) and paternal (9 items) support for PA.19 Participants were 

requested to rate a series of structured statements in a two-step process with reference to their 

primary female (e.g., mother, step-mother) and male (e.g., father, step-father) guardian. First, 

participants were asked if the statement such as “my mother takes me to places where I can be 

active” was “true” or “false” for them. Then, based on that response, they were asked if the 

statement was “really” or “sort of” true/false. Scores for the paternal and maternal support for 

pooled and averaged. Accordingly, scores for parental support could range between 1 and 4, 

with higher scores denoting greater perceptions of support. Validity and reliability of scores 

derived from the ACTS-MG have been demonstrated in children aged 5 to 12 years. 19  

Our primary analyses were designed to model the psychosocial predictors of 

objectively-measured PA according to our hypotheses (see Figure 1). To perform the analyses, 

we used Hayes’ PROCESS Version 3.0 macro for SPSS with bootstrapping for multiple 

mediation. Children’s perceptions about their parents’ level of logistic support were entered as 

the independent variable (IV), their perceptions of PA-related adequacy, enjoyment, and 

predilection (i.e., CSAPPA dimensions) as proposed mediators (M), and their active minutes 

(i.e., physical activity) as the dependent variables (DV). Given that there are established effects 

for gender and movement proficiency classification on children’s PA, gender and participants' 

MABC-2 total test scores were modelled as covariates (of PA) in the bootstrapped analysis. 
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Figure 1. Relationships estimated between children’s perceptions about parents’ logistic support and child physical activity levels (MVPA/day)  
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4.5 Results 

Prior to performing primary analyses, data were assessed for normality and 

homogeneity. Six participants (from the 120 recruited; TD = 1; LMP = 5) were excluded from 

all analyses due to incomplete physical activity data. Of the remaining 114 children (mean age 

8.8± 1.9 years) retained in the final sample, 74 participants were male (TD = 32; LMP = 42) and 

40 female (TD = 27; LMP = 13). Demographic information for the final sample (excluding 

outliers and omissions) is presented in Table 1. 

 

Table 1. Descriptive characteristics of child participants N=114 
 
Child Characteristics TD (n=59) At Risk (n=18) DCD (n=37) 

 M (SD) M (SD) M (SD) 

Age (years) 8.9 (1.9) 8.1 (1.8) 9.1 (1.8) 

MABC-2 (total test score) 81.71 (8.2) 62.11 (3.7) 44.24 (8.8) 

MVPA/day (mins) 228.57 (61.44) 234.87 (46.28) 200.87 (62.8) 

Perceptions of Parent Support    

Logistic Support 3.37 (0.5) 3.19 (0.5) 3.20 (0.5) 

Perceptions of PA    
Predilection 28.38 (5.6) 26.16 (7.1) 22.10 (6.7)  
Enjoyment 10.08 (2.3) 9.83 (2.9) 8.81 (3.4) 
Adequacy 22.33 (4.1) 22.44 (4.2) 18.02 (5.8)  

 
Note.  
MABC-2= Movement Assessment Battery for Children-2; MVPA= Moderate to vigorous 
physical activity 
 

Analyses of IV → M pathways (i.e., from perceptions of parent support to predilection, 

enjoyment, and adequacy) revealed significant positive effects for perceptions of parent support 

in relation to predilection (estimate = 4.22, SE = 1.02, t = 4.11, p<0.001), enjoyment (estimate 

= 2.00, SE = .45, t = 4.44, p <0.001) and adequacy (estimate = 3.19, SE = 0.78, t = 4.07, p 

<0.001) regarding PA (see Table 2 for all associated output). That is, children displayed greater 

predilection, enjoyment, and adequacy perceptions when they reported receiving high levels of 

parent logistic support. In terms of the M → DV pathways (i.e., from predilection, enjoyment, 

and adequacy to objectively-measured MVPA), we observed a significant positive effect 
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between perceptions of PA adequacy and MVPA (estimate = 3.69, SE = 1.55, t = 2.38, p = 0.01), 

such that stronger confidence in ones’ PA capabilities predicted greater levels of PA. The 

confidence interval associated with the bootstrapped indirect effect from perceived parents’ 

logistic support to PA through adequacy (estimate = 11.77, SE = 6.43, 95% bias-corrected 

confidence interval 1.05, 26.27) did not cross zero, and thus indicated support for an indirect 

association between greater perceived parent support for PA and children’s objectively-

measured MVPA (via heightened adequacy perceptions). When modeled alongside gender and 

movement proficiency (total test score), the M → DV pathways between predilection (estimate 

= 1.55, SE = 1.19, t = 1.29, p = 0.20) and enjoyment (estimate = -0.22, SE = 2.60, t = -0.84, p = 

0.93) with respect to PA were not significant. Comparably, the direct IV → DV pathway 

between perceived parent logistic support and MVPA (estimate = -9.33, SE = 10.77, t = -0.87, 

p = 0.39) was also not significant. The covariate pathways were not of substantive interest in 

terms of informing our hypotheses, but it is worth noting that there was a significant effect for 

gender (estimate = -23.04, SE = 11.18, t = -2.06, p = 0.04), but not movement proficiency 

(estimate = 0.33 , SE = 0.31, t = 1.05, p = 0.29) on MVPA. In summary, these analyses indicated 

that (perceptions of) high levels of parent logistical support for PA predicted stronger 

perceptions of adequacy (i.e., confidence) toward PA participation among children, which in 

turn was associated with greater MVPA levels.  
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Table 2. Direct predictive effects observed when modeling relations between psychosocial variables and objectively-assessed MVPA 
 

 
Note. MABC-2=Total movement proficiency test score; MVPA= Moderate to vigorous physical activity   
 

 

Pathway Estimate  SE t p 
95% CI 

Lower bound Upper bound 

Parent Logistic Support → Predilection 4.22 1.02 4.11 0.00 2.19 6.24 

Parent Logistic Support → Enjoyment 2.01 0.45 4.45 0.00 1.11 2.90 

Parent Logistic Support → Adequacy 3.19 0.78 4.07 0.00 1.64 4.75 

Parent Logistic Support → MVPA -9.33 10.77 -0.87 0.39 -30.68 12.03 

Predilection →   MVPA 1.55 1.19 1.29 0.20 -0.82 3.93 

Enjoyment →    MVPA -0.22 2.60 -0.84 0.93 -5.36 4.93 

Adequacy →    MVPA 3.69 1.55 2.38 0.01 0.62 6.75 

Gender →   MVPA -23.04 11.18 -2.06 0.04 -45.20 -0.87 

MABC-2  →    MVPA 0.33 0.31 1.05 0.29 -0.29 0.95 
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4.6 Discussion 

Health-enhancing PA is important for the development of all children. It is particularly 

crucial, however, for those children who have movement difficulties and who are at risk of 

being less active than their typically developing counterparts. The aim of this study was to 

determine—among a sample of children that included those with movement difficulties—the 

predictive effects of children’s perceived parental PA support and children’s PA-related self-

perceptions on children’s (objectively-measured) MVPA. Our analyses revealed evidence of a 

positive indirect predictive pathway, such that higher perceptions of parental logistic support 

for PA were associated with greater confidence (among children) for PA, which was in turn 

predictive of greater PA levels. 

Contrary to our hypotheses, we did not find evidence of a significant direct effect of 

parent logistic support on children’s PA. This lack of direct effect is also contrary to findings 

reported by Trost et al,10 whereby parental support was shown to shape children’s PA. A 

possible reason for the inconsistency in findings may be that PA was objectively measured in 

this study (as opposed to self-report). Additionally, the demographics of our participants 

differed through the inclusion of younger children (6-12 years) and those with varying 

movement proficiency profiles. As we noted previously, the inclusion of children across the 

movement proficiency spectrum may be responsible for differences not only in terms of PA-

related self-perceptions, but also with respect to perceived parent support for PA.6  

Regardless of the lack of a direct effect, however, it was noteworthy that children’s 

perceptions’ of parent logistic support were indirectly associated with greater downstream child 

MVPA through a positive effect on children’s perceptions of confidence (or adequacy) for PA. 

In addition, it was interesting that this indirect pathway was observed even despite accounting 

for the potential effects of movement proficiency on PA. Evidence to support the individual 

predictive effects (or ‘segments’) in this pathway does exist already;10 the findings are 

consistent, for example, with previous research among typically-developing children in which 

indirect relations have been demonstrated between parent support, child confidence, and self-

reported PA.10 This is the first time, however, that these predictive effects have been 
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demonstrated in a single model whilst incorporating objectively-measured MVPA and doing 

so using a sample of children with movement difficulties. Broadly, these findings support tenets 

of self-efficacy theory 8 and extensions of that theory focused on interpersonal relationships.20 

There is extensive evidence to show that strong self-efficacy perceptions—that is, a strong 

sense of confidence in one’s ability in a given domain—may drive desirable behavioural 

outcomes in the domain of interest (e.g., in this case, MVPA).8 Moreover, the present findings 

also demonstrate that support provided by significant others may translate into heightened 

confidence (i.e., for the recipient of that support), and there is evidence in the literature to 

suggest the specific interpretive mechanisms that may be responsible for such effects (e.g., 

through relation-inferred self-efficacy appraisals; see Jackson et. al.).21 From a practical 

perspective, this indirect pathway indicates that irrespective of a child’s movement ability, 

efforts directed at enabling parents/guardians to provide more logistic support for their child’s 

PA (and crucially, ensuring that children are made explicitly aware of the support they receive) 

may contribute to improved confidence and increased PA for their child. Given the evidence 

that children with low movement proficiency present with a number physiological and 

psychosocial barriers to PA, utilising parent/guardians to provide support specifically to 

increase a child’s confidence may be a particularly fruitful avenue for interventions. Indeed, 

such intervention efforts may be underpinned by effective educational materials designed to 

make parents—particularly parents of children with movement difficulties—more aware of the 

desirable PA opportunities available in their locality.  

The strengths of this study include the testing of an empirically-derived predictive 

model, the inclusion of objectively-measured PA, the use of (objectively-assessed) movement 

proficiency as a covariate in analyses, and the recruitment of a sample that spanned the 

movement proficiency spectrum. These strengths should be balanced, however, against 

noteworthy limitations and associated future research directions. First, the proposed model 

estimated was based on data collected in a cross-sectional manner. It is important, therefore, to 

acknowledge the potential for bi-directional relationships between the variables under scrutiny. 

The model was specified on the basis of existing research, theoretical postulates,22 and 
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pragmatic considerations. It is important in the future, however, to establish causal insight into 

these relationships through the use of experimental and/or intervention-based designs. Second, 

as the sample included children recruited from community based paediatric exercise program, 

there is a potential sample bias, given parents were actively engaged with a service to engage 

their child in PA. Third, the methodological approach utilised in this study with regards to the 

PA data (cut points and epoch length), resulted in higher MVPA/day when compared other 

methodological approaches. However, given there are no universally agreed upon cut points in 

the literature, future research should be aimed at achieving a consensus to assist in accurately 

quantifying, understanding and intervening on children PA. Fourth, given that our focus was 

on psychological factors associated with children’s PA, we did not account for potential 

physiological contributors (e.g., strength, cardio-respiratory fitness) that may also influence PA 

levels. It is possible that the contribution of such factors may have been accounted for (in a 

proxy manner) through the inclusion of movement proficiency scores; however, it would be 

worthwhile in the future to examine the relative strength of the predictive effects that may be 

observed by including physiological factors alongside psychological variables. Finally, the 

proposed model in this study focused specifically on parents’ logistic support (for PA), as this 

type of support was identified in previous research6 as a key difference in the parental PA 

support provided to children with movement difficulties. The authors acknowledge that other 

types of parent support may be valuable in the promotion of PA in children and future work 

should look to expand the proposed model to include other parent PA support variables. In 

terms of other valuable avenues for future work, it also appears important to focus attention on 

the best methods for promoting parents/guardians logistic (and other types of) support for PA, 

and to examine whether such strategies may need to differ according to children’s movement 

proficiency level. 
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4.7 Conclusion 

The findings from this study demonstrate that parent logistic support for PA indirectly 

and positively predicts children’s PA levels, via children’s confidence for PA.  Children who 

perceived higher levels of parent logistic support reported higher perceptions of confidence for 

PA, which in turn predicted greater PA. 
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5.1 Abstract   

Background: Compared to their typically developing counterparts, children with 

neurodevelopmental, emotional, or behavioural challenges participate in lower levels of 

physical activity (PA) and subsequently have poorer physical and mental health outcomes. 

Aim: To determine the feasibility and preliminary efficacy of the Thriving Families 

intervention, a multi-component physical literacy program for children with 

neurodevelopmental, emotional or behavioural challenges. Design: Single-group non-

randomised feasibility trial. Methods: A total of 30 children and 28 parents were recruited to 

participate in the 10-week program. Thriving Families was designed to promote children’s 

physical literacy through (a) providing programmed opportunities for PA, (b) incorporating 

parents, (c) supporting motivation and engagement, and (d) utilising behaviour change 

techniques. Program feasibility was determined using quantitative feedback from parents 

following educational workshops and questionnaires assessing parents’ motivation to support 

PA, provision of logistic support, and knowledge and confidence to build children’s 

motivation and confidence for PA. Children reported their parents’ support for PA, and parents 

and instructors provided qualitative feedback on the intervention. Preliminary efficacy was 

determined through pre- and post-intervention assessments of children’s motor competence, 

muscle strength, anerobic power, aerobic fitness, flexibility, resistance training skill 

competency, motivation for PA, and PA confidence. Results: In terms of key feasibility 

considerations, 96% of parents found the workshop to be useful in developing their knowledge 

about building their child’s confidence and motivation for PA, and 93% reported that the 

workshops improved their confidence in providing a need-supportive environment. Effect size 

estimates for parent knowledge (d = 0.78) and confidence (d = 0.57) were moderate to large; 

however, little change was observed for parents’ motivation to support PA and children’s 

perceptions of PA support. Moderate or large effects were observed for pre-to-post-program 

change on children’s domains of physical competence, including fitness, strength, and 

resistance training skill competency. Discussion: The Thriving Families program appears to 

be feasible and acceptable for community-based implementation, and may provide benefits 
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for physical and psychological outcomes. This study provides evidence to support a 

sufficiently-powered randomised controlled trial targeting children who typically find it 

difficult to engage in community-based PA.  

 

Key Words: fitness, behaviour change, physical activity, exercise, motivation, parents 
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5.2 Introduction 

It is estimated that approximately 80% of children worldwide may not be meeting the 

current recommendations for daily physical activity (PA).1 This evidence indicates that there 

are substantial barriers to PA for all children; however, it is recognised that there are specific 

sub-groups of children for whom regular and enjoyable PA participation is particularly 

challenging. With relevance for the present study, children with neurodevelopmental 

conditions—such as Autism Spectrum Disorder, Attention Deficit Hyperactivity Disorder, and 

Developmental Coordination Disorder—have been shown to engage in lower levels of PA 

than typically developing children.2 It is well documented that neurodevelopmental conditions 

also commonly co-occur with emotional and/or behavioural problems (e.g., internalising 

problems),3–5 and there is separate evidence to show that children who experience such 

emotional and/or behavioural problems face unique barriers to participating in PA.6 

Researchers have demonstrated that children in this cohort often withdraw from PA in part 

due to a lack of confidence in their ability, poor motor competence, and/or low levels of 

enjoyment in free play, physical education, and organised sports.7,8 In addition, many of these 

children also have difficulties managing the social or interpersonal aspects of structured (e.g., 

group-based sport) or unstructured (e.g., free play) physical activity.9,10 It is unsurprising that, 

as a result, these cohorts of children have been shown to be at an increased risk of poor physical 

and mental health outcomes when compared with typically developing children.11,12  

In light of the difficulties faced by children with neurodevelopmental, emotional, or 

behavioural conditions, parents and families often report (and experience) challenges finding 

appropriate, enjoyable, and sustainable community-based programs that cater for their child’s 

needs.13 It is imperative, therefore, that researchers and practitioners design and offer programs 

that provide opportunities for PA specifically designed to meet the PA needs of children in 

this cohort. The program that is described in this study was designed with this goal in mind. 

Drawing from theoretical advancements and relevant research evidence, we sought to develop 

and test a multi-component, family-based PA program—the Thriving Families intervention—

specifically for children with neurodevelopmental, emotional, or behavioural challenges. In 
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the material that follows, we provide information about the theoretical underpinning of the 

program and its various components, before outlining the aims of the study that was conducted 

to determine the feasibility and preliminary efficacy of the program.  

In developing our program, we sought to provide children and their families with 

opportunities for structured activity in a supportive group setting, and also to equip them with 

the resources and skills that would support PA participation outside the programmed sessions. 

To do so, we directed our focus toward the development of a concept (i.e., physical literacy) 

that has been shown to support PA participation among children. In recent years, physical 

literacy frameworks have been presented with the goal of understanding the predictors of PA 

experiences and involvement (see, for example, the Canadian assessment of Physical 

literacy).14 These frameworks provide a coherent platform for efforts aimed at promoting PA 

among children (i.e., through the development of physical literacy or its constituent 

components), and have been widely adopted in consensus statements and education curricula 

in numerous Western countries (e.g., United Kingdom, Canada, Australia).15,16 According to 

Whitehead, physical literacy encompasses four inter-related domains, namely physical 

competence, motivation and confidence, knowledge and understanding, and daily behaviour.17 

Different (albeit related) definitions, models, and measures of physical literacy exist in the 

literature 18; however, these frameworks all broadly emphasise a collection of physical, 

psychological, and behavioural factors that are important in determining a child’s PA 

participation, tendencies, and challenges.19 Accordingly, the concept represents an important 

intervention target for children with neurodevelopmental, emotional, or behavioural 

challenges—not least because the physical literacy domains map closely onto (some of) the 

barriers and challenges previously documented for these children (e.g., confidence, motor 

competence, enjoyment of PA). There is evidence that physical literacy is a key predictor of 

children’s PA involvement and experiences.20 Belanger and colleagues, for example, recently 

reported—among almost 3000 typically developing children aged 8-12 years—that children 

who were classified as meeting PA guidelines displayed higher physical literacy scores across 

physical competence and motivation and competence domains.20 However, much of the 
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research into the construct has been cross-sectional or observational in nature.20,21 In order to 

extend what is known about physical literacy, it is important that researchers (a) examine the 

construct among children with specific PA-related needs and challenges (e.g., those with 

neurodevelopmental, emotional, or behavioural challenges), and (b) move beyond 

observational approaches by developing interventions and programs designed to improve 

physical literacy for those children who exhibit the greatest need.  

Some interventions targeted at improving physical literacy—with the aim of 

promoting downstream PA skills and engagement—are available in the literature.22,23 For 

instance, in one such study, Bremer and colleagues tested the feasibility of a community-based 

physical literacy intervention with children aged 7-13 years.23 The authors demonstrated 

support for the feasibility and acceptability of the 12-week program; however, they also 

concluded that overall improvements in physical literacy outcomes were limited. To date 

though, much of the intervention work in this area has been conducted within the school 

environment and/or with typically developing cohorts.24,25 In contrast, there is relatively little 

documented evidence regarding the feasibility and effectiveness of community-based physical 

literacy programs for children with specific PA-related needs or challenges (e.g., those with 

neurodevelopmental, emotional, or behavioural challenges). In the present study, we sought 

to obtain insight into the feasibility and preliminary efficacy of such a program. In designing 

the program, we drew from recommendations regarding desirable intervention components 

that facilitate the promotion of physical literacy. We outline (and provide justification for) our 

program components in the material that follows.  

The Thriving Families intervention—which was developed for, and is the focus of, 

this investigation—was designed as a community-based physical literacy program for children 

with neurodevelopmental, emotional, or behavioural challenges. Guided by research on 

children’s physical literacy, family influences on PA, PA motivation, and behaviour change 

theory, we incorporated four key elements within the Thriving Families program. First, it has 

been shown that the provision of structured, tailored, enjoyable, socially supportive PA 

sessions can be an important method for developing physical literacy among children.24 That 
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being the case, the foremost consideration in developing Thriving Families was that children 

were provided with structured opportunities—alongside other children—to be physically 

active in a fun and engaging way, whilst still tailored to their physical competency needs. 

Accordingly, the 10-week program involved weekly 60-minute sessions during which children 

were encouraged to take part in a range of supervised activities (including aerobic fitness, 

muscular strength, and sport-specific skills). Programmed exercise sessions were tailored for 

the children to improve their physical competence based on findings from comprehensive 

assessments conducted pre-intervention. Second, it is well recognised that parents play a 

crucial role in appropriately encouraging and supporting PA during one’s formative years.6 

Best-practice guidelines advocate for the inclusion of parents and families in interventions 

designed to improve children’s physical literacy, and parental support is particularly important 

for children who experience specific PA-related challenges or needs.26,27 Moreover, parental 

involvement in children’s PA and physical literacy programs has been shown to support the 

successful transfer of knowledge from the intervention setting to the home environment.7,8 For 

that reason, we involved parents as supporters of their child’s activity and provided parents 

with educational workshops and supportive learning materials (e.g., workbooks including 

workshop notes, infographics, and individualised action plans). 

 In addition to providing opportunities for PA and maximising parent involvement, it 

is also important that programs are structured and delivered in a way that supports desirable 

forms of motivation among participants.28 Self-determination theory 29 outlines that 

individuals experience different types of motivation for an activity or pursuit, and that 

‘autonomous’ motives (i.e., those characterised by a sense of volition, interest, enjoyment, and 

value) are more desirable than ‘controlled’ motives (i.e., those characterised by pressure, 

reward-seeking, or guilt) for driving participant engagement and self-management of 

behaviours. Three basic psychological needs—for autonomy, competence, and relatedness—

promote more autonomous (i.e., more desirable) forms of motivation 30 and those who occupy 

instructional positions (e.g., program coordinators, activity leaders) can stimulate these needs 

among program participants by communicating and acting in ‘need supportive’ ways.31 
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Autonomy support is often enacted through the provision of choice and rationales, by inviting 

questions and feedback, and by acknowledging participants’ perspectives. Competence 

support (or structure) can be provided through the setting of appropriately challenging tasks, 

the provision of positive and instructional feedback, and goal setting. Meanwhile, relatedness 

support (or interpersonal involvement) is often provided through demonstrations of genuine 

empathy and care, the creation of a cohesive group environment, and by showing an interest 

in participants. With these principles in mind, Thriving Families was structured to provide 

need support to participants. Specifically, we provided educational workshops for program 

instructors and parents to upskill each group on the importance of need supportive instruction, 

and we provided strategies to help instructors and parents model those behaviours during and 

outside the programmed sessions. Finally, best practice evidence advocates for the use of 

established behaviour change techniques in intervention-based programs that seek to drive 

sustained lifestyle changes (i.e., in this case, prolonged increases in children’s PA).32 For that 

reason, we embedded multiple behaviour change techniques in the Thriving Families program. 

Most notably, these techniques included goal setting and action planning (for PA participation 

outside of programmed sessions), prompts and instructional cues (for parents) in the form of 

take-home activity cards, and self-monitoring and feedback on PA behaviour in the form of 

activity diaries and incentives (e.g., stickers, PA targets). 

Guided by the CONSORT guidelines for feasibility and pilot trials, the aim of this 

non-randomised pilot investigation was to examine the feasibility and preliminary efficacy of 

the Thriving Families intervention.33 Feasibility trials represent a necessary first stage in the 

development and optimisation of complex community-based interventions 34 and are typically 

designed to address issues relating to intervention fidelity, reach, dose, and delivery.33 

Assessments of feasibility are important to identify and correct uncertainties or design 

weaknesses (e.g., acceptability of testing procedures, participant satisfaction, and rate of 

retention) that may exist around the ‘active ingredients’ within an intervention.34 Well-

designed feasibility studies, therefore, provide insight into the structure, effectiveness, 

scalability, and implementation of intervention components.35 With that in mind, we assessed 
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participant engagement, retention, and perceptions about program elements (and the 

intervention as a whole) through quantitative and qualitative methods. In addition, although 

insight into program outcomes is not an essential component of a feasibility study, evaluation 

of program efficacy is often considered a useful part of feasibility and/or pilot work in 

anticipating future effectiveness and determining effect size estimations. As such, we 

specifically assessed changes from baseline to end of intervention (10 weeks) on key 

physiological (e.g., muscle strength, aerobic fitness, flexibility) and psychosocial (e.g., 

exercise motivation, perceived competence) variables. 

 

5.3 Materials and methods 

5.3.1 Participant recruitment 

Participants were recruited through newsletter advertisements and emails within the 

first author’s institution and through existing paediatric exercise programs affiliated with the 

institution. The program was referred to as the “Thriving Families intervention” in all 

recruitment materials, and prospective participants were informed that the purpose of the study 

was to investigate changes in the physical literacy of children across a 10-week intervention. 

Children were eligible to participate if they were aged between 8 and 12 years old (inclusive), 

and if their parents identified the child as having high or specific needs (i.e., were not ‘typically 

developing’). Those needs were focused on recruiting children with neurodevelopmental 

conditions, emotional, or behavioural problems. Parents were asked to confirm that they 

considered their child (a) was unable to participate or had difficulty participating in 

community-based sport, or (b) experienced significant challenges to such involvement (which 

are not faced by ‘typically developing’ children). The first author consulted all families prior 

to enrolment in the program, and those who were eligible were subsequently placed into small 

groups for their programmed exercise sessions (details below). Further details on the 

characteristics of the children (and parents) who participated in the study are presented in 

Table 1. Thriving Families program instructors were tertiary-trained exercise professionals 

(e.g., exercise scientists or exercise physiologists), and for the purpose of the study, undertook 
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an additional training workshop to support physical literacy outcomes and provide feedback 

on their experiences in the program. Written consent was obtained from all participants and 

the study was approved by the relevant human research ethics committee (RA/4/1/9352). 

 

 
 
Figure 1. Flow diagram of the recruitment and analysis process. 

 

5.3.2 Study design 

In accordance with the CONSORT guidelines, a single group non-randomised 

intervention trial design was adopted, as is typical for non-randomised feasibility studies.33 

Due to the nature of the intervention, blinding of participants was not feasible. Qualitative and 

quantitative approaches to data collection were utilised to allow for insight into participant 

(i.e., child, parent, instructor) experiences regarding different aspects of the intervention, and 
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to provide evidence of preliminary efficacy for future implementation trials (for an overview, 

see Figure 1). 

 

5.3.3 Program description  

Thriving Families is an evidence-based exercise program designed to improve 

children’s physical literacy, with an overarching focus on supporting community-based PA 

for children with neurodevelopmental, emotional, or behavioural challenges. As outlined 

previously, Thriving Families was guided by four principles that are recommended for 

promoting physical literacy and engagement in PA programs (i.e., providing programmed 

opportunities for PA, incorporating parents, supporting motivation and engagement, and 

utilising behaviour change techniques). In the material that follows, we detail how these 

components were integrated into the program.  

Providing programmed opportunities for PA: Activity sessions each lasting 60 

minutes were held weekly for 10 weeks (to align with local school terms), with children 

participating in small-group, instructor-led exercise sessions (3 children per instructor). 

Sessions were structured to incorporate group social interaction (5 mins), warm up activities 

(10 mins), individualised exercise circuits covering physical competence domains (i.e., muscle 

strength, aerobic fitness, foundational movement skills; 30mins), integrated team building 

games (10 mins), and a group debrief including home fun activity and goal setting for the 

subsequent week (5 mins). Sessions consisted of exercise and game-based activities that—in 

addition to directly providing PA—were structured to address key ‘physical competence’ 

components of physical literacy identified in previous research within this cohort (i.e., aerobic 

fitness, muscle strength, neuromuscular performance, and foundational movement skills).2,36 

Activity selection was determined through participant, family consultation and comprehensive 

objective assessments to determine potential deficits in children’s physical competence 

domains. Sessions began with the instructors explaining the daily session plan (i.e., exercise 

and activities to be completed and their relevance to physical literacy and PA participation). 

At the end of the session, with guidance from their instructor, children were given the 
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opportunity to select a home fun activity pack (including activity instructions, relevant 

equipment, and sticker chart), which was aligned with their goals and activity preferences.  

Incorporating parents: Parents were involved in the Thriving Families intervention 

through a series of educational workshops constructed to (a) empower them as supporters and 

providers of positive PA feedback, and (b) provide positive PA experiences for their children 

outside of the programmed sessions. In order to do this, parents attended a 60-minute 

workshop at weeks two, three, and six of the program. The first workshop was based on 

providing foundational knowledge of the benefits and importance of physical literacy, PA, and 

the role of parents in supporting children’s physical literacy and PA experiences. The second 

workshop focused on providing practical strategies that would help build children’s motivation 

and confidence (see following section for more detail on this content), as well as the 

formulation of individualized action plans. The final workshop was designed to allow parents 

to reflect on how well they were able to implement the strategies learnt in the earlier workshops 

and to troubleshoot any problems or questions. 

Supporting motivation and engagement: In an attempt to bolster children’s motivation 

for (within- and outside-of-program) PA, we embedded principles of self-determination theory 

(SDT) into parent and instructor training. Specifically, we drew from basic psychological 

needs theory 37 to encourage strategies among parents and program instructors that supported 

children’s needs for autonomy, competence, and relatedness.38 The training structure that was 

developed to support the use of these principles—and that became the term used within the 

program when referring to these principles—was known as the “MAGIC” framework 

(Motivation, Autonomy, Grit, Interconnected, Confidence; see Supplementary S5.1). This 

framework was designed specifically for the Thriving Families intervention but was informed 

significantly by existing SDT-based intervention programs for which members of this research 

team have been responsible.39,40 The M, A, I, and C elements of the MAGIC framework were 

specifically designed to relate to key SDT-based concepts. ‘Motivation’ was focused on 

providing information about the different types of motivation that individuals experience, the 

value of more autonomous forms of motivation, and the specific importance of (watching for 
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and encouraging) enjoyment as a core component of intrinsic motivation. ‘Autonomy’ was 

focused on strategies relating to choice, provision of rationales, and inviting questions and 

input from children. ‘Interconnected’ was the term used to capture relatedness support and the 

importance of creating friendly, inclusive environments characterised by meaningful 

connections with others. ‘Confidence’, meanwhile, was directed toward competence 

supportive behaviours that included the setting of goals, provision of positive feedback, 

support for individual development over normative comparison, and expressions of 

encouragement. The final component within the MAGIC framework (‘Grit’) was not drawn 

directly from SDT. Although perseverance in the face of obstacles is characteristic of high 

levels of autonomous motivation, we specifically sought to reinforce the notion of grit or 

resilience given that children with neurodevelopmental, emotional, or behavioural difficulties 

experience significant challenges to engaging in PA.9,10,13 Accordingly, the ‘Grit’ element of 

the model was focused on strategies including learning from one’s mistakes, reframing 

challenges, emphasising growth mindsets and the capacity to improve, being kind to oneself 

in the face of difficulties, and avoiding criticism and absolute statements (e.g., “you can’t 

do…”). A workbook was produced to provide detail on the MAGIC framework elements and 

to allow parents and instructors to make their own plans for implementation strategies.  

Parents were introduced briefly to the MAGIC framework in workshop one, and spent 

time reviewing and practising strategies in detail in workshop two. Program instructors were 

introduced to the MAGIC framework during a 60-minute workshop delivered by the lead 

author. In that workshop, participants were introduced to the framework, provided with brief 

theoretical justification for the elements within the framework (the theories were known to 

instructors as all had completed at minimum an undergraduate exercise science degree), and 

provided with practical examples and role-play scenarios to demonstrate the use of the 

MAGIC elements (see S2 for more details on components). The session concluded with 

instructors formulating and agreeing on a set of group goals as to how they would successfully 

implement the MAGIC framework into the group exercise context. Ongoing support was 
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provided to instructors in terms of their implementation of MAGIC elements through meetings 

with the first author (and through the first author’s attendance at exercise sessions).  

Utilising behaviour change techniques: In addition to the strategies outlined above, 

we also embedded relevant behaviour change techniques into the Thriving Families program. 

These elements were selected based on recommendations for supporting lasting behaviour 

change and were drawn from Michie and colleagues’ taxonomy of behaviour change 

techniques.32 Goal setting and action planning were utilised in both the parent and instructor 

workshops to facilitate individualised PA plans for children. Social support was embedded 

through children participating in the sessions alongside peers with similar abilities and 

challenges, and through parent and instructor support. Workshop materials including stickers, 

magnets (depicting the MAGIC framework), and take-home activity cards were also used as 

prompts for children, parents, and instructors to remember key messages. For more details on 

the behaviour change techniques utilised, see supplementary material S5.2.  

 

5.3.4 Assessing feasibility - Quantitative data collection 

Aspects of recruitment including program attrition rates were documented (see Figure 

1 for more details). Demographic information for parents and children (including the Child 

Behaviour Checklist)41 was assessed through questionnaires. Additionally, children’s body 

composition was assessed by measuring their height and weight to determine body mass index 

(See Table 1). The intensity of exercise sessions and amount of active time within the sessions 

were captured utilising a Polar Team ProTM (Polar Electro, Corp., Finland), a device that 

integrates heart rate monitoring and GPS systems to provide data on activity duration, average 

heart rate intensity (% heart rate max), and average distance covered. This system has been 

used previously to measure physiological outcomes in children.42 Key aspects of intervention 

fidelity and dose were assessed in each participant group (i.e., children, parents and 

instructors) as outlined in the material that follows.  

Children’s perceptions of parental support for PA—representing an important 

indicator of intervention fidelity—were assessed pre- and post-intervention in two ways. First, 
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children were asked to report on their parents’ provision of need support (i.e., autonomy, 

relatedness, competence support) with respect to PA with an amended 15-item instrument used 

by Dimmock and colleagues.43 Specifically, amendments were made to orient children to their 

parents’ need-supportive behaviour (rather than, in Dimmock et al.’s study, exercisers’ 

perceptions of instructor behaviour). Using the stem, “When I have participated in physical 

activities with my parents over the last two weeks, my parent/s have…”, children responded 

to items assessing autonomy support (5 items, e.g., “…taken into account my individual 

needs”), competence support (5 items, e.g., “…given me exercises that are suited to my level”), 

and relatedness support (5 items, e.g., “…cared about me”). Responses were scored on a five-

point scale ranging from 0 (not true for me) to 4 (very true for me). Internal consistency 

estimates were calculated for autonomy support (pre-intervention α=0.71, post-intervention 

α=0.79), competence support (pre-intervention α=0.85, post-intervention α=0.74), and 

relatedness support (pre-intervention α=0.86, post-intervention α=0.61). Aside from need-

supportive behaviour, children also reported on parental logistic support for PA using an 

instrument adapted from a study by Rhodes and colleagues.44 Children were asked to report 

the frequency with which their parents (a) “encourage them to participate in activities that 

involve active games or sports”, (b) “participate with them in activities that involve sport 

skills”, and (c) “drive or provide transportation to a place where they can engaged in activities 

that involve active games or sport”. Example activities (e.g., playing, doing sport) were 

included to aid understanding. Responses were scored as 1 (never/rarely), 2 (about once a 

month), 3 (1-2 times per week), 4 (most days), or 5 (daily). Rhodes and colleagues reported 

evidence of reliability for scores derived from this instrument 44, and in this study, scores from 

this instrument produced internal consistency estimates as follows (pre-intervention α=0.71, 

post-intervention α=0. 56).  

Fidelity- and dose-related variables were also assessed with parents (pre- and post-

intervention) in order provide insight into the feasibility of the Thriving Families program. 

First, parents’ knowledge about strategies for building children’s motivation and confidence 

for PA was assessed with a 6-item instrument. Using the stem, “Right at this moment in time, 
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please indicate your knowledge on…”, parents were asked to rate their knowledge on items 

including, “how to improve my child’s confidence in being physically active”, and “how to 

improve my child’s enjoyment of physical activity”. All items were scored on a 5-point Likert 

scale ranging from 1 (low knowledge) to 5 (high knowledge), with average scores computed 

to provide an overall knowledge score. The internal consistency of scores derived from this 

instrument was as follows (pre-intervention α=0.88, post-intervention α=0.89).  

Second, parents’ motivation to support their child’s PA behaviour was assessed using 

a modified (parent-report) version of the amended 10-item Behavioural Regulation in Exercise 

Questionnaire-2 (BREQ-2) instrument described previously for children’s PA motivation. 

Specifically, using a 5-point response scale anchored at 0 (not at all true for me) and 4 (very 

true for me), parents were asked to respond to items assessing their motivation for PA support 

behaviours. The common instruction, “Over the last two weeks, I supported my child’s 

physical activity participation because…”, preceded the items. Consistent with the BREQ-2, 

subscales included intrinsic motivation (2 items, e.g., “I enjoy supporting his/her physical 

activity”), identified regulation (2 items, e.g., “It was important that I support his/her physical 

activity”), introjected regulation (2 items, e.g., “I would have felt guilty if I didn’t support 

his/her physical activity”), external regulation (2 items, e.g., “because other people said I 

should support his/her physical activity”), and amotivation (2 items, e.g., “I often felt like it 

was a waste of time doing it”). Given that each scale consisted of two items, we calculated 

Spearman-Brown coefficients (ρ) for pre- and post-intervention responses; intrinsic 

motivation (ρ = 0.84, ρ = 0.76), identified regulation (ρ = 0.81, ρ = 0.79), introjected regulation 

(ρ = 0.95, ρ = 0.82), external regulation (ρ = 0.55, ρ = 0.43), and amotivation (ρ = 0.97, ρ = 

0.77). A composite relative autonomy index (RAI)—an index of self-determined relative to 

controlled motivation45—was calculated by assigning weights to participants’ intrinsic 

motivation (+2), identified regulation (+1), introjected regulation (−1), and extrinsic regulation 

(−2) scores. As such, positive RAI scores reflect more autonomous (relative to controlled) 

motives and negative scores reflect more controlled (relative to autonomous) motives for PA 
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support for their child (we estimated and report on amotivation scores separately from RAI 

scores).  

Third, parents were also asked to indicate the level of logistical support they provided 

for their children’s PA using a parent-oriented version of the child instrument described above 

(e.g., indicating the frequency with which they “encouraged your child to participate in 

activities that involve active games or sports”). Using a 1 to 5 response scale consistent with 

the options reported for the child version of the instrument, scores for the parent version of the 

instrument displayed the following internal consistency estimate. (pre-intervention α=0.78, 

post-intervention α=0. 78). Finally, using the common stem, “Right at this moment in time, 

how confident are you in your ability to…”, parents were asked to complete a 12-item 

instrument designed to assess their confidence in providing autonomy support (e.g., “provide 

good options and reasons for your child’s physical activity involvement”), competence support 

(e.g., “encourage your child to persevere with regards to his/her physical activity”) and 

relatedness support (e.g., “to be supportive and caring for your child with regards to his/her 

physical activity”) to their children with respect to PA. All items were scored on a 5-point 

Likert scale ranging from 1 (low confidence) to 5 (high confidence), and internal consistency 

estimates for scores derived from this instrument were as follows: autonomy support (pre-

intervention α=0.93, post-intervention α=0.89), competence support (pre-intervention α=0.86, 

post-intervention α=0.91), and relatedness support (pre-intervention α=0.73, post-intervention 

α=0.77). 

As a final feasibility indicator, parents and instructors provided feedback on the 

primary intervention component (i.e., the Thriving Families workshop). Workshop feedback 

was provided in the form of a 10-item survey (see supplementary material S5.3) in which 

respondents were asked to report on the usefulness and comprehensibility of the workshop 

material and their confidence in utilising the skills developed in the workshop material. All 

items were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly 

agree), with higher scored denoting more positive evaluations. 

 



 114 

5.3.5 Assessing preliminary efficacy - Quantitative data collection 

Children (accompanied by their parents) attended a pre- and post-intervention 

assessment session (e.g., in the week following completion of the program), which lasted for 

approximately 60-75 minutes. In addition to providing data for feasibility indicators described 

above, children completed assessments designed to measure their motor competence, muscle 

strength, anaerobic power, aerobic fitness, flexibility, and resistance training skill competency. 

Children also completed questionnaires assessing their motivation for PA and PA confidence 

(both of which were considered important outcomes of the Thriving Families program). 

Motor competence was assessed using the Movement Assessment Battery for 

Children – 2nd edition (MABC-2), which was implemented and scored according to the 

MABC-2 manual.46 For the purpose of demographic information, children whose overall 

competence fell at or below the 5th percentile were classified into the ‘low motor competence’ 

group, those who fell between the 6th and the 16th percentile were classified into the ‘at risk 

of low motor competence’ group, and those scoring above the 16th percentile were classified 

as typically developing (from a motor competence perspective).46 Muscle strength was 

assessed using Jamar handgrip dynamometry, which has been used previously in a similar-

aged population and shown to provide a valid index of overall muscle strength.47 Anaerobic 

power was measured using the Wingate anaerobic test which, after an appropriate warm-up of 

2-3 minutes, requires participants to cycle against a constant braking force with maximal effort 

for 30 seconds. Peak power output is calculated as the highest power output during the test, 

and mean power is calculated as the average power over the 30 seconds. This test has been 

shown to have high test-retest reliability in paediatric populations.48 Aerobic fitness was 

assessed utilising the Fitkids Treadmill Test, conducted in accordance with previously 

published protocols by Kotte and colleagues, and which consisted of 90-second stages with 

increments in both speed and gradient.49 The total time to exhaustion was calculated as the 

total duration of the test minus the duration of the warm-up phase. Flexibility was determined 

using the sit and reach protocol, which has been validated in paediatric populations.21 Finally, 

the Resistance Training Skills Battery for Children (RTSBc) was used to assess resistance 
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training skill competency. The RTSBc was administered according to procedures previously 

published by Bebich-Philip and colleagues, and has been shown to be appropriate for 

children.50  

In terms of self-report outcomes, children’s motivation for PA and PA confidence 

beliefs were measured using a series of questionnaires administered pre- and post-intervention, 

with assistance provided to ensure children understood each item. Motivation for PA was 

assessed using an abridged 10-item version of the BREQ-2 51, where children were asked to 

reflect on their reason for participating in PA using a 5-point response scale anchored at 0 (not 

at all true for me) and 4 (very true for me). The amended instrument measured intrinsic 

motivation (2 items, e.g., “I find exercise enjoyable”), identified regulation (2 items, e.g., “I 

think it’s important to be physically active”), introjected regulation (2 items, e.g., “I would 

feel bad about myself if I was not physically active”), external regulation (2 items, e.g., 

“because other people say I should be physically active”), and amotivation (2 items, e.g., “I 

think physical activity is a waste of time”). Spearman-Brown coefficients (ρ) for both pre and 

post-intervention were as follows: intrinsic motivation (ρ = 0.55, ρ = 0.53), identified 

regulation (ρ = 0.66, ρ = 0.29), introjected regulation (ρ = .58, ρ = 0.78), external regulation 

(ρ = .63,  ρ = 0.49), and amotivation (ρ = .74, ρ = 0.76). Despite the low internal consistency 

estimates observed for selected subscales, we retained the BREQ-2 scores on the basis of the 

conceptual and practical grounds. A composite RAI score was computed (using the same 

weightings described previously) to indicate children’s autonomous (relative to controlled) 

motivation for PA (we again modelled amotivation separately). Children’s confidence for PA 

was measured using the perceived competence subscale of the Intrinsic Motivation 

Inventory.52 Participants responded to the 6-item subscale (e.g., “I think I am pretty good at 

physical activity”) using a response scale anchored at 1 (not at all true) and 7 (very true). 

Evidence supporting the validity and reliability of scores derived from the IMI subscale has 

been reported previously52, and in this investigation we observed adequate internal consistency 

estimates (pre-intervention α=0.86, post-intervention α=0. 77).  
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5.3.6 Qualitative data collection 

At the completion of the 10-week intervention, semi-structured face-to-face 

interviews were conducted with 19 parents and 8 instructors. On average, parent and instructor 

interviews lasted 29 and 22 minutes, respectively. Interviews were conducted by a researcher 

external to intervention delivery (but who was familiar with all intervention components) in 

order to maintain impartiality. Questions were developed after reviewing relevant qualitative 

methodology sources,53,54 and the interview schedule was reviewed by all co-authors for 

suitability and coverage. Participants were encouraged to guide the direction of the 

conversation, and probing questions were used when necessary to explore an answer in more 

detail, to clarify an issue, and/or to explore new ideas. Questions were focused on parents’ 

and instructors’ experiences in the program (e.g., “what were your impressions of the 

workshop?”, “in what ways, if any, did you use the MAGIC principles?”), and feedback was 

also solicited regarding potential improvements that could be made to the program (e.g., “what 

would you like to focus more or less on in the workshop or program?”). At the end of the 

interview, participants were encouraged to ask any questions and to provide any additional 

information. In line with recent recommendations in the literature, we adopted a reflexive 

thematic approach to analyses and qualitative data collection was ceased when authors 

considered that pragmatic saturation had been reached.55,56 

 

5.3.7 Data analysis 

Data were initially screened for missing values, and when participants failed to 

respond to a whole variable or subscale, data were not replaced. Two child participants who 

enrolled did not provide complete data (and were subsequently excluded from further analysis) 

as they were unable to complete a post-intervention assessment. Nine parents did not complete 

post-intervention questionnaires and were excluded from the analysis. Recruitment of 

participants occurred between October 2017 and December 2018. Descriptive data for children 

and parents were generated to provide participant demographic information (See Table 1). 

Feasibility data are presented in the form of attrition and adherence rates, as well as aggregate 
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means and standard deviations for pre- and post-intervention scores/perceptions. 

Characteristics of the Thriving Families group exercise sessions (intensity, duration, distance 

covered) are reported as averages. Change over time in the feasibility and preliminary efficacy 

variables (that were assessed at pre- and post-intervention) was assessed statistically using 

paired samples t-tests, and standardised Cohen’s d effect sizes were also calculated to indicate 

the magnitude of any change. 

Qualitative data were audio recorded and transcribed verbatim. A reflexive thematic 

analysis method was utilised for data analysis, allowing for the description and coding of 

phenomena (i.e., themes) relating to participants’ perceptions of the feasibility and efficacy of 

Thriving Families program.57 An exploratory thematic analysis approach was key to 

understanding participant perceptions and experiences, and an inductive development of 

themes resulted (i.e., the creation of themes based on participant insight rather than any 

established theory).57 This method allowed for information to be synthesised from participants 

without imposing preconceived ideas from researchers and allowed for diversity in responses. 

Meaning units were identified, recorded, and initially positioned (by the first author) within a 

theme structure. To support the conclusions made by the lead author, a series of ‘critical 

friends’ discussions were held among all co-authors regarding theme coverage and structure.58 

During this process, meaning units were re-allocated from the lead author’s original coding to 

ensure thematic precision, some meaning units were deleted on the basis of a lack of 

meaningful content, and theme definitions were edited to ensure they adequately captured each 

theme. Where meaning units are reported, names have been changed and any identifying 

information has been removed. 

 

5.4 Results 

5.4.1 Recruitment and baseline characteristics 

A total of 39 families expressed interest in the study; these families were deemed 

eligible to participate between October 2017 and December 2018 and provided their informed 

consent. Following the initial assessment, 6 children withdrew due to family, medical, or other 
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commitments (representing an 84% program completion rate). See Figure 1 for a flow diagram 

illustrating the number of participants recruited, those lost to follow up, and those used in 

feasibility analysis. Baseline characteristics of the parent (n = 28) and child (n = 30) 

participants who completed the intervention are shown in Table 1.  

 

Table 1. Descriptive characteristics of child (n = 30) and parent (n = 28) participants 
 

Characteristic Value 
Child Participants  
Age at initial assessment (years)  

Mean (SD) 9.6 (1.1) 
Minimum, maximum 8.0, 11.7 

Sex, n (%)  
Male 22 (73.3) 
Female 8 (26.7) 

Height (cm)  
Mean (SD) 137.9 (9.6) 
Minimum, maximum 123.0, 158.0 

Weight (kg)  
Mean (SD) 34.8 (10.4) 
Minimum, maximum 22.0, 64.7 

BMI  
Mean (SD) 17.9 (3.3) 
Minimum, maximum 14.2, 25.9 

Child behaviour checklist n(%)  
Internalising problems 10 (33.3) 
Externalising problems 7 (23.3) 
Below clinical cut offs 13 (43.3) 

Motor competence n (%)  
Typical motor competence 10 (33.3) 
At risk of low motor competence 5 (16.7) 
Low motor competence 15 (50) 

Parent Participants  
Age at initial assessment (years)  
Mean (SD) 46.0 (4.7) 
Minimum, maximum 36, 55 

Sex, n (%)  
Male 5 (17.8) 
Female 23 (82.2) 
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5.4.2 Quantitative and qualitative feasibility data 

In order to support the rolling recruitment method (and to allow us to obtain a 

sufficient sample), the Thriving Families program was delivered four times over four school 

terms during the collection period (i.e., four separate, back-to-back deliveries of the 10-week 

program using the exact same method and approach each time). All of the intended workshops 

and exercise sessions were delivered as planned, with parent workshop attendance at 92%. 

Thriving Families group exercise sessions (i.e., dose received) lasted an average of 59 mins, 

with children covering an average of 1500 metres per session and working at a heart intensity 

between 69-95% of their estimated heart rate maximum. No adverse events were recorded 

during the intervention period. The post-workshop evaluation questionnaire (see 

supplementary material S5.3) revealed that more than 90% of parents and instructors agreed 

or strongly agreed with all questions in the post workshop evaluation. Mean scores across all 

items were high and ranged from 4.24 to 4.75 (on a 5-point response scale). Importantly, 96% 

of parents found the workshop to be useful in developing their knowledge about building their 

child’s confidence and motivation for PA and, and 93% reported that the workshops improved 

their confidence in implementing strategies to provide a need-supportive environment. 

Similarly, 100% of instructors felt that the workshop was useful in developing their knowledge 

on building children’s confidence and motivation for PA and improving their confidence to 

implement need-supportive strategies (see supplementary material S5.3). 

With respect to children’s perceptions of parent PA support, no statistically significant 

differences over time were observed for children’s perceptions of autonomy support, t(27) = 

0.872, p = 0.391, competence support, t(27) = 0.063, p = 0.950, relatedness support, t(27) = -

0.202, p = 0.841, or parent logistical support for PA, t(27) = -0.568, p = 0.575. Effect size 

estimates of children’s perceptions of parent PA support indicated evidence of very little 

change over the intervention period. It is important to reiterate at this point that the study was 

not intended to be powered to detect statistically significant differences (on these or other 

outcomes), and relevant descriptive and effect size data—which are considered more 

informative than statistical inferences—are displayed in Table 2.  



 120 

Table 2. Effects of 10-week physical literacy intervention on child outcomes (n = 28) 
 

Variable 
Pre-intervention Post-intervention  

Mean SD Mean SD Cohen’s 
d 

Physical competence      

   Flexibility (cm) -4.36 8.26 -4.32 8.55 0.00 
   Muscle strength (kg)  13.63 3.44 15.31 4.39 0.43** 
   RTSBc 46.81 5.04 50.61 3.97 0.84** 
   Anaerobic power (watts) 226.11 93.38 236.92 94.51 0.11* 
   Aerobic Fitness (mins) 10.11 1.90 11.28 1.84 0.63** 
Self-perceptions      
   Exercise motivation      

RAI score 3.98 3.55 3.96 3.11 0.00 
Amotivation 0.89 1.19 0.78 0.88 0.10 

   Perceived competence 4.86 1.43 4.59 0.85 0.23 
Perceptions of parent PA 
support      

   Autonomy support 2.64 0.86 2.49 0.87 0.17 
   Competence support 2.65 0.99 2.64 0.80 0.01 
   Relatedness support 3.41 0.68 3.43 0.53 0.03 
   Parent logistic support  3.18 0.81 3.24 0.61 0.08 

 
Note: RTSBc = resistance training skill battery for children, PA = physical activity, RAI = 
relative autonomy index 
* = difference significant at p <0.05, ** = p < 0.01 
 
 

In terms of parent variables, we observed a significant increase from pre-to-post-

intervention in their knowledge about strategies for building their child’s confidence and 

motivation for PA, t(18) = -3.137, p = 0.006, and confidence to provide a need-supportive 

environment, t(18) = -2.629, p = 0.017; see Table 3). Effect sizes estimates for change in parent 

knowledge (d = 0.78) and parent confidence (d= 0.57) were moderate-to-large or large in 

magnitude. The quality of parents’ motivation to support their child’s PA (RAI) did not change 

significantly over the course of the program, t(18) = 2.005, p = 0.055; however, effect size 

estimates demonstrated evidence of a meaningful (i.e., moderately-sized) improvement in the 

quality of parents’ motivation for supporting their child’s PA (i.e., d = 0.41). We observed no 

significant change in parents’ amotivation regarding their child’s PA, t(18) = -0.419, p = 0.681, 
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or their provision of logistic support, t(18) = 0.325, p = 0.749), with effect size estimates 

indicating very little change over time on these indices. 

 

Table 3. Effects of 10-week physical literacy intervention on parent outcomes (n = 19) 
 

Variable 
Pre-intervention Post-intervention  
Mean SD Mean SD Cohen’s d 

Motivation to support children’s 
PA      

RAI score 5.34 2.85 6.50 2.64 0.42 
Amotivation 0.75 0.79 0.67 0.92 0.01 

Knowledge  3.21 0.73 3.78 0.73 0.78** 
Confidence   3.31 0.81 3.76 0.76 0.57* 
Parent logistic support for PA 3.63 0.65 3.60 0.70 0.04 

 
Note: PA = physical activity, RAI = relative autonomy index. 
* = difference significant at p <0.05, ** = p < 0.01 
 
 

Qualitative data were grouped according to two broad categories representing (a) 

reflections on the program in general and the MAGIC framework (presented in this section), 

and (b) the effect of the program on children’s physical literacy outcomes (presented in the 

following section; 3.3). Parents appreciated several elements of the program and the MAGIC 

framework. One parent commented, for example, “the parent workshop, going through the 

MAGIC principles and the action plans and troubleshooting, certainly helped to really address 

areas we need to focus on again at home or outside of this environment”. Instructors reinforced 

the value of the framework, with one noting, “I think one thing that’s very easy to administer 

is the idea of the MAGIC principle. Having a framework for it I think helped reinforce, not 

necessarily bringing something new to the table, but reinforced the things that we think are 

important and we should be doing”. Another instructor echoed this point, commenting, “the 

way I’ve phrased things, just, like, in terms of building confidence in the kids and using 

different terminology. Like, putting it in a different way. That workshop really did help me, 

like, see another way of approaching it.”  
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In terms of positive aspects of the program, the parent education workshop—and 

program more generally—also appeared to facilitate greater self-reflection among parents and 

supported a renewed desire to encourage their child’s PA experiences and participation. One 

parent indicated, for example, “I guess, reflecting back on that and reflecting back on some of 

my behaviours and frustrations before, with some of the things I've done here as well I 

probably recognise there were a few things that I could have done better in the past, and they’re 

mistakes that I probably won’t make again.” Another parent reinforced this message, saying, 

“because I’ve got a child who doesn’t normally choose to be physically active, she’s just not 

gonna go and do it on her own. So, I have to be part of that, and I have to make her fun. So, if 

anything I walk away with it’s that she’s just not gonna do it off her own back, that I have to 

be part of that, and, and that’s okay. And that’s just the way it’s gonna be, and just have fun, 

she’s a kid.” Reflecting on the workshop, another parent highlighted, “I remember after, it 

might have been the first parent workshop actually, going and sharing it with my husband and 

commenting about, I think these things would be good for her, kind of incorporating it in and 

sharing it with others members of the family.” For additional meaning unit examples to 

illustrate parent and instructor perceptions, see supplementary material S5.4.  

Aside from endorsing elements of the program and workshop, parents and instructors 

also suggested improvements that (if feasible) may bolster the effectiveness of the program in 

the future. Parents expressed that additional face-to-face contact may be valuable, with one 

highlighting, “…it’s a shame there weren’t weekly workshops. Some of them don’t work for 

everybody. But I’ve found that it’s probably more reflection upon oneself than anything else 

that... things tend to go by the wayside. Even just having that touch point, just to keep on going 

over and iterating, like the last session I found the most useful. And it wasn’t actually, it wasn’t 

actually the workshop, it was questions.” Instructors also saw benefit in scheduling more 

regular sessions. As one commented, “it would have been good to go do the workshop, put 

into practice what you had learned, then halfway through comeback and talk about what 

worked, what hadn’t”.  
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5.4.3 Quantitative and qualitative preliminary efficacy data 

Paired sample t-tests examining change on child physical competence outcomes (see 

Table 2) pre- and post-intervention revealed significant differences in aerobic fitness, t(27) = 

-4.806, p < 0.000, anaerobic power, t(27) = -2.079, p = 0.047, resistance training skill 

competence, t(25) = -3.745, p = 0.001, and muscle strength, t(25) = -2.823, p = 0.009. 

Examination of effect sizes (ranging d = 0.43 – 84; see Table 2) indicated evidence of moderate 

or large changes for aerobic fitness, muscle strength, and resistance training skill competency, 

along with evidence of a small effect (d = 0.11) for change in anaerobic fitness. No significant 

differences were observed for changes in flexibility, t(24) = -0.045, p = 0.965), or for changes 

across the intervention on children’s motivation for PA (i.e., RAI scores), t(27) = 0.023, p = 

0.982, amotivation, t(27) = 0.386, p = 0.702, and perceived PA competence, t(27) = 1.275, p 

= 0.213. Inspection of effect size estimates for these indices revealed little evidence of 

meaningful change.  

In terms of qualitative data on this issue (i.e., quotes reflecting the effect of the 

program on children’s physical literacy outcomes), parents commented that they had observed 

improvements in elements of their child’s physical literacy across the course of the program. 

For example, one parent highlighted, “it’s just brilliant. I just think it’s such a good program. 

I don’t know where [my child] would be without it. She’s a lot physically stronger, but I’ve 

also sorted out gut issues with her, and food issues, that all, everything combined has just made 

her physically stronger and more confident”. Another parent reflected on the effects of the 

program on her daughter’s confidence and motivation for PA, commenting, “all of it together, 

the workshops and the home activities, the program... all of it together has really helped my 

daughter because, yeah, she’s now getting involved more in the school. Like, she’s just started 

doing athletics club. She gave it a go yesterday and that’s something that she just never would 

have done.” With regards to greater PA participation outside the program, one parent also 

commented, “his mates are more [physically] capable than he is, but he is getting more keen 

to go around bike riding around the neighbourhood now that he’s getting stronger”. For 
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additional meaning unit examples to illustrate program efficacy, see supplementary material 

S5.4. 

 

5.5 Discussion 

Children faced with neurodevelopmental, emotional, or behavioural challenges 

experience difficulties finding tailored and enjoyable PA options, meeting PA 

recommendations, and building long-term PA habits.2,6,7 For that reason, it is important that 

researchers and practitioners seek to develop and deliver effective interventions that are 

tailored to children’s needs  and  support positive PA experiences.23,26,27 The concept of 

physical literacy holds value for understanding and predicting individuals’ engagement in 

exercise and PA; as such, this concept provides an important conceptual ‘scaffold’ for 

interventions of this kind. In this investigation, we reported on the development and 

preliminary evaluation of the Thriving Families program—a multi-component physical 

literacy intervention specifically for children with neurodevelopmental, emotional, or 

behavioural challenges. In doing so, we collected data that would not only inform us as to the 

feasibility of the program, but would also provide insight into the potential efficacy of the 

intervention. Broadly, our findings revealed that Thriving families was feasible (i.e., delivered 

as planned and received positively by families and instructors) and may be responsible for 

(some) positive downstream effects on aspects of children’s physical literacy.   

The primary ‘active ingredients’ (e.g., programmed exercise sessions, the education 

workshops, MAGIC framework) within the Thriving Families intervention were delivered as 

planned and—on the basis of quantitative and qualitative feedback—were well received by 

participants. In addition, from a health and physical activity promotion perspective, heart rate 

and GPS data regarding the programmed exercise sessions indicated that children were, on 

average, working at a moderate-to-high level of intensity—such levels of engagement would 

be expected over time to elicit positive physiological adaptations.59 Contrary to previous 

findings by Bremer and colleagues 23 and despite the relatively short-term nature of the 

program (i.e., 10 weeks), it was interesting that we observed notable improvements over time 
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in objective indicators of children’s physical competence. Specifically, moderate-to-large 

effect sizes were apparent for aerobic fitness, muscle strength and resistance training skill 

competency. It is, of course, important to caution that without a suitable control cohort, these 

findings may be due to influences other than the program alone. However, for children aged 8 

to 12, we would not expect that maturation effects in isolation would account for changes of 

such magnitude in these outcomes over a 10-week period. It was also interesting to note that 

despite improvements in objective indicators of physical competence, these effects did not 

translate into similar improvements in children’s perceived competence for PA. In terms of 

potential program refinements in the future, it is possible that more detailed and frequent 

feedback to children about their objective (physical) development would help shift perceptions 

of competence during (and following) the program. 29 Additionally, it is well documented that 

children with lower motor competence tend to hold relatively low self-perceptions in this 

domain 60,61; it may, as a result, take longer than 10 weeks to bring about changes to long-held 

perceptions of self. Parenthetically, the same notion may be true with respect to the negligible 

change we observed for children’s PA motivation quality (i.e., RAI scores). If these children 

have a history of largely negative PA experiences, 7,8 it may take a significant amount of time 

to stimulate changes to the way in which children view exercise.  

In addition to feasibility and preliminary efficacy conclusions based on children’s 

physical and self-report assessments, we observed further evidence for program feasibility 

through parent (and instructor) data. First, with an emphasis on study fidelity and potential 

mechanisms of action, parents demonstrated noteworthy improvements across the program in 

their knowledge about building children’s motivation and confidence for PA, as well as their 

confidence to provide a need-supportive PA environment. The moderate or large effects 

observed for these variables indicates that the intervention may hold value in shaping 

important mediators of PA promotion for children. It has been shown, for example, that 

parental support for PA is a key predictor of children’s PA participation.62 It would be valuable 

to determine in the future whether, given sufficient time, these changes translate into improved 

PA support behaviours among parents and enhanced PA levels and experiences for children. 
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Second, qualitative data revealed that despite all instructors having a tertiary education (e.g., 

exercise science degree) incorporating foundational knowledge in motivation science and 

behaviour change, on the whole they reported that the MAGIC framework provided an 

important frame of reference for effective service delivery. The value that instructors saw in 

these practical and theoretical principles—and the reinforcement of this perspective by parents 

in their interviews—points toward the potential scalability and effectiveness of the program 

in the future.  

Despite documenting evidence that supported aspects of program feasibility and 

potential efficacy, there were a number of instances where we observed no change on relevant 

variables, and as a result there appeared to be important refinements and program 

improvements that could be made. With parents, for example, we observed negligible pre-to-

post-program change on their provision of logistic support for PA and motivation for 

supporting PA. These patterns were supported by children’s reports of their parents’ change 

in supportive behaviour (or lack thereof)—we witnessed negligible change in children’s 

perceptions of their parents’ need-supportive and logistic support behaviours regarding PA. In 

light of these findings, it is possible that the relatively short intervention period did not provide 

parents with sufficient time to learn, internalise, and/or implement changes in this respect. 

Similarly, it is also possible that greater contact time (e.g., increased workshop activity, 

increased follow-up) would have enabled parents to demonstrate more meaningful (or 

positive) change on these key PA support behaviours. Indeed, during interviews, parents and 

instructors independently highlighted that greater contact time would aid their implementation 

of the MAGIC principles and would enable them to seek more detailed and frequent feedback 

about their experiences. Second, it is important to note that there were several behaviour 

change techniques embedded in the program, and the primary aim of those techniques was to 

facilitate long-term self-management of PA support (for parents) and engagement (for 

children) following the completion of the program. The timing of outcome assessments (i.e., 

immediately upon completion of the program), however, precluded any inferences regarding 

the lasting effectiveness of these techniques. It would be worthwhile in the future, in addition 
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to making the programming changes outlined above, to also modify the assessment protocol 

so as to include a ‘retention’ measurement (e.g., another 10 weeks later) and provide insight 

into (a) the sustainability of any program-induced changes, or (b) whether the program may 

have stimulated changes that only fully ‘emerge’ following completion (e.g., ongoing use of 

behaviour change strategies, developments in children’s motivation and confidence, changes 

in parent support).  

The strengths of this study include the development of a novel intervention program 

aimed at promoting a key lifestyle behaviour among a disadvantaged cohort, the recruitment 

(and retention) of children, parents, and instructors into a 10-week PA program, and the 

collection of comprehensive (qualitative and quantitative) feasibility data. It is important to 

reiterate, though, that in light of the study aims and design we did not ‘power’ the study to 

detect (statistical) change on any measured variables. In addition, although the concept of ‘grit’ 

or resilience was included as one of the principles in the MAGIC framework, we did not 

include any assessment of this specific variable. As such, whether or not children improved in 

their capacity to deal with PA challenges through the program can only be inferred from other 

outcome measures (i.e., objective competence, motivation, confidence) or from parents’ 

qualitative data. It would be valuable in any future randomised controlled trial based on this 

program to include an assessment of children’s resilience relating to PA challenges and 

setbacks. Finally, it is worth highlighting that the sample consisted of families (i.e., parents) 

who self-referred to the program, and in the future it is necessary to determine the extent to 

which desirable program outcomes (and retention rates) can be achieved among a sample of 

families referred into the program from a third party (as might often be the case with programs 

of this kind).  

 

5.6 Conclusion 

Despite an abundance of community-based PA programs and offerings for children, 

those with neurodevelopmental, emotional or behavioural challenges continue to experience 

difficulties finding enjoyable, engaging, and supportive ways to be regularly active. By 
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focusing on the concept of physical literacy and adopting a multi-faceted approach to 

intervention, in this study we demonstrated important feasibility evidence for a community-

based PA program for children with identified barriers to participation. From a practical 

perspective, these findings provide evidence to support the continuation of the Thriving 

Families program and offer valuable insight into methods for program optimisation. An 

important next step from a community programming standpoint is to ‘scale up’ this 

intervention and explore delivery effectiveness in other sites and locations. From a research 

perspective, meanwhile, this study provides the platform (and necessary information) to 

support a future randomised controlled trial in which long-term health- and PA-related 

outcomes for children (e.g., PA levels, socialisation processes, physical and mental health 

indices) and their parents (e.g., PA supportive behaviours) are examined.   
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5.8 Supplementary Materials 

 

Figure S5.1 The M.A.G.I.C framework  
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Table S5.2 Overview of primary intervention components and constructs targeted 
 

Intervention 
Component 

Group 
involved Dose Description Behaviour Change 

Technique 32 
Targeted Physical 

Literacy Construct/s 

Interactive 
workshops 

 
 
 
 
 
 
 
Parents 
 
 
 
 
 
 
 
 
 
 
 
 
Instructors 

 
 
 
 
 
 
 
3 x 1-hour 
workshops 
(week 2, 3, 6) 
 
 
 
 
 
 
 
 
 
 
1 x 1-hour 
workshop 

Workshop 1: Four components, (a) understanding the 
benefits of PA and the importance of physical literacy, 
(b) psychological determinants of physical activity, (c) 
introduction to the MAGIC framework, (d) a reflection 
activity for parents to examine their previous / typical 
PA interactions with their child/ren.  
Workshop 2: Four components, (a) a review of the 
MAGIC framework, (b) strategies for building 
motivation and confidence within MAGIC, (c) 
application of the framework, discussion, scenario-based 
activities, (d) formulation of individualised action plans 
for home implementation.  
Workshop 3: A reflection activity based on 
implementation experiences. Parents given the 
opportunity to ask ‘troubleshooting’ style questions, 
with discussion on relevant issues and challenges. 
 
Four broad modules, (a) overview of psychological 
theories, (b) introduction of the MAGIC framework, (c) 
application of the framework to roleplay scenarios, (d) 
reflection and goal setting, sharing experiences and 
questions. Session concluded with instructors 
formulating and agreeing on a set of group goals as to 
how they would implement the MAGIC framework into 
the group exercise sessions. 

Shaping 
knowledge 

Goal setting 
(behaviour) 

Review behaviour 
goals 

Identification of 
self as role model 

Behaviour 
rehearsal/practice 

Social support 

Problem solving 

Action planning 
(including 
implementation 
intentions) 

Feedback on 
behaviour 

Modelling of the 
behaviour 

Knowledge and 
Understanding  

Motivation and 
Confidence (need 
support) 

Thriving exercise 
sessions 

Children  
Instructors 

Ten 60 min 
exercise 
sessions 

Children were involved in small group (3 children/1 
instructor) exercise sessions designed to work on 
improving physical literacy, via targeted programming 
for physical competence and providing a positive 
exercise experience 

Social support 

Goal setting 
(behaviour) 

Problem solving 

Physical Competence 

Knowledge and 
Understanding 

Daily Behaviour 
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Table S5.2 Overview of primary intervention components and constructs targeted (continued) 
Intervention 
Component 

Group 
involved Dose Description 

Behaviour Change 
Technique 32 

Targeted Physical 
Literacy Construct/s 

Thriving exercise 
sessions 
(continued) 

   

Shaping knowledge 

Feedback on 
behaviour 

Modelling of the 
behaviour 

Physical Competence 

Knowledge and 
Understanding 

Daily Behaviour 

Motivation and 
Confidence 

Home fun activity 
card and 
equipment 

Parents and 
children  

Instructors provided children with a selection of home 
fun activity cards (and equipment) to practice activities 
and support physical competence development. Children 
were offered choice as to which one (or more) were 
most desirable. Families were loaned necessary 
equipment from the equipment library.  

Behaviour 
rehearsal/practice 

Prompts/cues 

Action planning 
(including 
implementation 
intentions) 

Self-monitoring of 
behaviour  

Modelling of the 
behaviour 

Physical Competence 

Knowledge and 
Understanding 

Daily Behaviour 

Motivation and 
Confidence 

Workshop 
materials 

Parents and 
instructors  

Parent and instructors received a workbook, infographic 
materials, fridge magnets, and folders to help support 
learning and promote behaviour change. 

Shaping knowledge 

Prompts/cues 

Knowledge and 
Understanding  

Motivation and 
Confidence 

Online materials Parents and 
instructors  

Parents and instructors could review the workshop 
recording and information regarding home fun activities 
online throughout the intervention. 

Shaping knowledge 

Prompts/cues 

Knowledge and 
Understanding  

Motivation and 
Confidence 
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Table S5.3 Parents’ and instructors’ perceptions of the training workshop.  

 

 Parents Instructors 

Item Mean (SD) 
Agree / 

Strongly Agree 
(%) 

Mean (SD) 
Agree / 

Strongly 
Agree (%) 

Overall, the Thriving Families instructor workshop was useful in developing my 
knowledge about building confidence in [my child /children] 4.69 (0.54) 96.6 4.60 (0.51) 100.0 

I understood the information that was presented to me during the workshop 4.76 (0.51) 96.6 5.00 (0.00) 100.0 

The information was clearly presented 4.96 (0.18) 100.0 4.80 (0.41) 100.0 

The information on the MAGIC principles was useful in improving my knowledge 
around building confidence in children. 4.62 (0.62) 93.1 

4.73 (0.46) 100.0 

The activities were useful in developing my knowledge around building confidence in 
children….     

Mastery 4.48 (0.57) 96.6 4.53 (0.52) 100.0 

Modelling 4.45(0.63) 93.1 4.53 (0.52) 100.0 

Communication 4.55 (0.57) 96.6 4.60 (0.51) 100.0 

Personal action plan 4.51 (0.57) 96.6 4.53 (0.64) 93.3 

The Thriving Families parent workshop made me more confident in my abilities to build 
[my child’s /children’s] confidence towards physical activity 
 

4.34 (0.61) 93.1 
4.47 (0.52) 100.0 

The Thriving Families parent workshop made me more confident in my abilities to 
improve [my child’s /children’s] desire to be physically active 4.24 (0.68) 86.2 4.47 (0.64) 100.0 

 
Note: Items were scored 0-5, where higher scores denote more positive perceptions 
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Table S5.4 Additional qualitative feedback  

Theme Meaning Unit 

Reflections on 
the program in 
general and the 
MAGIC 
framework 

“I think, just having more frequent contact, even just it was really good thing when we sort of introduced ourselves and with the other 
parents, and just speaking to other parents. Because just knowing that we’re all kind of in the same boat is, is kind of nice.” (P) 

“[He] has come a long way, I’d say, over the years, from being scared of certain challenges to more trying and persevering. With the 
activities that we've been doing and we’ve been provided with the equipment, that’s been quite helpful because, they’re fun things that 
we can do together as a family. And I think that’s brilliant aspect of it.” (P) 

“I just didn’t have time to [use activity cards] and I’ve got such a crazy life at the moment so I haven’t really done it at home to be 
honest.” (P) 

“I thought, well, maybe concentrating on, on those MAGIC principles a bit longer.” (P) 

“Some of the ideas you had were good about having the sessions for parents at the same time [as kids], this worked well for us.” (P) 

“A real strength of this program is the rapport between the instructors and the children, or my child I should say, she loved coming 
along.” (P) 

“I love it, because they’re just so happy and they’re running around, they’re just playing great games. But the games, that transfers to 
school too, so the games that they’re learning here in a really safe, really fun environment where it’s kind of, it’s competitive, but at 
their level and when they take it to school, they’ve already got that prior knowledge.” (P) 

“you know, everyone likes to belong to something and for our children to, in their way, feel that they’re part of a group where they are 
accepted. I think that’s equally important as the physical [gains] they gain from the exercise.” (P) 

“He loves coming here and just being able to be on a level with other kids and it’s not competitive.” (P) 

“Feeling safe within the environment, and not being excluded from the environment, because of behavioural issues that are not 
naughtiness but part of the pathology.” (P) 

“It’s more in that, I keep it [MAGIC framework] in the back of my mind. For me it’s not like I have the kid in front of me and I’m 
going to “magic” that kid. But, it’s like, how am I creating an environment where we can incorporate the principles. So, that’s I guess 
how I use the principles.” (I) 
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Table S5.4 Additional qualitative feedback (continued)  

Theme Meaning Unit 
Reflections on the 
program in 
general and the 
MAGIC 
framework 

“I feel like I have more tools to use to help the kids increase their confidence, so by doing that, like, that gives me confidence in what 
I’m doing because they’re having more fun and they are more willing to do activities.” (I) 

 
Effect of the 
program on 
children’s 
physical literacy 
outcomes 

“Because X is able to participate at his level here. He doesn't feel bad about himself at all. He's just knows that he can do what he can 
do here. And he gets better by being here.” (P) 
“Her running was really uncoordinated before, and now when she runs, it doesn't look really uncoordinated” (P) 
“You know, it's worth doing, he gets out and, he's doing physical activity and we can always see there's an improvement, every time 
we come” (P) 
“I know that his confidence, he's got a lot more confidence when he comes here.” (P) 

“Especially in groups, I think it’s motivation and confidence are the things where we have the most impact” (I) 

Note: P = parent, I = instructor 
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Chapter 6: General Discussion 
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6.1 Research Summary 
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6.2 Implications 
 

The research conducted in this thesis has valuable theoretical and practical 

implications—these broad considerations are addressed in the following sections. 

6.2.1 Theoretical contributions 
 

There is a well-established literature documenting the deficits in physiological and 

psychological factors among children with low motor competence;1,2 however, this thesis 

detailing one of the most comprehensive investigations of physiological and psychosocial 

variables in a large cohort of children with low motor competence and their parents, offers 

novel insights to the field. Specifically, in the first study (Chapter 2) we identified that those 

with lower motor competence experience a greater number of physiological and psychosocial 

deficits than those who are at risk or typically developing (above and beyond impairments in 

motor skills). This finding highlights the need for comprehensive assessment of physical 

competence/fitness and psychosocial factors in order to understand the needs of children 

engaging (or not) in physical activity programs, rather than stratification based on single 

dimensions or dichotomies of competence/fitness. Based on the findings in the first paper, 

muscle strength emerged as the central competence factor that differed between the three 

motor competence groups. The findings in Chapter 3 further our understanding of the role of 

specific physiological measures (i.e., neuromuscular performance, muscle strength) in relation 

to motor competence. Although researchers have investigated aspects of muscle strength 

previously,3,4 a key finding from this study was the significant contribution of neuromuscular 

performance in predicting variability in motor competence.  

The influence and utilisation of parents to improve physical activity outcomes (e.g., 

encouraging participation, provision of logistic support) is widely advocated in the literature.5,6 

Findings from Chapter 2 highlighted that parents’ health profiles (i.e., physiological measures) 

were not fundamentally different for children who had high or lower motor competence. 

However, levels of parental logistic support did differ between these cohorts, and provided an 

important consideration that was carried through the thesis. Specifically, Chapter 4 

demonstrated an association between parent logistic support and children’s physical activity 
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levels through children’s physical activity confidence. Conceptually, this finding provided a 

greater understanding of the relationship between parent physical activity support factors and 

physical activity participation in children with low motor competence. 

Finally, relevant literature on children’s physical literacy7 and behaviour change8 

contributed to the development and evaluation of a community-based physical literacy 

intervention. The findings from Chapter 5 indicated that a multi-component intervention 

incorporating parent coaches can be utilised to support physical literacy among children with 

neurodevelopment, behavioural, and emotional conditions. The intervention provides a novel 

framework regarding the ‘ingredients’ involved in developing and delivering a multi-

component intervention in a community-based physical activity setting. It is the first of its 

kind to utilise physiological and psychological constructs via physical literacy framework and 

be successfully implemented in this cohort of children. 

 
6.2.2 Practical implications 
 

Findings from the research contained within this thesis may benefit clinicians, 

researchers, and families working to improve physical activity participation among children 

with neurodevelopmental, behavioural, or emotional conditions. 

• Clinicians and researchers should adopt a multi-component approach when 

implementing exercise interventions (e.g., such as focusing on applying and adhering 

to a physical literacy framework). Findings indicate that children in this cohort 

experience physiological and psychosocial deficits and focusing on a singular 

component is likely to yield limited results when considering physical activity 

promotion.  

• Interventions designed to improve motor competence should also incorporate 

targeted, multi-joint resistance training at an age- and skill-appropriate level, given 

the contribution of neuromuscular performance to the variability of motor competence 

(e.g., resistance training via pin-loaded paediatric weight machines with progression 
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to body weight resistance training based on current level of resistance-training skill 

competency).9  

• Utilisation of a simple framework (i.e. MAGIC), grounded in psychological theory, 

can assist parents and clinicians to provide and promote positive physical activity 

engagement. 

• Providing parents with practical strategies and tools (e.g., individualised activity 

plans, take home activities and resources) to support psychological factors (e.g., 

motivation and confidence) and physical competence is largely well received by 

families, and can have a positive impact on (selected, though not all) physical literacy 

outcomes. 

• Comprehensive physical literacy assessments are feasible in this population and 

should be utilised within community-based programs to help identify and target 

individual goals.  

• Small group exercise sessions can be conducted with children with 

neurodevelopmental, emotional, or behavioural conditions, incorporating 

participation at an intensity indicative of moderate-vigorous physical activity. Fun and 

varied exercises and activities should be targeted with the goal of addressing 

individual physical literacy outcomes (e.g., motor skills, muscle strength, aerobic 

fitness). 

 
6.3 Limitations and future directions 
 

The studies presented in this thesis are noteworthy from both a theoretical and 

practical perspective; however, there are broad limitations against which these strengths 

should be balanced. The first broad limitation of the work presented in this thesis reflects the 

type of participants involved in the studies. Those who agreed to participate did so on a 

voluntary basis and studies relied primarily on families seeking or engaged in physical activity 

services. Although these samples represented community-based cohorts, all studies were 

conducted in the same geographical location (i.e., metropolitan Perth), and in an area 
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characterised by moderate-to-high socio-economic advantage (e.g., professional occupation, 

high income, high education levels).10 Additionally, these studies were conducted in pre-

pubescent children of both sexes and was not designed to assess differences across age groups 

or sexes. As such, future researchers should consider greater diversity (i.e., socio-economic 

vulnerability, sex, maturation) in study populations and their subsequent effects. 

The sample size utilised in the study presented in Chapter 5 was appropriate to 

determine the feasibility of the intervention program; however, it was insufficient to draw 

conclusions related to the efficacy of the program for improving physical literacy (or physical 

activity) outcomes in children. In addition, given that the study was designed as a single-group 

investigation (i.e., no control group), it was not possible to determine whether the pre-to-post 

changes on outcome variables occurred as a function of the intervention itself or other external 

(e.g., maturation) factors. A key consideration for future research, therefore, is to conduct a 

(sufficiently and appropriately powered) randomised control trial in accordance with the 

CONSORT guidelines.11 12 Finally, the cross-sectional design is a broad limitation that should 

be noted for the studies included in the early chapters of the thesis (Chapter 2-4). The studies 

were designed to understand the relationship between specific variables and physical activity 

outcomes in children with neurodevelopmental conditions, and it is important to acknowledge 

the potential for bi-directional relationships between variables under scrutiny.  

 

6.4 Conclusion 
 

The work conducted in this doctoral thesis provides important insight into the 

physiological, psychological, and parent support-related factors associated with physical 

activity participation among children with neurodevelopmental, behavioural, and emotional 

conditions. The studies were truly inter-disciplinary in nature and incorporated contemporary 

literature from diverse fields including exercise physiology, motivation science, behaviour 

change, social cognitive theories, family dynamics, and implementation science. The most 

important contribution of the work presented in this thesis is the successful implementation of 

a community-based physical literacy program that targeted children’s physical literacy needs 
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and provided a positive exercise environment. Moreover, it is hoped that this thesis provides 

the foundational evidence to support researchers and clinicians in addressing the significant 

challenge of better supporting children and families to reach their physical activity goals. In 

considering the potential real-world value of the work, the final word should be reserved for 

one of the parents involved in Study 4, who reflected on the Thriving Families program by 

saying, “to see him running out there, and loving it… just makes my heart pop!”.   
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