
Bond University

DOCTORAL THESIS

Physical Activity and Motor Proficiency in Learning Contexts of Primary School
Children: Relationships with Academic Performance.

Macdonald, Kirstin

Award date:
2021

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

https://research.bond.edu.au/en/studentTheses/605de8ac-681f-480e-8362-48069aebee0a


 

 

Physical Activity and Motor Proficiency in Learning 
Contexts of Primary School Children: Relationships 

with Academic Performance 

 

Kirstin Andrea Macdonald 

 

Submitted in total fulfilment of the requirements of the degree of Doctor 
of Philosophy (PhD) 

May 2021 

 

Faculty of Health Sciences and Medicine 

 

Associate Professor Robin Orr, Associate Professor Nikki Milne and 

Professor Rodney Pope 

 

This research was supported by an Australian Government Research Training Program 

Scholarship. 



ii 
 

 

  



iii 
 

Abstract 

Levels of physical activity, physical fitness and motor skill proficiency in Australian 

primary school children are concerningly low and emerging evidence suggests that 

academic outcomes may be correlated with these factors. In children and adolescents, 

there is strong evidence to suggest that motor skill proficiency is favourably associated 

with health-related outcomes, including cardiorespiratory fitness, weight status and 

participation in physical activity. Thus, developing children’s motor proficiency may not 

only improve health outcomes, but also those of an academic nature.  

Primary school-aged children spend a considerable amount of their time at school. The 

primary school setting therefore presents an opportune environment through which to 

support the ongoing physical development of children, particularly their motor skill 

development. However, further knowledge is needed regarding the specific 

relationships between motor proficiency and academic outcomes in children in the 

early years of primary school in Australia. The frequency, type and exact context of 

children’s physical activity occurring in early primary school classrooms must also be 

ascertained, along with the barriers and facilitators to increasing physical activity during 

school class time. Finally, it is necessary to explore the feasibility of implementing 

classroom-based motor skill programs to children in the early years of primary school.  

Therefore, the overall objectives of this doctoral program of research were to (i) 

investigate relationships between motor proficiency and academic performance in 

mathematics and reading in children in the early years of primary school in Australia; 

and (ii) explore whether early primary school classrooms in Australia are feasible 

settings to implement physical activity, particularly motor skill programs, as a strategy 

to promote children’s motor proficiency and academic outcomes. To meet these 

objectives, a progressive three-stage framework, drawn from a model for the 

development and evaluation of health promotion programs was employed.  

Stage 1 of the thesis framework involved defining the problem and included a narrative 

review of the literature and a systematic review. Findings from the Narrative review 
(Chapter 2) revealed that Australian children are currently demonstrating low levels of 

physical activity, aerobic and muscular fitness and proficiency in motor skills. The need 

to explore strategies to support the physical development of Australian children, 

particularly within the school setting, was identified. Positive relationships between 
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physical activity, cognition and academic performance in children and adolescents 

were consistently reported in the literature. However, there is currently inconclusive 

evidence to support a beneficial effect of physical activity interventions on children’s 

cognition and overall academic performance. Several key gaps in the literature were 

evident, including a lack of systematic reviews examining relationships between motor 

proficiency and specific academic outcomes in school-aged children and adolescents. 

Furthermore, a limited number of studies had previously examined the impact of 

school-based motor skill interventions, including classroom-based motor skill 

interventions, on children’s motor proficiency and academic outcomes.  

To address these gaps in the literature, a Systematic review (Chapter 3) was 

conducted to identify, critically appraise, and synthesise the findings of studies 

examining the relationship between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children and adolescents. 

Eligible studies were identified and critically appraised using a modified Downs and 

Black checklist. A total of 55 studies (51 observational, four experimental) of low to 

moderate methodological quality were eligible for inclusion. Key findings from 

observational studies included in the review revealed significant positive associations 

between both fine motor skills (specifically fine motor integration and total fine motor 

scores) and gross motor skills (specifically upper limb coordination, speed and agility 

and total gross motor scores) and mathematical and reading outcomes. However, the 

strength of the association was highest between fine motor skills and mathematical 

outcomes. Findings from four experimental studies examining the impact of school-

based motor skill interventions on academic and motor proficiency outcomes revealed 

predominantly significant intervention effects on academic and motor proficiency 

outcomes. However, due to limitations in the methodological quality, this systematic 

review concluded that studies with more robust designs are required to evaluate these 

findings further. 

Stage 2 of the thesis framework encompassed generating solutions and was informed 

by three studies. The first study (Study 1, Chapter 4) investigated associations 

between fine and gross motor proficiency and academic performance in mathematics 

and reading in a cohort of Year 1 children in Australia. The cross-sectional study 

included 55 Year 1 children (25 boys, 30 girls, mean age = 6.77 ± 0.40 years) from two 

primary schools in New South Wales, Australia. Motor proficiency and academic 
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performance were assessed using standardised tests, including the Bruininks-

Oserestsky Test of Motor Proficiency – 2nd Edition and the Wechsler Individual 

Achievement Test – 2nd Edition – Australian Standardised Edition, respectively. 

Pearson’s and/or Spearman’s correlation analyses revealed total motor composite 

scores were significantly associated with mathematics composite scores (r = .466, p 

< .001). Hierarchical multiple linear regression analyses revealed that after controlling 

for age, fine motor precision and fine motor integration together explained 27% and 

21% of the observed variance in mathematics and reading composite scores, 

respectively. Overall findings suggest that Year 1 children’s motor proficiency was 

positively associated with their mathematical skills; however, it was children’s fine 

motor integration skills that were most predictive of mathematics and reading ability. 

Study 2 (Chapter 5) began to explore the feasibility of implementing physical activity, 

particularly motor skill programs, into early primary school classrooms in Australia by 

investigating existing levels of Year 1 children’s physical activity and the context of this 

physical activity during school class time. Future opportunities to incorporate physical 

activity, including motor skill activities, into the Year 1 class schedule were also 

identified. A cross-sectional classroom observation study was thus conducted with 34 

Year 1 children (20 boys, 14 girls; mean age = 6.36 ± 0.34 years) from one primary 

school in Queensland, Australia. A modified version of the direct observation tool, the 

Observational System for Recording Physical Activity in Children – Elementary School 

was used to record Year 1 children’s physical activity and the context of this physical 

activity during school class time. Analysis of 44 h of observation (i.e., 5305 30 s 

observation intervals) revealed that Year 1 children were sedentary for the majority 

(86%) of observed intervals during class time. Levels of light (12% of intervals) and 

moderate to vigorous (2% of intervals) physical activity were observed infrequently. 

Organised physical activity (i.e., physical education/school sport) and classroom-

based physical activity (i.e., incorporating movement into academic lessons and/or 

during transitions between lessons) were seldom observed (5.9% and 2.8% of intervals, 

respectively). Classroom-based physical activity was identified as a potential strategy 

to encourage children to be more active during class time. 

Study 3 (Chapter 6) sought to further explore the feasibility of implementing 

classroom-based physical activity into early primary school classrooms. A cross-

sectional survey was designed to explore the factors that may influence the provision 
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of classroom-based physical activity to students in the early years of primary school, 

from the perspective of educators and school principals in Australia. A 45-item online 

questionnaire was administered to Australian classroom teachers and assistant, 

deputy and school principals working with students in Prep/Kindergarten to Year 2. 

Responses to closed and open-ended responses were analysed using a social 

ecological approach. A total of 34 of 75 participants responded to the survey (response 

rate 22%). Identified barriers to classroom-based physical activity included insufficient 

time, limited training opportunities and resources as well as educator attitudes towards 

physical activity and their confidence to implement physical activity programs within 

the school setting. Proposed solutions to overcome these barriers included the 

provision of training and resources, including education about the potential benefits of 

classroom-based physical activity for children’s health and academic outcomes. 

Overall, multiple strategies, targeting both educators and the school, at an 

organisational level, were determined as being required to overcome the perceived 

barriers to providing classroom-based physical activity to students in the early years of 

school in Australia. 

Having defined the problem in Stage 1 of the thesis framework and investigated means 

of generating solutions in Stage 2, Stage 3 of the thesis framework sought to test 

proposed solutions. Given the scarcity of literature evaluating outcomes of school-

based motor skill interventions on children’s motor proficiency and academic 

performance, an exploratory pilot study was conducted alongside a school-based 

participatory action project, to investigate whether Year 1 children exposed to a 12-

week classroom-based gross motor program progressed differently to Year 1 children 

undertaking their regular school program in motor proficiency, mathematics and 

reading outcomes (Study 4, Chapter 7). Fifty-five Year 1 school children in Australia 

(25 boys, 30 girls, mean age = 6.77 ± 0.40 years) were exposed to either (i) their normal 

school program or (ii) a 12-week program comprised of gross motor circuits and 

physically active: a) reading lessons or b) mathematics lessons. The program was 

designed and delivered by a registered physiotherapist, with assistance from 

physiotherapy and exercise science university students. The Bruininks-Oseretsky Test 

of Motor Proficiency – 2nd Edition and the Wechsler Individual Achievement Test – 2nd 

Edition – Australian Standardised Edition were used to assess motor proficiency and 

academic performance in mathematics and reading, respectively. Findings revealed 
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mean change scores for the mathematics composite were significantly greater for 

participants exposed to active reading lessons (9.61 ± 5.62, p = .001) and active 

mathematics lessons (7.57 ± 5.79, p = .019) than for participants undertaking their 

normal Year 1 school program (0.76 ± 8.00). Mean change scores for reading (11.54 

± 7.51, p = .017) and total motor composites (6.12 ± 5.07, p = .034) were also 

significantly greater for participants exposed to active mathematics lessons than those 

undertaking their regular school program (4.47 ± 3.50 and 0.82 ± 4.38 respectively). 

Overall, participation in a 12-week classroom-based gross motor program, specifically 

a combination of gross motor circuit training and physically active mathematics lessons, 

was associated with improvements in motor proficiency and academic outcomes for 

Year 1 school children. The benefits and constraints of conducting this pilot evaluation 

under “real world” conditions, alongside a school-based participatory action project, 

were also acknowledged and discussed.  

Overall findings from this doctoral program of research reveal that in Australia, Year 1 

children’s motor proficiency, particularly fine motor integration, was positively 

associated with their mathematics and reading skills. Observation of Year 1 children’s 

existing levels of physical activity revealed they engaged in predominantly sedentary 

activities during school class time, thus implementing classroom-based physical 

activity was identified as a potential strategy to encourage children to be more active 

during class time. Participation in a 12-week classroom-based gross motor program, 

particularly a combination of gross motor circuit training and physically active 

mathematics lessons, was associated with improvements in motor proficiency and 

academic outcomes for a cohort of Year 1 school children in Australia. On this basis, 

early primary school classrooms in Australia may indeed be appropriate and feasible 

settings to implement physical activity, particularly motor skill programs, as a strategy 

to promote children’s motor proficiency and academic outcomes. However, multiple 

strategies need to be employed to support school staff to trial such programs. More 

rigorous outcome and process evaluations are required to confirm findings from the 

exploratory work conducted as part of this program of research. Collectively, the results 

from this doctoral program of research will inform educators, schools and caregivers 

about relationships between motor proficiency and academic outcomes, as well as the 

opportunities and barriers to providing physical activity, particularly motor skill 

programs, to children in the early years of school during class time. Findings also 
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highlight a potential partnership that schools could forge with allied health 

professionals who are qualified to assess and facilitate children’s motor proficiency and 

promote children’s health and wellbeing, as they may be able to support educators to 

implement these practices. 

Keywords 

Physical activity, motor proficiency, fine and gross motor skills, academic performance, 

mathematics, reading, classroom-based physical activity, primary school children 
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1.1 Background 

Experiences during the early childhood period are crucial for children’s physical, 

cognitive, social and emotional development and are closely linked to health, education 

and social outcomes during adulthood.1 Consequently, in Australia, early childhood 

educators employ holistic approaches to teaching and learning that aim to promote 

advancement across multiple domains of children’s development.2 However, upon 

entry to primary school, the main focus of learning is for children to develop skills in 

numeracy and literacy.3 As a result, less time may be allocated in the school curriculum 

to target children’s ongoing physical development, particularly their motor development, 

given competing academic demands.  

Prioritising the ongoing physical development of Australian children in the early years 

of primary school is imperative, given findings from the Australian Early Development 

Census (AEDC) that one in five children in their first year of full-time school are 

considered either developmentally at risk or developmentally vulnerable on the 

physical health and wellbeing domain.4 The physical health and wellbeing domain 

assesses the development of a child’s fine and gross motor skills, along with their 

physical independence and physical readiness for the school day. Poor or delayed 

motor skill development may be attributed to biological factors, for example, a motor 

impairment due to an underlying developmental condition such as Cerebral Palsy or 

Developmental Coordination Disorder.5 However, environmental and sociocultural 

factors such as a lack of exposure to, and/or practice of, motor skills may also lead to 

a child having poor or delayed motor skill development.5 The development of motor 

skills during the early childhood period is considered critical for promoting other areas 

of development, including cognitive and social emotional development.6,7 Therefore, it 

is essential that children in the early years of primary school are provided opportunities 

to practice and refine their motor skills and that educators identify early any children 

presenting to school with poor or delayed motor skill development.5  

The development of motor skill proficiency may also influence a child’s ability to 

participate in physical activity (PA), both directly and indirectly, across the lifespan.8 

For example, in children and adolescents, there is strong evidence to support that 

motor skill proficiency is favourably associated with health-related outcomes, including 

cardiorespiratory fitness (CRF), weight status,9,10 as well as participation in PA.9,11,12 
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Therefore, one potential strategy to further promote the physical development of 

children, beyond the regular primary school physical education (PE) program, may be 

through the implementation of school-based motor skill programs.13-15 School-based 

motor skill programs aim to improve children’s motor proficiency through the delivery 

of structured motor skill activities that are developmentally appropriate.13,14 Identifying 

novel strategies such as these in Australia are becoming increasingly important, as 

national statistics suggest that children and young people are not active enough and 

overall, they are failing to meet the recommended 60 minutes of moderate to vigorous 

physical activity (MVPA) each day.16 Similar trends are evident in children’s aerobic 

and muscular fitness and proficiency in movement skills.16 In fact, a decline in the 

muscular fitness of Australian children (as measured by standing long jump distance) 

over the last 30 years has recently been reported.16-18 Similarly, Australian boys and 

girls are demonstrating low levels of mastery of fundamental movement skills, 

specifically object control and locomotor skills, as assessed in Grade 6 (i.e., at 11 or 

12 years of age) when ideally they should have achieved competency of these 

movement skills by this year level.19 Collectively, these trends are concerning, given 

that physical inactivity has been identified globally as the fourth leading cause of death 

due to non-communicable diseases20 and, specifically in children and young people, 

physical inactivity is associated with adverse physical, mental, social-emotional and 

cognitive outcomes.21 

Global figures estimate that 90% of children are enrolled in primary school.22,23 Given 

that healthy habits and behaviours are formed during the early childhood period,24 and 

that children spend a considerable amount of their time attending school, primary 

schools are ideally placed to positively influence the physical development and PA 

behaviour of children as they transition to the school setting. On this basis, there is a 

need to identify how schools can facilitate the ongoing physical development of 

children in the early years of primary school. However, as the priority for schools is to 

foster the educational outcomes of students, it is essential that strategies to promote 

children’s physical development do not adversely impact educational outcomes.24,25 

To advocate to schools and educators for the importance of prioritising time during the 

school day to provide students with opportunities to move and be active, a rapidly 

expanding body of research has examined relationships between PA, cognition and 

academic performance in children and adolescents. The term physical activity (PA) is 
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commonly defined as ‘any bodily movement produced by skeletal muscles that 

requires energy expenditure’.26 Therefore, in this body of literature, PA has been 

described as a broad umbrella term that encompasses the independent variables 

examined in studies on this topic, for example, objectively/subjectively measured PA, 

physical fitness, sports participation and school physical education programs.27 

Similarly, cognitive function (e.g., executive functions, attention, memory) and 

academic performance (e.g., results from academic achievement tests, school grades 

and classroom behaviour) are umbrella terms that encompass the dependent variables 

examined in studies. Observational studies have investigated cross-sectional and 

longitudinal relationships between various PA-related variables (independent variables) 

and cognition and academic performance (dependent variables).28-30 Experimental 

studies have sought to investigate causality, by examining the effect of PA 

interventions on children’s cognition and academic performance, and in some cases, 

children’s PA-related outcomes.28-34 Each of these terms will be defined more 

comprehensively in Chapter 2 (Sections 2.3 and 2.4). 

A review of the empirical literature to date suggests that significant, positive 

relationships exist between PA, cognition and academic performance in children and 

adolescents. However, despite favourable findings from experimental studies reporting 

beneficial effects of PA interventions on children’s cognition and academic 

performance, collectively, results are mixed and appear to be inconclusive.28-35 

Furthermore, it has been suggested that health-related physical fitness (e.g., CRF) and 

proficiency in complex motor skills (e.g., bilateral limb coordination) may differ in the 

way they relate to cognition and academic performance.36,37 In fact, several recently 

published systematic reviews have suggested that PA interventions utilising cognitively 

engaging types of PA (i.e., PA which involves complex motor and cognitively 

challenging tasks that require problem solving) may be more beneficial for children’s 

cognition and academic outcomes than PA interventions focussing on purely aerobic 

types of PA.33,34 Hypotheses regarding the mechanisms that may underpin the PA-

cognition relationship continue to be tested and stem from research conducted by 

multiple disciplines including exercise and cognition, developmental neuroscience, 

motor development, motor learning and motor control.38-41 Each of these mechanisms 

will be discussed in further detail in Chapter 2 (Section 2.5). 
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The effectiveness of school-based PA interventions, particularly classroom-based PA 

interventions, for influencing children’s health and educational outcomes has also been 

evaluated with keen interest over the last decade.42-46 Classroom-based PA involves 

incorporating PA into academic lessons (i.e., physically active academic lessons) 

and/or scheduling PA breaks during the school day (with or without an academic 

focus).46 Findings reveal promising preliminary evidence of higher levels of PA, 

improved on-task behaviour, and academic outcomes in children following classroom-

based PA interventions; particularly physically active academic lessons, compared to 

the regular academic program.43,44 However, due to limitations in the methodological 

quality of studies included in previous reviews, further research has been 

recommended to investigate more extensively the design and parameters of effective 

classroom-based PA interventions.44-46  

Despite the volume of research examining relationships between PA, cognition and 

academic performance, it remains unclear which independent variables relating to PA 

(i.e., objectively and subjectively measured PA, components of health-related physical 

fitness, motor proficiency, physical education, sports participation, etc.) and their 

associated parameters (i.e., intensity, duration, frequency etc.) are most strongly 

associated with cognition and academic performance in school-aged children and 

adolescents. To investigate relationships between PA, cognition and academic 

performance, the independent variables that studies have predominantly examined 

include objectively or subjectively measured PA and/or the components of health-

related physical fitness (e.g., CRF, muscular strength/endurance).30 Fewer studies 

examining this broad topic have evaluated the performance-related (or skill-related) 

components of physical fitness, or motor proficiency (e.g., coordination, balance, 

speed and agility) as an independent variable in observational studies, or evaluated 

motor proficiency as an outcome (in addition to academic and cognitive outcomes) in 

experimental studies following school-based motor skill interventions.37 In fact, 

systematic and narrative reviews examining the relationship between motor proficiency, 

cognition and academic performance are limited.37,47 Furthermore, previous reviews 

have not explored relationships between motor proficiency and specific domains of 

academic performance (e.g., mathematics and reading) in children and adolescents.47 

Distinctions between specific academic domains such as mathematics and reading are 

of importance given that numeracy and literacy are considered priority areas of the 
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Australian primary school curriculum. In order to design and evaluate effective 

classroom-based PA interventions to investigate whether they enhance both academic 

and PA-related outcomes, it is also important to ascertain the most effective types of 

PA to utilise in interventions (e.g., aerobic, motor skills, resistance, flexibility or a 

combination).32 For example, to date, the majority of studies have included aerobic 

activities as part of their classroom-based PA interventions with fewer studies including 

gross motor skill activities as part of their intervention.48 Knowledge of other effective 

parameters of classroom-based PA interventions (e.g., intensity, duration, frequency, 

the degree of cognitive engagement involved in active lessons or breaks) is also 

required. 

For educators in Australia to consider prioritising time during the school day to provide 

opportunities for children in the early years of primary school to further develop and 

refine their motor skills and to be active, two key lines of enquiry are warranted. Firstly, 

there is a need to advance understanding regarding the relationship between motor 

proficiency and academic outcomes, particularly numeracy and literacy, which are 

considered priority areas of the Foundation to Year 2 Australian Curriculum.3 This area 

of focus differs from previous research that has primarily investigated CRF or levels of 

PA as the core aspects of children’s physical development to target within the school 

setting. If motor proficiency is positively associated with both health-related (i.e., CRF 

and PA levels) and academic outcomes (e.g., mathematics and reading), the early 

years of primary school may represent an ideal time to support children to further 

develop and refine their motor skills within the school setting. This is particularly 

important given that children’s motor skill development is crucial for other areas of their 

development, including cognitive and social emotional development, during the early 

childhood period (i.e., up to 8 years of age).6,7,49,50  

Secondly, there is a need to explore whether early primary school classrooms are 

feasible settings to implement PA, particularly motor skill programs, as a strategy to 

promote children’s motor proficiency and academic outcomes. To do this, it is 

necessary to establish existing practices in Australia regarding the frequency, type and 

context of PA opportunities being provided to students in the early years of primary 

school during class time. To successfully implement, reproduce and sustain school-

based PA interventions under ‘real-world’ conditions, it is also important to identify 

which PA opportunities may be the most realistic and practical for educators in 
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Australia to incorporate into an already busy classroom schedule.51 Further, it is 

essential to examine the factors (barriers and facilitators) which may influence the 

provision of PA opportunities to students in the early years of school, specifically from 

the perspective of educators and school principals in Australia. Finally, given the 

scarcity of literature examining the effectiveness of school-based motor skill 

interventions on children’s motor proficiency and academic outcomes, further 

knowledge of the potential outcomes of implementing a 12-week classroom-based 

gross motor program during the early years of primary school is also warranted. 

Therefore, this doctoral program of research was designed to address these key gaps 

in knowledge, as outlined in the following section. 

1.2 Overview of the doctoral program of research 

The overall objectives of this doctoral program of research were to (i) investigate the 

relationship between motor proficiency and academic performance in mathematics and 

reading in children in the early years of primary school in Australia; and (ii) explore 

whether early primary school classrooms in Australia are feasible settings to implement 

physical activity, particularly motor skill programs, as a strategy to promote children’s 

motor proficiency and academic outcomes. 

1.2.1 Framework utilised to describe the stages of this doctoral program of 
research 

A public health model, specifically a health promotion model, was used as the 

overarching framework to describe the three stages of this doctoral program of 

research. The first three of these stages arise from the six stages of research required 

to develop and evaluate a health promotion program, as proposed by Nutbeam52 in 

1998 (Figure 1). 
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Figure 1: Six-stage development model for the evaluation of health promotion programs. Nutbeam, D. 

Evaluating health promotion—progress, problems and solutions. Health Promot Int, 1998, 13, 

27-44, p8, by permission of Oxford University Press.52 

A number of stages are involved in developing and implementing a health promotion 

program, including (i) stage one: defining the problem within a target population and 

identifying the potential causes of the problem; (ii) stage two: generating a potential 

solution to address the problem; (iii) stage three: testing a solution to address the 

problem (i.e. outcome evaluation); (iv) stage four: identifying conditions for success 

and testing the solution in circumstances which are closer to ‘real-life’ (i.e., process 

evaluation); (v) stage five: widespread dissemination of the successful solution; and 

(vi) stage six: program management and sustainability.52  

1.2.2 Stages, aims and hypotheses of this doctoral program of research 
The studies and chapters of this doctoral program of research are derived from stages 

one to three of the six stages involved in developing a health promotion solution (i.e., 

the provision of classroom-based gross motor programs to children in the early years 

of primary school as a strategy to promote children’s motor proficiency and academic 

outcomes). The following research aims were thus pursued across these three 

progressive stages.52  

 

https://academic.oup.com/heapro
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1.2.2.1 Stage 1: Defining the problem 

The focus, under this stage of the program of research, was to: 

1. Summarise existing trends in Australian children’s levels of physical activity, 

physical fitness, and motor proficiency; to examine and discuss key theoretical 

and empirical concepts relating to early childhood development; and to 

summarise existing literature examining relationships between PA, cognition, 

and academic performance (Narrative review, Chapter 2).  
2. Identify, critically appraise, and synthesise the findings of studies examining the 

relationship between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children and 

adolescents (Systematic review, Chapter 3). 

1.2.2.2 Stage 2: Generating solutions 

The focus, under this stage of the program of research, was to explore solutions to the 

problem identified in Stage 1 and thus: 

3. Examine associations between fine and gross motor proficiency and academic 

performance in mathematics and reading in Year 1 children (Study 1, Chapter 
4). 

4. Directly observe Year 1 children’s physical activity and the context of their 

physical activity during school class time and identify opportunities to 

incorporate additional activity (Study 2, Chapter 5). 
5. Examine the factors that influence the provision of classroom-based physical 

activity to students in the early years of primary school in Australia, within a 

social ecological framework (Study 3, Chapter 6).  

1.2.2.3 Stage 3: Testing proposed solutions 

The focus, under this stage of the program of research, was to test a proposed solution 

and thus: 

6. Explore whether Year 1 school children exposed to a 12-week classroom-based 

gross motor program, comprised of gross motor circuit training and physically 

active reading or mathematics lessons, progressed differently to Year 1 children 

undertaking their regular school program in motor proficiency, mathematics and 

reading outcomes (Study 4, Chapter 7). 
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1.2.2.4 Hypotheses 

The following hypotheses were proposed for Studies 1 to 4 that were conducted as 

part of this program of research: 

I. Motor proficiency will be positively related to academic performance in 

mathematics and reading. However, it was anticipated that the components of 

fine motor proficiency will be more strongly related to mathematics and reading 

outcomes than the components of gross motor proficiency (Study 1, Chapter 
4). 

II. Year 1 children will be predominantly sedentary during school class time, with 

limited opportunities to engage in active lessons and active breaks (Study 2, 
Chapter 5). 

III. Multiple individual and organisation level factors, particularly time, will be 

identified as influencing the provision of classroom-based physical activity to 

students in the early years of primary school in Australia (Study 3, Chapter 6). 
IV. Year 1 children who participate in a 12-week classroom-based gross motor 

program will demonstrate greater improvements in academic outcomes, 

particularly mathematics, and motor proficiency outcomes, when compared to 

the Year 1 children undertaking their regular school program (Study 4, Chapter 
7). 

Figure 2 provides an overview of this doctoral program of research for ease of 

navigation through the thesis. Together, the collective findings from the systematic 

review and four studies included in this doctoral program of research will elucidate in 

more detail than previously reported, relationships between motor proficiency and 

academic performance (in reading and mathematics) of children in the early years of 

primary school. Findings will also shed light upon whether early primary school 

classrooms are feasible settings to implement PA, particularly motor skill programs, as 

a strategy to promote children’s motor proficiency and academic outcomes. Key results 

from this doctoral program of research will be applicable to children enrolled in the 

early years of primary school in Australia and will thus be relevant to schools, educators 

and caregivers, as well as allied health professionals working in schools who are 

qualified to assess and facilitate children’s motor proficiency and promote children’s 
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health and wellbeing. Crucial lessons learned whilst conducting research in schools 

will also be outlined, which will be useful in guiding future investigations on this topic.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 Please note that all references in this chapter are presented in the References section of the thesis  
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Figure 2: Overview of the proposed doctoral program of research. 
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2.1 Preface 

The following chapter provides the rationale and relevant context that informed the 

development of the objectives and study aims for this doctoral program of research 

and forms part of Stage 1 of the thesis framework, defining the problem. To clearly 

highlight the importance of undertaking this program of research, existing trends in the 

physical development of Australian children are outlined. Evidence to support the 

relationship between motor skill proficiency, health-related physical fitness and 

participation in physical activity (PA) is also presented, providing the justification for 

focussing on motor proficiency as a core aspect of children’s physical development to 

promote within the early years of primary school. Given that motor skill development is 

crucial for other areas of children’s development, relationships specifically between 

motor and cognitive development are discussed as a possible origin for the proposed 

PA-cognition link. Findings from research investigating relationships between PA, 

cognition and academic performance in children and adolescents are summarised, 

identifying gaps in the literature that require further examination. Finally, a rationale is 

provided for exploring early primary school classrooms in Australia as potentially 

feasible settings to implement PA, particularly motor skill programs, as a strategy to 

promote children’s motor proficiency and academic outcomes.  
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2.2 Introduction 

To address the first stage of this program of research, defining the problem, a thorough 

narrative review of the literature has been undertaken. The aims of this narrative review 

were to summarise existing trends in Australian children’s levels of PA, physical fitness 

and motor proficiency; to examine and discuss the key theoretical and empirical 

concepts relating to early childhood development; and to summarise existing literature 

examining relationships between PA, cognition and academic performance. 

Specifically, this narrative review: (i) provides an overview of childhood development 

in Australia, including a description of how children in their first year of full-time school 

are progressing in two key developmental domains; physical health and wellbeing, and 

language and cognitive skills; (ii) outlines trends in Australian children’s PA levels, 

aerobic and muscular fitness, and movement skills, based on data collected through 

state and national surveys and studies; (iii) describes known relationships between 

motor skill proficiency, health-related physical fitness, and PA; (iv) examines theories 

that underpin early childhood development, highlighting how each theory contributes 

to the pedagogy utilised today by educators to promote children’s learning and 

development – theories of motor and cognitive development are specifically discussed, 

followed by an overview of research examining the relationship between motor and 

cognitive development; (v) summarises existing literature on the broad topic of the 

relationship between PA, cognition and academic performance, (vi) explores the 

school as a setting for health and PA promotion; and (vii) provides an overview of the 

literature examining the effectiveness of classroom-based PA interventions within the 

school setting.   

2.3 Childhood development in Australia 

2.3.1 A snapshot of early childhood development in Australia  
Early childhood development encompasses the period from conception to eight years 

of age and refers to the process of cognitive, physical, language, temperament, 

socioemotional and motor development of children.49,50 Evidence suggests that 

fostering the physical, cognitive, emotional and social development of children in their 

early years is imperative for successful health, education and social outcomes during 

adulthood.4,53 The Australian Early Development Census (AEDC) was introduced in 

2009 and provides information about how well children in their first year of full-time 
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school in Australia are developing across five developmental domains that have been 

shown to predict later health, wellbeing, and academic outcomes (Table 1).4  

Table 1: Descriptions of the five key developmental domains of the Australian Early Development 

Census.4(p8) Reprinted by permission Commonwealth of Australia, Australian Early 

Development Census National Report 2018: A snapshot of early childhood development in 

Australia. Department of Education, Skills and Employment: Canberra © 2019  

Domain Description 
Physical health and 
wellbeing  
 

This domain assesses the development of a child’s gross and fine motor 
skills, along with their physical independence and physical readiness for 
the school day. 
 

Social competence 
 

This domain measures a child’s ability to engage with others, including 
developing an understanding of their responsibilities and respect for 
those they interact with. A child’s approach and readiness to learn is also 
assessed within this domain. 
 

Emotional maturity 
 

This domain assesses a child’s behaviour and how they relate to others. 
It measures the presence of pro-social and helping behaviours, anxiety, 
fearful or aggressive behaviour, or hyperactivity and inattentive 
behaviour. 
 

Language and 
cognitive skills 
(school-based)  
 

This domain measures the way in which a child organises information 
through school-based literacy and numeracy skills as well as their interest 
in literacy, numeracy and memory. 

Communication skills 
and general knowledge 

This domain assesses a child’s communication skills and general 
knowledge. This is based on broad developmental skills and 
competencies. 
 

 

The Australian Early Development Instrument (AEDI) is the tool used to collect data as 

part of the census and was adapted from the Early Development Instrument originally 

developed in Canada. The AEDI is comprised of 100 questions relating to the five 

developmental domains. Classroom teachers participating in the census are required 

to complete the AEDI for each child in their class. Responses from questions in the 

AEDI are used to calculate a score for each domain. The number and percentage of 

children considered to be “developmentally on track”, “developmentally at risk” or 

“developmentally vulnerable” for each of the domains is reported on a community, 

state/territory and national level and presented in an AEDC National Report.4 Results 

from the AEDC National Report highlight the frequency and geographical location of 

children who are considered developmentally vulnerable in different communities 

across Australia. Findings are subsequently used to guide the allocation of resources 

http://www.aedc.gov.au/resources/detail/2018-aedc-national-report
http://www.aedc.gov.au/resources/detail/2018-aedc-national-report
http://www.aedc.gov.au/resources/detail/2018-aedc-national-report
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and early intervention support, particularly within the school setting, as it is recognised 

that investing during the early years is important given the rapid brain development 

that occurs during this period.4 

To date, AEDC data has been collected over four time points, these being in 2009, 

2012, 2015 and 2018. The 2018 AEDC National Report provides the most recent 

snapshot of early childhood development. Data were collected for approximately      

96.4% (n = 308953) of Australian children in their first year of full-time school (51.4% 

boys, 48.6% girls; mean age = 5 years, 7 months).4 Findings revealed that 

approximately 21.7% (n = 63448) of Australian children were considered 

developmentally vulnerable in one or more domains, and 11% (n = 32434) of children 

were considered developmentally vulnerable in two or more domains.4 Notably, 45.5% 

of children who resided in very remote Australia, compared to 20.8% of children from 

major cities, were considered developmentally vulnerable in one or more domains. 

Additionally, 32.3% of children living in the most socio-economically disadvantaged 

areas were considered developmentally vulnerable in one domain, compared to 14.7% 

of children living in the least disadvantaged communities. Approximately 4.6% of 

Australian children were also identified as having chronic medical, physical or 

intellectual needs and 13.3% of all children were identified as requiring further 

assessment of their learning needs.4 

The two developmental domains of the AEDC most relevant to this doctoral program 

of research include the physical health and wellbeing domain and the language and 

cognitive skills (school-based) domain. A summary of the characteristics of these two 

domains from the 2018 AEDC National Report4 is provided in Table 2. Whilst it is 

acknowledged that the other three domains of the AEDC regarding children’s social 

and emotional development and communication skills are equally important for 

children’s development, a detailed summary of findings for these domains is not 

provided here but may be found in the original document.4 
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Table 2: Characteristics of the physical health and wellbeing domain and the language and cognitive 

skills (school-based) domain.4(pp17,32) Reprinted by permission Commonwealth of Australia, 

Australian Early Development Census National Report 2018: A snapshot of early childhood 

development in Australia. Department of Education, Skills and Employment: Canberra © 2019  

Developmental 
domain 

Developmentally  
on track 

Developmentally  
at risk 

Developmentally 
vulnerable 

Physical health 
and wellbeing 
 
  

Almost never have 
problems that interfere 
with their ability to 
physically cope with 
the school day. These 
children are generally 
independent, have 
excellent motor skills, 
and have energy levels 
that can get them 
through the school 
day. 

Experience some 
challenges that interfere 
with their ability to 
physically cope with the 
school day. These may 
include being dressed 
inappropriately, frequently 
late, hungry or tired. 
Children may also show 
poor coordination skills, 
have poor fine and gross 
motor skills, or show poor 
to average energy levels 
during the school day. 

Experience a number of 
challenges that interfere 
with their ability to 
physically cope with the 
school day. These may 
include being dressed 
inappropriately, 
frequently late, hungry 
or tired. Children are 
usually clumsy and may 
have fading energy 
levels. 

Language and 
cognitive 
(school-based)  
 
 

Children will be 
interested in books, 
reading and writing, 
and basic maths; 
capable of reading and 
writing simple 
sentences and 
complex words. Will be 
able to count and 
recognise numbers 
and shapes. 

Have mastered some but 
not all of the following 
literacy and numeracy 
skills: being able to identify 
some letters and attach 
sounds to some letters, 
show awareness of 
rhyming words, know 
writing directions, being 
able to write their own 
name, count to 20, 
recognise shapes and 
numbers, compare 
numbers, sort and 
classify, and understand 
simple time concepts. 
Children may have 
difficulty remembering 
things, and show a lack of 
interest in books, 
reading, maths and 
numbers, and may not 
have mastered more 
advanced literacy skills 
such as reading and 
writing simple words or 
sentences. 

Experience a number of 
challenges in 
reading/writing and with 
numbers; unable to read 
and write simple words, 
will be uninterested in 
trying, and often unable 
to attach sounds to 
letters. Children will 
have difficulty 
remembering things, 
counting to 20, and 
recognising and 
comparing numbers; 
and are usually not 
interested in numbers. 

  

Findings from the 2018 AEDC National Report4 reveal that upon entry to primary 

school, whilst 78.1% (n = 229542) of children were considered developmentally on 

track in the physical health and wellbeing domain, 21.9% of children were considered 

either developmentally at risk (12.3%; n = 36105) or developmentally vulnerable (9.6%; 

n = 28247). Furthermore, there was a significant increase in the percentage of children 

http://www.aedc.gov.au/resources/detail/2018-aedc-national-report
http://www.aedc.gov.au/resources/detail/2018-aedc-national-report
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considered developmentally vulnerable in the physical health and wellbeing domain in 

2018 (9.6%), when compared to baseline values collected in 2009 (9.3%).4 In relation 

to the language and cognitive skills domain, in 2018, 84.4% (n = 247870) of children 

were considered developmentally on track, 9.0% (n = 26291) of children were 

considered developmentally at risk and 6.6% (n = 19417) of children were considered 

developmentally vulnerable.4 A significant decrease was evident in the percentage of 

children considered developmentally vulnerable in the language and cognitive skills 

domain in 2018 (6.6%), when compared to baseline values collected in 2009 (8.9%).4  

Overall, whilst trends in the AEDC National Report from 2009 to 2018 demonstrate 

improvements in the number of Australian children considered developmentally 

vulnerable in the language and cognitive skills domain in their first year of full-time 

school, these improvements are not evident in trends for children considered 

developmentally vulnerable in the physical health and wellbeing domain.4 These trends 

in the physical health and wellbeing domain highlight the ongoing need for schools to 

ensure they support children’s physical health and wellbeing in the early years of 

primary school.  

2.3.2 A snapshot of Australian children’s physical activity, physical fitness, 
and motor skill development 

2.3.2.1 Key definitions 

Key terms and definitions commonly used throughout this program of research are 

discussed in this section prior to providing a snapshot of Australian children’s PA, 

physical fitness and motor skill development. Physical activity (PA) is commonly 

defined as ‘any bodily movement produced by skeletal muscles that requires energy 

expenditure’.26 PA has also been described as a complex and multi-faceted 

behaviour,54 comprised of several  dimensions including duration, frequency, intensity, 

type (or mode) and domain.55,56 Exercise is ‘physical activity that is planned and 

structured and aims to improve or maintain physical fitness’26 and is considered a 

subset of PA. Physical fitness is defined as ‘a set of inherent or achieved personal 

attributes that relate to the ability to perform physical activity’,26 and can be separated 

into health-related components and performance/skill-related components.56 Motor 
skills are defined as ‘activities or tasks that require voluntary control over movements 

of the joints and body segments to achieve a goal’.57 Gross motor skills are ‘motor 
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skills that require the use of large musculature to achieve the goal of the skill’, whereas 

fine motor skills are ‘motor skills that require control of small muscles to achieve the 

goal of the skill; typically involves eye-hand coordination and requires a high degree of 

precision of hand and finger movement’.57 Fundamental movement skills (FMS) are 

described as ‘the building blocks of more advanced, complex movements required to 

participate in games, sports or other context specific physical activity’.58 More recently, 

the term foundational movement skills has been proposed as a more suitable term than 

FMS as it considers a broader range of activities that will have relevance across the 

lifespan.16 Foundational movement skills are defined as ‘goal-directed movement 

patterns that directly and indirectly impact an individual’s capability to be physically 

active and that can continue to be developed to enhance physical activity participation 

and promote health across the lifespan’.8 Motor proficiency refers to the ‘motor 

control and movement patterns required to perform complex fine and gross motor 

skills.’59 Finally, motor competence is ‘the degree to which an individual can perform 

goal-directed human movement’.8 An overview of the definitions of the different 

foundations of physical movement can be found in Table 3, as can common outcome 

measures used to assess these different types of physical movement.
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Table 3: Definitions of the foundations of physical movement and how they are commonly assessed. 

Type of physical 
movement 

Description Examples of outcome measures 

Physical activity ‘Any bodily movement produced by skeletal muscles that requires 
energy expenditure.’26(p126) 

 
Dimensions of PA include:56  

• Duration: units of time – e.g., number of minutes per 
session 

• Frequency: e.g., number of sessions, bouts or days 
• Intensity: effort associated with PA – e.g., commonly 

expressed as metabolic equivalent multiples of resting 
metabolic equivalent (MET) (light = 1.8–2.9, moderate = 
3.0–5.9, vigorous ≥ 6.0) 

• Mode: the type of physical activity behaviour – e.g., 
bicycling, walking, football 

• Domain: the context or reason for the PA – e.g., 
household chores, transport, leisure, physical education, 
occupation 

Objective measures and their outputs include:55,60 
• Heart rate monitors: measures duration, 

frequency, intensity of PA and estimate of energy 
expenditure. 

• Accelerometers: measures duration, frequency, 
intensity of PA, estimate of energy expenditure, 
total movement counts/minute, minutes of specific 
intensities of PA 

• Direct (or systematic) observation: measures 
the type, duration, frequency, intensity and context 
of PA; estimate of energy expenditure.  

• Pedometers: step counts per day 
 
Subjective measures (parent-rated, teacher-rated, self- 
report if > 10 years) include:55,60  

• Questionnaires/survey: measures type, 
frequency, duration and context of PA 

• Diary/log  
 

Sport ‘Physical activities performed individually or in teams and may 
involve some form of competition.’56,61 
 

 

Exercise ‘Exercise is physical activity that is planned, structured, repetitive, 
and purposive in the sense that improvement or maintenance of 
one or more components of physical fitness is an objective.’26(p128) 

 
 
 
 

 

Physical fitness 
 
 
 

‘A set of inherent or achieved personal attributes that relate to the 
ability to perform physical activity.’26(128) 

 
 

Physical fitness assessments including the Eurofit physical 
fitness test (standing broad jump, sit-ups, 10x5m shuttle 
run).62 
 
The FitnessGram63 measures health-related fitness 
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Type of physical 
movement 

Description Examples of outcome measures 

a) Health-related 
fitness26,61 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Performance 
(or skill) related 
fitness26,56,61 

These factors are usually associated with disease prevention and 
health promotion and include:  
 

• Cardiorespiratory endurance (or cardiovascular 
/aerobic fitness): the ability of the circulatory and 
respiratory systems to supply oxygen during sustained 
PA.  

• Muscular strength: relates to the amount of external 
force that a muscle can exert. 

• Muscular endurance: the ability of muscle groups to 
exert external force for many repetitions or successive 
exertions.  

• Body composition: the relative amounts of muscle, fat, 
bone and other vital parts of the body. 

• Flexibility: the range of motion available at a joint.  
 

 
These factors reflect the skill-related aspect of physical fitness 
and include: 

• Balance: the maintenance of equilibrium while stationary 
or moving. 

• Coordination: the ability to use the senses, together with 
body parts in performing motor tasks smoothly and 
accurately. 

• Speed: ability to perform a movement within a short 
period of time. 

• Agility: the ability to rapidly change the position of the 
entire body in space with speed and accuracy.  

• Power: relates to the rate at which one can perform work  
• Reaction time: related to the time elapsed between 

stimulation and the beginning of the reaction to it. 
 
 
 

 
 
 

• Cardiorespiratory endurance may be assessed by 
field or lab tests including the 20m shuttle run field 
test, or the VO2max laboratory test.  

 
• Muscular strength may involve the assessment of 

one repetition maximum of a major muscle group. 
• Muscular endurance may be assessed by 

measuring the number of repetitions of push-ups or 
sit ups. 

• Skinfold callipers may be used to assess the 
percentage of body fat. 

• Flexibility may be measured by the sit and reach 
test. 

 
 
 

• Static (e.g., flamingo balance test) and dynamic 
balance assessment 

• Tests of hand-eye or foot-eye coordination may 
include dribbling a ball or throwing to a target. 

 
• Speed and agility may be assessed by a 10 x 5m 

shuttle run test. 
 

• Power may be assessed by the standing broad 
jump field test or vertical jump 
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Type of physical 
movement 

Description Examples of outcome measures 

Motor development  
 

‘Human development from infancy to old age with specific interest 
in issues related to either motor learning or motor control.’57  
 
‘The continuous, age-related process of change in movements as 
well as the interacting constraints (or factors) in the individual, 
environment and task that drive these changes.’64  

 

Motor learning 
 

‘The acquisition of motor skills, the performance enhancement of 
learned or highly experienced motor skills, or the reacquisition of 
skills that are difficult to perform or cannot be performed because 
of injury or disease.’57 
 
‘The relatively permanent gains in motor skill capability 
associated with practice or experience.’64  
 

 

Motor control 
 

‘How our neuromuscular system functions to activate and 
coordinate the muscles and limbs involved in the performance of 
a motor skill.’57  
 
‘The study of the neural, physical and behavioural aspects of 
movement.’64 

 

Motor skills57 
 
 

a) Gross motor 
skills 
 
 

b) Fine motor 
skills 

‘Activities or tasks that require voluntary control over movements 
of the joints and body segments to achieve a goal.’ 
 
Motor skills that require the use of large musculature to achieve 
the goal of the skill. 
 
 
Motor skills that require control of small muscles to achieve the 
goal of the skill; typically involves eye-hand coordination and 
requires a high degree of precision of hand and finger movement. 

Common standardised motor assessment tools include:  
• Bruininks-Oseretsky Test of Motor Proficiency – 2nd 

Edition:59 Assesses fine and gross motor skills 
• Movement Assessment Battery for Children – 2nd 

Edition:65 Assesses fine (manual dexterity) and 
gross motor skills (aiming and catching, balance) 

• Test of Gross Motor Development – 2nd or 3rd 
Editions:66 Assessment of FMS including locomotor 
and object control skills. 

• Beery Buktenica Developmental Test of Visual 
Motor Integration:67 Assessment of visual motor 
skills. 

Motor competence  ‘The degree to which an individual can perform goal-directed 
human movement.’8 
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Type of physical 
movement 

Description Examples of outcome measures 

Motor proficiency59 ‘Motor control and movement patterns required to perform 
complex fine and gross motor skills.’  

• Fine motor precision: activities that require precise 
control of finger and hand movement. 

• Fine motor integration (visual motor integration): 
measures the ability to integrate visual stimuli with motor 
control. 

• Manual dexterity: activities that involve reaching, 
grasping and bimanual coordination with small objects. 

• Upper limb coordination: activities designed to measure 
visual tracking with coordinated arm and hand movement. 

• Bilateral coordination: tasks require body control, and 
sequential and simultaneous coordination of the upper 
and lower limbs. 

• Balance: motor control skills that are integral for 
maintaining posture when standing, walking or performing 
other common activities (e.g., stability of trunk, stasis and 
movement, use of visual cues). 

• Running speed and agility: control and coordination of 
the large musculature involved in locomotion. 

• Strength: trunk and upper and lower body strength and is 
a component that is essential in many daily activities. 

• Bruininks-Oseretsky Test of Motor Proficiency – 2nd 
Edition)59 

Fundamental 
movement (or motor) 
skills 

‘The building blocks of more advanced, complex movements 
required to participate in games, sports or other context specific 
physical activity’.58,68 
 
Consist of: 

• Locomotor skills that are used to propel a human body 
through space (e.g., running, jumping, hopping).66  

• Object control skills which include manipulating an 
object in action situations (e.g., throwing, catching, 
kicking).66 

• Balance/stability skills 
 

Process-oriented measures (i.e., skill-specific performance 
criteria – how the movement was performed):  

• Test of Gross Motor Development – 2nd or 3rd 
Editions66,69 

• Get Skilled, Get Active process-oriented checklist70  
Product-oriented measures (i.e., outcome or performance: 
time or quantity of the motor skills measured)  

• Bruininks-Oseretsky Test of Motor Proficiency – 2nd 
Edition59 

• Movement Assessment Battery for Children – 2nd 
Edition65 
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Type of physical 
movement 

Description Examples of outcome measures 

Foundational 
movement skills8 

‘Goal-directed movement patterns that directly and indirectly 
impact an individual’s capability to be physically active and that 
can continue to be developed to enhance physical activity 
participation and promote health across the lifespan.’  
 
Consist of: 
Locomotor and object control skills with the addition of cycling, 
aquatic skills (freestyle swimming, treading water), scootering and 
resistance training skills (lunge, overhead press, push-up, squat) 
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2.3.2.2 Outcome measures used to assess children’s PA, physical fitness and 

motor performance 

Physical activity 

Children’s PA is commonly assessed using objective and/or subjective measures 

(Table 3)60 with these measures used to quantify the frequency, duration, intensity and 

type of movement undertaken.54,55 Different measures provide information related to 

various dimensions of PA, including global estimates (e.g., pedometer step counts per 

day, minutes of moderate to vigorous physical activity (MVPA) per day) or specific 

details such as the type, frequency, intensity and context of PA.60 Objective measures 

of PA include (i) heart rate monitoring which provides an estimate of energy 

expenditure, as well as the duration, frequency and intensity of PA; (ii) direct (or 

systematic) observation assesses PA behaviour (type, context), the frequency and 

intensity of PA and can be used to estimate energy expenditure; (iii) accelerometers 

provide an estimate of the duration, frequency and intensity of PA and produce an 

output of total movement counts which may be converted using cut-off points to 

different intensities of PA, including minutes of MVPA (Note: An estimate of energy 

expenditure may also be calculated); and (iv) pedometers which register steps taken 

during walking or running (i.e. step counts per day).54,60 Subjective measures of PA 

include the use of a diary/log or questionnaire/survey which may be self-reported (valid 

for children over 10 years) or completed by a parent or teacher for younger children.60 

Subjective measures often rely on the recollection of PA and can provide information 

about different dimensions of PA including type, frequency, duration and context.54,60  

Choosing the most appropriate instrument to assess children’s PA requires careful 

consideration of the validity and reliability of the tool, the type of data collected, the 

population group of interest and the cost.60 Several narrative and systematic reviews 

have been conducted to guide researchers on selecting the most valid and reliable 

measures to assess children’s PA.54,55,60,71,72 Research suggests that adopting multiple 

simultaneous approaches to measuring PA may lead to a more complete profile of 

children’s PA.54,60 However, to obtain information about the frequency, type and 

intensity of PA, whilst simultaneously collecting information about the physical and 

social environment in which the PA occurs, direct observation may be the most suitable 

method to employ, given that accelerometers and pedometers are limited in their ability 
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to capture information regarding the type and context of PA.60,73 As such, direct 

observation has been suggested as an ideal method for researchers using a social 

ecological framework to better understand the individual, social and environmental 

factors that may positively or negatively influence PA behaviour.73 

Physical fitness 

As physical fitness is a multi-faceted construct, the components of health-related 

physical fitness (e.g., CRF) or performance/skill-related physical fitness (e.g., 

coordination, balance and agility) or a combination of both may be assessed.56 For 

example, a battery of tests such as the Eurofit physical fitness test62 measures the 

components of both health-related and performance-related fitness (Table 3). 

Alternatively, a single test, such as the 20m shuttle run or a graded exercise test (e.g., 

VO2max test)37 may be used to assess CRF, a component of health-related physical 

fitness. However, a battery of tests, such as the FitnessGram,63 may also be used to 

assess the different components of health-related physical fitness and provide an 

overall score for health-related physical fitness. 

Motor performance 

A range of instruments have been developed to assess children’s motor performance, 

including standardised motor assessment tools, standardised developmental 

assessments or tests that assess individual motor skills (Table 3).74 Varying definitions 

have been used to describe, and thus assess, motor proficiency and/or motor 

competence in the literature. The majority of reviews examining relationships between 

motor proficiency, health-related physical fitness and PA have measured motor 

performance using both process and product-oriented measures. For example, FMS 

are often evaluated using a process-oriented approach which assesses how a 

movement is performed (e.g., how a child’s movement compares to that of an expert 

performer). FMS are comprised of locomotor skills (e.g., gross motor skills of running, 

jumping and hopping), object control skills (e.g., gross motor skills of catching, throwing 

and kicking)66 and balance/stability skills.58 The Test for Gross Motor Development – 

2nd Edition (TGMD-2) or 3rd Edition (TGMD-3) is most commonly used in research 

evaluating the quality of gross motor skill performance.66,69 However, a product-

oriented approach, where the outcome of the assessment relates to the performance 

or outcome (i.e., time or quantity) of motor skills may also be used to assess motor 

performance. Standardised motor assessments such as the Movement Assessment 
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Battery for Children – 2nd Edition (MABC-2)65 and the Bruininks-Oseretsky Test of 

Motor Proficiency – 2nd Edition (BOT-2)59 employ a product-oriented approach for 

assessing motor performance of both fine and gross motor skills. A reliable and valid 

test battery that addresses broader foundational movement skills is yet to be 

developed.16 

A systematic review by Griffiths et al.74 published in 2018 evaluated the psychometric 

properties and clinical utility of seven gross motor assessment tools for children aged 

2 to 12 years, including the BOT-2, MABC-2 and TGMD-2. The BOT-2 was considered 

to have the strongest evidence for internal consistency and test-retest reliability with 

excellent methodological quality reported by studies included in the review. Internal 

consistency and test-retest reliability for the MABC-2 and TGMD-2 was considered 

good to excellent, based on good methodological quality. Inter-rater reliability was 

supported in the TGMD-2, MABC-2 and BOT-2. Overall, the content and construct 

validity for the majority of gross motor assessment tools evaluated in the review were 

considered good to excellent. Evidence for the ability to discriminate between particular 

age or diagnosis groups was found for the BOT-2, MABC-2 and TGMD-2. Finally, the 

BOT-2 and MABC-2 are the standardised measures most often used clinically by 

health professionals or for research purposes to quantify difficulties in motor 

performance, and are recommended for use children with coordination difficulties, at 

risk for or diagnosed with conditions such as Developmental Coordination Disorder.75 

2.3.2.3 Relationships between motor proficiency, health-related physical fitness 

and physical activity2 

Studies examining the determinants of children’s PA suggest that children’s PA 

behaviour is influenced by factors at multiple levels of a social ecological model, 

including factors at the individual, interpersonal, organisational, community and public 

policy levels.76 For example, research suggests that children’s PA is influenced by a 

combination of biological/physiological factors (e.g., genetics, sex) and psychological 

factors (e.g., self-efficacy, perceived competence) that are relevant to an individual as 

 
2  It is important to note that within this body of literature, there is considerable variability in the 
terminology used to define children’s motor skills (e.g., fundamental movement or motor skills, motor 
development, motor proficiency, motor competence, motor ability, motor coordination). The 
measurement of children’s motor skills is equally variable with both process and product-oriented 
approaches employed to assess children’s motor skills. Therefore, the relevant motor skill constructs 
and the outcome measures used to assess each motor skill will be outlined as described by different 
authors within their studies. 
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well as social/cultural factors (e.g., socioeconomic status, influence from peers/parents) 

and environmental factors (e.g., built environment, access to facilities).77,78  

2.3.2.3.1 Conceptual models explaining relationships between motor skill 

development and PA 

Several conceptual models have been proposed to explain how motor skill 

competence (i.e., the ability to perform goal-directed human movement) may be 

related to lifelong engagement in PA.8,79,80 It has been suggested that developing 

proficiency in motor skills during childhood may equip children with a repertoire of skills 

that may facilitate and motivate them to engage in PA throughout their lives.79 One of 

the earliest models describing relationships between motor skill development and PA 

was proposed by Seefeldt80 in 1980. Seefeldt80 hypothesised that when examining the 

link between children’s motor skill development and engagement in PA across the 

lifespan, a proficiency barrier may exist, such that if children do not acquire a certain 

level of proficiency in their fundamental motor skills, they may be less likely to engage 

in PA. 

In their conceptual model published in 2008, Stodden et al.79 hypothesised that the 

relationship between motor competence and PA may be reciprocal, and the strength 

of the relationship may change throughout different stages of childhood and 

adolescence (Figure 3). Stodden et al.79 defined motor competence in terms of 

proficiency in common FMS including object control and locomotor skill development 

which differs to the definition recently proposed by Hulteen et al.8 in 2018.  
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Figure 3: Conceptual model hypothesising relationships between motor competence, health related 

fitness and physical activity proposed by Stodden et al.79 Reproduced with permission by 

Taylor & Francis.  

Stodden et al.79 proposed that the strength of the relationship between motor 

competence and PA may be weak during early childhood (EC) as a child’s exposure 

to movement opportunities is largely influenced by contextual factors such as the 

physical and social/cultural environment (e.g., parental influence).6,79 However, the 

relationship between motor competence and PA may strengthen by middle childhood 

(MC) to late childhood (LC) and continue to do so into adolescence. This may occur 

as children who demonstrate greater proficiency in motor skills may have higher levels 

of health-related fitness and perceived competence in their motor skills (i.e., perception 

of their actual movement capabilities81), which may enable them to participate in a 

wider range of games and sports leading to higher levels of engagement in PA. 

Conversely, children who demonstrate poor proficiency in motor skills may be less 

likely to engage in games and sports and consequently undertake lower levels of PA.79  

The conceptual model developed by Hulteen and colleagues8 in 2018 (Figure 4) builds 

upon the earlier models proposed by Seefeldt80 and Stodden et al.79 and depicts the 

evolution of motor development from reflexive movements observed during infancy to 
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the development of more specialised movement skills (e.g., tennis backhand, baseball 

pitch) which may be used across the lifespan to engage in PA.  

 

Figure 4: Conceptual model summarising the development of foundational movement skills to promote 

physical activity across the lifespan proposed by Hulteen et al.8 Black arrows indicate 

previously hypothesised pathways; white arrows and dotted boxes indicate newly 

hypothesised pathways/components unique to this conceptual model. Reprinted by 

permission Springer Nature, Sports Medicine. Hulteen, R. M., Morgan, P. J., Barnett, L. M., 

Stodden, D. F., & Lubans, D. R. Development of foundational movement skills: a conceptual 

model for physical activity across the lifespan. Sports Medicine, 48(7), 1533-1540 © 2018 

The conceptual model by Hulteen et al.8 supports the hypothesis proposed by 

Seefeldt80 regarding the existence of a ‘proficiency barrier’ whereby ‘individuals who 

do not develop sufficient competence in foundational movement skills will have greater 

difficulty developing and maintaining health-enhancing physical activity habits across 

the lifespan.8(p5)’ The potential existence of a proficiency barrier reinforces the 

importance of identifying early, any children who commence primary school with poor 

or delayed motor skills so they can be supported in developing and refining these skills.  

Finally, as previously stated, children’s PA behaviour is complex and the physical (i.e., 

health-related fitness, weight status) and psychological (i.e., perceived motor 

competence, self-efficacy) attributes of the individual as well as environmental and 

https://www.springer.com/journal/40279/
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social/cultural factors may also influence the relationship between children’s motor 

development and PA.10 These social ecological factors are acknowledged in the model 

proposed by Hulteen et al.8 and summarised below in Figure 5. 

 

Figure 5: Social ecological factors that may influence children’s motor development and physical activity 

behaviour.8 Created by the author.  

2.3.2.3.2 Relationships between motor proficiency and PA  

Several reviews have investigated the relationship between motor skill proficiency and 

PA in children and adolescents and provided evidence to support the conceptual model 

proposed by Stodden et al.9,11,81 A systematic review by Lubans et al.9 published in 

2010 synthesised the findings of 21 studies (n = 15 cross-sectional, n = 4  longitudinal, 

n = 2 experimental) and found strong evidence from cross-sectional studies to support 

positive associations between FMS (assessed using process and product-oriented 

outcome measures) and PA (assessed using self-report measures and pedometers). 

A few years later, Holfelder and Schott11 conducted a systematic review of 23 studies 

(n = 15 cross-sectional, n = 8 longitudinal), further evaluating the relationship in 

children and adolescents between FMS (assessed via both product and process-

oriented outcome measures) and PA (assessed using self-report questionnaires, 

accelerometers and pedometers). Findings revealed strong evidence of a positive 

Community factors 
(e.g., geographical 

location, built 
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Social/cultural 
factors  (e.g., 

parental influence, 
cultural background, 

socioeconimic status)

Individual physical/ 
psychological 
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relationship between FMS and organised PA, consistent with findings from the earlier 

review by Lubans et al.9 The authors suggested that higher levels of FMS competency 

may be associated with an increase of PA and vice versa. However, the results of the 

review by Holfelder and Schott11 suggested that a cause and effect relationship 

between FMS and PA has yet to be validated. In their systematic review conducted in 

2015, Logan et al.12 shed light on the strength of the relationship, reporting strong 

evidence (12/13 observational studies) for a positive low to high (r = .16-.55) 

relationship between FMS competence (evaluated by process-oriented measures only) 

and PA (assessed using self-report measures, accelerometers, pedometers and direct 

observation). The strength of the relationship differed between age groups with low to 

moderate relationships reported during early childhood (r = .16-.48), low to high 

relationships reported during middle to late childhood (r = .24-.55) and low to moderate 

relationships reported during adolescence (r = .14-.35). 

A systematic review by Poitras et al.82 in 2016 investigated the relationship between 

objectively measured PA and a number of primary and secondary health indicators. 

Motor skill development (measured using a standardised assessment or a single test) 

was evaluated as an important secondary health indicator in only seven of the 162 

studies included in the review. Findings revealed evidence to support a positive 

relationship between objectively measured PA and motor skill development; however, 

there were differences in findings between experimental (n = 2 studies) (i.e., no 

between group effects following PA intervention) and cross-sectional studies (i.e., 

favourable associations reported). Furthermore, the quality of available evidence 

ranged from very low to low. The authors concluded there was a paucity of data 

regarding the relationship between motor skill development and PA, with a need for 

further high-quality studies to be conducted.82  

Overall, findings suggest there is strong evidence from observational studies to support 

a positive relationship between motor proficiency and PA; however, there is insufficient 

evidence from experimental studies to confirm a causal relationship.  
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2.3.2.3.3 Relationships between motor proficiency and health-related physical 

fitness 

The conceptual model by Stodden et al.79 also proposes that a relationship may exist 

between motor skill proficiency and health-related physical fitness. For example, it has 

been hypothesised that health-related physical fitness may mediate the relationship 

between motor skill competence and PA, with the strength of association increasing 

from childhood to adolescence.79,81 A longitudinal study published by Barnett et al.83 in 

2008 investigated the relationship between childhood motor skill proficiency 

(measuring three object control and four locomotor skills) and adolescent 

cardiorespiratory fitness (CRF) (assessed using a multistage fitness test). Findings 

revealed that children’s proficiency in object control skills, assessed in primary school 

(Grade 4/5) predicted their CRF, assessed six years later (Grade 10/11). A systematic 

review by Cattuzzo et al.10 published in 2016 investigated the relationship between 

motor competence (as measured by product and process-oriented motor assessments) 

and the components of health-related physical fitness (body weight status, 

cardiorespiratory and musculoskeletal fitness and flexibility) in children and 

adolescents. A total of 44 studies (n = 82% cross-sectional, n = 18% longitudinal 

studies) were included in the review. The authors10 reported a strong level of evidence 

to support positive associations between motor competence and CRF (12/12 studies) 

and between motor competence and musculoskeletal fitness (7/11 studies). A strong 

level of evidence was also found to support an inverse association between motor 

competence and body weight (27/33 studies). These findings were consistent with the 

previously published systematic review by Lubans et al.9 who found evidence to 

support positive associations between FMS and CRF (4/4 studies) and an inverse 

association between FMS and body mass index (5/8 studies).10 Overall, there appears 

to be a growing body of evidence to support a strong relationship between motor skill 

proficiency and the components of health-related fitness, particularly CRF. However, 

the notion that health-related fitness mediates the relationship between motor 

competence and PA has yet to be validated. 

Collectively, this body of literature provides promising evidence to support the notion 

that children’s motor proficiency is favourably associated with both health-related 

physical fitness and PA; however, more experimental studies are required to further 

determine causality.  
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2.3.2.4 National physical activity guidelines and associated benefits – How 

much should children and youth be moving? 

At the commencement of this program of research in 2014, the Australian Physical 

Activity and Sedentary Behaviour Guidelines for Children (5-12 years) and Young 

People (13-17 years) was the key source of information outlining recommendations for 

the amount, intensity and type of PA required for optimal health.84 According to these 

national guidelines, Australian children and young people should accumulate at least 

60 minutes of moderate (e.g., brisk walking, riding a bike) to vigorous intensity (e.g., 

running, playing sport) of PA every day. Muscle and bone strengthening activities are 

also recommended on at least three days of the week. Screen time (i.e., time spent 

using electronic media such as television, seated electronic games, portable electronic 

devices or computers for entertainment) should also be limited to no more than two 

hours per day. Finally, children are encouraged to engage in up to several hours of 

activity per day to achieve additional health benefits.84  

However, the Australian 24-hour Movement Guidelines for Children (5-12 years) and 

Young People (13-17 years): An Integration of Physical Activity, Sedentary Behaviour 

and Sleep were subsequently introduced in 2019.85 These new guidelines shifted the 

focus from time requirements for PA and screen time to recommending a combination 

of movement behaviours across a 24-hour day. Children and young people are still 

encouraged to accumulate 60 minutes or more of MVPA per day and muscle 

strengthening activities should also be performed at least three days per week. Screen 

time recommendations remain limited to two hours per day. Newly featured in the 

guidelines is the recommendation that over a 24-hour period children and young 

people should also undertake several hours of light PA, break up long periods of sitting 

and achieve sufficient sleep (5-13 years: 9-11 hours uninterrupted sleep; 14-17 years: 

8-10 hours uninterrupted sleep).85 

These national guidelines were informed by systematic reviews that investigated the 

relationships between PA, sedentary behaviour and, more recently, sleep hygiene, and 

health outcomes.82 For example, participation in regular PA, particularly at moderate-

to-vigorous intensities, is positively associated with numerous physical health 

indicators including body composition, cardiovascular and metabolic health biomarkers, 

cardiorespiratory and muscular fitness, and bone health.82,86 However, participation in 

regular PA is also positively associated with academic achievement and cognition, as 
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well as socio-emotional and mental health outcomes (e.g., emotional regulation and 

pro-social behaviour).82 

2.3.2.5 National physical activity surveillance in Australia – How much are 

children and youth actually moving?  

To monitor how well Australian children and young people are adhering to the national 

PA guidelines, the inaugural Active Healthy Kids Australia (AHKA) PA Report Card for 

Children and Young People was published in 2014 by a collaboration of Australian PA 

researchers.87 The AHKA PA Report Card synthesises data from national and 

state/territory surveys and studies to provide a grade for common PA-related indicators, 

including children’s individual traits, along with other sources of influence including 

families and peers, the school setting, the built environment and strategies and 

investments at the government level. Findings from the 2014 Report Card revealed 

that only 19% of Australian children and young people aged 5-17 years performed 

sufficient levels of PA to meet the recommended 60 minutes of MVPA each day.87 

Children’s aerobic fitness was considered below average, ranked in the 31st percentile 

relative to age- and sex-matched international peers.87 Nationally representative data 

in relation to children’s movement skills was not available; however, state-based 

survey data suggested that girls and boys in Grade 6 (i.e., 11 or 12 years of age) were 

demonstrating poor mastery of locomotor skills (e.g., run, vertical jump, side gallop, 

leap) and object control skills (e.g., kick, overarm throw, catch) as objectively measured 

using a movement skill competency assessment.88 Ideally, by Grade 4 (i.e., 9 or 10 

years of age) children should demonstrate mastery of less complex FMS, including 

locomotor skills such as the sprint run, vertical jump and side gallop and object control 

skills such as the catch and overarm throw.19  Mastery of more complex FMS, including 

the leap and kick should be achieved by the end of Grade 5 (i.e., 10 or 11 years of 

age).19 Finally, in relation to the school setting, only 64% of Australian primary schools 

reported providing at least 120 minutes of physical education (PE) to students per 

week.87  

The most recent AHKA PA Report Card was published in 2018 and reported there was 

insufficient evidence to suggest there had been any change in children’s overall PA 

levels since 2014.16 It also highlighted that there is a need to collect nationally 

representative data on children’s overall PA levels as this is currently lacking.16 In 

relation to children’s aerobic and muscular fitness, objectively measured data revealed 
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that young Australians aged 9-15 years ranked in the 35th percentile for both aerobic 

(assessed by 20m shuttle run) and muscular fitness (assessed by standing long jump), 

relative to age- and sex-matched international peers.16 According to state/territory data, 

low levels of mastery continued to be demonstrated in object control and locomotor 

movement skills by boys and girls by Grade 6.16 The following proportion of girls in 

Grade 6 showed mastery in locomotor skills - run: 30%; vertical jump: 33%; side gallop: 

71%; leap: 31%; and object control skills - kick: 13%; overarm throw: 14%; catch: 

29%.19 The following proportion of boys in Grade 6 showed mastery in locomotor skills 

- run: 32%; vertical jump: 32%; side gallop: 68%; leap: 13%; and object control skills - 

kick: 50%; overarm throw: 53%; catch: 59%.19 It was apparent that boys appeared to 

demonstrate a higher proportion of mastery in object control skills than girls.19 Finally, 

in relation to the school setting, national data collected from school staff revealed that 

66% of primary school students were receiving at least 120 minutes of PE each week, 

suggesting there had been minimal change in this indicator since 2014.16 

Collectively, these trends demonstrate a clear need to improve Australian children’s 

motor proficiency, physical fitness and overall levels of PA. Ideally, children should 

demonstrate mastery of object control and locomotor skills by Grade 6;19 however, 

current trends suggest that Australian boys and girls are only achieving low levels of 

FMS competency by this year level. It has been suggested that focussing on improving 

children’s motor proficiency during the early years of primary school may result in more 

permanent changes in their capability, consistent with the principles of motor 

learning.81,83 This is in contrast to children’s PA levels and other aspects of children’s 

physical development, including health-related physical fitness and weight status, 

where changes appear to fluctuate more often. Given strong evidence reported in the 

literature to support the relationship between children’s motor proficiency, health-

related physical fitness and PA and that low levels of motor proficiency among school 

students is associated with low CRF, low PA levels, and being overweight or obese,89 

the aspect of children’s physical development that schools may be able to prioritise 

during the early years of primary school is their motor skill development. However, this 

would need to be communicated to schools and implemented in such a way as not to 

compete, but rather align, with the development of children’s literacy and numeracy 

skills.  
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To provide schools with a rationale for exploring early primary school classrooms in 

Australia as feasible settings to implement PA, particularly motor skill programs, as a 

strategy to promote children’s motor proficiency and academic outcomes, an in depth 

understanding of early childhood development, the link between motor and cognitive 

development and the relationship between PA, cognition and academic performance 

is required and will be described in the following section.  

2.4 Early childhood development  

Early childhood education involves teaching young children up to eight years of age;50 

ages inclusive of Prep/Kindergarten to Year 2 in primary school. It has been proposed 

that the origins of the link between PA, cognition, and academic performance may stem 

from the relationship between motor and cognitive development during early 

childhood.38 Therefore, a theoretical perspective on early childhood development is 

necessary and will be summarised first.  

2.4.1 Developmental theories 
Holistic approaches to teaching and learning during the early years recognise 

children’s learning as integrated and interconnected across multiple developmental 

domains.2 These approaches are informed by developmental theories that attempt to 

explain behaviour and development during the early childhood period.2 Several 

developmental theories exist and key examples include the psychoanalytic, 

behavioural (or learning), cognitive, sociocultural and epigenetic theories.90 An 

overview of each theory is provided in Table 4, describing the key theorists, their 

proposed theories and a summary of how the theory has contributed to modern early 

childhood pedagogy.  

Each of these theories have their strengths and limitations and are useful in assisting 

early childhood educators in their role by providing a framework that allows them to 

better understand children’s development. Each theory has made a valuable 

contribution to shaping overall understanding of development across the lifespan. 

Knowledge of these theories also encourages educators to consider the impact of early 

childhood experiences on children’s subsequent development.2 Consideration of 

specific theories builds awareness of the importance of social interaction within the 

family and community, how learning processes influence behaviour, and the effect that 

genetic and environmental factors may have on children’s development.2
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Table 4: Theories of childhood development. 

Theory Key theorists and proposed theory Application to early childhood pedagogy 
Psychoanalytic 
Theory90 
 

• Sigmund Freud91 and Erik Erikson92 proposed that the 
development of irrational, unconscious drives and motives 
during childhood shapes behaviour throughout adulthood. 
 

• Psychoanalytic theories highlight the need to consider 
the impact that early childhood experiences may have 
on a child’s subsequent development.  

 
Behavioural (or 
Learning) 
Theory90 
 

• Ivan Pavlov and Burrhus Frederic Skinner93 described the 
laws and processes by which behaviour is learned.  
 
Laws of Behaviour 

• Classical conditioning: the learning process whereby a 
person associates a meaningful stimulus with a neutral 
stimulus that had no special meaning before they became 
conditioned.  

• Operant conditioning: a particular action is followed by 
either something desired or undesired. The consequence 
will influence whether the person will repeat the action 
again, depending on whether they received positive or 
negative reinforcement. 
 
Social Learning Theory 

• Albert Bandura94 proposed that learning can also occur by 
observing the behaviours of others and subsequently 
modelling that behaviour. 
 

• Behavioural (or learning) theories highlight the role 
that experiences play in shaping children’s 
behaviour.2 For example, positive reinforcement may 
be used with children to encourage good behaviour.   

 
Implications 
• Early childhood educators and caregivers may apply 

the principles of classical and operant conditioning as 
part of behaviour management strategies in the 
classroom or at home by coupling activities with 
rewards and reinforcements based on the behaviour 
observed. 
 

 

Cognitive 
Theory90 
 

• Jean Piaget95 proposed that thought processes are 
dependent on the development of cognition through four, 
age-related stages: 

- Sensorimotor stage (0-2 years): Infants experience the 
world primarily through movement and their five senses. 
Infants are considered to be ‘egocentric’.  

- Preoperational stage (2-7 years): The young child is not yet 
able to understand concrete logic and is unable to mentally 
manipulate information.  

- Concrete operational stage (7-11 years): Children can think 
logically, and they are no longer egocentric.   

• Cognitive theories prompt educators to consider how 
the processes of children’s learning and development 
can change over time. For example, during infancy, 
thought processes may be shaped by movement 
experiences. 
 

      Implications 
• Early childhood activities should be planned in relation 

to the developmental stage of the child.2 
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Theory Key theorists and proposed theory Application to early childhood pedagogy 
- Formal operational stage (11-16+ years): Marked by the 

development of abstract thought. 
 

• Jerome Bruner96 considered development to be a 
continuous process, not a series of stages. He proposed 
three modes of representation in his research on the 
cognitive development of children: 

- Enactive (action-based) (0-1 years): Infants encode action-
based information and store it in their memory. 

- Iconic (image-based) (1-6 years): Information is stored 
visually in the form of images. 

- Symbolic (language-based) (7 years onwards): Information 
is stored in the form of a code or symbol, and is flexible in 
that it can be manipulated, ordered and classified (e.g., 
words, mathematical symbols)  

 

Socio-cultural 
Theory90 
 

• Leo Vygotsky97 postulated that novices learn the skills and 
values of society through the guidance of skilled mentors. 

• Children’s knowledge and acquisition of knowledge is tied 
to exposure to social settings (zone of proximal 
development). 

• Children develop skills through the process of scaffolding 
(supportive, structured interaction between an adult and a 
child with the aim of helping the child achieve a specific 
goal), 

• Jerome Bruner96 supports this theory in that he emphasises 
the role of education and the adult (self-directed learning). 
The main difference with Vygotsky is around ‘assisted 
learning.’ 

• Socio-cultural theories provide insight into the social 
and cultural contexts of children’s learning and 
development by emphasising the important influence 
that families and cultural groups have upon a child’s 
learning and the importance of developing 
relationships with others living within their 
community.2  

 
Implications 
• In response to children’s prior knowledge, educators 

and skilled mentors can scaffold and transform their 
learning.  

 
Epigenetic 
Theory90 
 
 
 

• This theory considers an individual’s genes and the 
environmental factors that directly affect the expression of 
those genes.98 

• The experiences children have early in life, and the 
environments in which they have them, shape the structure 
and function of the developing brain.99   
 

      Implications 
• Epigenetic theories emphasise the importance of 

providing supportive and nurturing experiences for 
young children during early childhood as this is when 
brain development is most rapid. 
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2.4.2 Theories of motor development  
Motor development is defined as ’the continuous, age-related process of change in 

movements as well as the interacting constraints (or factors) in the individual, 

environment and task that drive these changes’.64(p5) Developmental theories relating 

to motor development encompass several different perspectives including the neural-

maturationist theory, cognitive theory, and the dynamic systems theory.90,100,101 The 

neural-maturationist theory was pioneered by Arnold Gesell102 and proposes that it is 

the maturation of the central nervous system that is primarily responsible for motor 

development.64,101 The cognitive theory proposed by Jean Piaget95 suggests that 

cognitive development occurs across four age-related stages. For example, during the 

first sensorimotor stage from birth to two years, infants experience the world primarily 

through movement and their five senses. It is proposed that this interaction with the 

environment assists infants to make sense of the world around them and provides the 

foundation of thought.101 Burrhus Frederic Skinner103 described a more behavioural 

approach to development proposing that development occurs through an individual’s 

interaction with their environment and the reinforcement they receive.101 Finally, the 

dynamic systems theory described by Esther Thelen and colleagues104 provides a 

more holistic perspective, proposing that motor development is influenced by the 

interaction of intrinsic (i.e., mechanical, neurological, cognitive, perceptual) and 

extrinsic (environmental) factors.100,101  

Overall, it is evident that theories of motor development have evolved over time. 

Contemporary perspectives employ an ecological approach which acknowledge that 

motor development involves a complex interplay between multiple factors including the 

individual (e.g., the child), the task (e.g., type of activity) and the environment (e.g., the 

school or home setting).105  

2.4.2.1 Motor learning theories 

Insight into how children learn motor skills can be gained by examining motor learning 

theories. Motor learning is defined as ‘the relatively permanent gains in motor skill 

capability associated with practice or experience’.64(p5) Fitts and Posner106 proposed that 

the acquisition of motor skills occurs across three distinct stages. The first ‘cognitive’ 

stage is considered to require a high cognitive demand, as new learners (e.g., school 

children) try to understand the different components that make up that skill (e.g., 

learning how to throw a ball). New learners consequently rely on instructions and 
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feedback from an external instructor (e.g., physical education or classroom teacher) to 

help improve their performance. Once the learner masters the basic form of the motor 

skill, the second, ‘associative’ stage involves refining their motor skill performance. 

Consequently, the cognitive demand of the task begins to decline during this second 

stage. When learners reach the final ‘autonomous’ stage, their motor skill performance 

becomes more automatic and they no longer need to allocate conscious attention to 

performing the motor skill and thus they can shift their attention to being more strategic 

when performing the skill, for example, in a game or sport situation.106 

Contemporary motor learning research suggests the process of learning a motor skill 

is influenced by the individual, the task (e.g., motor skill/activity) and the environmental 

context in which the person performs the task (e.g., the school setting).107 As learning 

a new motor skill requires practice, it is also important to consider how different practice 

conditions affect motor learning. As such, an instructor may modify the practice 

conditions depending on the individual’s stage of motor learning. For example, an 

instructor may modify the type of instructions they provide (e.g., whole, part or mental 

practice), the type of practice schedule (i.e., constant vs varied practice) and the type 

of feedback they provide to the learner (e.g., knowledge of results about the outcome 

of motor performance or knowledge of performance – i.e., how the person moved). 

Collectively, knowledge of the developmental theories discussed in the preceding 

sections provides the foundation for understanding the empirical literature examining 

relationships between motor and cognitive development, which is presented in the 

following section.  

2.4.3 Brain development 
The body of literature examining relationships between motor and cognitive 

development uses neurodevelopmental terminology, including anatomical and 

physiological terminology.35,108 As such, relevant terms, definitions and concepts are 

discussed in this section prior to presenting the findings from research investigating 

these relationships.  

During infancy and early childhood, there is rapid growth in the axons, dendrites and 

synapses of neurones within the brain. During the early childhood period and through 

to adolescence, ongoing myelination occurs.90 Myelination is the process by which 



43 
 

axons become coated with myelin, a fatty substance which facilitates the speed with 

which neurones communicate messages with each other.90 Maturation of the corpus 

callosum and prefrontal cortex is enhanced through improved myelination, leading to 

refinement of both mental processing and motor skills. Growth of the corpus callosum 

enables communication between the two sides of the brain to be more efficient 

whereas growth of the prefrontal cortex helps to fine-tune emerging higher-order 

cognitive functions, referred to collectively as executive functions.109 In addition to the 

refinement of executive processing skills through to adolescence, motor development 

also continues into adolescence.108 

2.4.3.1 Key definitions relating to cognition and academic performance 

Cognition is a general term that describes a number of different mental processes 

including executive function, intelligence and perception.35,36 Executive functions 

encompass several top-down mental processes, with core executive functions 

including inhibitory control, cognitive flexibility, and working memory.35 Reasoning, 

problem solving, and planning are considered higher order executive functions that 

build upon the core executive functions.36 Executive functions are involved when 

making decisions, solving problems, adapting to changes, and resisting temptation. In 

contrast, academic performance (or academic achievement) is defined by success 

or performance at school, with assessments typically measuring student knowledge 

and/or classroom behaviour.27 Table 5 provides an overview of the definitions for 

intelligence, cognition, executive function and academic performance. 
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Table 5: Definitions of intelligence, cognition, executive function and academic performance. 

  Definition 

Intelligence110 ‘The ability to derive information, learn from experience, adapt to the 
environment, understand, and correctly utilise thought and reason.’  

Cognition111 ‘All forms of knowing and awareness, such as perceiving, conceiving, 
remembering, reasoning, judging, imagining, and problem solving.’  

Executive 
Function36 

‘A collection of top-down control processes used when going on automatic or 
relying on instinct or intuition would be ill-advised, insufficient or impossible.’ 

Inhibitory control: 
Inhibition 

‘Controlling one’s attention, behaviour, thoughts, and 
emotions to override a strong internal predisposition or 
external lure.’ 

Inhibitory control:  
Self-control 

‘The aspect of inhibitory control that involves resisting 
temptations and not acting impulsively or prematurely.’ 

Working memory  ‘Holding information in mind and mentally working with 
it (e.g., relating one thing to another, using information 
to solve a problem). Includes verbal and non-verbal 
working memory.’ 

Cognitive flexibility 
 

‘Changing perspectives or approaches to a problem, 
flexibly adjusting to new demands, rules, or priorities 
(as in switching between tasks).’ 

Fluid intelligence ‘Ability to reason, problem solve and see patterns or 
relations among items.’ 

Metacognition90 ‘Thinking about thinking’ or the ability to evaluate a cognitive task to determine 
how best to accomplish it, monitor it and adjust one’s performance on that 
task.’ 

Academic 
performance27 
 
 
Reading 
composite112 
 
 
 
 
 
Mathematics 
composite112 

Success or performance at school, commonly measured by examinations or 
continuous assessment (e.g., standardised academic achievement tests, 
grade point average, teacher-reported academic reports, observation/report of 
classroom behaviour). 
Word reading Assesses pre-reading (phonological awareness) and 

‘decoding skills’ 

Reading 
comprehension    

Reflects reading instruction in the classroom 

Pseudoword decoding Assesses the ability to apply phonetic decoding skills 

Numerical operations Evaluates the ability to identify and write numbers 

Maths reasoning Assesses the ability to reason mathematically 

Literacy113 According to the Australian Curriculum, Assessment and Reporting Authority 
(ACARA), ’literacy involves students listening to, reading, viewing, speaking, 
writing and creating oral, print, visual and digital texts, and using and 
modifying language for different purposes in a range of contexts.’ 

Numeracy114 According to ACARA, ‘numeracy encompasses the knowledge, skills, 
behaviours and dispositions that students need to use mathematics in a wide 
range of situations.’ 
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There is evidence to suggest that cognitive functions, particularly executive functions, 

are related to academic performance.36,115 Research suggests that executive functions 

assessed early in life are predictive of lifelong achievement, health, wealth, and quality 

of life.36 Ineffective executive function (or executive dysfunction) may result in children 

having difficulty inhibiting inappropriate behaviour, which may affect their ability to 

concentrate and complete tasks within the classroom setting.35  

2.4.4 Relationship between motor and cognitive development 
As stated previously, the dynamic systems perspective proposes that development 

occurs through a complex interplay between multiple systems, including body systems, 

the physical environment and social/cultural influences.6 During infancy, it is suggested 

that the development of each motor skill (e.g., lying, rolling, sitting, crawling, walking) 

allows an infant to gain further independence, enabling them to explore more of their 

environment, which, in turn, provides a new opportunity to learn. Thus, the 

development of cognition may be linked to these early movement experiences. For 

example, infants learn how to problem solve when they encounter novel and complex 

situations through early exploratory motor behaviour. This, in turn, may lay the 

foundation for the development of higher order cognitive functions.6,38  

In a seminal review published in 2000, Diamond108 summarised evidence from the 

empirical literature describing the potential role the dorsolateral prefrontal cortex and 

cerebellum may both play in cognitive and motor performance. Diamond described 

findings from functional neuroimaging studies that reported co-activation of the 

prefrontal cortex and cerebellum during particular cognitive tasks.108 For example, 

during tasks that were novel or more complex (i.e., when conditions changed or a quick 

response was required), functional neuroimaging studies showed increased activation 

in the dorsolateral prefrontal cortex and neocerebellum.108 This is consistent with the 

first, cognitive stage of motor skill acquisition described in motor learning theories.106 

Table 6 summarises the regions of the brain that are crucial for motor and cognitive 

development, along with their functions as outlined by Diamond.108 
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Table 6: Key areas of the brain crucial for motor and cognitive development during childhood and 

adolescence as proposed by Diamond.108 Reprinted by permission John Wiley and Sons, 

Child Development. Diamond, A. Close interrelation of motor development and cognitive 

development and of the cerebellum and prefrontal cortex. Child Dev 2000, 71, 44-56. © 2000  

Region of the Brain Function Description 

Prefrontal cortex  
 
(dorsolateral 
prefrontal cortex) 

Executive 
function 

 

• Includes inhibitory control, working memory, 
cognitive flexibility. 

 
 

Cerebellum 
 
(neocerebellum) 

Motor 
learning  

 

• Neurons are most active during the early stages 
of learning a task or when conditions change. 

• Potential role in error detection. 

Basal Ganglia 
 
(caudate nucleus) 

Movement 
control  

 

• Includes balance, posture and coordination. 
• Involves selecting proper movements, muscles 

and forces.  

Premotor cortex  • Planning, preparation and sensory guidance of 
movement. 

Supplementary 
motor area 

 • Bimanual coordination, generation and execution 
of sequences. 

 

Research investigating the effect of dysfunction of the motor system on cognition may 

provide additional support for the interconnected nature of motor and cognitive 

systems.108 For example, abnormalities have been reported in both the cerebellum and 

prefrontal cortex in children with neurodevelopmental disorders including Attention 

Deficit Hyperactivity Disorder (ADHD), Autism Spectrum Disorder (ASD) and Specific 

Language Disorder. Executive dysfunction, including a lack of behavioural control (i.e., 

failure to inhibit behaviour) and attention is a key characteristic observed in children 

with ADHD, Specific Language Disorder and ASD;116 however, concomitant problems 

with motor coordination are also often observed in children with these conditions.108 

A longitudinal study conducted in 2008 by Piek et al.117 also provided evidence to 

support a relationship between early motor development and later cognitive ability. The 

Ages and Stages Questionnaire (ASQ) was used to assess the fine and gross motor 

skills of 33 children (16 girls, 17 boys) aged 4 months to 4 years of age. Fine and gross 

motor performance and cognitive development were then reassessed when children 

were 6 to 12 years using the McCarron Assessment of Neuromuscular Development 

and Wechsler Intelligence Scale for Children – 4th Edition, respectively. Findings 

revealed that after controlling for socioeconomic status (SES), gross motor trajectory 

https://srcd.onlinelibrary.wiley.com/journal/14678624
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information (assessed by the ASQ) significantly predicted cognitive performance – 

specifically working memory and processing speed. However, fine motor trajectory 

information did not predict cognitive performance after controlling for SES. 

A few years later in 2011, a cross-sectional study by Davis et al.118 provided insight 

into the strength of the relationship between motor proficiency and cognition across 

development. The motor and cognitive ability of 248 typically developing children, 4 to 

11 years of age, was assessed using the Bruininks-Oseretsky Test of Motor Proficiency 

– 2nd Edition and the Kaufman Assessment Battery for Children – 2nd Edition, 

respectively. A significant moderate correlation was found between overall motor and 

cognitive scores (r = .515, p < .0001), which was consistent across the entire sample. 

Fine manual control (fine motor precision and fine motor integration) and visual 

processing were found to underpin this relationship. The authors concluded that as the 

strength of the correlation between fine manual control and visual processing was 

consistent in children across different age groups, this supported the notion that motor 

and cognitive skills may be interrelated across development.118 

Finally, in 2015, a systematic review by van der Fels et al.47 synthesised the findings 

of studies published between 2000 to 2013 that investigated the relationship between 

motor and cognitive skills in typically developing school-aged children. A total of 21 

observational studies with good to high methodological quality were included in the 

review. Motor skills were grouped into six categories including gross motor skills, fine 

motor skills, bilateral body coordination, timed performance in movements, object 

control and total motor score. Key cognitive skills included the components of 

executive function, IQ, memory, attention and academic skills. Overall findings 

revealed either no correlation or insufficient evidence to support a relationship between 

many motor and cognitive variables (including academic skills). However, notably, fine 

motor skills, bilateral body coordination and timed performance in movements had the 

strongest correlations with cognitive skills. The authors suggested that these more 

complex motor skills may involve a higher cognitive demand, supporting the notion that 

co-activation of the cerebellum and prefrontal cortex may occur with more complex 

motor tasks.47 

Overall findings from cross-sectional and longitudinal studies reveal there is 

preliminary evidence to suggest that motor skills are positively associated with 
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cognitive skills, particularly when more complex motor skills are assessed. However, 

there appears to be insufficient evidence from experimental studies to suggest that 

motor skill interventions are beneficial for improving children’s cognitive skills. 

Knowledge of the literature examining relationships between motor and cognitive 

development provides a foundation for understanding the relationship between PA, 

cognition and academic performance.38 

2.5 Relationships between physical activity, cognition and 
academic performance 

Several models have been proposed to conceptualise the relationship between PA, 

cognition and academic performance.27,39 In the conceptual model presented in their 

review published in 2012, Howie and Pate27 hypothesised that PA (i.e., the broad term 

used to encompass PA, physical fitness and sports participation) may firstly modify 

children’s cognition (i.e., the broad term used to encompass executive function, 

attention, memory and IQ), and, secondly, that improvements in cognition may underlie 

improvements in academic performance (i.e., the broad term to encompass grades, 

standardised tests and classroom behaviour). The model proposed by Tomporowski 

et al.39(p51) three years later in 2015 (Figure 6) suggested that including the construct 

of metacognition in this pathway, which is defined as ‘an individual’s understanding of 

what they know and how to use that knowledge to regulate behaviour’, situated 

between cognition and academic performance, could improve understanding of the 

relationship between PA and children’s academic performance.  
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Figure 6: Relationship among physical activity, cognition, metacognition, and academic achievement 

as proposed by Tomporowski et al.39 This figure is from the article by Tomporowski et al.39 

published under a Creative Commons Attribution NonCommercial NoDerivitives 4.0 

International Licence. 

For example, it has been suggested that the development of children’s procedural 

learning during complex motor tasks may lead to the development of declarative (or 

semantic) knowledge (i.e., information that can be thought about and talked about 

without engaging in a specific activity) which is necessary for thinking, planning and 

anticipating.119 Tomporowski et al.39(p53) summarised this concept stating that ‘mental 

strategies that children acquire in a physical activity training environment to problem 

solve can influence how they deal with tasks that involve executive control in academic 

conditions’. Notably, motor proficiency has yet to be included in these conceptual 

models. 

2.5.1 Hypotheses regarding the mechanisms that may underlie relationships 
between PA, cognition and academic performance 

Researchers from various disciplines have proposed several hypotheses regarding the 

underlying mechanisms that may explain the relationship between PA, cognition and 

academic performance.38,39,41,48,109 For example, biological and psychosocial 

mechanisms as well as mechanisms relating to the context in which children learn have 

been proposed.38,40 Biological mechanisms refer to the cellular changes that occur in 

response to short-term participation in PA, including increased cerebral blood volume, 

upregulation of growth factors and neurotrophins (e.g., brain-derived neurotrophic 

factor) and alterations in brain neurotransmitters (e.g., noradrenaline, 

https://www.sciencedirect.com/science/article/pii/S2095254614001203
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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dopamine).28,35,120 Chronic or long-term participation in PA is thought to result in the 

development of new blood vessels (angiogenesis), nerve growth (neurogenesis) and 

increased formation of synapses (synaptogenesis). It has been proposed that these 

changes in brain structure and function may underlie observed changes in cognitive 

function (i.e., learning and memory processes) that are associated with participation in 

PA.30  

Research investigating the relationship between PA and/or health-related physical 

fitness to brain structure in children and adolescents is still in its infancy.30 However, 

several cross-sectional studies121-123 have examined the relationship between aerobic 

fitness and brain structure reporting changes in grey matter volume in the basal ganglia 

and hippocampus on Magnetic Resonance Imaging (MRI).30 Initial findings suggest 

that aerobic fitness is associated with the volume of these subcortical structures, with 

larger volumes evident in higher-fit children compared to lower-fit children.30 Additional 

findings from two RCT pilot studies124,125 demonstrated increased white matter (or 

structural) integrity on diffusion tensor imaging in children participating in an 8-month 

after school PA intervention compared to children in the control group.30 

Children’s brain function is typically assessed using functional MRI and/or 

electroencephalography (EEG) – a measure of neural activity in response to, or in 

preparation for, a stimulus or response (event-related brain potentials).30 A systematic 

review by Donnelly et al.30 found evidence from nine cross-sectional studies to support 

a relationship between aerobic fitness and neuroelectric indices during cognitive tasks 

(e.g., attention, inhibition, cognitive flexibility, academic). Notably, a cross-sectional 

study by Hillman et al126 found that children with higher levels of fitness demonstrated 

greater allocation of attentional resources and faster cognitive processing speed than 

children with lower levels of fitness. Results from several RCTs127,128 have 

demonstrated similar findings on EEG in children participating in a daily PA intervention 

compared to children on the waitlist.30 Finally, the review by Donnelly et al.30 also 

summarised findings from several cross-sectional studies and RCTs reporting 

increased recruitment and activation on functional MRI in the frontal and parietal 

regions of the brain during cognitive tasks in children with higher levels of fitness. 

The underlying mechanisms relating to the context in which children learn stem from 

research examining motor development and motor learning research and its link to 
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cognition.38,48,108,129 For example, increased activation of the pre-frontal cortex and 

cerebellum during the skill acquisition phase of learning a motor task highlights the 

cognitive demand inherent in complex motor skill acquisition.108,129 Several 

researchers have described how many forms of exercise, particularly group activities 

or games, can be considered as cognitively engaging.38,39,48 For example, complex 

cognitive processes are required during group games in order for individuals to 

cooperate with others, anticipate each other’s behaviour, employ strategies during the 

game and adapt to changing task demands and novel situations.38 It is hypothesised 

that employing these complex mental processes during cognitively engaging forms of 

exercise may transfer to other learning environments, such as the classroom.39 

Furthermore, modifying the practice environment during motor learning by applying 

principles of variability of practice to the tasks may optimise motor and cognitive 

processes.48  

Finally, developmental neuroscientists have argued in favour of a more holistic 

explanation for observed changes in executive function and academic performance 

brought about by PA interventions, particularly highlighting that psychosocial factors 

(e.g., improvements in self-confidence, experiencing a sense of belonging during 

group games) may mediate this relationship.40 For example, it has been highlighted 

that stress, feeling sad or lonely, being sleep deprived or physically unfit leads to 

deleterious effects on executive function, and impaired reasoning, problem solving, 

concentration and self-control. Diamond40 hypothesised that improvements in 

executive function may also occur by reducing stress, providing an individual with a 

sense of belonging or social inclusion, improving sleep or improving fitness.  

2.5.2 Review of literature examining relationships between PA, cognition and 
academic performance 

Overall, a variety of terminologies have been used in the literature examining 

relationships between PA, cognition and academic performance in children and 

adolescents (refer to sections 2.3.2.1 and 2.4.3.1). Observational studies (e.g., cross-

sectional and longitudinal studies) have commonly examined relationships between 

independent variables such as objectively/subjectively measured PA, health-related 

physical fitness, sports participation, or physical education and dependent variables 

measuring cognition and/or academic performance.28-30 In contrast, experimental 
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studies have typically examined the effect of different types of PA interventions on 

cognitive and academic outcomes, as well as PA-related outcomes.28-34  

Historically, researchers have predominantly examined the relationship between PA 

(as measured objectively/subjectively) and/or the components of health-related 

physical fitness (specifically CRF), and cognition and academic performance 

employing cross-sectional study designs.28-30 Similarly, studies evaluating the effect of 

PA interventions on cognition and academic performance have largely measured or 

manipulated the quantitative dimensions of PA such as the intensity, duration, 

frequency and type (or mode) of PA undertaken in the intervention.32,41 This may be 

due to the fact that PA and exercise prescription guidelines provide recommendations 

based upon the dose-response relationship between PA and health outcomes. It has 

been noted that a gap in the literature exists in relation to examining the impact of the 

‘qualitative’ characteristics of PA interventions on cognition and academic performance, 

which encompass dimensions including the degree of cognitive and motor coordination 

demands within an activity, along with the social and emotional demands of the 

activity.41 Although early research examining this broad topic dates back to the 

1940s,29,31 there has been rapid growth of research in this field within the last decade 

with increasing numbers of narrative and systematic reviews published examining the 

relationship between PA, cognition and academic performance in children and 

adolescents.28-32,34,35,120  

Sibley and Etnier28 conducted one of the earliest meta-analyses on this topic in 2003. 

Their meta-analysis included 44 studies (n = 9 peer-reviewed true experimental studies) 

and overall findings supported a positive relationship between PA and cognition in 

children, reporting an overall effect size of 0.32 (SD = 0.27). Moderator variables 

examined in the review included study design (true, quasi-experimental, cross-

sectional), participant characteristics (healthy, mentally impaired, physically disabled, 

year level at school), acute and chronic PA interventions (e.g., resistance/circuit 

training, perceptual-motor training, PE program, aerobic), activity assessment (e.g., 

overall fitness, motor ability) and type of cognitive assessment (e.g. perceptual skills, 

developmental level/academic readiness, IQ, achievement, maths tests, verbal tests, 

memory). Results revealed a positive relationship between PA and cognition across all 

study design types, for all participants and for all types of PA interventions.28 However, 

larger effect sizes were reported for children in middle school (11-13 years), and 
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children in early elementary school (4-7 years), and for relationships between PA and 

IQ (ES = 0.34; SD = 0.28) and academic achievement (ES = 0.30; SD = 0.22).  

A meta-analysis by Fedewa and Ahn29 published in 2011 built upon the findings 

reported by Sibley and Etnier.28 The authors quantitatively synthesised the results of 

59 studies conducted over the period between 1947 to 2009. Studies were categorised 

as either (i) experimental studies examining the effect of PA interventions on cognitive 

outcomes (n = 39); or (ii) cross-sectional studies examining the relationship between 

level of physical fitness and cognitive outcomes (n = 20). Fedewa and Ahn29 found 

evidence to support a significant and positive association between PA and children’s 

cognitive outcomes, reporting a combined overall effect size of 0.28 (SE = 0.04; 95% 

CI: 0.20, 0.37), which was similar to the overall effect size reported by Sibley and 

Etnier.28 The effect size differed only slightly between studies with experimental 

designs (d = 0.35, SE = 0.04, 95% CI: 0.27,  0.43) and cross-sectional designs (d = 

0.32, SE = 0.03, 95% CI: 0.26, 0.37). Collective findings from experimental studies 

suggested PA interventions had a significant positive effect on children’s cognitive and 

academic outcomes. Collective findings from cross-sectional studies suggested that 

children with higher levels of physical fitness achieved higher performance on cognitive 

and academic outcomes. Larger effect sizes were found for PA interventions with 

aerobic training (d = 0.35, SE = 0.07, 95% CI:0.21, 0.48), followed by regular PE 

programs (d = 0.20, SE = 0.06, 95% CI: 0.09, 0.32) and perceptual motor training (d = 

0.15, SE = 0.06, 95% CI: 0.04, 0.26). Furthermore, children appeared to benefit from 

PA interventions regardless of who delivered them (i.e., teachers, researchers, PE 

specialist). In relation to the cognitive status of participants, significant effect sizes were 

reported for all children, including children who were cognitively impaired or children 

with a learning disability. In relation to cognitive and academic outcomes, the largest 

effect size was found for mathematics (d = 0.44, SE = 0.09, 95% CI: 0.27, 0.61), IQ (d 

= 0.39, SE = 0.06, 95% CI: 0.27, 0.52) and reading (d = 0.36, SE = 0.11, 95% CI: 0.14, 

0.58) achievement. Finally, largest effect sizes were found for participants in 

elementary school (K-5; or approx. 5 to 11 years). 

A few years later in 2014, Castelli et al.31 conducted a systematic review and meta-

analysis of studies examining the relationship between PA, physical fitness and 

academic performance over the period between 1967 and 2013, a similar time frame 

used in the meta-analysis by Fedewa and Ahn.29 Although 215 studies met the 
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inclusion criteria, only 20 experimental studies were included in the meta-analysis. 

Findings revealed that children who participated in PA interventions demonstrated 

significant improvements in academic performance (inclusive of school attendance, 

on-task behaviour, standardised tests, attention, memory and executive/cognitive 

control), with an overall effect size of 0.383 (SE = 0.078). This effect size was slightly 

higher than the effect sizes reported for experimental studies in the reviews by Sibley 

and Etnier28 and Fedewa and Ahn.29 A subgroup analysis was conducted on the 

different time periods in which studies were published (1967 to 1999; 2000 to 2009; 

2010 to 2013). Studies published after 2010 (n = 7) showed larger effect sizes (ES = 

0.564, 95% CI: 0.421, 0.707) than studies published between 2000 to 2009 (n = 5) (ES 

= 0.496, 95% CI: 0.119, 0.872) and studies published before 2000 (n = 8) (ES = 0.212, 

95% CI: 0.025, 0.400). The authors concluded that differences in results between the 

time periods may be attributed to the rapid growth in the body of literature on this topic 

with changes evident in the terminology and outcomes used within studies, the 

methodological quality of studies and the hypotheses regarding the proposed 

mediating and moderating factors.  

A systematic review and meta-analysis by Vazou et al.32 published in 2016 sought to 

identify the qualitative aspects (e.g., cognitive, motor coordination, emotional and 

social demands) or common factors shared by the most effective types of chronic PA 

interventions. In this regard, the line of enquiry shifted from examining the impact of 

the more traditional quantitative characteristics of PA interventions (e.g., duration, 

frequency, intensity) to exploring the impact of PA interventions that included 

qualitatively different types of movement. A total of 28 experimental studies published 

between 1986 and 2016 were included in the review. Types of PA interventions were 

classified into seven categories, including aerobic, motor skill or cognitively engaging 

interventions and their combinations. PA interventions were conducted within the 

school setting (n = 11 during PE; n = 10 classroom-based PA, n = 1 during recess), 

after school (n = 4) and during a summer camp (n = 2). Comparison groups included 

no PA intervention, academic, traditional PE and aerobic PA. Cognitive outcomes were 

diverse and included inhibition, working memory, cognitive flexibility, planning, fluid 

intelligence, attention and other indicators of information processing. The overall effect 

size based on 28 comparisons was 0.46 (95% CI: 0.28, 0.64; p < .001). This suggested 

that compared to all comparison groups, PA interventions had a significant, medium 
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effect on measures of cognitive function. In relation to specific comparison groups, 

significant positive effects were identified when all PA interventions were compared to 

no PA intervention (ES = 0.86, 95% CI: 0.18, 1.55; p = .01; n = 5; I2 = 93%) or academic 

instruction (ES = 0.57; 95% CI: 0.32, 0.86; p < .001; n = 10; I2 = 81%). The strongest 

effects were observed for PA interventions that involved aerobic exercise, aerobic and 

cognitively engaging exercise, motor skills or low-intensity, cognitively engaging 

exercise (e.g., yoga and meditation/stretching). However, high heterogeneity was 

reported suggesting considerable variability in the types of PA interventions and 

comparison interventions, study methodology and participant characteristics across 

studies. The authors therefore concluded that results should be interpreted with 

caution.32  

One of the largest systematic reviews to date was conducted by Donnelly et al.30 in 

2016 and involved investigating, firstly, whether PA and physical fitness were 

associated with cognition, learning, brain structure and brain function (n = 64 studies) 

and, secondly, whether PA participation (including PE and sports programs) and 

fitness were associated with academic achievement and concentration/attention (n = 

73 studies), in children five to 13 years of age. Results from 11 cross-sectional studies 

provided support for a positive relationship between objectively measured PA or 

aerobic fitness and cognitive performance. Results suggested that children with higher 

levels of aerobic fitness demonstrated significantly better cognitive performance when 

compared to children with lower levels of fitness. A total of 14 experimental studies 

examined the effect of PA interventions on cognition. A positive improvement in at least 

one measure of cognition was found in seven out of the 10 RCTs following participation 

in a PA intervention. The types of PA interventions included after-school programs 

involving aerobic PA (n = 9), with only one program administered during the school 

day. A total of 27 cross-sectional and longitudinal studies examined the relationship 

between health-related physical fitness and academic achievement with fairly 

consistent findings that fitness was positively associated with academic achievement. 

However, there was variability in how the fitness and academic measures were used 

and categorised and several limitations were noted in relation to study quality and 

reporting. Findings from 10 cross-sectional studies examining the relationship between 

objectively or subjectively measured PA and academic achievement were inconsistent 

and thus it was difficult to draw conclusions. Results from PA intervention studies were 
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also mixed, with eight of 14 studies finding clear improvements in either overall 

academic achievement or in specific aspects of academic achievement. Types of PA 

interventions included physically active classroom lessons, classroom PA breaks, 

additional school PA (e.g., specialised programs) and an after-school fitness program. 

Interestingly, three of four studies examining physically active academic lessons as the 

PA intervention reported improvements in children’s mathematics scores following the 

intervention. Overall, there was considerable heterogeneity in the study parameters 

and outcome measures used in the review, making it difficult to draw clear conclusions, 

though on balance a positive relationship between PA, fitness, cognition and academic 

achievement appears likely.30 

A meta-analysis published in 2018 by de Greeff et al.33 investigated the effect of acute 

and longitudinal PA interventions on executive function, attention and academic 

performance in pre-adolescent children. A total of 31 intervention studies published 

between 2000 and 2017 met the inclusion criteria. Key outcomes included executive 

function (inhibition, working memory, cognitive flexibility, planning), attention (selective, 

divided, sustained) and academic performance (mathematics, spelling, reading). 

Interventions included aerobic or cognitively engaging types of PA. Both acute and 

longitudinal PA interventions were examined. A total of 14 studies implemented 

longitudinal PA interventions and examined the effects on children’s cognitive function. 

Overall, a small to moderate positive effect of longitudinal PA interventions on cognitive 

function was found (Hedges’ g = 0.37; 95% CI: 0.20, 0.55; p ≤ .001). Only three studies 

examined the effect of longitudinal PA interventions on academic performance 

reporting an overall small to moderate positive effect (Hedges’ g = 0.26; 95% CI: 0.02, 

0.49; p = .032). In relation to the type of PA intervention (e.g., n = 11 aerobic PA, n = 

5 cognitively engaging PA), an overall small to moderate positive effect was found for 

aerobic types of PA interventions (Hedges’ g = 0.29; 95% CI: 0.13, 0.45; p = .001); 

however, an overall moderate to large positive effect was found for cognitively 

engaging PA interventions (Hedges’ g = 0.53; 95% CI: 0.14, 0.92; p = .008).33 

Finally, another systematic review examining the effect of PA interventions on cognitive 

and academic performance in children and adolescents was published in 2019 by 

Singh et al.34 A total of 58 studies met the inclusion criteria, including 27 RCT or cluster-

RCT studies. Types of PA interventions included aerobic PA (n = 34), cognitively 

engaging PA (e.g., coordinative exercise, skill-based training, motor skill training, 
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gesturing physical exercise, perceptual motor training and motor-enriched learning 

activities), motor demanding or cognitively engaging activities. A total of 14 studies 

delivered physically active academic lessons. The authors34 synthesised the findings 

from the 11 studies rated as having high methodological quality. For cognitive 

performance, 10 of 21 (48%) analyses showed a statistically significant beneficial 

effect of PA interventions. For academic performance, 15 of 25 (60%) analyses found 

a beneficial effect of PA interventions. Interestingly, beneficial effects of PA 

interventions were reported in six out of seven analyses (86%) for children’s 

mathematical outcomes. The authors concluded that whilst there is currently 

inconclusive evidence for a beneficial effect of PA interventions on cognition and 

overall academic performance, there appears to be strong evidence for beneficial 

effects of PA interventions on mathematical performance.34  

2.5.2.1 Summary of the empirical evidence 

From the volume of evidence presented in the systematic reviews and meta-analyses 

conducted on this topic to date, it is evident that there is considerable variability across 

studies included within the reviews, along with notable methodological limitations in 

study quality and reporting thus making it difficult to draw firm conclusions about the 

relationship between PA, cognition and academic performance in children and 

adolescents. For example, the preceding narrative synthesis highlighted differences 

between studies in relation to their (i) study design (experimental vs observational); (ii) 

PA interventions (iii) comparison groups (e.g., no treatment, academic only, traditional 

PE, aerobic PA group); and (iv) outcome measures used (e.g., cognitive function, 

academic performance, PA). In relation to PA interventions, differences were apparent 

in relation to the context (e.g., before school, during school – adapted school 

curriculum or additional PA, after school) and parameters of the PA intervention, 

including the type of PA (e.g., aerobic, motor skill, resistance, cognitively engaging) 

and other quantitative vs qualitative characteristics. A summary of the different types 

of PA interventions reported in experimental studies included in the review by Vazou 

et al.32 is provided in Table 7.  
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Table 7: Summary of the type of physical activity interventions and associated description examined in 

experimental studies included in the review by Vazou et al.32 Reproduced with permission 

Taylor & Francis.  

Type of PA intervention Description 
Aerobic Examples of activities include running, skipping and physical education 

(PE) games. 
 

Motor skill Examples include:  
(i) balance and coordination tasks 
(ii) training object control skills; or  
(iii) PE class with an emphasis on developing children’s 

fundamental motor skills 
Cognitively engaging Examples include PA that involves mindful behaviour (e.g., yoga, 

meditation, and breathing exercises). 
 

Motor skill and aerobic Examples include team games such as soccer practice.  
 

Motor skill and 
cognitively engaging  

Examples include:  
(i) enhanced PE programmes with sports, such as tennis, 

basketball, soccer games and dancing that require 
remembering rules and constantly thinking of action plans  

(ii) mindful Martial Arts 
(iii) complex motor and cognitively challenging tasks (e.g., 

constantly changing the rules of a game; or motor tasks 
integrated with social and emotional skills)  

Aerobic and cognitively 
engaging  

Examples include: 
(i) physically active academic lessons (e.g., students 

complete mathematics and/or language arts with aerobic 
activities such as jumping, hopping, walking, crab walking, 
or skipping; or running games, circuit training, relay games 
with letters, rope skipping and sit-ups with the focus of the 
lesson being on moderate-to-vigorous PA levels). 

(ii) aerobic activities with purposeful cognitive engagement 
such as team games with frequent rule changes  
 

Aerobic, motor skill and 
cognitively engaging 

Examples include:  
(i) aerobic, motor skill and cognitively engaging enriched 

environment in which students learn complex motor and 
cognitively challenging tasks of moderate exercise 
intensity 

(ii) variability of coordinative demands while also staying 
aerobically active 

 

In reviews that conducted meta-analyses, the overall effect size reported was 

considered small (range = 0.28 to 0.46).28,29,31-33 As this field of research has evolved, 

there have also been changes in the terminology used to describe the type of PA 

intervention, with earlier studies differentiating between aerobic, PE, perceptual-motor 

and resistance types of activities included in interventions. More recently published 

reviews have used terminology classifying PA interventions as involving cognitively 

engaging types of PA.32-34 This makes it difficult to draw conclusions between the 

effectiveness of different types of PA interventions. However, there appears to be 
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preliminary support in the literature that cognitively engaging types of PA interventions 

may be more beneficial than aerobic PA interventions.34 Similarly, in relation to 

academic outcomes, there appears to be consistent findings to suggest that PA 

interventions are beneficial specifically for children’s mathematics outcomes.34 

As one of the objectives of this doctoral program of research is to explore whether early 

primary school classrooms are feasible settings to implement PA, particularly motor 

skill programs, as a strategy to promote children’s motor proficiency and academic 

outcomes, the following section will discuss relationships between PA, cognition and 

academic performance within the context of the school setting and more specifically 

summarise literature examining the effectiveness of classroom-based PA interventions 

(i.e. physically active academic lessons and/or PA breaks). 

2.6 The school as a setting for health and physical activity 
promotion 

Healthy habits and behaviours are formed during the early childhood period, with 

evidence to suggest that attitudes, beliefs and behaviours learned during the early 

years track into adulthood.24 Therefore primary schools are in an ideal position to 

positively influence children’s PA behaviour as they transition to primary school, by 

promoting healthy lifestyles and equipping children with the knowledge and skills 

needed to make healthy choices.20,130  

The Melbourne Declaration on Educational Goals for Young Australians acknowledges 

the importance of health and wellbeing for young Australians, indicating that to become 

confident and creative individuals, they will need to ‘have the knowledge, skills, 

understanding and values to establish and maintain healthy, satisfying lives.’ 3(p9) The 

importance of young Australians developing skills in literacy and numeracy has also 

been acknowledged. These educational goals for young Australians emphasise the 

need for the school curriculum to support the development of the student as a whole 

person.  

Despite this recommended holistic approach to teaching and learning, findings from 

the 2014 and 2018 Active Healthy Kids Australia (AHKA) Report Cards revealed that 

only two thirds of primary school students receive the recommended 120 minutes of 

physical education (PE) each week.16 A number of major barriers to improving the 
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quantity and quality of PE in some states and territories in Australia, for example, in 

New South Wales (NSW) government primary schools, have been previously 

identified.130,131 In 2013, an audit of physical activity practices in NSW government 

primary schools revealed that the classroom teachers responsible for delivering PE 

lessons felt their knowledge and skills were limited.130 Furthermore, classroom 

teachers reported difficulty finding time to prioritise PE in a crowded curriculum due to 

the emphasis on numeracy and literacy, particularly with the introduction of national 

testing in 2008 through the National Assessment Program – Literacy And Numeracy.130 

Concerning trends from state/territory-based surveys and studies in Australia highlight 

the need to improve children’s motor skill proficiency, physical fitness and overall PA 

levels (Section 2.3.2.5). Consequently, the 2018 AHKA report outlined several 

strategies to support schools to overcome the barriers to delivering movement 

opportunities to children throughout the school day.16 To summarise these 

recommendations, the following section commences with an overview of several 

frameworks that have been previously recommended for schools to employ to promote 

health and PA within the school setting. Secondly, research examining the 

effectiveness of classroom-based PA interventions (i.e., physically active lessons 

and/or PA breaks) on children’s health and educational outcomes will be synthesised 

to reveal several gaps that will be investigated further through this doctoral program of 

research.  

2.6.1 Health promoting schools framework 
The health promoting schools (HPS) framework was developed in the late 1980s by 

the World Health Organisation (WHO) to describe a holistic approach to health 

promotion in schools and to highlight the importance of fostering both children’s health 

and learning.24 By adopting the philosophy of a HPS, schools have the ability to 

positively influence children’s health behaviour.24,132 The philosophy of a health 

promoting school recognises that different factors influence health behaviour at 

multiple levels, including the individual, organisational (school environment) and 

community levels.24 In Australia, the HPS framework is comprised of three interrelated 

components, including (i) curriculum, teaching and learning, (ii) school organisation, 

ethos and environment; and (iii) engagement with community and partnerships (Figure 

7).24,133  
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Figure 7: Components of the health promoting schools framework used in Australia. 

A health promoting school aims to deliver a health education program that equips 

students with the knowledge and skills to establish positive attitudes to PA and health 

behaviours. A school that has an ethos and provides a school environment that 

supports healthy behaviours is also recognised as an essential component of an HPS. 

Finally, schools that foster community links and partnerships acknowledge the 

influence that families and communities have on children’s health and the integral role 

they also play in reinforcing children’s health behaviour.  

A Cochrane review published in 2014 by Langford et al.24 synthesised the findings from 

studies investigating the effectiveness of schools employing the HPS framework in 

enhancing the health and wellbeing of students and their academic achievement. A 

total of 67 studies utilising a cluster RCT design were included in the review. The 

overall quality of evidence in studies ranged from low to moderate. Health outcomes 

were diverse but those relating primarily to PA and fitness included body mass index, 

PA/sedentary behaviour (assessed using accelerometers and self-report measures) 

and physical fitness (assessed by 20m shuttle run and the step test). Academic 

outcomes included standardised test scores, IQ and school grades. Interventions were 

required to address all three components of the HPS framework, including the inclusion 

of health education in the curriculum, changes to the physical and/or social 

environment of the school and engagement with families and/or the local community. 

Findings from the meta-analysis conducted revealed that interventions using the HPS 

approach were able to increase PA (~ 3 min of PA per day) and fitness levels, along 
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with several other health outcomes relating to nutrition and substance use. Notably, 

there was insufficient evidence to determine the effectiveness of the HPS approach for 

improving children’s academic outcomes. The authors24 concluded that despite the 

known links between health and education, a gap exists in the literature regarding the 

benefits of the HPS approach for children’s educational outcomes. 

Given the reported links between children’s health and education, it is imperative that 

the health and education sectors work together to support schools to become health 

promoting schools.25 In Australia, there is evidence of this partnership between sectors 

already occurring as children may be eligible to access allied health services within the 

school setting including physiotherapy, occupational therapy and speech language 

pathology.134 As part of their service delivery, allied health professionals aim to build 

the capacity of school staff through the provision of professional development and 

training that helps to meet the needs of school students.134 

2.6.2 Current role of allied health professionals working within the school 
setting in Australia 

In Australia, school students with physical, vision, hearing, speech-language 

impairments, an intellectual disability and/or Autism Spectrum Disorder may be eligible 

to access allied health services within the school setting.134 However, eligibility criteria 

to access these services differs between states and territories. As such, the role of 

allied health professionals working within the school setting may also vary between 

each state/territory and school sector (i.e. public/government, independent or 

Catholic).134 In Australia, Queensland is considered a leading state for providing 

school-based therapy services as the Department of Education employs allied health 

professionals including physiotherapists, occupational therapists and speech-

language pathologists to support students enrolled in government schools to access 

and participate at school and to facilitate their achievement of educational goals.134 

Although allied health professionals may not be employed in this capacity in other 

states and territories, students may be able to access allied health services within the 

school setting that are either privately funded by caregivers or through the National 

Disability Insurance Scheme or in some instances the school may initiate and fund 

selected services.135 Table 8 summarises the role of key allied health professionals 

currently working within the school setting in Australia. 
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Table 8: Role of allied health professionals working in schools in Australia. 

Health profession Existing role within the school setting 
Physiotherapy  ‘Physiotherapists use specialised knowledge of the body's movement 

abilities, senses, endurance and fitness to promote student health, well-
being, self-management and physical activity. This is achieved through 
targeted assessment and the provision of recommendations for education 
adjustments, equipment advice and/or environmental adaptations to 
enhance students' access, participation and achievement of educational 
outcomes.’134 
 

Occupational 
therapy  

‘Occupational therapists use specialised knowledge of the skills and 
abilities required for learning and occupational performance at school 
(including movement and sensory, cognitive and psychosocial skills), along 
with expertise in the design of tasks, environments and equipment to deliver 
evidence-informed strategies for occupational success. Services are 
delivered through collaboration and embedding advice in curriculum 
activities and classroom routines to enhance learning engagement and 
achievement.’134 
 

Speech-language 
pathologist 

‘Speech-language pathologists study, identify and treat communication 
disorders including difficulties with speaking, listening, understanding 
language, reading, writing, social skills, stuttering and using voice. They 
work with people who have difficulty communicating and/or who experience 
difficulties swallowing food and drinks. Speech language therapy services 
assist schools with identifying and addressing barriers to learning. These 
services support students with speech, language and communication 
needs, or with eating and drinking difficulties, to achieve in education.’136 
 

Accredited exercise 
physiologist 

‘Exercise physiologists specialise in clinical exercise interventions for 
people with a wide range of conditions and injuries. Exercise physiologists 
prescribe effective exercise programs that help to prevent or manage acute, 
subacute or chronic disease or injury as well as assisting in rehabilitating 
people’s physical and mental health and wellness.’137 
 

 

2.6.3 Comprehensive school physical activity programs 
Schools can establish health-promoting environments that support children’s PA 

behaviour by providing multiple opportunities for students to be active each day, 

including before school, during school class time, during recess and lunch breaks; and 

after school, in addition to the regular physical education program.16,138,139 This whole-

of-school approach to PA promotion is known in the public health literature as a 

comprehensive school physical activity program (CSPAP) and should ideally involve 

engagement with school staff, families and the wider community.16,138  

A Cochrane review published in 2013 by Dobbins et al.78 synthesised the findings from 

studies investigating the effectiveness of school-based PA interventions in promoting 

children’s PA and physical fitness. A total of 44 studies with RCT designs were included 
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in the review and, overall, studies were deemed to have a moderate risk of bias. 

Primary outcomes included rate and duration of moderate to vigorous physical activity 

(MVPA) (assessed using accelerometers or self-report measures) and time spent 

watching television (self-report or parent report). Secondary outcomes included blood 

pressure, blood cholesterol, body mass index, maximal oxygen consumption (VO2max) 

and heart rate. For studies to be included in the review, PA interventions had to be 

implemented for a minimum of 12 weeks, with examples including changes to school 

curriculum and school routines, increasing levels of MVPA during PE classes and the 

provision of teacher training (e.g., providing educational materials and equipment). 

Other interventions included strategies involving engagement with parents and the 

community. Based on the findings from the review, the authors suggested that children 

and adolescents exposed to school-based PA interventions were three times more 

likely to spend time engaged in MVPA than those not exposed. Time spent engaged 

in MVPA following interventions reported in studies ranged from five to 45 min more 

per day and improvements in VO2max ranged from 1.6 to 3.7mL/kg per min. However, 

despite emerging evidence to support the link between children’s motor proficiency, 

health-related fitness and PA, children’s motor skills were not assessed as a primary 

or secondary outcome in this review.78 

2.6.3.1 Effectiveness of school-based motor skill interventions for improving 

children’s motor proficiency  

The effectiveness of school-based motor skill interventions for improving children’s 

motor proficiency has also been investigated13-15 In 2012, Logan et al.13 published a 

meta-analysis regarding the effectiveness of motor skill interventions for improving 

children’s FMS competency (as measured by a process-oriented motor assessment). 

A total of 11 studies were included in the review (n = 6 controlled experimental studies). 

Findings revealed a significant positive effect of motor skill interventions for improving 

children’s FMS (d = 0.39, 95% CI: 0.23, 0.51; p < .001), including both object control 

skills (d = 0.41, 95% CI: 0.27, 0.55, p < .001) and locomotor skills (d = 0.45, 95% CI: 

0.20, 0.70, p < .001). Notably, the majority of studies included in the meta-analysis 

described interventions with children who were either developmentally delayed or at 

risk of delay in developing FMS competence due to environmental or biological 

factors.13 
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A systematic review and meta-analysis conducted in 2013 by Morgan et al.15 also 

evaluated the effectiveness of FMS interventions designed to improve children’s FMS 

proficiency (as measured by product and process-oriented motor assessments). A total 

of 22 experimental studies (n = 6 RCTs) were eligible for inclusion. Evidence was found 

to support a positive influence of enhanced physical education (PE) programs (i.e., 

focussing on optimal FMS development to improve children’s FMS proficiency). All 12 

studies included in the meta-analysis reported significant effects of motor skill 

interventions on children’s overall motor skill competency (standardised mean 

difference (SMD) = 1.42, 95% CI: 0.68, 2.16, z = 3.77; p < .0002; I2 = 93%). Similar to 

the review by Logan et al.,13 significant intervention effects were also reported for 

locomotor skill competency (SMD = 1.42, 95% CI: 0.56, 2.27, z = 3.25; p = .001; I2 = 

94%) and object control skill competency (SMD = 0.63, 95% CI: 0.28, 0.98, z = 3.53, 

p = .0004; I2 = 87%). The majority of interventions were delivered in the primary school 

setting by PE teachers, coaches or trained classroom teachers. The authors noted that 

findings should be treated with caution as there was a high risk of bias identified in 

many studies appraised in the review as well as considerable heterogeneity among 

FMS interventions.15 

Finally, a recently published systematic review by Eddy et al.14 in 2019 investigated 

the effectiveness of school-based motor skill interventions for improving the motor 

skills of children aged three to 12 years. Motor skill interventions targeted training of 

children’s FMS (n = 12), handwriting (n = 7), fine motor skills (n = 2) and global motor 

skills (n = 2). Motor skills had to be objectively measured as an outcome. A total of 23 

studies (48% RCT, 52% case-controlled studies) were included in the review with five 

studies including samples of children with motor skill deficits or delays. Significant 

benefits were reported at post-test for FMS interventions (10/12 studies), object 

manipulation skills (9/10 studies) and gross motor skills (4/6 studies). The majority of 

interventions were teacher led; however, there was evidence in some studies of 

interdisciplinary methods being trialled, including embedding health professionals (e.g., 

occupational therapists) within the classroom to assist children with the development 

of fine motor and handwriting skills. The authors noted that results should be 

interpreted with caution due to limitations in the methodological quality of the included 

studies (e.g., risk of bias was deemed ‘unclear’ in 54% of studies).14 
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Collectively, there is emerging evidence to suggest that school-based motor skill 

interventions may be beneficial for improving children’s motor proficiency. This 

includes populations of typically developing children as well as children who have, or 

are at risk of, motor skill delays or deficits (e.g., children with neurodevelopmental 

conditions). 

2.6.4 Social ecological approaches to implementing school-based physical 
activity programs 

Current literature offers strong empirical evidence that multiple social ecological factors 

affect the implementation process of health promotion and preventive 

interventions.51,140 A social ecological model may be used to gain a comprehensive 

understanding of the factors that influence health at the individual, interpersonal, 

organisation, community and systems levels.141,142 Figure 8 outlines the five, 

interdependent levels of this model which emphasises that not only can an individual’s 

personal attributes (i.e., attitudes, knowledge, beliefs) facilitate or inhibit their health 

behaviour but so can the social and environmental contexts within which they live.76,143 

 

Figure 8: Social ecological model.76,142,144 Created by the author.  

Implementation science research has identified that whilst outcome evaluations of 

school-based PA interventions delivered in controlled settings are essential for 
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determining efficacy, research suggests that when these interventions are 

subsequently delivered under real world conditions, in a less controlled environment, 

their success appears to be limited.145 A systematic review by Naylor et al.51 sought to 

better understand how school-based PA interventions could be successfully translated 

into real world settings. One of the key objectives of the review was to identify factors 

that influenced implementation of school-based PA interventions. Factors were 

categorised using the framework described by Durlak and Dupre.140 The most 

commonly cited categories related to characteristics of the provider (e.g., self-efficacy, 

skill proficiency of the person implementing the intervention), characteristics of the 

innovation (e.g., the compatibility/contextual appropriateness, availability of quality 

resources), factors relating to the delivery system (e.g., presence of a supportive 

school climate) and the support system (e.g., provision of training and support). Time 

was also the factor most consistently reported as a barrier to implementation of school-

based PA interventions. The authors concluded that a multi-level ecological framework 

for understanding implementation may be necessary and that studies should consider 

conducting process evaluations to better assess implementation.51  

2.6.5 Classroom-based physical activity 
Rising numbers of school-based PA interventions have been described in the literature 

which have aimed to promote children’s PA-related outcomes as well as their 

educational outcomes.46 Examples of school-based PA interventions include 

augmented PE lessons, recess and lunch time PA programs, physically active lessons 

(i.e., incorporating PA into the curriculum), PA breaks in the classroom (i.e., with or 

without academic content) and before/after school PA programs.30 One strategy for 

increasing children’s activity levels during the school day that may simultaneously 

improve children’s academic outcomes, is scheduling active lessons and breaks during 

school class time, known as classroom-based physical activity (CBPA).16,138 

Classroom-based PA involves: (i) incorporating PA into academic lessons, (ii) 

providing PA breaks between lessons (with or without an academic focus), or (iii) 

incorporating PA into transitions from one location to another.16,46,138,146 Consequently, 

over the last decade, increasing attention has shifted to exploring the impact of 

classroom-based PA on children’s PA-related and educational outcomes and thus the 

following section will summarise the empirical literature conducted on this topic to date. 
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A narrative review by Kibbe et al.147 published in 2011 provided a summary of the 

results of nine studies evaluating the impact of the classroom-based PA program, 

“Take 10!”, on children’s PA and academic outcomes. “Take 10!” is a curriculum tool 

used to engage students in PA while reinforcing academic content. Randomisation 

occurred in only three of the nine studies included in the review. Outcomes assessed 

related to academic performance (e.g., standardised test scores, student behaviour), 

PA (e.g., PA levels, step counts, energy expenditure) and health (e.g., body mass 

index, blood pressure). Findings revealed that integrating movement into academic 

lessons was feasible and there was promising evidence to suggest that children 

participating in the “Take 10!” program achieved higher levels of PA during class time, 

exhibited moderate energy expenditure, demonstrated reduced time off task and 

showed improvements in their academic outcomes.  

A meta-analysis published by Erwin et al.43 in 2012 investigated the impact of 

classroom-based PA interventions on children’s PA, health and learning outcomes. A 

total of nine studies conducted over the period from 1990 to 2010 were included. Key 

outcomes assessed included objectively or subjectively measured PA (n = 5) (e.g., PA 

levels/activity count per minute, average step count per day), learning outcomes (n = 

4) (e.g., reading scores, on-task behaviour) and health outcomes (n = 4) (e.g., bone-

mass indices). Classroom-based PA interventions included “Take 10!” or “Energizers” 

(a combination of movement with academic content). Overall findings suggested a 

significant and moderate effect of classroom-based PA interventions on children’s PA 

and learning outcomes. The weighted mean difference (under a random-effects model) 

was 0.99 (SE = 0.40, 95% CI: 0.20, 1.77, z = 2.46, p = .007) for the classroom-based 

PA intervention effect on PA outcomes. For learning outcomes, the estimated overall 

effect size (under a random-effects model) was 0.67 (SE = 0.21, 95% CI: 0.26, 1.09, z 

= 3.17, p < .001). However, the authors43 stated that results should be interpreted with 

caution due to the small number of studies included in the review, the considerably 

large variation in effect sizes, and low methodological quality of studies. 

A systematic review by Norris et al.44 published in 2015 investigated the effect of 

physically active lessons on children’s PA and educational outcomes. A total of 11 

studies (n = 8 controlled trials, n = 3 pre/post-test) were eligible for inclusion in the 

review with eight of the studies rated as having a moderate to high risk of bias. Key 

outcomes included PA (n = 8) (e.g., PA levels, step counts, activity counts/min as 
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measured using accelerometers, pedometers and self-report measures) and 

educational outcomes (n = 6) (e.g., academic achievement, on-task behaviour, 

intelligence, reading comprehension, session knowledge recall). Encouraging 

evidence was found to support improved levels of PA following physically active 

lessons (in 6/7 studies). However, mixed findings were apparent for children’s 

educational outcomes following physically active lessons, with improvements in on-

task behaviour and academic achievement reported following physically active lessons 

in some studies but not others. A number of limitations were reported in the included 

studies, including variability in the outcome measures assessed, the moderate to high 

risk of bias in the studies and a lack of detail regarding the interventions used in the 

studies. The authors identified the need for further research to be conducted to more 

confidently ascertain the effects of physically active lessons on children’s PA and 

educational outcomes.  

A few years later in 2017,  Martin and Murtagh45 conducted another systematic review 

investigating the effect of physically active lessons on children’s PA and learning 

outcomes; however, effects on facilitators of learning and health outcomes were also 

evaluated. A total of 15 studies (n = 6 RCT) published between 1990 to 2015 met the 

inclusion criteria. Key outcomes included PA levels, learning outcomes (e.g., academic 

achievement in maths, reading), facilitators of learning (i.e., on-task behaviour, student 

enjoyment, teacher approval) and health (e.g., body mass index). Findings revealed 

that children participating in physically active lessons achieved increased levels of PA, 

with medium to large effect sizes reported in six of 10 studies. Positive effects for 

physically active lessons on children’s learning outcomes were also reported in all four 

studies evaluating this outcome. Key limitations included a lack of robust study designs 

included in the review with many studies rated as having a high risk of bias and thus 

the authors concluded that results should be interpreted with caution.45   

Finally, a systematic review and meta-analysis published in 2017 by Watson et al.46 

evaluated the impact of acute and chronic classroom-based PA interventions on 

children’s on-task behaviour, cognitive function, academic performance and PA levels. 

A total of 39 studies met the inclusion criteria for the review, with 16 studies (RCT or 

quasi-experimental design) included in the meta-analysis. The methodological quality 

was rated as weak to moderate for 36 of the 39 studies. Classroom-based PA 

interventions included physically active lessons (n = 13 studies) and PA breaks with (n 
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= 7) and without (n = 19) an academic focus. Results from the meta-analysis revealed 

that classroom-based PA had a positive effect on on-task behaviour (n = 4 studies) 

(standardised mean difference (SMD) = 0.60, 95% CI: 0.20, 1.00, z = 2.93, p = .003, 

I2 = 85%) and academic performance when assessed using a progress-monitoring tool 

(n = 4 studies) (SMD = 1.03, 95% CI: -0.22, 1.84, z = 2.48, p = .01, I2 = 92%). However, 

classroom-based PA did not have a positive effect on academic performance when 

assessed using standardised tests (n = 6 studies, p = .67), cognitive outcomes (n = 5 

studies, p = .14) or levels of PA (n = 3 studies, p = .15). Notably, there was considerable 

variation across studies in relation to their design, outcome measures and intervention 

parameters, as well as weak to moderate methodological quality. Similar to other 

reviews conducted on the topic, the authors46 concluded that results need to be 

interpreted with caution.  

Overall, it is apparent that there has been rapid growth in the body of literature 

examining the impact of classroom-based PA on children’s PA and educational 

outcomes. In reviews that conducted meta-analyses, the overall effect size range 

reported by studies for intervention effects on academic outcomes ranged from 0.6743 

to 1.03 (when assessed using a progress-monitoring tool).46 Although there appears 

to be promising results suggesting positive relationships between participation in 

classroom-based PA interventions and improvements in children’s PA and educational 

outcomes, a high risk of bias has been identified in studies included in the reviews with 

few studies employing randomised controlled designs. There is also considerable 

heterogeneity across studies in relation to (i) experimental study designs, (ii) PA 

interventions; including the context (e.g., physically active academic lesson, PA break 

with academic focus, PA break without academic focus) and parameters (including 

type of PA – “Take 10!”, “Energizers”, virtual walk, basic aerobic movements) and (iii) 

outcomes measures used: PA (energy expenditure, step counts, PA levels, time in 

MVPA), health (e.g., body mass index), academic performance (e.g., standardised 

tests, on task behaviour) and cognitive performance.  

2.7 Conclusions from the narrative review of the literature  

Following a broad narrative review of the empirical literature, evidence from 

observational studies predominantly supports a positive relationship between PA, 

physical fitness, cognition and academic performance in children and adolescents. 
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However, despite the rapidly expanding research conducted on this topic, there is 

currently inconclusive evidence to support a beneficial effect of PA interventions, 

including classroom-based PA interventions, on cognition and overall academic 

performance. However, there is promising evidence to support a beneficial effect on 

children’s mathematical outcomes.34   

Several key gaps were evident following a comprehensive review of the literature. 

Firstly, in relation to observational studies examining the relationship between PA, 

cognition and academic performance in children and adolescents, the majority of these 

studies examined relationships between subjectively or objectively measured PA 

and/or the components health-related fitness with cognition and academic 

performance. No systematic reviews were identified that examined relationships 

between motor proficiency and specific academic outcomes in school-aged children 

and adolescents,47 even though both motor proficiency and the components of health-

related physical fitness are considered core aspects of children’s physical development. 

Therefore, there is a need to specifically investigate relationships between motor 

proficiency and academic performance in specific areas such as mathematics and 

reading in school-aged children and adolescents. 

Secondly, the majority of experimental studies evaluated the impact of PA 

interventions on children’s cognition and academic outcomes, with some studies also 

evaluating their impact on children’s PA-related outcomes. However, very few studies 

evaluated the impact of PA interventions on children’s motor proficiency outcomes. 

Considerable variability was evident in the types of PA interventions examined in 

studies; however, studies predominantly investigated the impact of aerobic types of PA 

interventions on children’s cognition and academic performance with fewer studies 

examining the impact of motor skill interventions. Thirdly, in relation to classroom-

based PA interventions, the majority of experimental studies evaluated their impact on 

children’s PA and academic outcomes, but seldom their impact on children’s motor 

proficiency outcomes. Experimental studies also primarily investigated the impact of 

aerobic types of classroom-based PA interventions on children’s PA and academic 

outcomes. Therefore, further exploration is warranted regarding the impact of 

classroom-based motor skill interventions on children’s academic (specifically 

numeracy and literacy) and motor proficiency outcomes. These key gaps identified in 
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the literature will be explored further in the Systematic review reported in the next 

chapter.3 
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3.1 Preface 

The preceding Narrative review (Chapter 2) summarised existing trends regarding 

the physical development of Australian children, indicating low levels of physical 

activity, physical fitness and motor skill proficiency. Positive relationships between PA, 

cognition and academic performance in children and adolescents were consistently 

reported in the literature. However, the need to further examine relationships between 

motor proficiency and specific academic outcomes in school-aged children and 

adolescents was identified. The systematic review reported in this chapter further 

progresses Stage 1 (problem definition) of the thesis framework by exploring the 

identified gap in the literature regarding relationships between motor proficiency and 

academic performance in mathematics and reading. 

The systematic review reported in this chapter was published in a peer-reviewed 

journal in 2018. The formatting of the original published manuscript has been amended 

to be consistent with the thesis style. The published manuscript is as follows: 

https://www.mdpi.com/1660-4601/15/8/1603  

Macdonald K, Milne N, Orr R, Pope R. Relationships between motor proficiency and 

academic performance in mathematics and reading in school-aged children and 

adolescents: a systematic review. Int J of Environ Res and Public Health. 2018; 15(8): 

1603. doi: 10.3390/ijerph15081603 under Creative Commons Attribution Licence (CC 

BY 4.0)  

A copy of the two data extraction tables submitted with the journal article as 

supplementary material are referred to as Table S1 and Table S2 within this chapter. 

Table S1 and Table S2 can be found in Appendix A and Appendix B respectively.  

 

 

 

 

https://www.mdpi.com/1660-4601/15/8/1603
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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3.2 Abstract4 

Positive associations exist between physical activity, cognition, and academic 

performance in children and adolescents. Further research is required to examine 

which factors underpin the relationships between physical activity and academic 

performance. This systematic review aimed to identify, critically appraise, and 

synthesise findings of studies examining relationships between motor proficiency and 

academic performance in mathematics and reading in typically developing school-

aged children and adolescents. A systematic search of electronic databases was 

performed to identify relevant studies. Fifty-five eligible articles were critically 

appraised and key data were extracted and synthesised. Findings support associations 

between several components of motor proficiency and academic performance in 

mathematics and reading. There was evidence that fine motor proficiency was 

significantly and positively associated with academic performance in mathematics and 

reading, particularly during the early years of school. Significant positive associations 

were also evident between academic performance and components of gross motor 

proficiency, specifically speed and agility, upper-limb coordination, and total gross 

motor scores. Preliminary evidence from a small number of experimental studies 

suggests motor skill interventions in primary school settings may have a positive impact 

on academic performance in mathematics and/or reading. Future research should 

include more robust study designs to explore more extensively the impact of motor skill 

interventions on academic performance.  

 

 

 

 

 

 

 
4 The format of this abstract has remained consistent (i.e., unstructured) with those of the journal for 
which it was published. 
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3.3 Background 

Early childhood curriculum and pedagogical approaches aim to promote holistic 

attitudes to teaching and learning which recognise the important contribution a child’s 

physical, cognitive, social, and emotional development has on their learning and 

readiness to start school.2 However, upon school entry, the primary focus of learning 

often shifts to developing students’ academic skills, particularly in numeracy and 

literacy.3 Consequently, there may be less dedicated time in the school curriculum for 

encouraging the ongoing physical development of students, which ideally aims to 

support the acquisition of motor skills and foster positive attitudes towards physical 

activity (PA).130 The disparity between the competing priorities of physical versus 

academic development has been debated in recent years due to increasing awareness 

of the global public health implications of growing physical inactivity and sedentary time 

in youth.20 

The importance of PA is widely recognised, with regular and adequate levels of PA 

leading to improvements in muscular and cardiorespiratory fitness (CRF) and bone 

health, along with a reduction in levels of cardiovascular disease, cancer, and 

diabetes.20,84 Furthermore, social, emotional, and intellectual benefits of PA, such as 

improved self-esteem and confidence and enhanced concentration, have also been 

reported.20,84 However, recent surveys suggest that only approximately 19% of 

Australian children and young people aged five to 17 years meet the recommended 60 

min of moderate to vigorous PA per day.148 Several reviews28,30,35,44,120,149,150 have 

consistently reported significant, positive associations between PA and cognition 

and/or academic performance in children and adolescents. However, it remains 

unclear as to the exact type, frequency, duration, and intensity of PA that is required 

to impact cognitive functioning in children and adolescents.30,151  

The majority of studies investigating the impact of PA on cognition and academic 

performance in school-aged children have measured either overall levels of PA 

(objectively, using accelerometers42, or subjectively, through questionnaires152) or 

health-related physical fitness, in particular CRF.30 For example, a recently published 

systematic review by Donnelly et al.30 comprehensively summarised the findings of 

studies examining the relationships between PA, fitness, cognitive function, and 

academic achievement. The synthesis included a summary of findings from 27 
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observational studies that examined the relationship between physical fitness and 

academic achievement in children aged five to 13 years, demonstrating largely positive 

findings, although it highlighted several limitations in relation to study quality and 

reporting that resulted in inconsistent findings. Notably, the components of physical 

fitness measured by these studies included CRF, muscular strength and endurance, 

flexibility, and body composition. However, as engagement in PA is dependent not only 

on health-related physical fitness but also on performance-related physical fitness, 

which we have termed ‘motor proficiency’ in this review, further examination of the 

relationships between motor proficiency, cognition, and academic performance is 

warranted, as reviews to date on these relationships have been scant.37   

Over several decades, researchers have reviewed the impacts of perceptual motor 

programs on the academic performance of school students, providing inconsistent 

findings and insufficient evidence, as many of the studies had notable methodological 

flaws.153,154 Perceptual motor skills require the integration of sensory input (visual, 

auditory, and kinaesthetic) with fine or gross motor responses.153 More recently, the 

focus has shifted to investigating the relationship between fine motor skills and 

academic performance, given emerging findings that fine motor skills may be a 

significant indicator for school readiness.155,156 A systematic review published in 2015 

by van der Fels et al.47 summarised the findings from studies examining the 

relationship between motor and cognitive skills in typically developing school children 

and also noted inconsistent findings, with either no association reported in the literature 

or insufficient evidence for or against many associations between motor and cognitive 

variables. However, the authors47 highlighted that weak to strong evidence was found 

to support the relationship between more complex motor skills, such as bilateral body 

coordination and cognitive skills.  

In recent years, several systematic reviews30,44-46 have evaluated the impact of school-

based PA interventions on the educational and health outcomes of school students. 

For example, one approach of providing PA opportunities to students during the school 

day, distinct from physical education (PE) classes and break times, is classroom-based 

PA.46,146 Classroom-based PA may involve the integration of PA into academic lessons 

or may include incorporating PA into the regular classroom routine without an 

academic focus.46,146 However, research evaluating the impact of classroom-based PA 

on learning is still in its infancy, with inconsistent findings from a small number of 
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studies with varying methodological quality and study designs reported in recently 

published systematic reviews.45,46 However, there is preliminary evidence to suggest 

that classroom-based PA, particularly with an academic focus, may have a positive 

impact on both academic performance and overall levels of PA.30,44-46 To date, no 

systematic review on this topic has specifically evaluated the impact of motor 

proficiency-related interventions in the school setting on academic performance and 

motor proficiency outcomes.  

The present systematic review builds on the reviews published by van der Fels et al.47 

and Donnelly et al.30 by examining, in greater detail than previously reported, the 

underlying domains of motor proficiency (i.e., fine and gross motor skills) that may be 

associated with academic performance of school students. This review also expands 

on findings from reviews investigating the impact of classroom-based PA on learning 

outcomes by specifying motor skills as the type of PA being evaluated and academic 

performance in mathematics and reading as the learning outcomes of interest. 

Academic performance in mathematics and reading has specifically been chosen for 

this review due to the priority for students to develop foundational skills in numeracy 

and literacy upon entry to school. Therefore, the overall objective of this systematic 

review was to identify, critically appraise, and synthesise the findings of studies 

examining the relationship between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children and adolescents. 

Two main aims were developed to address this objective: (1) to determine whether a 

relationship exists between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children and adolescents; 

and (2) to determine whether motor proficiency-related interventions impact academic 

performance in mathematics and reading in typically developing school-aged children 

and adolescents.  

3.4 Methods 

3.4.1 Identification of studies  
To identify relevant studies, a comprehensive search of health and education 

databases was undertaken using a four-step approach, and documented in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) protocol.157 Firstly, electronic databases (EBSCO, PubMed, 
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PsycINFO, and Web of Science) were searched on 21 February 2018 using key search 

terms to identify literature relevant to this topic. The key search terms were: ((motor 

AND (proficiency OR competency OR skill* OR development OR ability OR 

performance OR movement OR gross OR fine)) AND (“academic performance” OR 

“academic achievement” OR “academic grades” OR math* OR numeracy OR reading 

OR literacy) AND (child* OR adolescen* OR “school student”)). The search terms for 

each database are available upon request from the authors. 

3.4.2 Screening and selection  
Following removal of duplicates, the titles and abstracts of the remaining studies 

identified in the database searches were screened with reference to pre-determined 

inclusion and exclusion criteria to assess their potential eligibility for inclusion in this 

review. Studies in which the abstract clearly indicated the study would be ineligible for 

inclusion in the review were eliminated, but studies for which any doubt regarding 

eligibility existed and those considered likely to be eligible were retained; full text copies 

of these studies were subsequently obtained. The full text copies of these remaining 

studies were then independently assessed for eligibility for inclusion in the review by 

one of the reviewers (K.M.), using the pre-determined inclusion and exclusion criteria 

described below. For inclusion in this review, studies were required to meet the 

following criteria:  

(1) The study population had to include typically developing school children aged 

between four and 18 years.  

(2) For observational studies, at least one component of motor proficiency had to 

have been objectively measured and reported. Motor proficiency, as described 

by Bruininks and Bruininks,59 incorporates the following components: fine motor 

precision, fine motor integration (visual motor integration), manual dexterity, 

upper limb coordination, bilateral coordination, balance, running speed and 

agility, and strength. For experimental studies, the intervention had to 

specifically incorporate a component of motor proficiency delivered during the 

school day (e.g., academic and/or PE lessons), designed to impact academic 

performance in mathematics and/or reading.  

(3) For observational studies, associations between an objective measure of fine 

or gross motor proficiency AND an objective measure of academic performance 

(specifically in mathematics, reading or their underlying constructs) had to have 
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been reported. Appropriate statistical analyses for reporting associations 

included correlations and regression or structural equation modelling. For 

experimental studies, the pre-test and post-test values of motor proficiency and 

academic outcomes in mathematics and reading for both control and 

experimental groups or a measure of treatment effect on academic performance 

needed to be reported.  

(4) Studies had to be either observational or experimental in design.  

(5) Studies had to have been published after January 2000, due to the 

methodological limitations in studies published prior to 2000 previously 

described.153,154 

Following application of these inclusion criteria, five exclusion criteria were applied in 

the study selection process, these being:  

(1) Studies involving a population of school-aged children diagnosed with either an 

intellectual disability or a neurodevelopmental disorder (e.g., Specific Learning 

Disorder, Developmental Coordination Disorder, Attention Deficit Hyperactivity 

Disorder or Autism Spectrum Disorder), as defined by the Diagnostic and 

Statistical Manual of Mental Disorders (5th Edition).116 

(2) For experimental studies, intervention(s) focussed on health-related fitness 

(e.g., CRF) or general physical activity rather than an intervention specifically 

focussed on motor proficiency or motor proficiency-related interventions that 

were implemented outside school hours.  

(3) Studies reporting motor outcomes that included only an overall fitness score 

(i.e., a combination of performance and health-related physical fitness).  

(4) Studies reporting academic outcomes in terms of an overall academic 

performance score only (i.e., a combination of mathematics and reading) but 

not an individual score for mathematics and/or reading.  

(5) Studies published in a language other than English, where a translated version 

could not be sourced.  

Eligible studies were retained and included in the review and were subject to 

subsequent quality assessment, data extraction, and synthesis. Reference lists of all 

eligible articles were also reviewed, and potentially eligible studies not previously 

identified were sourced in full text and subjected to the same selection process.  
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3.4.3 Critical appraisal of methodological quality 
Two authors (K.M., N.M.) independently assessed the methodological quality of 

included studies using the Downs and Black checklist.158 The checklist includes five 

subcategories including: reporting quality, external validity, internal validity (bias and 

confounding), and statistical power. The checklist consists of 27 items, of which 25 

items use a scoring system of 1 = Yes, 0 = No, or 0 = Unable to determine. Two of the 

questions have a greater scoring range. Item 5 is normally scored from 0 to 2 points, 

where 1 point is awarded for partially detailed confounding factors and 2 points are 

awarded for comprehensively detailed confounding factors. Item 27 is normally scored 

from 0 to 5 points based on the statistical power of the study. For this review, item 27 

was modified to be scored with either 1 point if the study outlined the statistical power 

or basis for the sample size for the study, or 0 points if the study did not describe the 

statistical power or basis for the sample size. This modified approach has been 

previously reported.159 To provide a rating of quality, the rating system described by 

Kennelly160 was used, and was slightly adapted as discussed below. Kennelly’s rating 

system is based on the original scoring system reported by Downs and Black;158 

however, due to the modifications made to the checklist in the present review, critical 

appraisal scores of studies were first converted to percentages before these 

percentages were used to assign a quality rating to each of the studies.  

To address the first aim of the current review, which was to determine whether a 

relationship exists between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children, the 

methodological quality of included observational studies was assessed. However, 

items 4, 8, 13, 14, 15, 19, 23, and 24 of the Downs and Black checklist158 were not 

assessed for these studies, as these items were specifically relevant to the 

methodologies used in experimental studies, and not to methods used in observational 

study designs. For example, item 4 asks: ‘Are the interventions of interest clearly 

described?’158 To provide a rating of quality, the raw total score from the modified 

Downs and Black checklist for each observational study was converted to a critical 

appraisal percentage (CAP) by dividing the raw score by 20 points (the maximum 

possible score) and multiplying it by 100. This method for modifying the Downs and 

Black checklist158 for observational studies was previously published by Lyons et al.161 

Studies were then allocated a methodological quality rating, with studies achieving a 
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CAP ≥71% classified as ‘good’ quality, 54–70% classified as ‘fair’ quality, and ≤53% 

classified as ‘poor’ quality.160  

To address the second aim of the review, to determine whether motor proficiency-

related interventions impact academic performance in mathematics and reading in 

typically developing school-aged children and adolescents, the methodological quality 

of eligible experimental studies was assessed using all items of the Downs and Black 

checklist.158 To provide a rating of quality, the raw score for each experimental study 

was converted to a critical appraisal percentage (CAP) by dividing each study’s raw 

score by 28 points and multiplying it by 100. All studies were then allocated a 

methodological quality rating score, with studies achieving a CAP ≥71% classified as 

‘good’ quality, 54–70% classified as ‘fair’ quality and ≤53% classified as ‘poor’ 

quality.160 This method for determining the quality rating score has been previously 

described by Terry et al.162  

To determine the level of agreement between the critical appraisal scores derived by 

the two independent reviewers (K.M. and N.M.) when applying the modified Downs 

and Black checklist, a kappa coefficient was calculated by a third author (R.O.) and 

graded using methods previously reported by Viera and Garrett.163 Following this 

process, any discrepancies in critical appraisal scores between the two authors (K.M. 

and N.M.) which could not be resolved by discussion and consensus were moderated 

by the third author (R.O.).  

3.4.4 Synthesis 
The first aim of the review was to examine the relationships between motor proficiency 

and academic performance in mathematics and reading, and thus associations 

between these variables in each included study (when reported) were extracted and 

considered in a critical narrative synthesis of key findings from the included studies. 

For the purposes of the synthesis, motor proficiency, as described by Bruininks and 

Bruininks,59 was categorised into the eight motor subtests of the Bruininks-Oseretsky 

Test of Motor Proficiency – 2nd Edition (BOT-2). The BOT-2 is a valid and reliable 

standardised assessment tool, suitable for evaluating the fine and gross motor 

proficiency of individuals aged four to 21 years.59 Key findings extracted from included 

studies for the following components of fine motor proficiency were considered in the 

synthesis: (1) fine motor precision; (2) fine motor integration; (3) manual dexterity; and 
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(4) total fine motor score. Key findings extracted for the following components of gross 

motor proficiency were also considered in the synthesis: (1) upper limb coordination; 

(2) balance; (3) bilateral coordination; (4) speed and agility; (5) strength; and (6) total 

gross motor score. Findings for total motor proficiency score, representing the sum of 

fine and gross motor scores, were also considered in the synthesis.  

During the synthesis of key findings, interpretation of the strengths of the correlations 

(r) between the different areas of motor proficiency and academic performance in 

mathematics and reading was guided by a rating scale described by Evans164 as 

follows: r = 0.00–0.19 (very weak), r = 0.20–0.39 (weak), r = 0.40–0.59 (moderate), r 

= 0.60–0.79 (strong), and r = 0.80–1.0 (very strong). Significant and non-significant 

associations reported in studies included in the review were then summarised and 

coded using an approach adapted from that originally described by Sallis et al.165 for 

observational studies investigating relationships between variables in the field of public 

health. For each component of motor proficiency, a percentage was calculated to 

represent the proportion of reported associations between that component of motor 

proficiency and academic performance that reached statistical significance. The overall 

result was then classified as: (1) no association, coded ‘0’ (indicating 0–33% of 

reported associations reached statistical significance); (2) inconsistent/uncertain 

association, coded ‘?’ (indicating 34–59% of reported associations reached statistical 

significance or less than four studies examined the relationship); or (3) a positive or 

negative association coded ‘+’ or ‘−’ (indicating that ≥60% of reported associations 

reached statistical significance, based on results of four or more studies). In the latter 

case, when four or more studies with a Kennelly rating160 of ‘fair’ or ‘good’ 

methodological quality reported a statistically significant positive or negative 

association between a given motor proficiency variable and a particular academic 

performance variable, the positive or negative association was coded ‘+ +’ or ‘− −‘, 

respectively, representing the fact that strong evidence, based on multiple studies of 

‘fair’ or ‘good’ methodological quality, supported the significant association. This latter 

approach is similar to that used by Lubans et al.9 and Cliff et al.166 in their systematic 

reviews.  

To address the second aim of the review, a critical narrative synthesis was also 

undertaken to synthesise the key findings from the included experimental studies that 

investigated whether motor proficiency-related interventions impacted academic 
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performance in typically developing school-aged children and adolescents. Given the 

heterogeneity between studies in their design, outcome measures and study quality, a 

meta-analysis was not conducted.  

3.5 Results 

3.5.1 Included studies and study characteristics 
The PRISMA diagram157 in Figure 9 summarises the results of the four-step approach 

taken to identify, screen, and select studies for inclusion in this review. Following 

completion of screening and selection, a total of 55 studies were deemed eligible for 

inclusion. Table S1 summarises the key characteristics extracted from the 51 

observational studies (26 longitudinal and 25 cross-sectional) included in the review. 

Table S2 summarises the key characteristics extracted from the four experimental 

studies (one cluster randomised controlled trial and three quasi-experimental studies). 

A copy of Tables S1 and S2 can also be found in Appendix A and Appendix B 

respectively.  
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Figure 9: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 

diagram depicting results of the search, screening and selection processes.157 

As noted in Tables S1 and S2, just over half (56%) of the studies included in the review 

had been published since 2014. Total participant sample sizes in studies included in 

the review varied between 36167 and 19173.168 Studies were undertaken in a broad 

range of developed and developing countries, with 19 (35%) conducted in the USA. 

Study participants were most frequently children from the early year levels of school 

(i.e., pre-Kindergarten to Year 2), with 44 studies (80%) reporting outcomes for 

academic performance and motor proficiency in children at these year levels. Only 
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seven (13%) studies169-175 involved school students in high school (i.e., Year 7 to 12). 

Socioeconomic status (SES) of study participants varied, with several studies 

undertaken specifically in socio-economically disadvantaged communities.176-182 As 

outlined in Tables S1 and S2, a range of instruments were used to evaluate the 

different components of fine and gross motor proficiency. Examples of these 

instruments included standardised motor assessments, standardised developmental 

assessments, and individual motor subtests. A wide variety of instruments were also 

used to evaluate academic performance in mathematics and reading (Tables S1 and 

S2), often chosen depending upon the country in which the study was undertaken. 

Examples of these instruments included standardised academic achievement tests, 

national standardised assessments, teacher-reported academic reports, and grade 

point average (GPA). It is it is important to acknowledge that a wide range of covariates 

were also measured in the studies included in this review (Tables S1 and S2) and 

factored into their subsequent statistical analyses. For example, executive function (EF) 

was one of the key cognitive variables that was consistently reported in the included 

studies as a covariate. Components of EF that were assessed included working 

memory, cognitive flexibility (e.g., planning, problem solving, reasoning), inhibitory 

control, attention and behavioural self-regulation. Examples of additional covariates 

measured included age, gender, intelligence, visual perception, other academic 

variables (e.g., vocabulary, writing, spelling), family characteristics (e.g., SES, parental 

education, ethnicity), behavioural characteristics (e.g., social behaviour, classroom 

engagement), and physical characteristics (e.g., body mass index, PA levels, CRF, 

pubertal status). 

3.5.2 Methodological quality of included studies 
The critical appraisal percentage (CAP) for each of the studies is shown in Tables S1 

and S2. The level of agreement established between the two reviewers (K.M., N.M.) in 

their assessments of methodological quality was considered ‘substantial agreement’, 

based on the Cohen’s kappa analysis (k = 0.758).163 The mean (±SD) methodological 

quality score of the 51 observational studies in the review was 12.80 (±3.21) out of a 

possible 20 points, equating to a CAP of 64.02% (±16.06), with a CAP range of 20–

90% (Table S1). A total of 16 (31%) of the observational studies were categorised as 

having ‘good’ methodological quality, 22 (43%) as being of “fair” methodological quality, 

and 13 (25%) as having ‘poor’ methodological quality. According to the five 
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subcategories of the modified Downs and Black checklist, collectively across the 

observational studies the most notable limitations were in external and internal validity 

(both bias and confounding). For example, many studies included samples that were 

not considered representative of the population, limiting the ability to generalise 

findings to other populations. There were also deficits in reporting of the distributions 

of principle confounders in each group, as well as reporting of actual probability values 

for the main outcomes. Very few studies were adequately powered or provided the 

basis for the study sample. Notable strengths of the studies were in the reporting 

quality category, meaning that the studies commonly provided descriptions of the study 

aim, main outcomes to be measured and participant inclusion and exclusion criteria, 

and used appropriate statistical tests to assess the main outcomes.  

The mean (±SD) methodological quality score of the four experimental studies included 

in the review was 14 (±5.35) out of a possible 28 points, equating to a CAP of 50% 

(±19.12), with a CAP range of 25–71% (Table S2). One (25%) study was classified as 

being of ‘good’ methodological quality, one (25%) as being of ‘fair’ methodological 

quality, and the remaining two (50%) as having ‘poor’ methodological quality. The most 

notable limitations across the experimental studies were in the categories of external 

and internal validity, particularly confounding (selection bias) as well as a lack of 

sufficient power to detect a clinically important effect. For example, limitations in the 

reporting category included a lack of reporting of participant details, distributions of 

principle confounders in each group, adverse events, and characteristics of patients 

lost to follow up. In relation to external and internal validity, there were also limitations 

in representative sampling, blinding of subjects to the intervention, blinding of those 

measuring the primary outcomes, randomisation into groups, concealment of 

randomised intervention, and reporting of whether participants lost to follow up were 

considered. 

3.5.3 Aim 1: Relationships between motor proficiency and academic 
performance in mathematics and reading 

3.5.3.1 Fine motor proficiency and academic performance in mathematics 

A total of 29 (57%) of the observational studies (14 longitudinal and 15 cross-sectional) 

from the present review investigated the relationship between fine motor proficiency 

and academic performance in mathematics. Most studies (86%) examining these 



88 
 

variables reported findings from participants in pre-Kindergarten to Year 2, with only 

three (11%) studies171-173 reporting findings from participants in high school. A total of 

19 (65%) studies156,168,172,176,177,180,181,183-194 used standardised assessment tools to 

measure both fine motor proficiency and academic performance in mathematics. Of 

the 29 studies that examined these variables, 12 (41%)168,176,179,182,184,185,187,192-195 were 

categorised as having ‘good’ methodological quality, 10 (34%)172,177,180,183,186,188-

190,196,197 were categorised as having ‘fair’ methodological quality, and seven (24%)156 
171,173,181,191,198,199 were categorised as having ‘poor’ methodological quality. A 

summary of the associations between the components of fine motor proficiency and 

academic performance in mathematics, along with the levels of evidence supporting 

the associations can be found in Table 9. 
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Table 9: Overall levels of evidence from studies examining associations between specific components 

of motor proficiency and academic performance in mathematics in school-aged children and 

adolescents. 

Motor Proficiency Associated with 
academic 

performance in 
mathematics 
(references) 

Not associated 
with academic 
performance in 
mathematics 
(references) 

Summary Coding a 
n/N showing 
significant 

associations 
for outcome 

(%) b 

Association 
(+,−,0,?) c 

Fine motor 
proficiency 

 
 

   

Fine motor precision 173,181,184,194 183,184 4/6 (67%) (+) 
Fine motor 
integration 

176,177,180-186,188,190-

192,196,198 
173 15/16 (94%) (++) 

Manual dexterity 171,176,180,183,194,200 172,173,190,200 6/10 (60%) (+) 
Total fine motor 

score 
156,168,179,183,187,193,195,197

,199 
 9/9 (100%) (++) 

Gross motor 
proficiency 

    

Upper limb 
coordination 

170-172,201 170,173 4/6 (67%) (+) 

Balance 202 172,173,200,202,203 1/6 (17%) (0) 
Bilateral 

coordination 
173,196,203 

 
173 3/4 (75%) (?) 

Speed and agility 170,173,174,200,201,204 170,200,203 6/9 (67%) (++) 
Strength 173,204  2/2 (100%) (?) 

Total gross motor 
score 

170,175,183,185,187,195,197,200

,205,206 
156,169,179,200 10/14 (71%) (++) 

Total motor 
proficiency (fine and 
gross motor scores) 

173,182,189  3/3 (100%) (?) 

a Summary coding provides an overall summary of findings. b n = number of studies that reported a 
statistically significant association, N = number of studies that reported associations between the specific 
component of motor proficiency and academic performance in mathematics. c Association coded as ‘+’ 
or ‘−‘ indicates a ‘positive or negative association’ (≥60% of reported associations reached statistical 
significance, based on results of four or more studies); ‘++’ or ‘− −‘ indicates ‘strong evidence for a 
positive or negative association’ (≥60% of reported associations reached statistical significance, based 
on results of four or more studies with fair-to-good methodological quality); ‘0′ indicates ‘no association’ 
(0–33% of reported associations reached statistical significance); and ‘?’ indicates ‘inconsistent or 
uncertain association’ (34–59% of reported associations reached statistical significance or less than four 
studies examined the relationship). 

A total of five studies173,181,183,184,194 examined the relationship between fine motor 

precision and academic performance in mathematics. Significant very weak to 

moderate positive correlations (r = 0.13−0.597) between fine motor precision and 

mathematics performance variables were reported by four studies173,181,184,194 however 

only two of the studies were classified as having fair to good methodological 

quality.184,194 A longitudinal study by Kim et al.184 found several significant positive 
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partial correlations (controlling for age) between fine motor coordination and 

mathematical skills for Kindergarten and Grade 1 cohorts at different measurement 

points across the study. However, several non-significant associations between fine 

motor coordination and mathematical skills were also reported for the cohorts at other 

measurement points. Kim et al.184 concluded from their analyses that fine motor 

coordination seemed to contribute to mathematics performance indirectly, through 

visual motor integration, across Kindergarten and Grade 1.184 Another study183 also 

reported non-significant associations between a draw-a-person task and applied 

problems subtest in Kindergarten children. Overall summary coding suggests that 

despite inconsistent findings, there was evidence to support a significant very weak to 

moderate positive association between fine motor precision and academic 

performance in mathematics (Table 9).  

When taking into consideration all studies that examined associations between fine 

motor integration (also referred to as visual motor integration or copying skills) and 

mathematics performance variables (Table S1), 15 of the 16 studies found significant 

positive associations, with 12 of these significant associations reported by studies with 

fair to good methodological quality.176,177,180,182-186,188,190,192,196 In studies analysing 

correlations between fine motor integration and mathematics performance, six 

studies176,180,183,185,186,191 reported significant very weak to weak associations (r = 

0.16−0.38), seven studies177,181,184,186,188,192,198 reported moderate associations (r = 

0.417−0.59), and two studies184,192 reported a strong association (r = 0.612−0.673). 

The one study173 that did not report a significant association between fine motor 

integration and mathematics performance was the only study conducted with high 

school participants. Overall, summary coding suggests there was a strong level of 

evidence to support a significant very weak to strong positive association between fine 

motor integration and academic performance in mathematics (Table 9).  

The relationship between manual dexterity and academic performance in mathematics 

was examined by nine studies.171-173,176,180,183,190,194,200 Five of the six 

studies171,176,180,183,194,200 reporting significant positive associations were classified as 

having fair to good methodological quality. The four studies176,180,183,194 that reported 

results from correlation analyses found significant very weak to weak positive 

correlations (r = 0.11−0.37) between manual dexterity tasks and mathematical ability. 

One longitudinal study200 found that the smaller number of cubes moved in a box and 
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block task was associated with poorer arithmetic skills for boys in Grades 1 and 2, but 

not for girls in the same grades. Another study,171 classified as having ‘poor’ 

methodological quality, reported significant strong correlations between the time taken 

to stack a tower of cubes and scores on a mathematics skills test for children aged 

nine to 16 years (r = −0.643 to −0.727, p < 0.05). Two other studies172,173 conducted 

with participants in high school did not report significant associations between manual 

dexterity and mathematics performance. Summary coding suggests that despite mixed 

findings, overall, there was sufficient evidence to support a significant positive very 

weak to weak association between manual dexterity and mathematical skills (Table 9).  

A total of nine studies156,168,179,183,187,193,195,197,199 examined associations between total 

fine motor scores and academic performance in mathematics. All studies reported 

significant positive associations with seven studies168,179,183,187,193,195,197 classified as 

having fair to good methodological quality. Of note is that four studies156,168,187,193 

reported findings from the Early Childhood Longitudinal Study — Kindergarten Cohort 

and collectively found that fine motor skills were predictive of later mathematics 

achievement. Furthermore, five studies183,187,195,197,199 reported results from 

correlational analyses and found significant very weak to strong positive associations 

(r = 0.25–0.73). Overall, summary coding suggests there was a strong level of 

evidence to support a significant very weak to strong positive relationship between total 

fine motor scores and mathematics performance (Table 9).  

3.5.3.2 Gross motor proficiency and academic performance in mathematics 

A total of 24 (47%) observational studies (10 longitudinal and 14 cross-sectional) from 

the review investigated the relationship between gross motor proficiency and academic 

performance in mathematics. A summary of the data extracted from these studies can 

be found in Table S1. Findings from participants in pre-Kindergarten to Year 2 were 

reported in 14 (58%) studies, whereas seven (29%) studies169-175 reported findings 

from participants in high school. Less than half (46%) of the 

studies156,169,172,183,185,187,189,201,203,204,206 used standardised assessment tools to 

measure both gross motor proficiency and academic performance in mathematics. Of 

the 24 studies that examined these variables, eight (33%)170,179,182,185,187,195,200,201 were 

categorised as having ‘good’ methodological quality, ten (42%)172,174,183,189,196,197,202-

204,206 were categorised as having ‘fair’ methodological quality, and six 

(25%)156,169,171,173,175,205 were categorised as having ‘poor’ methodological quality. The 
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overall levels of evidence from studies examining associations between gross motor 

proficiency and academic performance in mathematics in typically developing school-

aged children and adolescents are outlined in Table 9. 

It was apparent that associations between several components of gross motor 

proficiency, particularly bilateral coordination and strength, and mathematical 

performance had been examined less frequently by the studies included in the review, 

leading to more uncertain findings overall. The five studies170-173,201 that examined 

associations between upper limb coordination and mathematical performance involved 

participants in school year levels 4–10. Significant very weak to moderate positive 

correlations (r = 0.13–0.439) between upper limb coordination tasks and mathematics 

performance were reported by four studies,170-173,201 with three of these studies170,172,201 

classified as having fair to good methodological quality. The two studies170,173 that 

found non-significant associations assessed upper limb coordination through a 

dribbling task and used teacher-reported grades to assess mathematics performance. 

For example, one longitudinal study170 reported conflicting findings, with significant 

very weak positive correlations (r = 0.18, p < 0.05) found between a dribbling task 

assessed in Grade 7 and maths for boys only, with no significant associations found 

between these variables for girls. Overall, despite inconsistent findings, summary 

coding suggests there was sufficient evidence to support a significant very weak to 

moderate positive association between upper limb coordination and mathematical 

skills (Table 9).  

A total of five studies172,173,200,202,203 analysed the relationship between balance and 

academic performance in mathematics. One study202 assessed balance using a static 

single leg balance task, reporting several significant very weak to weak positive 

correlations (r = 0.26–0.37) between the balance task and mathematical performance. 

This same study202 reported significant partial correlations (controlling for age, 

attentional and reasoning capabilities) between balance tasks with eyes closed and 

complex arithmetic tasks but non-significant partial correlations with more simple 

arithmetic tasks. Collectively, the three remaining studies,172,200,203 with fair to good 

methodological quality, found no significant association between balance and 

mathematics performance. Overall, summary coding suggests there was a sufficient 

level of evidence to support no significant relationship between balance and academic 

performance in mathematics (Table 9).  
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Only three studies173,196,203 examined associations between bilateral coordination and 

academic performance in mathematics. One study by Geertsen et al.196 found that 

better performance in a gross motor task (i.e., a shorter time to complete a coordination 

wall task) was associated with better scores on a standardised mathematics test. 

Another study by Murrihy et al.203 reported a significant weak positive correlation (r = 

0.26, p < 0.05) between a finger-to-nose test and a standardised mathematics test. 

However, a study by Van Niekerk et al.173 reported conflicting results, with a significant 

weak positive correlation (r = 0.23, p < 0.05) found between a task involving tapping 

feet and fingers and teacher-reported maths results for boys and girls, but no significant 

association found between a jumping-in-place task (same sides synchronised) and 

teacher-reported maths results. Overall, summary coding suggests the level of 

evidence to support a significant relationship between bilateral coordination and 

mathematics was uncertain, due to a limited number of studies examining these 

variables (Table 9).  

A total of seven studies170,173,174,200,201,203,204 examined the relationship between speed 

and agility and mathematical skills, with six studies170,173,174,200,201,204 using the shuttle 

run to assess speed and agility. Only one study173 was classified as having ‘poor’ 

methodological quality. Significant positive associations between speed and agility and 

academic performance in mathematics were reported by six studies.170,173,174,200,201,204 

In analysing correlations between speed and agility and mathematics variables, two 

studies170,173 reported significant very weak to weak positive associations (r = 0.18–

0.20). One longitudinal study170 found significant very weak positive correlations (r = 

0.18–0.20) between the 10 × 5 m shuttle run (assessed in Grade 8) and marks in 

mathematics (assessed in Grade 9) for both boys and girls. However, several non-

significant correlations between these variables were reported at other measurement 

times in the study170 for girls more often than boys. Another longitudinal study200 

reported a similar trend with significant findings between shuttle run test times and 

arithmetic skills reported more often for boys than girls in Grades 1–3. Three other 

studies200,201,204 reported that shuttle run test times were significantly but inversely 

associated with mathematics performance, with longer shuttle run test times related to 

poorer mathematics performance. Finally, one study203 reported no significant 

association between performance on a jumping task and standardised maths test. 

Overall, summary coding suggests there was a strong level of evidence to support very 
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weak-to-weak positive associations between speed and agility and mathematics 

performance (Table 9).  

Only two studies173,204 with poor to fair methodological quality investigated the 

relationship between strength and mathematics performance, reporting significant very 

weak to weak positive associations (r = 0.15–0.29). The components of strength that 

were assessed in one of the studies included the sit up and standing broad jump from 

the European physical fitness test battery,204 while the other study assessed push ups 

and sit ups from the BOT-2 (Short Form).173 Overall, summary coding suggests the 

level of evidence to support a significant relationship between strength and 

mathematics performance was uncertain due to a limited number of studies examining 

these variables (Table 9).  

Associations between total gross motor scores and academic performance in 

mathematics were examined often, with 10170,175,183,185,187,195,197,200,205,206 of 13 studies 

reporting significant findings between these outcomes. Eight170,183,185,187,195,197,200,206 of 

these 10 studies were classified as having fair to good methodological quality. 

Significant positive correlations reported in studies ranged from very weak to moderate 

(r = 0.16–0.41). Of the four studies that reported non-significant associations between 

total gross motor scores and mathematical performance, two156,169 were classified as 

having ‘poor’ methodological quality. One longitudinal study200 found significant 

positive associations between overall motor performance and arithmetic skills for boys 

in Grades 1–3, but not for girls in Grades 1 and 3. The findings from regression 

analyses reported in two other longitudinal studies156,179 revealed that total gross motor 

scores (as measured by developmental motor assessments) were not a significant 

predictor of later mathematics ability. Another study169 conducted with high school 

students found no significant associations between total gross motor coordination 

scores and a national standardised mathematics test. Overall, despite several 

conflicting findings, summary coding suggests there was a strong level of evidence to 

support a very weak to moderate positive association between total gross motor scores 

and mathematical skills (Table 9).  

Finally, a total of three studies173,182,189 with poor to good methodological quality 

reported significant associations between total motor proficiency (a combination of fine 

and gross motor scores) and academic performance in mathematics using the BOT-2 
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(Short Form) to assess total motor proficiency. Significant positive correlations 

reported were found to be weak (r = 0.21–0.23). In summary, there was some evidence 

to support a significant relationship between total motor proficiency and academic 

performance in mathematics; however, summary coding suggests that overall, the 

level of evidence for an association was uncertain due to a limited number of studies 

in the review examining these variables (Table 9). 

3.5.3.3 Fine motor proficiency and academic performance in reading 

A total of 30 (58%) observational studies (16 longitudinal and 14 cross-sectional) from 

the present review investigated the relationship between fine motor proficiency and 

academic performance in reading. A summary of the data extracted from these studies 

can be found in Table S1. Findings from participants in pre-Kindergarten to Year 2 

were reported in the majority (90%) of studies, with only one study examining these 

variables in participants in high school.172 Standardised assessment tools were used 

to measure both fine motor proficiency and academic performance in reading for 24 

(80%) of the studies. Of the 30 studies that examined these variables, nine 

(30%)168,176,182,185,187,194,200,207,208 were categorised as having ‘good’ methodological 

quality, 14 (47%)172,180,183,186,188-190,196,209-214 were categorised as having ‘fair’ 

methodological quality, and seven (23%)156,167,181,191,198,215,216 were categorised as 

having ‘poor’ methodological quality. A summary of the overall levels of evidence from 

the studies examining the associations between the components of fine motor 

proficiency and academic performance in reading can be found in Table 10. 
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Table 10: Overall level of evidence from studies examining associations between specific components 

of motor proficiency and academic performance in reading in school-aged children and 

adolescents. 

Motor Proficiency Associated with 
academic 

performance in 
reading 

(references) 

Not associated 
with academic 
performance in 

reading 
(references) 

Summary Coding a 
n/N showing 
significant 

associations 
for outcome 

(%) b 

Association 
(+,−,0,?) c 

Fine motor 
proficiency 

    

Fine motor precision 183,194,214 181 3/4 (75%) (?) 
Fine motor 
integration 

167,176,180-

183,186,188,191,196,198,209

,211,213-216 

167,185,190,207,213 17/22 (77%) (++) 

Manual dexterity 176,180,183,194,200,210,214 172,190,200,214,215 7/12 (58%) (?) 
Total fine motor 

score 
156,168,183,187,195,214 214 6/7 (86%) (++) 

Gross motor 
proficiency 

    

Upper limb 
coordination 

170,172,201,217 170,201 4/6 (67%) (++) 

Balance 200,215 172,200,203 2/5 (40%) (?) 
Bilateral coordination 196,203  2/2 (100%) (?) 

Speed and agility 170,200,201,217 170,200,203,204 4/8 (50%) (?) 
Strength 204 204 1/2 (50%) (?) 

Total gross motor 
score 

170,183,185,187,195,200,206

,212,217 
156,169,170,175,183,206 9/15 (60%) (++) 

Total motor 
proficiency (fine and 
gross motor scores)  

182,189,208 212 3/4 (75%) (?) 

a Summary coding provides an overall summary of findings. b n = number of studies that reported a 
statistically significant association, N = number of studies that reported associations between the specific 
component of motor proficiency and academic performance in reading. c Association coded as ‘+’ or ‘−‘ 
indicates a ‘positive or negative association’ (≥60% of reported associations reached statistical 
significance, based on results of four or more studies); ‘++’ or ‘− −‘ indicates ‘strong evidence for a 
positive or negative association’ (≥60% of reported associations reached statistical significance, based 
on results of four or more studies with fair-to-good methodological quality); ‘0′ indicates ‘no association’ 
(0–33% of reported associations reached statistical significance); and ‘?’ indicates ‘inconsistent or 
uncertain association’ (34–59% of reported associations reached statistical significance or less than four 
studies examined the relationship). 

A total of four studies181,183,194,214 examined associations between fine motor precision 

and academic performance in reading for children in pre-Kindergarten to Year 1. Three 

studies183,194,214 with fair to good methodological quality reported significant positive 

associations between fine motor precision and reading variables, with the strength of 

the correlation classified as very weak to weak (r = 0.15–0.28). However, one study181 

reported no significant associations between the fine motor precision subtest from the 

BOT-2 and a word reading subtest from a standardised reading test. In summary, while 
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there was some evidence to support a significant positive association between fine 

motor precision and reading performance, overall, summary coding suggests the level 

of evidence for an association was uncertain due to a limited number of studies 

examining these outcomes (Table 10).  

The relationship between fine motor integration skills and academic performance in 

reading was examined most often, with 17167,176,180-183,186,188,191,196,198,209,211,213-216 

significant positive associations out of the 22 reported. In relation to the strength of 

correlations between variables reported, 10 studies176,180,181,183,186,191,209,211,213,215 found 

very weak to weak correlations (r = 0.163–0.38), six studies167,186,187,198,209,216 found 

moderate associations (r = 0.40–0.47), and two studies188,198 reported a strong 

correlation (r = 0.60–0.62). A total of 11176,180,182,183,186,188,196,209,211,213,214 of the 17 

studies reporting significant associations had fair-to-good methodological quality. Two 

studies167,213 reported mixed findings with significant positive associations found 

between visual motor integration tasks and certain constructs of reading performance 

but non-significant findings for other constructs of reading (Table S1). Eight 

studies167,181,185,190,191,207,211,213 reported that when other known predictors of reading 

(e.g., intelligence quotient (IQ), vocabulary, phonological awareness) were included in 

regression analyses, fine motor integration was not found to contribute significantly to 

predicting reading achievement. However, four167,181,211,213 of the eight studies reported 

significant correlations between fine motor integration and reading performance prior 

to accounting for these covariates. In summary, despite several inconsistencies 

reported between studies, summary coding suggests there was a strong level of 

evidence to support a significant very weak to strong positive relationship between fine 

motor integration and reading performance (Table 10).  

A total of seven176,180,183,194,200,210,214 studies with fair to good methodological quality 

reported significant positive associations between manual dexterity and academic 

performance in reading. The level of correlation reported ranged from very weak to 

weak (r = 0.15–0.36). One study200 reported mixed results for associations between a 

box and block test and two reading variables, with significant associations found for 

reading fluency, particularly for boys, but non-significant associations reported for 

reading comprehension. Furthermore, six studies172,180,190,194,210,214 conducted 

regression analyses and found that manual dexterity performance did not make a 

unique contribution to reading performance in the presence of other predictors (e.g., 
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executive function, phonological awareness). However, four180,194,210,214 of these 

studies reported significant positive correlations between manual dexterity and reading 

performance. Overall, summary coding suggests the level of evidence to support a 

relationship between manual dexterity and reading performance was inconsistent as 

less than 60% of studies supported this relationship (Table 10).  

Finally, all six studies156,168,183,187,195,214 that examined the relationship between total 

fine motor scores and reading performance reported significant positive associations. 

Fair to good methodological quality was found for five168,183,187,195,214 of the six studies. 

A study by Suggate et al.214 found mixed results, reporting significant very weak to 

weak positive correlations (r = 0.18–0.23) between the total score of the manual 

dexterity subtest of the Movement Assessment Battery for Children (MABC) and 

reading outcomes (specifically phonemic awareness and word reading); however, 

associations between manual dexterity and a letter naming subtest were not significant. 

Conversely, three studies156,168,187 reported findings from the Early Childhood 

Longitudinal Study — Kindergarten Cohort (ECLS-K) and collectively found that fine 

motor skills were positively associated with and a very strong and consistent predictor 

of later achievement in reading. In the ECLS-K study,156,168,187 the Early Screening 

Inventory — Revised was used to assess performance on seven fine motor tasks. 

Overall, summary coding suggests there was a strong level of evidence to support a 

significant very weak-to-weak positive association between total fine motor scores and 

reading performance (Table 10). 

3.5.3.4 Gross motor proficiency and academic performance in reading 

A total of 21 (41%) studies (11 longitudinal and 10 cross-sectional) from the present 

review investigated the relationship between gross motor proficiency and academic 

performance in reading. A summary of the data extracted from these studies can be 

found in Table S1. Findings from participants in pre-Kindergarten to Year 2 were 

reported in 14 (67%) studies, and four (19%) studies169,170,172,175 examined these 

variables in participants in high school. A total of 14 (67%) 

studies156,169,172,183,185,187,189,201,203,204,206,208,212,217 used standardised assessment tools 

to measure both gross motor proficiency and academic performance in reading. Of the 

21 studies that examined these variables, eight (38%)170,182,185,187,195,200,201,208 were 

categorised as having ‘good’ methodological quality, nine 

(43%)172,183,189,196,203,204,206,212,217 were categorised as having ‘fair’ methodological 
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quality, and four (19%)156,169,175,215 were categorised as having ‘poor’ methodological 

quality. A summary of the overall levels of evidence from the studies examining the 

associations between the components of gross motor proficiency and academic 

performance in reading can be found in Table 10.  

A total of four studies170,172,201,217 with fair to good methodological quality reported 

significant very weak to weak positive correlations (r = 0.10–0.28) between upper limb 

coordination and reading skills. A study by Aadland et al.201 found significant 

associations between the catching subtest from the Movement Assessment Battery for 

Children – 2nd Edition (MABC-2) and results on a standardised reading test but non-

significant associations between the aiming subtest from the MABC-2 and reading 

performance. Mixed results were also reported in another study170 where significant 

very weak positive correlations (r = 0.17, p < 0.05) were found between a dribbling task 

and marks in Finnish language for girls in Grade 7 but not for boys. Overall, despite 

some inconsistencies in findings, summary coding suggests there was a strong level 

of evidence to support a significant weak positive association between upper limb 

coordination and reading performance (Table 10).  

Associations between balance and academic performance in reading were examined 

by four studies172,200,203,215 that assessed balance using different instruments. One 

study215 reported significant very weak to weak associations (r = −0.117 to −0.251) 

between the inclination from upright measured in a postural stability task and 

performance on a reading task. The other three studies,172,200,203 classified as having 

fair to good methodological quality, found no significant associations between balance 

and reading performance, except for the study by Haapala et al.200 who found that poor 

performance on a static single leg balance test was related to poor reading 

comprehension for boys in Grade 1. In summary, there was some evidence that no 

significant association exists between balance and academic performance in reading; 

however, summary coding suggests that overall, the level of evidence was uncertain 

due to an insufficient number of studies in the review examining these variables (Table 

10).  

Only two studies196,203 categorised as having ‘fair’ methodological quality examined the 

association between bilateral coordination and reading performance, both reporting 

significant positive associations between coordination tasks and standardised reading 
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tests. A study by Murrihy et al.203 reported the strength of the correlation between a 

finger-to-nose task and letter–word identification subtest was weak (r = 0.33, p < 0.001). 

Another study196 found that a shorter time to complete a wall coordination task was 

associated with better scores in a standardised reading test. In summary, there was 

some evidence to support a significant relationship between bilateral coordination and 

reading performance; however, overall summary coding suggests the level of evidence 

was uncertain due to a limited number of studies in the review examining these 

variables (Table 10).  

Associations between speed and agility and reading performance were examined by 

six studies.170,200,201,203,204,217 The four studies170,200,201,217 that reported significant 

positive associations had fair to good methodological quality. Two studies170,217 

reported significant very weak to weak positive correlations (r = 0.16–0.31) between 

locomotor skills (e.g., leaping, hopping) and reading outcomes. Another two 

studies200,201 reported that shuttle run test times were significantly but inversely 

associated with reading performance; however, in one study this applied only to boys 

in Grades 1–3. These findings were consistent with those reported by Jaakkola et al.170 

who reported significant correlations between a 5 × 10 m shuttle run test and marks in 

Finnish language for boys in Grades 7 and 8 but found non-significant correlations for 

girls. Another study204 did not find a significant relationship between the time taken to 

perform a 5 × 10 m shuttle run and a standardised reading test in participants aged 7–

12 years. In summary, there appears to be some inconsistency in the findings reported 

in the studies examining the associations between speed and agility and reading 

performance, potentially due to the instrument used to measure speed and agility (e.g., 

assessment of locomotor skills vs shuttle run). Therefore, despite there being some 

evidence to support a significant association between speed and agility and academic 

performance in reading, overall summary coding suggests the level of evidence was 

inconsistent as less than 60% of studies supported a significant relationship (Table 10).  

Mixed findings were reported in the only study204 that examined the relationship 

between strength and reading performance. For example, a significant very weak 

positive association (r = 0.18, p < 0.01) was found between distance measured on the 

standing broad jump and scores on a standardised reading test; however, no 

significant association was found between the number of sit-ups performed and the 

same standardised reading test. Overall, summary coding suggests the level of 
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evidence to support a significant association between strength and reading 

performance was uncertain, due to a limited number of studies examining these 

variables (Table 10).  

A total of 12 studies156,169,170,175,183,185,187,195,200,206,212,217 examined the relationship 

between total gross motor scores and academic performance in reading with eight 

studies using standardised tests to assess both outcomes. Eight 

studies170,183,185,187,195,206,212,217 reported significant very weak to moderate positive 

correlations (r = 0.15–0.404). Another study200 also found that poor overall motor 

performance was associated with worse academic results in reading fluency and 

reading comprehension. All nine studies reporting significant associations had fair to 

good methodological quality. However, there were inconsistencies in the findings 

reported within three studies,170,183,206 often dependent on gender or the academic 

variable being assessed. Two studies206,212 found significant positive associations 

between gross motor composite scores and reading performance in 9-10-year-old girls 

only. Another study170 reported significant very weak to weak correlations (r = 0.17–

0.23) between marks in Finnish language and total scores for fundamental movement 

skills for boys in Grades 7–9 but found non-significant associations for girls. A study 

by Cameron et al.183 reported several significant very weak to weak correlations (r = 

0.17–0.20) between gross motor composite scores from a developmental assessment 

and reading composite scores, but non-significant associations between gross motor 

composite scores and results on individual reading subtests, assessed at a different 

time. Finally, four studies156,183,185,206 reported that following regression analyses, total 

gross motor scores did not make a unique contribution to reading performance in the 

presence of other predictors. In summary, despite several inconsistencies reported 

between studies, overall summary coding suggests there was a strong level of 

evidence to support a significant very weak to moderate positive association between 

total gross motor scores and academic performance in reading (Table 10).  

Finally, four studies182,189,208,212 classified as having fair to good methodological quality, 

examined associations between total motor proficiency (combined fine and gross 

motor scores) and academic performance in reading. Total fine and gross motor scores 

were assessed using the MABC208,212 and the BOT-2 (Short Form).182,189 A study by 

Pienaar et al.182 reported a strong positive relationship between total motor proficiency 

and academic performance in reading. However, a study by McPhillips et al.208 found 
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that although motor skills were weakly predictive of reading without confounders, they 

were not predictive of reading in the context of other predictors. A study by Cadoret et 

al.189 reported a significant weak positive correlation (r = 0.28, p < 0.01) between total 

motor proficiency and academic achievement in reading; however, a structural 

equation modelling analysis found that the mechanism appeared to be through an 

indirect path, via cognitive ability. Another study212 found no significant association 

between overall motor competence and a reading achievement test in children aged 

9–10 years. In summary, there was some evidence to support a significant relationship 

between total motor proficiency and reading performance; however, summary coding 

suggests that overall, the level of evidence for an association was uncertain due to a 

limited number of studies in the review examining these variables (Table 10).  

3.5.4 Aim 2: Impact of motor proficiency-related interventions on academic 
performance in mathematics and/or reading 

A total of four experimental studies178,218-220 investigating the impact of motor 

proficiency-related interventions on academic performance in mathematics and 

reading of school-aged children were eligible for inclusion in the review (Table S2). A 

cluster randomised study by Beck et al.218 investigated whether fine or gross motor 

activity integrated into mathematics lessons over a 6-week period could improve 

children’s mathematical performance. A quasi-experimental study by Callcott et al.219 

investigated whether pre-Kindergarten children who participated in a year-long 

program involving literacy and movement would demonstrate superior results in 

measures of movement and early literacy skills when compared with students receiving 

a literacy only intervention, movement only intervention or no intervention (control 

group). A further quasi-experimental study by Erasmus et al.178 aimed to establish the 

effect of a 10-week perceptual–motor intervention programme on school readiness 

(including assessment of a number concept subtest) of children in pre-Kindergarten. 

Finally, another quasi-experimental study by Ericsson220 measured whether daily PE 

and motor training over a 3-year period would impact attention and school results in 

reading and mathematics. 

The interventions described in each study were delivered in the primary school setting, 

with participants in the early year levels of school (pre-Kindergarten to Year 2). 

Interventions ranged in duration from 6 weeks218 to 3 years.220 The interventions 

described in each study involved implementing motor skills into a prescribed number 
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of lessons each week for a specified timeframe. Intervention parameters, including the 

type, duration and frequency of the intervention varied across studies. For example, 

the intervention described by Beck et al.218 involved the implementation of fine or gross 

motor activities into a 60-min mathematics lesson, three days a week over a 6-week 

period (Table S2). Two interventions were delivered by the classroom teacher,218,219 

one intervention was delivered by the researcher,178 and one intervention was 

delivered by the PE teachers and representatives from local sports clubs.220 Two 

studies218,219 described their strategies to enhance compliance with the intervention, 

with these strategies including the provision of professional development workshops 

to classroom teachers, to teach them how to implement the intervention, along with 

follow up support throughout the intervention period.  

All four experimental studies178,218-220 reported a statistically significant effect of the 

motor skill intervention on academic performance in mathematics and/or reading. Two 

experimental studies178,218 in the review incorporated fine motor skills into their 

interventions to examine their effect on academic performance. In their cluster 

randomised control trial, Beck et al.218 reported that participants in the fine motor-

enriched learning group, particularly those with normal mathematics performance, 

improved their performance on the mathematics task following the 6-week intervention. 

Statistical analyses were conducted to determine the specific impact of fine motor 

enriched learning activities on mathematical performance, with Beck et al.218 reporting 

that changes in fine motor skill performance accounted for approximately 10.7% of the 

effects of the intervention on mathematics performance. The intervention outlined in 

the study by Erasmus et al.178 involved the provision of a 40-min lesson incorporating 

fine motor, gross motor, and perceptual-motor skills, three days per week over 10 

weeks. Participation in the intervention led to a significant improvement in results on 

the number concept subtest of a standardised developmental assessment (p < 0.012, 

Cohen’s effect size d = 1.13). However, improvements in the number concept subtest 

were not significantly better than the control group following the intervention 

(controlling for differences in pre-test scores).178 Each of the four experimental studies 

in the review incorporated gross motor skills into their interventions to examine their 

effect on academic performance.178,218-220 Beck et al.218 incorporated gross motor-

enriched learning activities into mathematics lessons, leading to greater improvements 

in mathematical performance compared to the conventional (control) group and fine 
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motor enriched learning group, particularly in students with normal mathematics 

performance. Beck et al.218 reported that changes in gross motor skill performance 

accounted for approximately 25% of the effects of the intervention on mathematics 

performance. However, there were no differences in mathematics performance 

reported between groups when re-assessed 8 weeks after the intervention.218 A quasi-

experimental study by Callcott et al.219 found that incorporating a combination of 

movement (i.e., 15 min of action songs) and literacy skills (15 min of phonological 

awareness and decoding activities) into daily lessons led to students performing 

significantly better on reading measures (phonological awareness) than students in the 

literacy only, movement only and conventional (control) groups. As previously 

mentioned, following the 10-week motor skill intervention outlined by Erasmus et al.178 

the experimental group significantly improved their mathematical skills (number 

concept) but not significantly more than the control group. Finally, the quasi-

experimental study by Ericsson220 found that participation in daily lessons of PE and 

motor training led to students in the intervention group achieving better results than 

those in the control group in national tests for reading (overall large difference in results 

between groups, Cramer’s index 0.29) and for mathematics (overall small difference 

in results between groups, Cramer’s index 0.21).  

In summary, a limited number of experimental studies with varied study designs, 

intervention parameters, and methodological quality have examined whether motor 

proficiency-related interventions impact academic performance in mathematics and 

reading. However, there were findings of a statistically significant effect of the motor 

skill interventions on academic performance that warrants further investigation. 

3.6 Discussion 

3.6.1 Overview of findings 
The overall objective of this systematic review was to identify, critically appraise, and 

synthesise the findings of studies examining the relationship between motor 

proficiency and academic performance in mathematics and reading in typically 

developing school-aged children and adolescents. To address the first aim of the 

review, 51 observational studies were examined to determine whether there was 

evidence for significant associations between components of motor proficiency and 

academic performance in mathematics and reading. In summary, based on the 
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findings from observational studies, of which 74% were classified as having fair to good 

methodological quality, there was sufficient evidence to support significant very weak 

to strong positive associations between all components of fine motor proficiency and 

academic performance in mathematics. Although fewer studies in the review examined 

the relationship between the components of gross motor proficiency and academic 

performance in mathematics, sufficient evidence also emerged to support significant 

very weak to weak positive associations between gross motor proficiency (specifically 

the components of upper limb coordination, speed and agility, and total gross motor 

scores) and academic performance in mathematics. There was also sufficient 

evidence to support no significant association between balance and mathematics 

performance. A similar trend of significant associations was evident in studies 

examining the relationship between motor proficiency and academic performance in 

reading, although there were more inconsistencies reported between studies. Overall, 

there was evidence to support a significant very weak to strong relationship between 

fine motor proficiency (specifically the components of fine motor integration and total 

fine motor scores) and academic performance in reading. There was also sufficient 

evidence to support a significant very weak to weak positive association between 

academic performance in reading and upper limb coordination, as well as total gross 

motor scores.  

To address the second aim of the review, the findings from four experimental studies 

were synthesised to determine whether motor proficiency-related interventions impact 

academic performance in mathematics and/or reading in typically developing school-

aged children and adolescents. Based on the findings from one cluster randomised 

controlled trial and three quasi-experimental studies, there was evidence for a 

statistically significant effect of the motor skill intervention on academic performance 

compared to the control group in each study for students in the early years of school 

(pre-Kindergarten to Year 2). However, several methodological limitations relating to 

the external and internal validity (bias and confounding) of studies were apparent; thus, 

it is difficult to infer the exact underlying mechanisms for the effects of the interventions, 

and results should be interpreted with caution. 

3.6.2 Relationships between motor proficiency and academic performance 

3.6.2.1 Fine motor proficiency and academic performance 
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There was consistency in findings among studies included in the review that a 

relationship exists between motor proficiency and academic performance in 

mathematics and reading; however, this association differed between the components 

of fine and gross motor proficiency. There was evidence from observational studies for 

significant positive associations between the majority of components of fine motor 

proficiency and academic performance in mathematics and reading. This was with the 

exception of the components of fine motor precision and manual dexterity and their 

associations with reading performance as there was either an insufficient number of 

studies in the review examining these variables or inconsistent evidence.  

Differences in associations between motor proficiency and academic variables for 

children and adolescents were also apparent, consistent with those reported by van 

der Fels et al.47 Interestingly, the majority (86%) of observational studies in the present 

review that reported significant positive associations between the components of fine 

motor proficiency and academic performance involved study participants in the early 

year levels of school (pre-Kindergarten to Year 2). In particular, relationships between 

fine motor integration (visual motor integration) and academic performance in 

mathematics and reading were examined most often in this age group, with a strong 

level of evidence found to support very weak to strong positive associations between 

these variables. Thus, findings from this review may have important implications for 

this age group upon entry to school. Only seven studies in the present review involved 

high school students and consequently there was insufficient evidence to support 

associations between fine motor proficiency and academic performance in 

mathematics and reading in this older age group. However, non-significant 

associations in adolescents have been proposed by the authors of some studies by a 

potential ‘ceiling effect’ that occurs as primary school students achieve automaticity 

with their fine motor precision and manual dexterity skills.193  

It is worth noting that many studies examining the relationship between fine motor 

proficiency and academic performance in mathematics and reading in the present 

review conducted statistical analyses that accounted for other covariates, in addition 

to correlational analyses. For example, regression analyses accounting for key 

cognitive confounders (e.g., visual-spatial skills, executive function) were performed in 

several studies investigating the relationship between fine motor proficiency and 

mathematics and found that fine motor integration remained independently predictive 
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of academic performance in mathematics. However, when examining the relationship 

between fine motor proficiency and reading performance, it was often reported that in 

the presence of other predictors (e.g., IQ, executive function, phonological awareness), 

fine motor integration and manual dexterity did not uniquely contribute to reading 

performance.185,190,211,213 The underlying mechanisms to potentially explain the 

difference in findings between the components of fine motor proficiency and these two 

core academic areas is beyond the scope of the present review; however, it has been 

proposed there may be both biological and learning mechanisms that underpin these 

relationships.108,221 Furthermore, it suggests that future studies should ensure that 

covariates known to impact on the relationship between motor proficiency and 

academic performance, such as age, gender, SES, executive function (and its 

components), body mass index, and CRF, are measured and reported on when 

examining these outcomes in school-aged children and adolescents. 

3.6.2.2 Gross motor proficiency and academic performance 

The relationships between the components of gross motor proficiency and academic 

performance in mathematics and reading have been investigated less frequently in the 

literature. For example, four or less studies in the review investigated associations 

between academic performance in mathematics and reading and the components 

bilateral coordination and strength, along with total motor proficiency scores. 

Consequently, the evidence to support associations between these variables was 

uncertain, despite several significant positive associations reported by the studies 

examining them. There was sufficient evidence to suggest there was no association 

between balance and academic performance in mathematics, with similar trends 

reported for reading, though this was based on findings from a limited number of 

studies. However, there was sufficient evidence to support a significant very weak to 

weak positive association between academic performance in mathematics and reading 

and upper limb coordination, with promising findings also found for speed and agility. 

Interestingly, these relationships were assessed in several studies involving high 

school participants. This warrants further investigation to determine whether more 

complex gross motor skill training may impact the academic performance of students 

in both primary and high school. 

Several findings from the present review appear to be consistent with those reported 

in the systematic review by van der Fels et al.47 in that the authors also found evidence 
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to support a weak to moderate relationship between academic skills and object control 

skills. However, in contrast to the findings in the present review, van der Fels et al.47 

reported there was insufficient evidence to support a relationship between academic 

skills and fine and gross motor skills and they found no evidence to support a 

relationship between academic skills and bilateral body coordination and timed 

performance in movements. This contrast in findings from the present review is not 

surprising, given the limited number of studies that specifically examined the 

relationship between academic skills and motor skills that were eligible for inclusion in 

the review by van der Fels et al.47 Therefore, the findings from the present review can 

contribute significantly in synthesising the rapidly expanding body of literature 

examining the relationship between motor proficiency and academic performance in 

mathematics and reading in typically developing school-aged children and adolescents. 

3.6.2.3. Impact of motor proficiency interventions on academic performance  

Collectively, the findings from the four experimental studies included in the review 

provide results of a statistically significant effect of motor skill interventions on the 

mathematics and reading performance of children, particularly in the early years of 

school. These results add to the growing body of literature investigating the impact of 

classroom-based PA on the educational outcomes of school students. However, to 

date, studies on this topic have generally been unable to consistently provide sufficient 

detail regarding whether the type of PA used in classroom-based interventions involves 

aerobic, motor, or strength-based activities, or a combination of all types of PA.146 This 

information is essential in understanding the exact type, frequency, duration, and 

intensity of PA used in classroom-based PA interventions that may be required to 

impact learning.30,146 Therefore, the present review included studies that specifically 

incorporated motor skill interventions into the regular school day with studies 

evaluating both academic performance and motor proficiency outcomes before and 

after the interventions.  

The interventions outlined in the studies by Beck et al.218 and Callcott et al.219 involved 

the integration of movement into mathematics and literacy lessons, respectively, thus 

providing examples of classroom-based PA with an academic focus specifically 

incorporating motor skills as the type of PA. The positive findings from these two 

studies included in the present review are generally consistent with those reported by 

several recently published systematic reviews.30,44-46 In their review, Donnelly et al.30 
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reported mixed findings from five studies investigating the impact of integrating PA into 

academic lessons (or physically active lessons) on academic achievement. However, 

three of the five studies found positive associations for increased academic 

achievement in mathematics following physically active lessons.30 A recently published 

systematic review and meta-analysis by Watson et al.46 evaluated the impact of 

classroom-based PA interventions on academic-related outcomes reported in 39 

studies. A total of seven studies from the review assessed the effect of physically active 

lessons on mathematics achievement, with four of the seven studies reporting positive 

outcomes.46 A total of five studies assessed the effect of physically active lessons on 

reading performance, with three of the five studies reporting improved reading 

performance in the intervention group. Overall, the authors from both reviews30,46 

concluded that despite some inconsistent findings, the integration of PA into academic 

lessons generally appeared to have a positive impact on academic performance.  

Classroom-based PA can also involve incorporating PA into the regular school day 

routine, without an academic focus. In the present review, the intervention described 

in the study by Erasmus et al.178 involved a 10-week program delivered by the 

researcher that involved incorporating fine, gross, and perceptual motor exercises into 

the regular school day; however, the program did not appear to have a specific 

academic focus. In their review, Donnelly et al.30 reported that two studies examined 

the impact of specialised PA programs in the school setting on academic performance, 

such as the one described by Erasmus et al.,178 with both studies also reporting 

significant improvements in academic performance in mathematics and reading.  

The intervention outlined in the study by Ericsson220 in the present review involved the 

addition of three extra PE classes into the school week, along with one extra motor 

training class. The positive findings in this study are in contrast to those reported in the 

review by Donnelly et al.30 who found that only two of six studies reported a positive 

effect on academic achievement scores when implementing additional or enhanced 

PE into the school day. However, it is worth noting that the studies included in the 

review by Donnelly et al.30 used cluster randomised designs whereas the study by 

Ericsson220 was classified as having ‘poor’ methodological quality.  

Collectively the authors from reviews on this topic30,44-46 highlighted that the 

implementation of classroom-based PA into the school environment is still a relatively 
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new concept and thus the methodological quality of intervention studies is varied. 

Several limitations within experimental study designs were noted, including variation 

in study design, intervention content, and outcome assessment.30,46 In addition, few 

studies reported the theoretical rationale behind the intervention and provided 

sufficient details about the intervention, including examples of intervention sessions. 

This is consistent with the present review where a varying level of methodological 

quality was also apparent in the four experimental studies, along with varied 

intervention parameters. This suggests that further research is required using more 

robust study designs, to explore further the impact of integrating motor skills into 

academic lessons and/or the regular school day. 

3.6.3. Strengths and limitations 
The present review had several key strengths. Firstly, this review systematically 

synthesised the findings of 55 peer-reviewed studies including a large sample of 

typically developing school-aged participants from over 20 different countries. 

Secondly, to minimise reporting bias, a comprehensive search of health and education 

databases was conducted in accordance with the PRISMA guidelines,157 followed by 

a systematic screening approach to identify eligible studies. Thirdly, to address the first 

aim of the study, a thorough appraisal of the methodological quality of each study was 

undertaken using the modified Downs and Black tool159 that helped guide the 

interpretation of levels of evidence reported by cross-sectional and longitudinal studies 

for associations between motor proficiency and academic performance variables. 

Finally, this review allowed for a more in-depth examination of associations between 

the individual components of performance-related physical fitness (motor proficiency 

in this instance) and two core academic areas at school (mathematics and reading) 

than previously reported. Understanding which specific components of fine and gross 

motor proficiency are more strongly related to mathematical and reading skills may 

inform the design of future experimental studies to further ascertain whether a cause 

and effect relationship exists.  

However, it is important to acknowledge there were also several key limitations in this 

review. Firstly, a limited number of experimental studies with robust study designs (e.g., 

randomised controlled trials) were eligible for inclusion in the present review, with 

findings synthesised from predominantly cross-sectional, longitudinal studies and 

quasi-experimental designs. Secondly, there was considerable heterogeneity of the 



111 
 

outcome measures used between studies to assess motor proficiency and academic 

performance in mathematics and reading, making it difficult to clearly compare and 

interpret the findings across studies.  

The approach used to classify different motor skills measured by studies into 

components of motor proficiency may also be a potential limitation in the current review. 

For example, it was the authors’ discretion to determine the most appropriate category 

of motor proficiency for each motor skill measured, based on Bruininks and Bruininks’ 

definitions of motor proficiency subtests.59 Additionally, outcomes for academic 

performance in mathematics and reading were categorised broadly in the present 

review for ease of interpretation, in favour of being classified by their underlying 

constructs. Therefore, we were unable to determine which specific constructs of 

mathematics and reading may be more strongly related to each component of motor 

proficiency. 

The search strategy in this review was limited to including studies specifically 

examining associations between motor proficiency and academic performance in 

mathematics and reading. However, it was evident that numerous covariates may also 

impact the findings reported in studies when examining typically developing school-

aged children and adolescents. These covariates included demographic factors (e.g., 

age, gender, SES), cognitive factors (e.g., executive function and its components), and 

physical factors (e.g., body mass index, PA levels, CRF, and other health-related 

fitness measures). Although the covariates reported by each eligible study were 

extracted and recorded, their potential contribution to the overall findings were not 

discussed in detail as this was beyond the scope of the review.  

There was variation in the parameters for the motor skill interventions reported among 

the four experimental studies included in the review; thus, factors such as type and 

intensity of motor skill training, along with the duration and frequency of lessons per 

week, differed in each study, making it difficult to determine the most effective dose. 

Given the strict inclusion/exclusion criteria for the present review, several experimental 

studies reporting motor skill interventions were ineligible for inclusion in the review. 

These studies were ineligible as they did not report findings for academic performance 

in mathematics or reading separately, often combining scores of multiple academic 

areas to provide an overall academic achievement score.222,223 Other experimental 
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studies were ineligible as they reported an overall fitness score (e.g., a combination of 

health and performance-related fitness)224 or they did not assess motor proficiency at 

all.225,226 The collective findings reported by these five experimental studies,222-226 

ineligible for inclusion in the present review, also found a positive impact of motor skill 

programs delivered in the school setting on academic performance. Finally, the 

findings from experimental studies synthesised in the present review are based on the 

published evidence available, and thus, publication bias may potentially exist if several 

other studies that have not found significant findings remain unpublished. 

3.7 Conclusion 

This systematic review adds considerably to the rapidly expanding body of literature 

examining associations between PA, fitness, cognition, and academic performance. 

The present review found evidence to support significant positive associations 

between several components of motor proficiency and measures of academic 

performance in mathematics and reading. There was evidence that all components of 

fine motor proficiency were significantly and positively associated with academic 

performance in mathematics, particularly during the early years of school. Similar 

evidence was found to support a significant positive relationship between fine motor 

proficiency (specifically fine motor integration and total fine motor scores) and 

academic performance in reading. There was also evidence for significant positive 

associations between academic performance in mathematics and reading and 

components of gross motor proficiency, specifically upper limb coordination and speed 

and agility, along with overall gross motor proficiency scores. There was also evidence 

that balance was not significantly associated with academic performance in 

mathematics and reading. However, there was either inconsistent or insufficient 

evidence to support associations between the other components of gross motor 

proficiency along with total motor proficiency scores and academic performance. 

Finally, there was some preliminary evidence from a small number of experimental 

studies that the implementation of motor skill interventions in the school setting may 

have a positive impact on academic performance in mathematics and/or reading; 

however, further research is needed to confirm this possibility. Due to the varying levels 

of methodological quality found in the studies included in the review, further 

investigation is warranted, using more robust study designs to explore further the 

impact of motor skill interventions on academic performance. 
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3.7.1 Recommendations and implications for future research 
To allow more accurate comparisons of findings between studies in the future, 

researchers should consider consistently using valid and reliable, standardised 

instruments to assess both fine and gross motor proficiency and academic 

performance variables. Furthermore, to better understand and explain the underlying 

mechanisms of the associations between motor proficiency and academic 

performance, studies should be designed to provide adequate evidence of causality 

through robust experimental designs that compare the effects of both health-related 

and performance-related physical fitness (motor proficiency) interventions on the 

academic performance of school students. Ideally, study designs will also aim to 

control for known demographic, cognitive, and physical confounders. Future findings 

from experimental studies may then be able to ascertain whether motor skill training, 

aerobic fitness, or a combination of both impact cognitive and academic outcomes. 

Finally, given that students with neurodevelopmental disorders attend mainstream 

schools, future research should also examine relationships between motor, cognitive, 

and academic skills in this population to inform potential intervention pathways. 

3.7.2 Recommendations and implications for policy and practice  
Findings from future high-quality experimental studies aimed at enhancing the PA 

levels, physical fitness, and academic performance of school students may inform 

school wellbeing policies and pedagogical approaches to teaching and learning, 

particularly during the early years of school. This topic is relevant to both education 

and paediatric health professionals (including physiotherapists and occupational 

therapists) through their role in the early identification of children experiencing difficulty 

with motor skills, as this may also impact their academic performance. Furthermore, 

given that gross motor skills may be linked to academic performance in high school, 

school policy makers should consider prioritising, from school entry, students’ 

acquisition of motor skills.5 

 

 

 
5 Please note that all references in this chapter are presented in the References section of the thesis  
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4.1 Preface 

Several gaps in the literature were identified in Stage 1 of the thesis framework which 

focussed on defining the problem. With the problem defined (Stage 1), Stage 2 of the 

thesis framework commenced with an intent to generate solutions and address the 

gaps in the literature. The Narrative review (Chapter 2) identified trends in the 

physical development of Australian children including low levels of physical activity, 

physical fitness and motor skill proficiency. These trends were of note given the volume 

of evidence supporting positive relationships between PA, cognition and academic 

performance in children and adolescents. The Systematic review (Chapter 3) 
revealed that there was insufficient evidence found to support associations between 

academic performance and several components of gross motor proficiency 

(specifically bilateral coordination and strength) and total motor proficiency (i.e., a 

combination of fine and gross motor proficiency), given a limited number of studies had 

investigated these specific outcomes. Additionally, it was acknowledged that valid and 

reliable, standardised assessment tools were not consistently used in studies to 

measure motor proficiency.  

Therefore, the study reported in this chapter examined the associations between fine 

and gross motor proficiency and academic performance in mathematics and reading 

specifically in Year 1 children. This study involved examining baseline data collected 

from the cohort of 55 Year 1 children involved in a school-based participatory action 

project, the Tweed Healthy Schools Project. Data collection occurred prior to the 

commencement of the 12-week classroom-based gross motor program that is 

described in Study 4 (Chapter 7). 

The cross-sectional study reported in this chapter was published in a peer-reviewed 

journal in 2020. The formatting of the original published manuscript has been amended 

to be consistent with the thesis style, and the citation for the published manuscript is: 

https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-020-1967-8  

Macdonald K, Milne N, Orr R, Pope R. Associations between motor proficiency and 

academic performance in mathematics and reading in year 1 school children: a cross-

sectional study. BMC Pediatr. 2020; 20: 69. doi: 10.1186/s12887-020-1967-8 under 

Creative Commons Attribution Licence (CC BY 4.0)  

https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-020-1967-8
https://creativecommons.org/licenses/by/4.0/
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4.2 Abstract 

Background: A key priority for learning during the early years of school is for children 

to develop skills in numeracy and literacy. Consequently, less time may be allocated 

in the curriculum to foster other important developmental areas, including the ongoing 

motor skill development of school children, which has been positively linked to 

academic performance. In order to promote holistic approaches to teaching and 

learning in the early years of school, it is necessary to further delineate the nature of 

associations between motor skills and foundation academic skills. The aim of this study 

was to examine associations between fine and gross motor proficiency and academic 

performance in mathematics and reading in Year 1 children.  

Methods: A cross-sectional study was conducted with Year 1 children from two 

primary schools in New South Wales, Australia (N = 55; 25 boys, 30 girls; mean age = 

6.77 ± 0.40 years). The Bruininks-Oseretsky Test of Motor Proficiency – 2nd Edition 

and the Wechsler Individual Achievement Test – 2nd Edition – Australian Standardised 

Edition were used to assess motor proficiency and academic performance in 

mathematics and reading, respectively. Associations between the components of 

motor proficiency and academic outcomes were examined using Pearson’s and 

Spearman’s correlation analyses. Hierarchical multiple linear regression analyses 

were conducted to determine how much variance in mathematics and reading 

composite scores could be explained by motor proficiency after controlling for age.  

Results: A significant moderate positive association was found between total motor 

composite and mathematics composite scores (r = .466, p < .001). Fine manual control 

composite scores were significantly associated with both mathematics (rs = .572, p < 

.001) and reading (rs = .476, p = .001) composite scores. After controlling for age, fine 

motor integration was the only component of motor proficiency that explained 

significant variance in mathematics and reading composite scores.  

Conclusions: The results of the study revealed that Year 1 children’s overall motor 

proficiency was significantly related to their mathematical ability. Children’s fine motor 

integration skills were also predictive of mathematics and reading ability. These study 

findings may interest both early childhood educators and paediatric health 

professionals. 
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4.3 Background 

The foundation for every child’s physical, cognitive, social and emotional development 

is laid during the early childhood period.1 Success in these closely interrelated 

developmental domains during the early years is proposed to lead to positive health, 

education and social outcomes during adulthood.53 In Australia, a key priority in the 

early years of school is for children to develop foundation skills in numeracy and 

literacy.3 Consequently, there may be less time allocated in the curriculum to foster 

other important developmental areas, including the ongoing motor skill development of 

school children. Low competency in movement skills is reported to be associated with 

lower cardiorespiratory fitness (CRF) and physical activity (PA) levels in Australian 

children and adolescents.89 This is concerning, considering the physical health and 

socio-emotional benefits of children and young people’s participation in regular PA are 

well-established and important in the prevention of non-communicable diseases such 

as heart disease and stroke.82,85 

Beyond the home environment, schools play an integral role in promoting the holistic 

development of students in the early years of school.3 In fact, an expanding body of 

literature has identified that significant, positive relationships exist between PA, health 

and skill (or performance) related physical fitness, cognition and academic 

performance in children and adolescents; however, evidence for causality is yet to be 

determined.30,34 It has been proposed that coordination or perceptual-motor tasks and 

aerobic activities may differ in the way they affect the structure and function of the 

developing brain.38,39,41 However, relationships between motor proficiency, cognition 

and academic performance have received less attention than relationships between 

the components of health-related physical fitness, such as CRF, cognition and 

academic performance.41  

Early studies investigating relationships between motor skill development and 

academic performance reported significant positive longitudinal associations between 

fine and gross motor composite scores assessed in Kindergarten and mathematics 

and reading achievement assessed in the later years of primary school.156,185,187,193 A 

recently published systematic review by Macdonald et al.227 found a strong level of 

evidence from observational studies to support significant positive associations 

between fine motor proficiency, particularly fine motor integration, and academic 
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performance in mathematics and reading in children. There was also evidence, 

although weaker, to support several significant positive associations between 

academic performance and gross motor proficiency; specifically upper limb 

coordination, speed and agility and gross motor composite scores.227 Associations 

between specific gross motor skills and academic outcomes have been investigated 

less extensively than associations between fine motor skills and academic outcomes 

in children in the early years of school, with the majority of studies reporting outcomes 

for gross motor composite scores or total motor composite scores (i.e., a combination 

of fine and gross motor skills).156,187,193 Consequently, inconsistent or insufficient 

findings have been reported regarding the relationships between several specific 

components of gross motor proficiency and academic performance in mathematics 

and reading.227  

Overall, a more comprehensive understanding of how the different components of 

gross motor proficiency are related to mathematics and reading skills in children in the 

early years of school is needed. Given this background, the aim of this study was to 

examine associations between fine and gross motor proficiency and academic 

performance in mathematics and reading in Year 1 school children. It was 

hypothesised that motor proficiency would be positively related to academic 

performance in mathematics and reading; however, it was anticipated that fine motor 

proficiency would be more strongly related to mathematics and reading outcomes than 

gross motor proficiency.  

4.4 Methods 

4.4.1 Setting and study design 
This study was conducted in parallel with the Tweed Healthy Schools Project (THSP), 

an interprofessional clinical placement program for university health science students 

based in a school setting. A cross-sectional research design was employed, examining 

data collected at the start of the THSP. Ethics approval for the study was obtained from 

the Bond University Human Research Ethics Committee (Protocol number RO1836) 

and gatekeeper approval was granted by the State Education Research Approval 

Process in New South Wales, Australia (Reference number: 2014075). Parental 

consent was obtained in writing to confirm participation of each student involved in the 

study. 
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4.4.2 Recruitment and study participants 
Students from three mainstream Year 1 classes enrolled at two public primary schools 

in the northern region of New South Wales, Australia, were recruited from May to July 

2014 to participate in the study. Following gatekeeper approval from the principals at 

both schools, information sheets and consent forms were circulated to the parents of 

children across the three Year 1 classes. All students enrolled in the three Year 1 

classes (n = 64) were invited and eligible to participate in the study provided their 

parents consented and the students themselves indicated assent. The study sample 

consisted of 55 Year 1 children (n = 25 boys; n = 30 girls; mean age 6.77±0.40 years, 

range 5.42-7.75 years). 

4.4.3 Predictors, outcome measures and covariates 

4.4.3.1 Motor proficiency 

The Bruininks-Oseretsky Test of Motor Proficiency – 2nd Edition (BOT-2) Complete 

Form is a valid and reliable standardised motor assessment tool used for both clinical 

and research purposes.59 The BOT-2 assesses the motor proficiency of individuals 

aged four to 21 years.59 The tool measures fine and gross motor proficiency across 

eight individual subtests. Components of fine motor proficiency include fine motor 

precision (e.g., precise control of finger/hand movement), fine motor integration (e.g., 

precise control of finger/hand movement with the ability to integrate visual stimuli with 

motor control) and manual dexterity (e.g., reaching, grasping and bimanual 

coordination with small objects).59 The components of gross motor proficiency include 

upper limb coordination (e.g., visual tracking with coordinated arm and hand 

movement), bilateral coordination (e.g., body control, sequential and simultaneous 

coordination of the upper and lower limbs), balance (e.g., motor control skills integral 

for maintaining posture when standing, walking), running speed and agility (e.g., 

shuttle run, hopping and jumping over a balance beam) and strength (e.g., trunk, upper 

and lower body strength).59 Subtests may then be aggregated to yield four motor 

composites, including fine manual control (fine motor precision, fine motor integration), 

manual coordination (manual dexterity, upper limb coordination), body coordination 

(bilateral coordination, balance) and strength and agility (running speed and agility, 

strength). Due to differences in performance between girls and boys in subtests, sex 

and age-specific norms are used to interpret the scores of each assessment item. The 

total point score of each item was converted to scale scores for subtests and standard 
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scores for motor composites. A total motor composite score was then calculated from 

the sum of standard scores for the motor composites. A standard score between 40 to 

60 equates to a descriptive category of ‘average’ motor proficiency. Strong evidence 

for test-retest reliability (r = 0.63-0.91 for ages 4-7 years), internal consistency (α = 

0.76-0.95 for mean age 4-7 years) and interrater reliability (r = 0.86-0.99 for ages 4-21 

years) has been reported for the BOT-2.59,74 The BOT-2 is also deemed a valid test for 

evaluating motor proficiency, with scores able to differentiate between different clinical 

groups (e.g., groups with Developmental Coordination Disorder, Autism Spectrum 

Disorder).59,74 

4.4.3.2 Academic performance in mathematics and reading 

The Wechsler Individual Achievement Test – 2nd Edition – Australian Standardised 
Edition (WIAT-II Australian) is a valid and reliable test of academic performance.112 

The WIAT-II Australian measures the achievement of individuals aged four to 85 years 

across the academic areas of reading, mathematics, written language and oral 

language.112 The mathematics and reading composites were administered in this study, 

comprising five of the nine individual subtests in the achievement test. The 

mathematics composite included the maths reasoning and numerical operations (e.g., 

identifying and writing numbers) subtests. The reading composite included the word 

reading (e.g., phonological awareness and decoding skills), pseudoword decoding 

(e.g., phonetic decoding skills) and reading comprehension subtests. Standard scores 

were calculated based on participant age (in years and months) for each subtest, 

reading composite and mathematics composite. A standard score between 90 and 110 

equates to a descriptive category of ‘average’ achievement. The age-based, inter-item 

reliability coefficients for the mathematics and reading subtests for children aged six 

and seven years range between 0.79 and 0.98.112 The content, construct and criterion-

related validity of the test have been investigated and correlations with other 

individually administered achievement tests are considered adequate.112 The user 

level assigned to the WIAT-II Australian restricts administration of the test to Allied 

Health (including physiotherapy) or Special Education professionals.228 

4.4.3.3 Covariates 

Age, sex, ethnicity, school class and the Index of Community Socio-Educational 

Advantage (ICSEA) were measured as potential covariates. ICSEA is a scale of socio-

educational advantage that takes into account the family background of school 
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students, along with school level factors such as geographical location and student 

demographics.229 The ICSEA is set at an average of 1000 with the lower the ICSEA 

value, the lower the level of educational advantage of students attending the school. 

Parents/caregivers were also asked to complete a questionnaire outlining any relevant 

medical history for their child, along with any reason why their child may not be able to 

participate in the study.  

4.4.4 Procedure 
Motor and academic assessments were conducted on separate days at the beginning 

of the third school term (July 2014). All assessments took place during the regular 

school day, with permission from the classroom teacher. Prior to the commencement 

of the study, three physiotherapy and three exercise science university students were 

trained by a registered physiotherapist to administer the BOT-2. Under the supervision 

of a registered physiotherapist, physiotherapy and exercise science university students 

administered the BOT-2 Complete Form, which took approximately 40 to 60 min per 

participant. The WIAT-II Australian test was individually administered by a registered 

physiotherapist who had completed the recommended training prior to administering 

the assessment tool and also had experience working with children. The test took 

approximately 45 to 60 min for each participant and took place in a quiet room to 

minimise the influence of distractions on performance. 

4.4.5 Statistical analysis 
Statistical analyses for this study were conducted using the Statistical Package for the 

Social Sciences (Version 26).230 Descriptive statistics including mean, standard 

deviation (SD) and range were calculated for numerical variables including age, motor 

proficiency and academic performance. Frequencies (%) were calculated for 

categorical variables including sex and ethnicity. Normality of distributions and equality 

of variances were assessed to determine whether assumptions for parametric statistics 

were met. When variables did not meet the assumptions for using parametric tests, 

non-parametric statistical tests were employed. When assessing sex as a potential 

covariate for subsequent analyses examining relationships between motor proficiency 

and academic performance, independent samples t-tests were performed to determine 

any significant differences in mean age, academic scores and motor proficiency scores 

between girls and boys within the participant sample. Similarly, one way analyses of 

variance (ANOVA) with Bonferroni post hoc tests (using an overall alpha level of .05) 
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were performed to determine any significant differences between the three classes and 

three ethnic groups in academic performance scores. Pearson’s and Spearman’s 

correlation analyses were performed to examine relationships between both age and 

academic performance scores. Pearson’s correlation analyses were subsequently 

used to examine the relationships between motor proficiency and academic 

performance in mathematics and reading for the total sample. Where assumptions of 

normality were not met, Spearman’s correlation analyses were performed on ranked 

data to analyse relationships between motor proficiency and academic performance 

variables. To account for multiple analyses of associations, Bonferroni corrections 

were applied to tests of significance in the correlational analyses. To describe the 

strength of correlation (r) between motor proficiency and academic performance 

variables, the rating guide described by Evans164 was used as follows; r = 0.00–0.19 

(very weak), r = 0.20–0.39 (weak), r = 0.40–0.59 (moderate), r = 0.60–0.79 (strong), 

and r = 0.80–1.0 (very strong). Finally, hierarchical multiple linear regression analyses 

were performed to determine how much variance in mathematics or reading composite 

scores (dependent variables) could be explained by each of the motor proficiency scale 

scores (independent variables) while controlling for covariates, enabling the relative 

predictive contribution of the components of motor proficiency to be assessed. 

Sensitivity analyses were conducted by repeating regression analyses with the 

removal of any outliers that were identified. To determine the effect size for the 

proportion of unique variance in academic performance explained by each predictor 

variable, Cohen’s f2 was calculated. According to Cohen’s231 conventions, an effect 

size of .02 can be considered small, .15 can be considered medium and .35 can be 

considered large. A significance level of 5% (α = 0.05) was applied to all statistical 

tests, with Bonferroni corrections when appropriate. A statistical power analysis using 

G*Power 3232 indicated that the correlation analyses would have an 80% power to 

detect a correlation between two variables of 0.39 (a weak correlation) or greater if the 

sample numbered at least 50 participants, assuming an alpha level of 0.05. 

4.5 Results 

While 64 Year 1 children were invited to participate in the study, the parents of nine 

children did not provide consent for their child’s participation, leaving data for 55 

children available for analysis. Figure 10 summarises the flow of participants through 

the study.  
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Figure 10: Flow of participants through the study. 

Characteristics of the study participants are presented in Table 11. 

Table 11: Characteristics of the Year 1 student participants. 

Characteristic  n (%) 

Sex 
 
 
Ethnicity^ 

 
 
 
ICSEA 
 

Boys 
Girls 
 
White 
Asian/Pacific Islander 
Other 
 
ICSEA 965 
ICSEA 1011 

25 (45.5) 
30 (54.5) 

 
48 (87) 

3 (6) 
4 (7) 

 
38 (69) 
17 (31) 

ICSEA = Index of Community Socio-Educational Advantage (average = 1000) 
^ Ethnicity classified according to the categories outlined in the BOT-2. 
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Based on responses from parental/caregiver questionnaires, no child included in the 

present study had been previously diagnosed with an intellectual disability. Additionally, 

all children were drawn from and functioning in mainstream Year 1 classes. 

4.5.1 Motor proficiency and academic performance  
The Australian normative scores for the pseudoword decoding subtest, reading 

comprehension subtest and the reading composite of the WIAT-II Australian were only 

available for participants aged 5 years, 8 months and older, resulting in this data being 

unavailable for one participant (age = 5.42 years) and leaving data available for these 

subtests from 54 of the 55 participants (Figure 9). Means, SD and ranges of 

performance data for the BOT-2 and WIAT-II Australian (both by total sample and sex) 

are presented in Table 12.  

Overall, the mean total motor composite standard score for the total sample was 51.56 

± 10.65 (range 22-79), which was considered ‘average’ motor proficiency. This was 

consistent with the mean of the normative sample,59 falling between ±1 SD for age and 

sex-specific norms (i.e., mean = 50, SD = 10, range 20-80). The mean mathematics 

composite standard score (94.87 ± 15.60, range 64-148) and mean reading composite 

standard score (97.96 ± 16.70, range 66-132) for the total sample were considered 

‘average’ achievement. Each was slightly below but still within ±1 SD of the mean of 

the Australian normative sample (i.e., mean = 100, SD = 15, range 40-160).112 Finally, 

the mean total motor composite, mathematics composite and reading composite 

standard scores were categorised ‘average’ for both boys and girls (Table 12).  
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Table 12: Mean, standard deviation (SD) and ranges for age, motor proficiency, mathematics ability and reading ability for all participants and separately for 

boys and girls. 

Measure Total (n = 55) Boys (n = 25) Girls (n = 30) 
Mean SD Range Mean SD Range Mean SD Range 

Age (years) 
 
Motor proficiency 
Fine motor precisiona 
Fine motor integrationa 
Fine manual controlb 
Manual dexteritya 
Upper limb coordinationa 
Manual coordinationb 
Bilateral coordinationa 
Balancea 
Body coordinationb 
Running speed and agilitya 
Strengtha 
Strength and agilityb 
Total motor compositeb 
 
Mathematics ability 
Maths reasoningc 
Numerical operationsc 
Mathematics compositec 
 
Reading ability 
Pseudoword decodingc (n=54) 
Word readingc 
Reading comprehensionc (n=54) 
Reading compositec (n=54) 

6.77 
 
 

13.67 
15.95 
49.53 
14.25 
16.31 
50.98 
17.58 
15.89 
54.49 
16.65 
13.67 
49.87 
51.56 

 
 

93.84 
94.67 
94.87 

 
 

96.61 
100.27 
97.09 
97.96 

0.40 
 
 

3.83 
4.47 
8.73 
4.22 
6.13 

10.12 
4.01 
4.02 
9.11 
4.53 
4.92 
9.49 

10.65 
 
 

16.33 
14.96 
15.60 

 
 

15.00 
16.84 
13.52 
16.70 

5.42-7.75 
 
 

3-24 
3-23 

23-68 
4-21 
1-28 

24-66 
5-24 
7-25 

32-70 
4-29 
4-26 

29-80 
22-79 

 
 

51-144 
61-140 
64-148 

 
 

71-127 
69-132 
62-127 
66-132 

6.81 
 
 

13.88 
16.76 
50.84 
15.32 
16.56 
52.40 
18.76 
16.28 
56.64 
17.08 
13.60 
50.72 
53.40 

 
 

97.80 
95.56 
97.48 

 
 

97.88 
100.28 
96.92 
98.88 

 

0.31 
 
 

3.79 
3.96 
8.05 
3.90 
5.80 
9.59 
3.63 
3.78 
8.49 
4.96 
4.64 

10.21 
10.54 

 
 

17.06 
15.93 
16.52 

 
 

15.99 
17.69 
15.31 
18.35 

6.25-7.42 
 
 

5-24 
5-23 

29-68 
5-21 
4-25 

30-64 
8-22 
7-23 

34-70 
4-29 
5-26 

29-80 
27-79 

 
 

51-144 
66-140 
70-148 

 
 

75-126 
70-131 
62-127 
67-132 

 

6.74 
 
 

13.50 
15.27 
48.43 
13.37 
16.10 
49.80 
16.60 
15.57 
52.70 
16.30 
13.73 
49.17 
50.03 

 
 

90.53 
93.93 
92.70 

 
 

95.52 
100.27 
97.24 
97.17 

 

0.46 
 
 

3.92 
4.82 
9.25 
4.33 
6.49 

10.55 
4.11 
4.25 
9.36 
4.19 
5.22 
8.95 

10.67 
 
 

15.20 
14.33 
14.71 

 
 

14.29 
16.40 
12.04 
15.43 

5.42-7.75 
 
 

3-22 
3-22 

23-66 
4-19 
1-28 

24-66 
5-24 
8-25 

32-68 
7-24 
4-24 

29-65 
22-70 

 
 

63-116 
61-131 
64-125 

 
 

71-127 
69-132 
66-124 
66-127 

 
a Motor proficiency assessed by BOT-2: Normative sample scale score (M = 15, SD = 5, range = 1-35). Scores adjusted for chronological age (in years and months) and sex.  
b Motor proficiency assessed by BOT-2: Normative sample standard score (M = 50, SD = 10, range = 20-80). Scores adjusted for chronological age (in years and months) and 
sex.  
c Mathematics and reading ability assessed by WIAT-II Australian: Normative sample standard score (M = 100, SD = 15, range = 40-160). Scores adjusted for chronological 
age (in years and months) 
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4.5.2 Relationships between motor proficiency and mathematical skills 
Overall, for the total sample, significant moderate positive correlations were found 

between mathematics composite scores and total motor composite (r = .466, p <. 001) 

and fine manual control composite scores (rs = .572, p < .001) (Table 13). Significant 

moderate positive correlations were evident between mathematics composite scores 

and the fine motor precision (rs = .449, p = .001) and fine motor integration (rs = .525, 

p < .001) subtests (Table 14). Significant moderate positive correlations were also 

found between the maths reasoning subtest and the fine motor precision (rs = .449, p 

= .001), fine motor integration (rs = .530, p < .001) and manual dexterity (rs = .436, p 

= .001) subtests (Table 14). However, significant moderate positive correlations were 

only found for the numerical operations subtest with the fine motor integration subtest 

(rs = .461, p < .001) (Table 14). 
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Table 13: Correlations between motor proficiency composites (standard scores) and mathematical and reading outcomes (standard scores) for total sample. 

Measure Fine manual control Manual coordination Body coordination Strength and agility Total motor composite 

Mathematics composite (n = 55) rs = .572 (<.001)* r =.399 (.003) 
 

rs = .296 (.028) r = .389 (.003) 
 

r = .466 (<.001)* 
 

Maths reasoning (n = 55) rs = .587 (<.001)* r = .382 (.004) 
 

rs = .264 (.051) r = .354 (.008) 
 

r = .448 (.001)* 
 

Numerical operations (n = 55) rs = .472 (<.001)* r = .382 (.004) rs = .264 (.051) r = .387 (.004) r = .439 (.001)* 

Reading composite (n = 54) rs = .476 (.001)* rs = .299 (.028) rs = .142 (.307) rs = .180 (.193) rs = .316 (.020) 

Pseudoword decoding (n = 54) rs = .438 (.001)* rs = .296 (.030) 
 

rs = .194 (.159) rs = .195 (.158) 
 

rs = .344 (.011) 
 

Word reading (n = 55) rs = .521 (<.001)* r = .319 (.017) 
 

rs = .154 (.263) r = .215 (.115) 
 

r = .362 (.007) 
 

Reading comprehension (n = 54) rs = .395 (.003) r = .284 (.037) 
 

rs = .029 (.832) r = .144 (.298) 
 

r = .270 (.048) 
 

Spearman’s rho (rs) and Pearson’s (r) correlation coefficients are reported as appropriate.    
*p ≤ .05 (significant correlations after conducting Bonferroni correction at α = 0.05 / 35 = 0.0014) 
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Table 14: Correlations between motor proficiency subtests (scale scores) and mathematical and reading outcomes (standard scores) for total sample. 

Measure Fine motor 
precision 

Fine motor 
integration 

Manual dexterity Upper limb 
coordination 

Bilateral 
coordination 

Balance Running speed 
and agility 

Strength 

Mathematics 
composite  
(n = 55) 

rs = .449 (.001)* rs = .525 (<.001)* rs = .391 (.003) r = .274 (.043) 
 

rs = .361 (.007) r = .231 (.090) 
 

r = .387 (.004) 
 

r = .291 (.031) 
 

Maths 
reasoning  
(n = 55) 

rs = .449 (.001)* rs = .530 (<.001)* rs = .436 (.001)* r = .233 (.087) 
 

rs = .331 (.013) r = .224 (.100) 
 

r = .365 (.006) 
 

r = .256 (.059) 
 

Numerical 
operations  
(n = 55) 

rs = .357 (.007) rs = .461 (<.001)* rs = .306 (.023) r = .296 (.028) 
 

rs = .331 (.014) r = .217 (.111) 
 

r = .380 (.004) 
 

r = .293 (.030) 
 

Reading 
composite  
(n = 54) 

rs = .368 (.006) rs = .470 (<.001)* rs = .254 (.064) rs = .289 (.034) rs = .259 (.058) rs = .163 (.240) rs = .252 (.065) rs = .162 (.241) 

Pseudoword 
decoding  
(n = 54) 

rs = .311 (.022) rs = .459 (<.001)* rs = .250 (.069) rs = .279 (.041) rs = .353 (.009) rs = .156 (.261) rs = .251 (.068) rs = .188 (.174) 

Word reading  
(n = 55) 

rs = .395 (.003) rs = .512 (<.001)* rs = .210 (.123) r = .301 (.026) 
 

rs = .221 (.104) r = .235 (.084) 
 

r = .269 (.047) 
 

r = .122 (.375) 
 

Reading 
comprehension 
(n = 54) 

rs = .301 (.027) rs = .391 (.004) rs = .245 (.074) r = .214 (.120) 
 

rs = .141 (.308) r = .174 (.209) 
 

r = .200 (.147) 
 

r = .078 (.576) 
 

Spearman’s rho (rs) and Pearson’s (r) correlation coefficients are reported as appropriate.   
*p ≤ .05 (significant correlations after conducting Bonferroni correction at α = 0.05 / 56 ≈ 0.001) 
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4.5.3 Relationships between motor proficiency and reading skills 
Significant moderate positive correlations were evident between the reading composite 

and fine manual control composite (rs = .476, p = .001) (Table 13) and fine motor 

integration subtest (rs = .470, p < .001) (Table 13). There were significant moderate 

positive correlations between the pseudoword decoding and word reading subtests 

and the fine manual control composite (rs = .438, p = .001 and rs = .521, p < .001 

respectively) (Table 12) and fine motor integration subtest (rs = .459, p < .001 and rs 

= .512, p <.001 respectively) (Table 14).  

4.5.4 Covariates 
Following consideration of a range of possible covariates, only participant age was 

included in subsequent regression analyses. Correlation analyses revealed a 

significant negative weak correlation between age (measured in years and months) 

and mathematics composite scores (r = -.327, p = .015) but a non-significant 

relationship between age and reading composite scores (rs = -.197, p = .154). Although 

no such relationship was found for reading composite scores, given that age is known 

to be a key factor affecting scores on academic tests, it was included in subsequent 

regression analyses as a covariate wherever mathematics composite or reading 

composite scores were the dependent variables. No significant relationships between 

mathematics or reading composite scores and sex or school class or ICSEA or 

ethnicity were detected, and thus none of these were included as covariates in 

subsequent analyses. 

4.5.5 Predictors of academic performance in mathematics 
To determine how much variance in mathematics performance could be explained by 

the components of motor proficiency beyond that accounted for by age, a hierarchical 

multiple regression analysis was conducted. Findings from the simple correlation 

analyses (Tables 13 and 14) were used to guide the motor proficiency variables that 

were entered into regression models, and these included fine motor integration and 

fine motor precision. Preliminary analyses found no violation of the assumptions of 

linearity, multicollinearity and homoscedasticity.233,234 However, a standardised 

residual greater than 3SD was found for one participant and was thus identified as an 

outlier and subsequently considered in a sensitivity analysis. Variables were entered 

into the model in the following steps: Age at step 1, fine motor precision at step 2 and 

fine motor integration at step 3 (Table 15). In combination, at step 3, the three predictor 
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variables explained 34.7% of the variance in mathematics performance (R2 = .347, 

adjusted R2 = .309, ΔR2 = .094, F(3, 51) = 9.03, p < .001). By Cohen’s231 convention, 

this was considered a large combined effect (f2 = 0.53). As can be seen in Table 15, in 

the final regression model, only fine motor integration (β = .430, p = .009) was a 

significant predictor of mathematics performance. 

A sensitivity analysis was performed to examine whether results from this hierarchical 

multiple regression analysis were influenced by the outlier in the sample (Table 16). 

Following removal of the outlier, in combination, at step 3, the three predictor variables 

explained 39.2% of the variance in mathematics performance (R2 = .392, adjusted R2 

= .355, ΔR2 = .084, F(3, 50) = 10.73, p < .001). By Cohen’s231 convention, this was 

considered a large combined effect (f2 = 0.64). When the outlier was removed from the 

sample, fine motor integration (β=.407, p=.012) and age (β = -.244, p = .036) were both 

significant predictors of mathematics performance (Table 16). 



Table 15: Proportions of variance in (i) mathematical performance of Year 1 students that could be explained by fine motor precision and fine motor integration 

subtests, beyond that accounted for by age; (ii) reading performance of Year 1 students that could be explained by fine motor precision and fine motor 

integration subtests, beyond that accounted for by age. 

 R R2 F, (df), p Adj R2 ΔR2 ΔF, (df), p B, [95% CI], SE B β t, p 
 

Mathematics 
Step 1 
Age 
 
Step 2 
Age 
Fine motor precision 
 
Step 3 
Age 
Fine motor precision 
Fine motor integration 
 
Reading  
Step 1 
Age 
 
Step 2 
Age 
Fine motor precision 
 
Step 3 
Age 
Fine motor precision 
Fine motor integration 

 
.327 

 
 

.503 
 
 
 

.589 
 
 
 
 
 

.202 
 

 
.387 

 
 
 

.502 

 
.107 

 
 

.253 
 
 
 

.347 
 
 
 
 
 

.041 
 

 
.150 

 
 
 

.252 
 

 
6.37, (1, 53), <.015 

 
 

8.82, (2, 52), .001 
 
 
 

9.03, (3, 51), <.001 
 
 
 
 
 

2.21, (1, 52), .143 
 

 
4.50, (2, 51), .016 

 
 
 

5.60, (3, 50), .002 

 
.090 

 
 

.225 
 
 
 

.309 
 
 
 

 
 

.022 
 

 
.117 

 
 
 

.207 
 

 
.107 

 
 

.146 
 
 
 

.094 
 
 
 
 
 

.041 
 

 
.109 

 
 
 

.102 
 

 
6.37, (1, 53), .015 

 
 

10.18, (1, 52), .002 
 
 
 

7.31, (1, 51), .009 
 
 
 
 
 

2.21, (1, 52), .143 
 

 
6.56, (1, 51), .013 

 
 
 

6.79, (1, 50), .012 
 

 
181.35, [112.49, 250.22], 34.34 

-12.77, [-22.92, -2.62], 5.06 
 

145.97, [78.58, 213.36], 33.58 
-10.72, [-20.19, -1.25], 4.72 

1.57, [0.58, 2.56], 0.49 
 

124.19, [58.50, 189.88], 32.72 
-8.65, [-17.72, 0.43], 4.52 
0.39, [-0.89, 1.67], 0.64 
1.50, [0.39, 2.61], 0.55 

 
 

162.04, [75.40, 248.68], 43.18 
-9.43, [-22.16, 3.30], 6.34 

 
124.47, [36.98, 211.97], 43.58 

-6.82, [-19.10, 5.46], 6.12 
1.45, [0.31, 2.59], 0.57 

 
109.41, [25.65, 193.18], 41.71 

-5.81, [-17.47, 5.86], 5.81 
0.10, [-1.40, 1.60], 0.75 
1.68, [0.39, 2.98], 0.65 

 

 
 

-.327 
 
 

-.275 
.386 

 
 

-.222 
.096 
.430 

 
 
 

-.202 
 
 

-.146 
.335 

 
 

-.124 
.022 
.450 

 
5.28, <.001 
-2.52, .015 

 
4.35, <.001 
-2.27, .027 
3.19, .002 

 
3.80, <.001 
-1.91, .061 
0.61, .544 
2.70, .009 

 
 

3.75, <.001 
-1.49, .143 

 
2.86, .006 
-1.12, .270 
2.56, .013 

 
2.62, .012 
-1.00, .322 
0.13, .898 
2.61, .012 

 
R square (R2), Adjusted R square (Adj R2), F-statistic (F), degrees of freedom (df), unstandardised coefficient (B), standardised (β) regression coefficients; confidence interval 
(CI), standard error (SE), t-statistic (t). Significant p-values (p < .05) in bold 
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Table 16: Proportions of variance in mathematical performance of Year 1 students that could be explained by fine motor precision and fine motor integration 

subtests, beyond that accounted for by age following removal of outlier. 

 R R2 F, (df), p Adj R2 ΔR2 ΔF, (df), p B, [95% CI], SE B β t, p 

Mathematics 
Step 1 
Age 
 
Step 2 
Age 
Fine motor precision 
 
Step 3 
Age 
Fine motor precision 
Fine motor integration 

 
.352 

 
 

.555 
 
 
 

.626 
 
 

 
.124 

 
 

.308 
 
 
 

.392 
 

 

 
7.37, (1, 52), .009 

 
 

11.35, (2, 51), <.001 
 
 
 

10.73, (3, 50), <.001 

 
.107 

 
 

.281 
 
 
 

.355 
 

 
.124 
 
 
.184 
 
 
 
.084 

 

 
7.37, (1, 52), .009 

 
 

13.56, (1, 51), .001 
 
 
 

6.87, (1, 50), .012 
 

 
176.19, [115.24, 237.14], 30.37 

-12.15, [-21.13, -3.17], 4.48 
 

141.13, [83.17, 199.10], 28.87 
-10.12, [-18.26, -1.98], 4.06 

1.56, [0.71, 2.41], 0.42 
 

123.13, [66.51, 179.76], 28.19 
-8.42, [-16.24, -0.59], 3.90 

0.57, [-0.54, 1.67], 0.55 
1.26, [0.30, 2.23], 0.48 

 
 

-.352 
 
 

-.293 
.433 

 
 

-.244 
.157 
.407 

 
5.80, <.001 
-2.71, .009 

 
4.89, <.001 
-2.50, .016 
3.68, .001 

 
4.37, <.001 
-2.16, .036 
1.03, .310 
2.62, .012 

R square (R2), Adjusted R square (Adj R2), F-statistic (F), degrees of freedom (df), unstandardised coefficient (B), standardised (β) regression coefficients; confidence interval 
(CI), standard error (SE), t-statistic (t). Significant p-values (p < .05) in bold 
 
 
 
 



134 
 

4.5.6 Predictors of academic performance in reading 
To determine how much variance in reading performance could be explained by the 

components of motor proficiency beyond that accounted for by age, a separate 

hierarchical multiple regression analysis was conducted. The two motor proficiency 

subtests most significantly correlated with reading composite scores were fine motor 

precision and fine motor integration (Table 14). Variables were entered into the model 

in the following steps: Age at step 1, fine motor precision at step 2 and fine motor 

integration at step 3 (Table 15). In combination, at step 3, the three predictor variables 

explained 25.2% of the variance in reading performance (R2 = .252, adjusted R2 = .207, 

ΔR2 = .102, F(3, 50) = 5.60, p = .002). By Cohen’s231 convention, this was considered 

a medium combined effect (f2 = 0.34). As can be seen in Table 15, in the final 

regression model, fine motor integration (β = .450, p = .012) was the only significant 

predictor of reading performance.  

4.6 Discussion 

The purpose of this study was to examine associations between fine and gross motor 

proficiency and academic performance in mathematics and reading in Year 1 school 

children. Several key findings were evident. Firstly, significant moderate positive 

correlations were found between total motor composite and mathematics composite 

scores. Secondly, the fine manual control composite was significantly associated with 

both mathematics and reading composite scores. Finally, after controlling for age, fine 

motor integration was the only component of motor proficiency that was a significant 

predictor of mathematics and reading composite scores. The combined effect also 

appeared to be larger for mathematics (f2 = 0.53) than reading (f2 = 0.34) suggesting 

that fine motor integration skills may have a stronger association with mathematics 

than reading performance. Collectively, the findings from this study highlight the 

importance of educators promoting the holistic development of students, including their 

motor skill development, in early primary school classrooms. 

4.6.1 Fine motor proficiency, mathematics and reading ability 
Findings from the present study are consistent with other cross-sectional research 

examining associations between fine motor proficiency, mathematics and reading skills 

in Year 1 children.181,182 For example, Pienaar et al.182 found that visual motor 

integration skills were more strongly associated with mathematics and reading 
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performance than total motor proficiency in a large sample of socio-economically 

disadvantaged first grade learners from South Africa. Significant medium to strong 

correlations between the maths reasoning subtest of the WIAT-II and the fine motor 

precision (r = .597, p < .001) and fine motor integration (r = .569, p < .001) subtests of 

the BOT-2 have also been reported in a small sample of Year 1 children in the UK.181 

However, similar to the findings in the present study, significant correlations were only 

found between the word reading and fine motor integration subtests (r = .377, p = .003), 

but not fine motor precision (r = .198, p = .129) in the sample of Year 1 children in the 

UK.181  

Analyses conducted in the present study revealed that after accounting for age and 

fine motor integration, fine motor precision was not a significant predictor of 

mathematics and reading composite scores in this sample of Year 1 children. This is 

consistent with other studies that have specifically evaluated relationships between 

academic performance in mathematics and reading and the individual components of 

fine motor skills, including fine motor integration (or visual motor integration), fine motor 

precision and manual dexterity (or fine motor manipulation / coordination).176,184,235 For 

example, a longitudinal study by Kim et al.184 found that fine motor coordination and 

visual motor integration were related to the mathematical ability of students in 

Kindergarten; however, only visual motor integration was related to mathematical skills 

in the same sample of students when they reached Year 1. The authors suggested 

that children’s mastery over fine motor coordination skills may explain why they were 

no longer related to children’s mathematical skills in Year 1.184 

It was beyond the scope of this study to ascertain the underlying mechanisms that may 

explain the observed study findings. However, one potential explanation as to why fine 

motor integration may be more strongly related to mathematics and reading in Year 1 

children than other fine motor skills (i.e., fine motor precision and manual dexterity) 

has been proposed in the literature, and relates to the notion of automaticity.184,236 

Motor and cognitive processes (such as executive functions) may share similar neural 

pathways in the brain with researchers conducting functional neuroimaging studies 

demonstrating that when tasks are novel or complex, the cerebellum and pre-frontal 

cortex are both activated.108 Motor tasks appear to become more automatic with 

practice leading to a reduction of activity in these two regions.108,119  
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4.6.2 Gross motor proficiency, mathematics and reading ability 
Previous studies examining relationships between gross motor composite scores and 

mathematical skills in children in the early years of school (e.g. pre-Kindergarten to 

Year 2) have reported significant very weak to moderate positive associations.227 

However, few studies have previously investigated relationships between the individual 

components of gross motor proficiency and academic performance in mathematics in 

Year 1 children, like the present study.200,227 Overall, the components of gross motor 

proficiency that were most strongly related to mathematics composite scores were 

running speed and agility and bilateral coordination, though these relationships did not 

reach statistical significance after adjusting for multiple comparisons. The lack of 

significant findings are thus in contrast to those reported in the systematic review by 

Macdonald et al.227 who found a strong level of evidence to support significant very 

weak to weak positive associations between speed and agility and mathematical ability 

in studies conducted with slightly older children aged nine to 13 years.  

Significant very weak to moderate positive correlations between gross motor 

composite scores and reading skills in children in the early years of school have also 

previously been reported.227 In the present study, upper limb coordination appeared to 

be the component of gross motor proficiency most strongly related with reading 

composite scores, particularly pre-reading skills including word reading and 

pseudoword decoding, but these relationships did not reach statistical significance. 

Again, the lack of significant findings are in contrast with the systematic review by 

Macdonald et al.227 who found evidence to support significant weak positive 

associations between upper limb coordination and reading ability, including in 

Kindergarten children,217 students in Year 5201 and adolescents.170,172  

4.6.3 Limitations  
Several limitations are important to acknowledge in this study. Firstly, due to the cross-

sectional design, the results cannot infer causality nor provide evidence of the 

underlying mechanisms for observed associations between motor proficiency and 

academic performance in mathematics and reading in this cohort of Year 1 children. 

Secondly, a relatively small sample size (n = 55) was included in the study; however, 

this was pre-determined by the study being conducted in parallel with the THSP. This 

may have limited the statistical power of the study to detect relationships between 

variables reflecting smaller effect sizes. Thirdly, variables including cognitive skills (e.g., 



137 
 

IQ, executive functions such as working memory, inhibitory control, cognitive flexibility), 

measures of health-related fitness (e.g., body mass index, cardiorespiratory fitness) 

and PA levels were not assessed and thus not taken into account. Finally, the cohort 

of Year 1 children came from two public primary schools in the same region of Australia 

and thus caution should be applied in generalising the findings to other regions or 

schools with a different school ICSEA status. 

4.7 Conclusion 

The collective findings from this study revealed several significant positive 

relationships between motor proficiency and academic performance, particularly in 

mathematics, in this cohort of Year 1 children. Specifically, Year 1 children’s overall 

motor proficiency was significantly related to their mathematical skills. Additionally, 

children’s fine motor integration skills were predictive of their mathematical and reading 

ability. The results of this study may interest both early childhood educators and 

paediatric health professionals. For example, knowledge of associations between 

motor skills and academic outcomes may prompt educators to identify early, for further 

investigation, any children with poorly developed or delayed motor skills as they 

transition to school. Finally, study findings may be useful in guiding the future design 

of fine and gross motor skill interventions for children in the early years of school to 

evaluate more rigorously their impact on foundation scholastic skills.6 

 

 

 

 

 

 

 

 

 
6 Please note that all references in this chapter are presented in the References section of the thesis  
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Chapter 5: Directly Observed Physical Activity 
of Year 1 Children during School Class Time: 
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5.1 Preface 

While defining the problem as part of Stage 1 of the thesis framework, it was apparent 

that few studies examining the effectiveness of school-based motor skill interventions 

on children’s academic and motor proficiency outcomes have been published 

(Systematic review, Chapter 3). As part of Stage 2 (solution generation) of the thesis 

framework, Study 1 (Chapter 4) revealed several significant positive relationships 

between Year 1 children’s motor proficiency and their academic performance, 

particularly mathematical skills. However, prior to designing school-based motor skill 

intervention programs with children in the early years of primary school in Australia, 

existing PA practices of students during class time need to be determined.  

Therefore, the study reported in this chapter sought to gain insight into existing 

practices in Australia regarding the frequency, type and context of PA opportunities 

being provided to students in the early years of primary school during class time. As 

part of this study, the PhD candidate (a registered physiotherapist) spent time in the 

school environment, observing existing routines of Year 1 children during school class 

time. Specifically, children’s PA practices in the context of the Year 1 Australian 

Curriculum were observed.  

It is important to note that when seeking research approval for this study from the 

school research jurisdiction, permission was initially sought to assess participants’ PA 

using accelerometry and direct observation. The aim was to then triangulate and 

contextualise data collected from accelerometers with data collected during the school 

week using direct observation. However, the use of accelerometers with Year 1 study 

participants was considered ‘invasive’ and approval was not granted by the school 

research jurisdiction. Therefore, the design of the study was modified to assess 

participants’ PA during school class time using direct observation only. 

The cross-sectional study reported in this chapter was published in a peer-reviewed 

journal in 2021. The formatting of the original published manuscript has been amended 

to be consistent with the thesis style, and the citation for the published manuscript is 

as follows: https://www.mdpi.com/1660-4601/18/7/3676.  

Macdonald K, Milne N, Pope R, Orr R. Directly observed physical activity of year 1 

children during school class time: a cross-sectional study. Int J of Environ Res and 

https://www.mdpi.com/1660-4601/18/7/3676
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Public Health. 2021; 18, 3676. doi: 10.3390/ijerph18073676 under Creative Commons 

Attribution Licence (CC BY 4.0)  

The manuscript belongs to the Special Issue: Promoting Physical Activity in and 

through Schools. Two supplementary tables are referred to as Table S3 and Table S4 

within this chapter. These tables can be found at the end of the chapter. 
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5.2 Abstract7 

Providing physical activity opportunities to children throughout the school day may be 

beneficial for children’s health and learning. Existing practices regarding the frequency, 

type and context of physical activity opportunities being provided to children in the early 

years of primary school remains largely unknown. The aim of this study was to observe 

Year 1 children’s physical activity and its contexts during school class time and identify 

opportunities to incorporate additional activity. A cross-sectional study was conducted 

with 34 Year 1 children (20 boys, 14 girls; mean age = 6.36 ± 0.34 years) from one 

primary school in Queensland, Australia. A modified version of the Observational 

System for Recording Physical Activity in Children – Elementary School was used to 

assess children’s physical activity and its contexts during school class time. 

Observational data were collected over a four-week period. The frequencies (and 

percentages) of intervals of children’s physical activity observed in sedentary, light and 

moderate-to-vigorous intensities during different instructional and social contexts and 

physical settings were recorded and calculated. Pearson’s Chi-Square Test of 

Association was conducted to evaluate whether social context (group composition) 

was related to incidental physical activity. A total of 5305 observation intervals (i.e., 5 

s observation interval followed by a 25 s recording interval) were available for analysis 

(~44 h of observation). Year 1 children were sedentary for the majority (86%) of 

observed intervals during school class time. Children spent limited time performing 

light (12% of intervals) and moderate-to-vigorous physical activity (2% of intervals). 

Organised physical activity observed during class time included physical education / 

school sport (5.9% of intervals) and classroom-based physical activity (2.8% of 

intervals). When children completed activities in small groups, they were significantly 

more likely to engage in incidental physical activity than when they completed activities 

as a whole class (χ2 = 94.73, p < .001). Incorporating movement into academic lessons 

or during transitions between lessons and classrooms may encourage children to be 

more active. Incidental physical activity may also be promoted through small group 

activities. Schools should ideally be encouraged and supported to employ a whole-of-

 
7 The format of this abstract has remained consistent (i.e., unstructured) with those of the journal for 
which it was published. 
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school approach to physical activity promotion, which includes identifying and 

implementing opportunities for children to be active during class time.  
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5.3 Background 

Overcoming low levels of physical activity (PA) among children and youth remains a 

public health priority globally, with recent figures suggesting the recommended 60 

minutes of moderate-to-vigorous physical activity (MVPA) per day for optimal health 

are still not being adequately achieved.21 A child or young person’s participation in 

regular PA is positively associated with numerous physical and mental health 

indicators, including cognition and academic performance.20,82,85,237 Consequently, 

research evaluating the effectiveness of school-based PA interventions for improving 

children’s health and education outcomes has gained considerable momentum in 

recent years.30,34,238 Although evidence to support beneficial effects of PA interventions 

on children’s cognition and overall academic performance remains inconclusive, strong 

evidence for beneficial effects on children’s mathematical outcomes has been 

reported.30,34 Researchers have proposed a number of mechanisms that may underpin 

the PA-cognition relationship, including biological, learning and psychosocial 

mechanisms; however, hypotheses regarding these underlying mechanisms continue 

to be tested.38-40  

Healthy habits and behaviours are formed during the early childhood period.24 

Therefore, schools are ideally placed to positively influence children’s PA behaviour, 

particularly during the early years of primary school.20,130 For example, schools have 

been encouraged to employ a whole-of-school approach to plan, implement, and 

evaluate opportunities for children to be active throughout the school day through the 

development of a comprehensive school physical activity program (CSPAP).138 The 

provision of PA opportunities to students during the school day is considered a core 

component of a CSPAP. Organised PA during school class time has been defined as 

PA undertaken during physical education (PE) lessons, school sport and classroom-

based PA and is exclusive of participation in PA during recess and lunch time.16 

Classroom-based PA involves: (i) integrating PA into academic lessons, (ii) providing 

PA breaks between lessons (with or without an academic focus), or (iii) incorporating 

PA into transitions from one location to another.16,46,138,146  

Several systematic reviews have reported beneficial effects of classroom-based PA 

interventions on the health (e.g. increased PA levels) and education (e.g. classroom 

behaviour and academic performance) outcomes of school students.44-46 However, 
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notable limitations in the methodological quality of studies included in these reviews 

have been highlighted.44-46 Despite these promising findings, to date there appears to 

be limited objective data available regarding how often classroom teachers are 

currently implementing classroom-based PA and which methods are being 

utilised.146,239  

During the early years of primary school, information regarding the frequency, type and 

exact context of children’s PA during class time is also limited.239 Children’s PA in the 

school setting is commonly assessed using objective methods (e.g., accelerometery, 

pedometry, direct observation, and heart rate monitoring) and/or subjective methods 

(e.g., teacher, parent or self-report PA questionnaires or diaries).60,71,72 Whilst in recent 

years accelerometery and pedometry have been the most common methods utilised 

to objectively measure children’s PA,30,34,46,82 these methods are limited in their ability 

to capture the types and contexts of PA.60,73 Direct (or systematic) observation may be 

the most suitable method for collecting information about the frequency, type and 

intensity of PA, whilst simultaneously recording information about the physical and 

social environment in which the PA occurs, along with the educational context.60,73  

To inform the design of future school-based PA interventions, particularly classroom-

based PA interventions, with children in the early years of primary school, it is 

necessary to determine existing practices regarding the frequency, type and context of 

PA opportunities being provided during class time. Observation of these practices will 

assist in identifying which PA opportunities may be the most realistic and practical for 

educators to incorporate into an already busy classroom schedule. Therefore, the aim 

of this study was to directly observe Year 1 children’s PA and the context of their PA 

during school class time and identify opportunities to incorporate additional activity. 

Based on the findings from the few studies which have investigated children’s PA 

across the primary school day using direct observation,239,240 it was hypothesised that 

Year 1 children would be predominantly sedentary during school class time, with 

limited opportunities to engage in active lessons and active breaks.   

5.4 Methods 

5.4.1 Study design 
A cross-sectional research design was employed for this study and involved the 

collection of observational data over a four-week period. Ethics approval was obtained 
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for the study from the Bond University Human Research Ethics Committee (Reference 

number: 15547). Research approval was also granted by the Queensland Department 

of Education (Reference number: 17/77163). 

5.4.2 Setting and participants 
School principals from a representative selection of public, independent and Catholic 

primary schools in south east Queensland and northern New South Wales, Australia, 

were invited via email or telephone to involve their schools in the study, over the period 

from July to December 2017. The school principal at one public primary school in south 

east Queensland accepted the invitation and provided gatekeeper approval for four 

mainstream Year 1 classes to be involved. All children enrolled in the four Year 1 

classes were invited to participate in the study. Information sheets and consent forms 

were circulated to the parents and guardians of 100 children from four Year 1 classes 

at the school. A recruitment goal of 40 participants was set, allowing a maximum of 10 

participants to be selected from each Year 1 class. This number of participants was 

calculated to provide a margin of error of +/-15% for the population estimates derived 

from the sample of proportions of classroom time spent in different levels of PA, 

assuming a 95% level of confidence and a large underlying population of Year 1 

children.241 The high number of data points arising from observation of each additional 

child meant that observation of a larger number of participants, in order to further 

reduce the margin of error, was not feasible in the study context and within the 

available time frame. Written parental consent was obtained for 34 Year 1 children (n 

= 20 boys, n = 14 girls, mean age = 6.36 ± 0.34 years, range 5.42-7.25 years).  

5.4.3 Outcome measures 

5.4.3.1 Demographics 

Age and sex were recorded for each participant and the Index of Community Socio-

Educational Advantage (ICSEA) was noted for the school. The ICSEA is a scale of 

socio-educational advantage calculated for Australian schools.229 The ICSEA values 

are set at an average of 1000 with an approximate range from 500 (schools with 

students with extremely educationally disadvantaged backgrounds) to 1300 (schools 

with students with very educationally advantaged backgrounds).229 A questionnaire 

was also completed by parents/caregivers regarding any relevant medical history for 

their child. 
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5.4.3.2 Observational System for Recording Physical Activity in Children – 

Elementary School (OSRAC-E) 

A modified version of the Observational System for Recording Physical Activity in 

Children – Elementary School (OSRAC-E)240 was used to directly observe the 

participating Year 1 children’s PA in this study. The OSRAC-E is a direct observation 

tool designed to collect information about children’s PA within the primary school 

setting.240 In addition to recording the intensity level and type of PA, the contextual and 

behavioural circumstances of children’s PA throughout the school day may be 

collected. This is in contrast to other direct observation tools, including the System for 

Observing Fitness Instruction Time (SOFIT)242 and System for Observing Play and 

Leisure Activity in Youth (SOPLAY),243 which specifically assess children’s PA during 

physical education (PE) lessons and outdoor play, respectively.  

Direct observation is considered a valid and reliable method for assessing PA in 

children aged 3-18 years.60,73 The OSRAC-E has been found to be a reliable direct 

observation system but has yet to be validated against other measures of PA.240,244 

However, to optimise reliability and validity in the present study, data were collected 

using the OSRAC-E in accordance with the recommendations developed by McKenzie 

and van der Mars for assessing children’s PA using systematic observation.73 For 

example, prior to training, the observer (a registered physiotherapist) contacted the 

researchers who developed the OSRAC-E240 to obtain the observation protocol, which 

included all category definitions and coding symbols. Advice was also sought regarding 

the most suitable software program to utilise to collect data electronically and 

subsequently the Multi-Option Observation System for Experimental Studies 

(MOOSES) software program245 was recommended. The observer reviewed the 

recommended training manual and undertook video observation and coding practice 

prior to live coding practice. As only one observer was involved in the study, 

interobserver reliability was not of concern. Finally, the developer of the MOOSES 

software program245 was consulted to ensure correct use of the software program. 

OSRAC-E observation protocol 

The observation protocol for this study was based on that previously described by the 

researchers who developed the OSRAC-E.240 The protocol involved observing one 

focal child at a time and used a momentary time-sampling procedure with a 5 s 

observation interval followed by a 25 s recording interval. A 20 min observation period 
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was chosen for this study in accordance with the Year 1 class timetable, resulting in 

40 observation intervals for the focal child who was being observed during each 

observation period. Each selected study participant was observed for approximately 

four 20 min periods (i.e., a total of 80 min per study participant). Observations were 

coded using the MOOSES software program245 on a Microsoft Surface Pro tablet. For 

each observation session, the participant’s PA and its contexts were also recorded on 

a paper copy of the OSRAC-E, and where additional contextual information was 

required for the observed activity, qualitative information was noted. 

Observation categories and codes 

Observational information was collected, coded, and qualitatively documented across 

seven observational categories including; location, PA intensity level, PA type, physical 

setting, instructional setting, activity context, and group composition (for further 

information regarding the categories, codes and descriptions see McIver et al.240). 

Additional contextual information was also noted, including the time of day, reactivity 

to the presence of the observer, prompts for activity, information regarding who 

initiated the activity and whether transitions were directed by the teacher or incidental 

in nature.  

Several modifications to observation categories and codes were made to contextualise 

the OSRAC-E tool for the Australian primary school setting (see Table S3). The 

instructional setting category was modified to include codes relating to the learning 

areas of the Year 1 Australian Curriculum, including the core (or priority) learning areas 

of English and mathematics.246 The other code in the instructional setting category 

encompassed non-academic activities that were observed, including morning roll call, 

free play, show and share, meditation/mindfulness and organised school sport 

(excluding PE). The activity context category was also modified to include codes 

relating to classroom-based PA. The rationale for this modification was to allow for 

objective recording of the frequencies and types of classroom-based PA currently 

being provided to students in Year 1 classrooms. The coding of classroom-based PA 

was based on the definitions from the System for Observing Student Movement in 

Academic Routines and Transitions (SOSMART).239 For example, when classroom-

based PA (excluding PE/school sport) was observed during school class time, it was 

noted whether these opportunities were teacher-led or technology-led (i.e., the teacher 

used technology, for example, online dance videos, to lead the activity) and whether 
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there was an academic or non-academic focus to the activity. The group composition 

category of the OSRAC-E tool was also modified to record whether the class activity 

involved (i) the whole class engaged at the same time (e.g., all children sitting on the 

carpet listening to the teacher read a book) or (ii) small groups (e.g., children 

completing an activity while sitting at desks/on the carpet with or in the presence of a 

small group of peers). 

Minor modifications were also made to the definitions of several types of transitions 

that were coded under observation categories. For the instructional setting category, 

the change class code was used when the teacher changed from one activity context 

to another. For example, when the corresponding activity context category was coded 

as transition, snack break or classroom-based physical activity (non-academic). For 

the activity context category, the transition code was used when there was also a 

change from one activity context to another; however, this excluded classroom-based 

PA and snack breaks, as they were coded separately to better describe the nature of 

the transition. Transitions resulting in any light PA or MVPA for the focal child during 

academic lessons (i.e., excluding PE, school sport and classroom-based PA) were 

also recorded based on the definitions from the SOSMART.239 For example, when 

teachers instructed the focal child to move from one area to another (e.g., from the 

carpet to desks) this was recorded as a teacher-directed transition. When the focal 

child moved without being instructed, this was recorded as an incidental transition. 

5.4.4 Procedure 
Observational data were collected over a four-week period during the second school 

term, from the end of May to the end of June 2018. The observations were conducted 

and recorded by a registered physiotherapist with experience working with Year 1 

children in the primary school setting. For each of the Year 1 classes, observation 

intervals occurred across one school week (i.e., Monday to Friday). All observation 

intervals took place during scheduled school class time (excluding recess and lunch 

breaks). Prior to observing each Year 1 class, the classroom teacher provided the 

observer with a copy of the class timetable. The observation intervals were then 

randomly selected from the class timetable using a random number generator to 

allocate four observation intervals for each participant from the available 20 min time 

periods across the school day. In cases where a participant was absent from class 

during their pre-planned observation interval, an alternative observation interval was 
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allocated. To minimise student reactivity to the observer being present within the 

classroom, the teacher introduced the observer to the class on the Monday morning 

and observation intervals were not recorded during the first lesson, whilst the children 

adjusted to the observer being present. The classroom teacher and children in the 

class were not aware of exactly when observations occurred, and which study 

participant was being observed at any given time. Classroom teachers were advised 

to deliver their regular classroom curriculum, and to not modify their curriculum in any 

way due to the presence of the observer. 

5.4.5 Statistical analysis 
Statistical analyses for this study were conducted using the Statistical Package for the 

Social Sciences (SPSS) (Version 26).230 Using the MOOSES software program,245 

event frequencies and durations were calculated within each code group. The output 

from this process was then exported into an excel spreadsheet and SPSS analysis 

software. The number of observation intervals coded within each category was then 

calculated. In line with the previously published study using the OSRAC-E,240 PA 

intensity level was further coded and analysed as follows: Sedentary (stationary or 

limbs) = Level 1 code (stationary or motionless with no major limb movement or major 

joint movements) and Level 2 code (stationary with easy movement of limbs or trunk 

without translocation); Light PA = Level 3 code (translocation at a slow and easy pace); 

Moderate to vigorous PA = Level 4 code (translocation at a moderate pace) and Level 

5 code (translocation at a fast or very fast pace) (see McIver et al.240 for a detailed 

description of activity level codes). Cross-tabulation was used to calculate the numbers 

of intervals and percentages of total intervals observed in the different PA intensity 

levels by specific physical (i.e., location, physical setting), educational (instructional 

setting, activity context) and social (group composition) contexts. Pearson’s Chi 

Square Test of Independence was used to evaluate whether group composition (i.e., 

‘whole class’ or ‘group’) was related to PA intensity level. Pearson’s Chi-Square Test 

of Association was conducted to evaluate whether group composition was related to 

numbers of incidental transitions. To determine the effect size for the proportion of 

variance that was common to the two variables, Cramer’s V was calculated.233 

According to Cohen’s231 conventions, an effect size ω of 0.1 can be considered small, 

0.3 can be considered medium and 0.5 can be considered large.233 A significance level 

of 5% (α = 0.05) was applied to all statistical tests. 
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5.5 Results 

Data were collected for 34 study participants from four mainstream Year 1 classes at 

the cooperating Australian public primary school (n = 20 boys, mean age = 6.39 ± 0.23 

years, range 5.92-6.75 years; n = 14 girls, mean age = 6.31 ± 0.46 years, range 5.42-

7.25 years). The school ICSEA value was listed as 1059. Figure 11 summarises the 

flow of participants through the study. A total of 5440 observation intervals were 

recorded (i.e., 2 observations/min x 20 min period x 4 periods x 34 participants). Of 

these observation intervals, 135 were coded as ‘can’t tell’ for various categories due 

to participants moving out of the observer’s line of sight during indoor or outdoor 

activities. As such, a total of 5305 observation intervals were available for analysis 

following removal of these intervals. 
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Figure 11: Flow of participants through the study. 

The frequencies of observation intervals, including percentages of total observation 

intervals, occurring within each descriptive category for the observation intervals are 

presented in Table 17. The frequencies of observation intervals and percentages of 

observation intervals categorised as sedentary (i.e., level 1 and 2 codes), light PA 

(i.e., level 3 codes) and MVPA (i.e., level 4 and 5 codes) within each descriptive 

category are also presented in Table 17. 

Assessed for 
primary outcomes   

(n=5440 direct 
observation 
intervals) 

Included in 
analyses  

(n=5305 direct 
observation 
intervals) 

 

Schools consented 
to participate (n=1) 

Teachers / classes 
agreed (n=4) 

Participants invited 
(n=100) 

Schools invited to 
participate (n=53) 

 

Records not included in 
analyses  

(n=135 direct observation 
intervals recorded as ‘can’t tell’) 

Participants 
consented (n=34) 
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Table 17: (i) Frequencies of observed intervals (and percentages of total intervals) in each category that 

were associated with each observation code; and (ii) frequencies of observed intervals (and 

percentage of intervals) in each category that were coded as sedentary, light and moderate-

to-vigorous PA. 

Observed 
categories 

Observed codes Observed 
intervals 
 (% Total) 

Observed intervals (%) by physical activity 
intensity level 

   Sedentary 
 

(Levels 1 & 2) 

Light PA 
 

(Level 3) 

Moderate-
vigorous PA 

(Levels 4 & 5) 
 Total 5305 (100) 4570 (86.1) 639 (12.0) 96 (1.8) 
Time of day Morning 

Middle 
Afternoon 

2465 (46.5) 
2565 (48.4) 

275 (5.2) 

2116 (85.8) 
2220 (86.5) 
234 (85.1) 

301 (12.2) 
298 (11.6) 
40 (14.5) 

48 (1.9) 
47 (1.8) 
1 (0.4) 

Location 
 
 

Indoors 
Outdoors 
Transition 

4906 (92.5) 
339 (6.4) 
60 (1.1) 

4338 (88.4) 
217 (64.0) 
15 (25.0) 

545 (11.1) 
57 (16.8) 
37 (61.7) 

23 (0.5) 
65 (19.2) 
8 (13.3) 

Physical 
activity type 

Climb 
Crawl 
Dance 
Jump/skip 
Lie down 
Pull/push 
Run 
Sit/squat/kneel 
Stand 
Throw 
Walk  

11 (0.2) 
22 (0.4) 
40 (0.8) 
19 (0.4) 

125 (2.4) 
29 (0.5) 
59 (1.1) 

3177 (59.9) 
1187 (22.4) 

22 (0.4) 
614 (11.6) 

11 (100) 
0 (0) 

27 (67.5) 
0 (0) 

123 (98.4) 
23 (79.3) 

0 (0) 
3177 (100) 
1187 (100) 

22 (100) 
0 (0) 

0 (0) 
21 (95.5) 
7 (17.5) 

0 (0) 
2 (1.6) 
1 (3.4) 
0 (0) 
0 (0) 
 0 (0) 
0 (0) 

608 (99) 

0 (0) 
1 (4.5) 
6 (15.0) 
19 (100) 

0 (0) 
5 (17.2) 
59 (100) 

0 (0) 
0 (0) 
0 (0) 
6 (1) 

Physical 
setting 

Classroom 
Hallway 
Sports field 

4916 (92.7) 
50 (0.9) 

339 (6.4) 

4349 (88.5) 
15 (30.0) 

206 (60.8) 

544 (11.1) 
29 (58.0) 
66 (19.5) 

23 (0.5) 
6 (12.0) 

67 (19.8) 
Instructional 
setting  

Change class* 
Core learning lessons* 
(English/mathematics) 
Physical education (PE) 
Languages 
Music 
Other*  
Science 
Technologies 
Visual arts 

298 (5.6) 
3828 (72.2) 

 
233 (4.4) 
75 (1.4) 
91 (1.7) 

355 (6.7) 
130 (2.5) 
40 (0.8) 

255 (4.8) 

218 (73.2) 
3399 (88.8) 

 
145 (62.2) 
73 (97.3) 
91 (100) 

301 (84.8) 
124 (95.4) 

24 (60) 
195 (76.5) 

65 (21.8) 
421 (11) 

 
39 (16.7) 
2 (2.7) 
0 (0) 

36 (10.1) 
6 (4.6) 
14 (35) 

56 (22.0) 

15 (5.0) 
8 (0.2) 

 
49 (21.0) 

0 (0) 
0 (0) 

18 (5.1) 
0 (0) 
2 (5) 

4 (1.6) 
Activity 
context 

Academics – Total 
Academics – English  
Academics – 
mathematics 
CBPA (excludes 
PE/school sport) 
CBPA (Teacher-led, 
non-academic) 
CBPA (Teacher-led, 
academic) 
CBPA (Technology-led, 
non-academic) 
CBPA (Technology-led, 
academic) 
PE and school sport 
Non-academic  
Snack 
Transition* 
TV/video 

4337 (81.8) 
2435 (45.9) 
1311 (24.7) 

 
151 (2.8) 

 
50 (0.9) 

 
10 (0.2) 

 
77 (1.5) 

 
14 (0.3) 

 
313 (5.9) 
224 (4.2) 
124 (2.3) 
130 (2.5) 
26 (0.5) 

3848 (88.7) 
2183 (89.7) 
1158 (88.3) 

 
121 (80.1) 

 
41 (82.0) 

 
10 (100) 

 
60 (77.9) 

 
10 (71.4) 

 
192 (61.3) 
211 (94.2) 
92 (74.2) 
82 (63.1) 
24 (92.3) 

475 (11.0) 
247 (10.1) 
150 (11.4) 

 
17 (11.3) 

 
2 (4.0) 

 
0 (0) 

 
11 (14.3) 

 
4 (28.6) 

 
56 (17.9) 
13 (5.8) 

32 (25.8) 
44 (33.8) 
2 (7.7) 

14 (0.3) 
5 (0.2) 
3 (0.2) 

 
13 (8.6) 

 
7 (14.0) 

 
0 (0) 

 
6 (7.8) 

 
0 (0) 

 
65 (20.8) 

0 (0) 
0 (0) 

4 (3.1) 
0 (0) 



154 
 

Observed 
categories 

Observed codes Observed 
intervals 
 (% Total) 

Observed intervals (%) by physical activity 
intensity level 

   Sedentary 
 

(Levels 1 & 2) 

Light PA 
 

(Level 3) 

Moderate-
vigorous PA 

(Levels 4 & 5) 
Group 
composition 

Whole class  
Group*  

2482 (46.8) 
2823 (53.2) 

2153 (86.7) 
2417 (85.6%) 

241 (9.7) 
398 (14.1) 

88 (3.5) 
8 (0.3) 

Transitions Teacher-directed 
transition* 
Incidental transition* 

223 (4.2) 
 

353 (6.7) 

   

CBPA: classroom-based physical activity; PA: physical activity; PE: physical education.  
Values may not add up to exactly 100% due to rounding.  
Sedentary (stationary or limbs) = Level 1 code (stationary or motionless with no major limb movement or major 
joint movements) and Level 2 code (stationary with easy movement of limbs or trunk without translocation; Light 
PA = Level 3 code (translocation at a slow and easy pace); Moderate to vigorous PA = Level 4 code 
(translocation at a moderate pace) and Level 5 code (translocation at a fast or very fast pace) (See McIver et 
al.240 for detailed description of activity level codes) 
*See Table S3 for definitions of modified OSRAC-E codes 
 
 
5.5.1 Location and physical setting 
Overall, the majority of observation intervals of Year 1 participants during school class 

time occurred indoors within the classroom (92.7%) and these indoor intervals involved 

predominantly sedentary activities (88.5% sedentary, 11.1% light PA, 0.5% MVPA; 

Table 16). In contrast, Year 1 participants spent a considerably greater proportion of 

observation intervals engaged in light PA and MVPA when lessons were conducted 

outdoors on the sports field (light:19.5%; MVPA:19.8%).  

5.5.2 Instructional setting 
The core learning areas of English and mathematics (72.2% of total intervals) 

represented the most common instructional contexts observed during school class 

time. The majority (88.8%) of intervals observed during core lessons involved 

sedentary activities, with minimal amounts of light PA (11%) and MVPA (0.2%) 

occurring. PE lessons were delivered by a specialist PE teacher once a week for a 

duration of 60 min and represented 4.4% of the total observed intervals. The types of 

activities observed during PE lessons targeted aerobic fitness (e.g., running, jumping) 

and motor skill development (e.g., throwing, catching, kicking). Consequently, 

participants undertook more light PA (16.7%) and MVPA (21.0%) during PE lessons 

than during core learning lessons, however, 62.2% of the observed intervals during PE 

lessons still involved activities classified as being sedentary. Close examination of the 

full set of PA intensity codes recorded for PE lessons (see Table S4) revealed that 

22.3% of observed intervals involved activities where participants were stationary with 
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limb/trunk movement, consistent with activities such as standing while throwing, 

catching or kicking.  

5.5.3 Activity context and activity type 
The majority of the observed intervals (81.8%) involved activities that were academic 

in nature and involved participants undertaking predominantly sedentary (88.7%) types 

of activities, often whilst sitting and standing. Of the academic learning areas of the 

Year 1 Australian Curriculum, participants were observed engaging in activities mainly 

relating to English (45.9%) and mathematics (24.7%). The regular class routine also 

comprised non-academic activities (e.g., morning roll call or free-time; 4.2% of total 

observed intervals) and short breaks where students were allowed to have fruit as a 

mid-morning snack.  

Classroom-based PA (excluding PE and school sport) represented 2.8% of the total 

observed intervals. Classroom-based PA predominantly had a non-academic focus 

and was either delivered by the teacher (50 intervals or 0.9% of total observed intervals) 

or the teacher used technology (e.g., online dance video) to deliver the activity (77 

intervals or 1.5% of total observed intervals). Classroom-based PA was mostly 

scheduled at times when teachers were transitioning students from one instructional 

context to another (change class). Academic content was seldom incorporated into 

classroom-based PA that was delivered by the teacher (10 intervals or 0.2% of total 

observed intervals) or delivered using technology (14 intervals or 0.3% of total 

observed intervals). Overall, children’s PA intensity levels during all types of 

classroom-based PA were classified as primarily sedentary (80.1%) with minimal light 

PA (11.3%) and MVPA (8.6%). However, examination of the full set of PA intensity 

codes recorded during classroom-based PA (Table S4) revealed that observed 

intervals involved slightly more stationary activities with limb/trunk movement (45.7%) 

than purely stationary activities (35.1%). This is consistent with the observation that 

the most common types of activities during classroom-based PA included standing and 

copying actions (43%), dancing (22.5%; e.g., copying a dance video), sitting while 

performing yoga (19.9%), walking around the classroom (5.3%), jumping/skipping 

(4.0%), movements while lying down (3.3%) and running on the spot (1.3%) (Table 18). 
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Table 18: Types of physical activity observed during classroom-based physical activity. 

Observation 
category  

Observation 
Code 

Observed intervals 
(%) 

Activity type Total 151 (100) 
Climb 0 (0) 
Crawl 1 (0.7) 
Dance 34 (22.5) 
Jump/skip 6 (4.0) 
Lie down 5 (3.3) 
Pull/push 0 (0) 
Run 2 (1.3) 
Sit/squat/kneel 30 (19.9) 
Stand 65 (43.0) 
Throw 0 (0) 
Walk 8 (5.3) 

 

5.5.4 Group composition 
Classroom teachers used several different ways to group children during class 

activities. Nearly half (46.8%) of the observed intervals involved the whole class being 

engaged in activities at the same time. Just over a half (53.2%) of the intervals involved 

participants undertaking activities with or in the presence of a small group of peers 

(e.g., English / mathematics group rotations or sitting at desks with a group of peers). 

The Pearson’s Chi-square Test of Independence conducted to examine the 

relationship between group composition and levels of PA intensity indicated a 

significant association between the two variables (χ2 = 98.98, p < .001) and so this 

relationship was further explored, graphically. Graphical representation of the 

observed intervals (Figure 12) indicates that when participants were involved in whole 

class activities, they were more likely to engage in MVPA, though MVPA remained 

relatively infrequent. Conversely, when participants completed activities in groups, with 

or in the presence of their peers, they were more likely to engage in light PA.  
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Figure 12: Frequencies of intervals observed in different PA intensity levels during whole class and 

group activities. 

5.5.5 Transitions 
In relation to the location category in the observations, transitions (e.g., from sports 

field to classroom) represented 1.1% of the total observed intervals and 25% of these 

transition intervals were sedentary (e.g., standing in line), 61.7% involved light PA (e.g., 

walking) and 13.3% involved MVPA (e.g., climbing stairs). In relation to the 

instructional setting category of observations, change class (i.e., indicating when the 

corresponding activity context category was coded as transition, snack break or 

classroom-based PA – non-academic) represented 5.6% of total observed intervals 

and 73.2% of these were sedentary, 21.8% involved light PA and 5% involved MVPA. 

In relation to the activity context category of observations, transitions (i.e., change in 

one activity context to another, excluding classroom-based PA and snack breaks) 

represented 2.5% of the total observed intervals and 63.1% of these were sedentary, 

33.8% involved light PA and 3.1% involved MVPA (Table 17 and Table S3). The 

proportion of teacher-directed transitions and incidental transitions resulting in children 

undertaking light PA or MVPA (excluding observed intervals within PE, school sport 

and classroom-based PA – non-academic) was 4.2% and 6.7% respectively (Table 

17). Results of the Pearson’s Chi Square Test of Association conducted to examine 

the relationship between group composition and occurrence of incidental transitions 
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indicated that when children completed activities in small groups (with or in the 

presence of peers), they were significantly more likely to engage in incidental 

transitions than when they completed activities as a whole class (χ2 = 94.73, p < .001, 

ω = .134; Figure 13). However, teachers were not observed to direct children to move 

significantly more often during whole class activities than during group activities (χ2 = 

1.31, p = .253). 

Figure 13: Frequency of incidental transitions observed during whole class and group activities. 

5.6 Discussion 

The aim of this study was to directly observe Year 1 children’s PA and the context of 

their PA during school class time and identify opportunities to incorporate additional 

activity. Overall, the study findings provide evidence that although Year 1 children are 

currently being provided with some occasional opportunities to be active during school 

class time, children were observed to be most frequently participating in academic 

activities that were sedentary in nature. Several opportunities to incorporate additional 

PA during school class time were identified. These included both structured (e.g., 

classroom-based PA) and unstructured (e.g., incidental movement) opportunities. 
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5.6.1 Existing PA opportunities provided to Year 1 children during school 
class time 

In Australia, the primary focus of learning in the early years of school is for children to 

develop essential skills in literacy and numeracy.3 The focus on these core areas of 

learning in the Year 1 Australian Curriculum was evident in the present study as Year 

1 participants engaged in academic activities primarily relating to English and 

mathematics for the majority of observation intervals. However, in line with other 

research conducted with children in the primary school setting,240,247 findings from this 

study revealed that the nature of these academic activities was predominantly 

sedentary. For example, in the study by McIver et al.,240 students in Kindergarten to 

Grade 5 were sedentary for the majority (84%) of observation intervals recorded using 

the OSRAC-E during the school day, with very few opportunities provided to children 

to accumulate MVPA throughout the school day. 

In Australia it has been recommended that schools should ideally aim to deliver 150 

minutes of organised PA to children each week.16 It is noteworthy that in Australia, 

according to the Australian Curriculum, Assessment and Reporting Authority, the 

recommended time requirement for the subject Health and Physical Education 

(comprised of two interrelated strands including personal, social and community health, 

and movement and physical activity)248 is up to 80 h/year (2 h per school week); 

however, this policy is not mandatory.249 In this study, Year 1 children were observed 

being provided with several opportunities to engage in organised PA during school 

class time, including planned PE lessons, a sports carnival (which replaced the weekly 

PE lesson) and classroom-based PA, but the time allocated was limited. Although it 

was not possible to quantify the exact duration of organised PA accumulated by Year 

1 participants during class time across the whole school week, in the current study one 

60 min PE lesson was scheduled into the school class timetable each week (of which 

an estimated 37.7% or 22 min of observed class time was spent undertaking light PA 

or MVPA). During the four-week study period, no additional sport time was timetabled, 

and observations (Table 17) indicated that non-PE organised PA (i.e., classroom-

based PA) was limited to 2.8% of observed class time, with this equating to an 

estimated 18 min per week.  

In relation to the intensity levels of PA undertaken by children, participants were 

observed to achieve higher levels of MVPA during organised PA opportunities than 
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during classroom academic lessons. Year 1 children’s MVPA was most prevalent in 

PE lessons, with 21% of observation intervals during PE spent at this PA intensity. This 

finding is similar to that reported by McIver et al.,240 who found children from 

Kindergarten to Grade 5 spent 15% of observed PE lessons in MVPA. As outlined in a 

comprehensive school physical activity program, one of the indicators of quality PE is 

for children to spend 50% of PE lessons being active.138,139 In the present study, 

sedentary activities coded during PE lessons were explained by periods when children 

were sitting or standing still, listening to instructions being given by the PE teacher, or 

waiting for their turn. Furthermore, observed PE lessons involved children engaging in 

gross motor skills such as catching, throwing and kicking, which meant that activities 

were coded as ‘stationary involving limb/trunk movement’ but with no translocation 

(Table S4). Therefore, providing professional development and training to classroom 

teachers and specialist PE teachers outlining methods to increase Year 1 children’s 

MVPA during PE lessons (e.g., incorporating higher intensity activities such as games 

that involve running and jumping) and strategies to minimise periods of inactivity may 

be important.139,250 In future, it may be useful to validate the OSRAC-E against 

accelerometry to confirm whether MVPA coded using the OSRAC-E is correlated with 

levels of MVPA measured by accelerometry.  

Although classroom-based PA was only observed on limited occasions (2.8% of the 

total time intervals), its presence during school class time provided evidence of how 

physically active lessons and PA breaks could be integrated into existing Year 1 class 

routines. The most popular types of classroom-based PA included PA breaks with a 

non-academic focus either delivered by the classroom teacher directly, or via the 

teacher using technology. Interestingly, the percentage of observed intervals that 

involved MVPA during teacher and technology-led PA breaks with a non-academic 

focus appeared to be higher than that observed during academic lessons, consistent 

with findings from experimental studies evaluating the impact of classroom-based PA 

interventions on children’s MVPA.251,252 However, as there were only a small number 

of observed intervals involving classroom-based PA, these results should be 

interpreted with caution. The higher percentage of observed intervals involving children 

engaging in MVPA during whole class activities compared to group activities was most 

likely due to teachers structuring PE lessons and classroom-based PA opportunities 

as whole-class activities, and thus all children were encouraged to engage in these 
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activities at the same time. This likelihood is supported by the supposition of Russ et 

al.239 that classroom-based PA directed by a teacher may result in more MVPA than 

light PA, whereas incidental PA that occurs in the classroom may involve more light 

PA. Teacher and technology-led physically active academic lessons were seldom 

observed in the current study (<0.5% of total observed intervals), suggesting either 

that classroom teachers were not familiar with this approach in the classroom or that 

there may be barriers for teachers trying to integrate PA into academic lessons with 

Year 1 children. Overall, these findings were similar to those reported by Russ et al.,239 

who reported during their pilot of the SOSMART tool that the median percentage of 

occurrence of non-academic and academic-infused movement within or between 

lessons was 2.2% (range 0-9.5%) and 0% (range 0-4%), respectively.  

Interestingly, the majority of light PA recorded during observation intervals in the 

current study occurred during academic lessons. The most likely explanation for this 

was the number of teacher-directed and incidental transitions recorded during class 

activities or when changing classes from one instructional context to another, resulting 

in an accumulation of light PA. These findings are similar to those reported by Russ et 

al.,239 who observed a higher frequency of incidental types of movement than 

structured active lessons and breaks, in children aged seven to eight years old. Notably, 

the findings in the present study also indicate that when children completed classroom 

activities in small groups, with, or in the presence of their peers they were more likely 

to engage in light PA than when activities were completed as a whole class. This could 

be attributed to the fact that children were more freely able to move around the 

classroom to collect supplies or to talk to the teacher or their peers when working at 

their own pace during group-based activities. Conversely, when children were engaged 

in activities as a whole class, it often involved the teacher giving instructions to children 

while they sat on the carpet, which meant children were concentrating on listening to 

the teacher and were not required to move about the classroom to access supplies.   

5.6.2 Future opportunities to incorporate structured and unstructured PA 
opportunities into the regular school class schedule 

Evidence of the existing PA opportunities being provided to Year 1 children during 

school class time means that it may be possible to build upon this current practice. 

This study revealed that although classroom-based PA was seldom included during 

school class time, the most frequently used method was the inclusion of PA breaks 
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during transitions from one instructional context to another, which may indicate this 

was relatively easy to implement into the class routine. Observed PA breaks typically 

had a non-academic focus and were either delivered by the classroom teacher or using 

technology (i.e., online dance videos). Classroom teachers were rarely observed 

incorporating movement into academic lessons, which suggests there is potential to 

further explore utilisation of this method. An array of resources have been developed 

to support teachers who wish to provide PA breaks and physically active lessons and 

these may be useful in assisting teachers to implement classroom-based PA 

opportunities more often during school class time (see review by Webster et al.146(p4) 

for some examples of resources available). 

The types of activities that resulted in MVPA during classroom-based PA included 

running and jumping on the spot (Table 18). Dance videos primarily involved children 

standing on one spot while copying the corresponding movements. Unless activities 

such as jumping or running on the spot were repeated, most often they were coded as 

stationary with limb/trunk movement, due to there being no translocation. It would be 

important to validate the PA intensity levels achieved during dance videos, using 

accelerometry, to confirm the level of PA intensity children are undertaking. Further 

investigation is also warranted to determine whether to target specific intensities of PA 

(e.g., MVPA) during activities and/or whether children will benefit from any form of 

movement and breaking up sedentary time.  

While classroom-based PA is one approach for teachers to more formally structure PA 

opportunities into the school day, findings from this study have shed light on the need 

for teachers and schools to consider the role the environment (e.g., the physical layout 

of the classroom, access to outdoor open spaces) and social context (e.g., class group 

composition) may play in increasing unstructured PA opportunities during school class 

time. The frequency of children’s incidental movement observed during classroom 

activities in the present study was related to the way the classroom teacher grouped 

children during those activities. This suggests that teachers may be able to influence 

the degree of children’s incidental PA in the classroom by scheduling group activities 

that may in turn lead to children moving around the classroom more often. Furthermore, 

structuring the physical layout of the classroom in a way that encourages children to 

move during classroom activities in order to collect supplies, communicate with others 

or interact with equipment or resources may also lead to an accumulation of incidental 
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PA.146,239 In addition, offering children a variety of different learning spaces and 

materials, for example, desks of different heights, may encourage children to regularly 

change position by kneeling, sitting or standing at different workstations during 

activities.  

5.6.3 Limitations 
It is important to acknowledge several limitations to this study. Firstly, the OSRAC-E 

direct observation tool has yet to be validated against other measures of PA such as 

accelerometry and thus recorded intensity levels of PA may have been over or 

underestimated. Research suggests that adopting multiple simultaneous approaches 

to measuring PA may lead to a more complete profile of children’s PA.60 For this study, 

permission was initially sought to assess children’s PA using both accelerometry and 

direct observation to allow for this triangulation of data; however, approval to use 

accelerometers with study participants was not granted.  

Another factor leading to a potential over or underestimation of PA intensity was that 

only a small number of participants were observed at one school, and these may differ 

from other children of the same age at the same or different schools. However, the 

observer did spend one whole school week with each Year 1 class over a four-week 

period and observe 34 different participants, and thus sampling was representative of 

the timetable (e.g., scheduled number of hours for English, mathematics, PE) and a 

range of children in the classes. Further limitations to the generalisability of the study 

findings include the fact that only one school agreed to participate, despite a more 

representative sample being invited. Nevertheless, given that teaching in all schools in 

Australia is guided by the Australian Curriculum246 this observational study conducted 

in an Australian school provides a valuable indication of the extent to which PA may 

occur in Year 1 classrooms across many schools. To our knowledge, this study was 

the first to assess the frequency, type and context of Year 1 children’s PA in Australia 

using the OSRAC-E. Whilst further research of this nature with larger sample sizes is 

warranted, this study provides valuable insight into existing classroom routines and PA 

practices, as a guide and catalyst for further research.  

It is important to also acknowledge that some of the observation intervals occurred 

during assessment weeks designed to facilitate mid-year reporting of student grades. 

This meant that some activities such as English and mathematics small group rotations 
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were not undertaken as planned, which may have resulted in an increase in sedentary 

time. However, these intervals represented less than 5% of the total number of 

observations. Furthermore, the primary school setting is dynamic and thus observation 

of children’s PA was occasionally challenging, particularly during highly active periods 

when children were moving fast and there were many different activities occurring 

simultaneously. However, the advantage of the OSRAC-E being a focal child system 

meant that observer error due to environmental complexity was minimised, as long as 

the observer was able to view the focal child. Finally, all observation intervals were 

recorded by one observer. This may have subsequently resulted in observer bias 

leading to limitations in the generalisability of the findings. However, the observer had 

knowledge of, and experience in assessing children’s PA levels and motor proficiency, 

along with specific professional experience delivering gross motor programs to Year 1 

students within the primary school context.  

5.7 Conclusion 

The collective findings from this study advance current understanding of Year 1 

children’s PA and the context of this PA during school class time. The future 

opportunities available to incorporate PA into the regular class schedule were also 

identified. Overall findings revealed that Year 1 children were observed to be 

predominantly sedentary during school class time, undertaking limited amounts of light 

PA and MVPA, including organised and incidental PA. Implementing movement into 

academic lessons or during transitions between lessons (i.e., classroom-based PA) 

was identified as a key strategy to encourage children to be more active during school 

class time. Children’s incidental PA may also be facilitated by scheduling group 

activities and/or structuring the physical layout of the classroom to encourage 

movement. Findings from this study may interest school principals, classroom teachers, 

specialist PE teachers and other policy makers interested in identifying ways to 

implement opportunities for children in the early years of primary school to be active 

during class time, as part of a whole-of-school approach to PA promotion. Findings are 

also relevant to health professionals working in schools who are qualified to promote 
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children’s health and wellbeing, as they may be able to support educators to implement 

these practices.8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
8 Please note that all references in this chapter are presented in the References section of the thesis  
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Table S3: Description of modified codes for Observational System for Recording Physical Activity in 
Children – Elementary School. 

 
Observed 
categories 

Observed codesa Description 

Location Transition  When children move from an outdoor to an indoor location 

Instructional 
setting 

Change class Teacher changed from one activity context to another (i.e., 
when the corresponding activity context category was 
coded as transition, snack break or classroom-based 
physical activity (teacher or technology-led with non-
academic focus) 

Core learning 
lessons  

English and mathematics. Inclusive of snack break and 
classroom PA (teacher or technology-led with academic 
focus) 

Other 
 

Non-academic activities observed including morning roll 
call, free play, show and share, meditation/mindfulness 
and school sport (excluding PE) 

Activity context CBPA PA observed in classroom (excluding PE and school sport) 

CBPA (Teacher 
led, non-
academic)b 

PA observed in classroom – delivered by the teacher, non-
academic focus (i.e., PA break) 

CBPA (Teacher 
led, academic)b 

PA observed in classroom – delivered by the teacher, 
academic focus (i.e., active lesson) 

CBPA 
(Technology led, 
non-academic)b 

PA observed in classroom – delivered using technology 
(e.g., online dance video), non-academic focus 

CBPA 
(Technology led, 
academic)b 

PA observed in classroom – delivered using technology 
(e.g., online dance video), academic focus 

PE/school sport Activity observed during PE lessons. School sport: the 
school sports carnival was timetabled into the regular 1-
hour PE lesson (i.e., replaced PE that one week) 

Snack Eating fruit snack during break or while completing 
academic work 

Transition Change in one activity context to another (excluding 
classroom-based PA and snack breaks) 

Group 
composition 

Whole class  Children complete an activity involving the whole class 

Group Children complete an activity with or in the presence of a 
small group of peers  

Transitions Teacher-directed 
transitionb  
 

The teacher asked students to move from one area to 
another (i.e., carpet to desk), either to start an activity (i.e., 
collect supplies), or finish an activity (i.e., pack up learning 
materials) in preparation for a new activity 

 Incidental 
transitionb 
 

The student engaged in physical activity, without receiving 
instruction from the teacher to do so (i.e., collecting 
learning materials, moving to speak to the teacher/peers) 

CBPA: classroom-based PA; PA: physical activity; PE: physical education 
a See McIver et al.240 for original description of codes for observation categories 
b See Russ et al.239 for original description of codes for transitions 
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Table S4: Frequencies of observed intervals (and percentage of intervals) of physical activity opportunities provided during Year 1 school class time by 
physical activity intensity levels 1-5. 

 
Observation 
categories 

Observation 
codes 

Observed 
intervals 
(% total) 

Observed intervals (%) by physical activity intensity level 

   Stationary 
(Level 1) 

Limbs 
(Level 2) 

Sedentary 
(Levels 
1 & 2) 

Light 
(Level 3) 

Moderate 
(Level 4) 

Fast 
(Level 5) 

 
 

MVPA 
(Levels 
4 & 5) 

Instructional 
setting 

Change class* 298 (5.6) 166 (55.7) 52 (17.4) 218 (73.2) 65 (21.8) 3 (1) 12 (4) 15 (5.0) 
Physical 
Education 

233 (4.4) 93 (39.9) 52 (22.3) 145 (62.2) 39 (16.7) 0 (0) 49 (21) 49 (21) 

Activity context CBPA* 151 (2.8) 53 (35.1) 69 (45.7) 121 (80.1) 17 (11.3) 3 (2) 9 (10.2) 13 (8.6) 
CBPA (Teacher-
led, non-
academic)* 

50 (0.2) 21 (42.0) 20 (40) 41 (82) 2 (4) 1 (2.5) 6 (12) 7 (14) 

CBPA (Teacher-
led, academic)* 

10 (0.2) 3 (30.0) 7 (70) 10 (100) 0 (0) 0 (0) 0 (0) 0 (0) 

CBPA 
(Technology-led, 
non-academic)* 

77 (1.5) 28 (36.4) 33 (42.9) 60 (77.9) 11 (14.3) 2 (2.6) 3 (3.9) 6 (7.8) 

CBPA 
(Technology-led, 
academic)* 

14 (0.3) 1 (7.1) 9 (64.3) 10 (71.4) 4 (28.6) 0 (0) 0 (0) 0 (0) 

PE + sport 313 (5.9) 128 (40.9) 64 (20.4) 192 (61.3) 56 (17.9) 2 (0.6) 63 (20.1) 65 (20.8) 
Group 
composition 

Whole class* 2482 (46.8) 1676 (67.5) 478 (19.3) 2153 (86.7) 241 (9.7) 6 (0.2) 81 (3.3) 88 (3.5) 
Group* 2823 (53.2) 1559 (55.2) 858 (30.4) 2417 (85.6) 398 (14.1) 1 (0.0) 7 (0.2) 8 (0.3) 

CBPA: classroom-based physical activity; PA: physical activity; PE: physical education.  
Values may not add up to exactly 100% due to rounding.  
Sedentary (stationary or limbs) = Level 1 code (stationary or motionless with no major limb movement or major joint movements) and Level 2 code (stationary 
with easy movement of limbs or trunk without translocation; Light PA = Level 3 code (translocation at a slow and easy pace); Moderate to vigorous PA = Level 
4 code (translocation at a moderate pace) and Level 5 code (translocation at a fast or very fast pace) (See McIver et al.240 for detailed description of activity 
level codes) 
*See Table S3 for definitions of modified OSRAC-E codes 
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6.1 Preface 

It was identified in Study 2 (Chapter 5) that classroom-based PA, particularly 

physically active lessons, was seldom observed being utilised by classroom teachers 

with Year 1 children during class time. Therefore, classroom-based PA was 

recommended as a potential method that teachers could employ to increase children’s 

movement during class time. The study reported in this chapter concludes Stage 2 

(solution generation) of the thesis framework and involved seeking feedback from 

Australian educators and school principals regarding the factors (barriers/facilitators) 

that would influence the provision of classroom-based PA to students in the early years 

of primary school. It has been reported in the implementation science literature that for 

school-based PA interventions to be more widely accepted and implemented, it is 

essential to explore the factors that may influence the implementation of school-based 

PA interventions under less controlled real world conditions.51,145 Identification of 

contextual barriers and facilitators that may influence the implementation of classroom-

based PA programs to students in the early years of primary school in Australia may 

inform the design of future studies evaluating the effectiveness of classroom-based 

motor skill programs on children’s motor proficiency and academic outcomes. In this 

regard, potential barriers to effective implementation that have been identified early in 

the planning process may be addressed.  

The cross-sectional study reported in this chapter was published in a peer-reviewed 

journal in 2020. The formatting of the original published manuscript has been amended 

to be consistent with the thesis style, and the citation for the published manuscript is 

as follows: https://link.springer.com/article/10.1007%2Fs10643-020-01076-y#citeas 

Macdonald K, Milne N, Pope R, Orr R. Factors influencing the provision of 

classroom-based physical activity to students in the early years of primary school: a 

survey of educators. Early Child Educ J. 2020; 1-13. doi: 10.1007/s10643-020-

01076-y under Creative Commons Attribution Licence (CC BY 4.0)  

Two supplementary tables are referred to as Table S5 and Table S6 within this chapter. 

These tables can be found at the end of the chapter. The participant questionnaire can 

be found in Appendix C. 

https://link.springer.com/article/10.1007%2Fs10643-020-01076-y#citeas
https://creativecommons.org/licenses/by/4.0/
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6.2 Abstract9 

Evidence suggests that multiple factors affect implementation of school-based physical 

activity interventions. This survey study examined the factors that influence the 

provision of classroom-based physical activity to students in the early years of primary 

school in Australia. A social ecological approach guided questionnaire design and 

analysis. A 45-item online questionnaire was administered to Australian classroom 

teachers and assistant, deputy and school principals working with students in 

Prep/Kindergarten to Year 2. Descriptive analysis determined response frequencies 

and content analysis was used to identify common themes in open-ended responses. 

The survey response rate was 22%; 34 of the 75 participants answered at least 93% 

of the survey questions. Barriers to providing classroom-based physical activity include: 

insufficient time, limited training opportunities, limited resources, educator attitudes to 

physical activity, and their confidence. Proposed strategies to overcome barriers 

include the provision of training and resources to improve educator knowledge of the 

benefits of classroom-based physical activity for children’s health and learning, and to 

improve their confidence in delivering classroom-based physical activity. Creating a 

supportive school culture towards physical activity through implementation of whole-

of-school physical activity policies is recommended. Overall, the results of this study 

suggest that multiple strategies, targeted at the individual (i.e., educator) and 

organisational (i.e., school) levels, may be necessary to enable Australian schools to 

overcome perceived barriers to providing physical activity opportunities to students in 

the early years of school during class time. Findings from this research elucidate how 

Australian schools may be best supported to implement classroom-based physical 

activity programs, as part of a whole-of-school approach to physical activity promotion. 

 

 

 

 

 
9 The format of this abstract has remained consistent (i.e., unstructured) with those of the journal for 
which it was published 
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6.3 Background 

The benefits of participation in regular physical activity (PA) for the physical and mental 

health of children and adolescents is widely reported in the literature.20,82 However, low 

levels of PA continue to be reported globally.253 In Australia, for example, current trends 

suggest that children and adolescents are not achieving the recommended levels of 

PA required for optimal health, with figures showing a concomitant decline in Australian 

children’s aerobic and muscular fitness.16,254 In addition, low levels of mastery over 

movement skills (e.g., object control and locomotor skills) have been reported in girls 

and boys by Grade 6.254 Thus, identifying opportunities for children and adolescents to 

achieve the recommended 60 min of moderate-to-vigorous levels of PA each day is 

becoming increasingly important not only for their fitness and movement skill 

development, but also in the prevention of chronic disease.21 

Schools are ideally positioned to establish health-promoting environments by providing 

multiple opportunities for students to be active each day. This may include providing 

PA opportunities before school, during school class time, during recess and lunch 

breaks; and after school, in addition to the inclusion of a regular physical education 

(PE) program.138,139 This whole-of-school approach to PA promotion is known as a 

comprehensive school physical activity program (CSPAP).138 The widespread 

implementation of CSPAPs in Australian schools is a key recommendation recently 

proposed to address rising concern over the PA trends of Australian children and 

adolescents.16 

One approach for increasing students’ activity levels during the school day, that may 

also improve educational outcomes, is scheduling active lessons and breaks during 

school class time, commonly known as classroom-based physical activity.46,139,146 

Classroom-based PA differs from PE and recess or lunch breaks in that it involves 

integrating movement into academic lessons or scheduling movement breaks during 

school class time, with or without an academic focus.46,146 Preliminary findings from 

studies evaluating classroom-based PA interventions are favourable, with beneficial 

effects reported for both PA-related outcomes (e.g., motor skills, aerobic fitness and 

PA levels) and educational outcomes (e.g., improved academic performance, on-task 

behaviour).43,45,46 However, evaluation of the practicalities of implementing classroom-

based PA interventions in ‘real-world’ contexts is also essential to determine whether 
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interventions can be successfully reproduced and sustained.255 In fact, there is strong 

empirical evidence to suggest that multiple factors affect the implementation of health 

promotion and preventive interventions, including school-based PA interventions.51,140  

A growing number of studies have investigated the various factors that may enable or 

hinder classroom teachers from implementing classroom-based PA programs during 

the school day.256,257 A recently published systematic review by Michael et al.258 

synthesised the findings from 28 studies investigating facilitators and barriers to 

integrating movement in elementary classrooms. Findings revealed that factors 

influencing movement integration in elementary schools occurred primarily at the 

institutional (i.e., the school level) and intrapersonal (i.e., exist within the teacher) levels 

of a social ecological framework.258 Factors influencing the implementation of 

movement opportunities at the interpersonal, community and public policy levels have 

been described less often,51,258 which may be due to the fact that perspectives from 

classroom teachers, and not others, have been most frequently reported in the 

literature. 

To date, the majority of studies investigating factors influencing the implementation of 

classroom-based PA interventions in the primary school setting have been conducted 

in North America, Europe and the United Kingdom (see review by Michael et al.258). A 

limited number of studies have been conducted in Australia across Prep/Kindergarten 

to Year 6259,260 and Years 3 to 5.261,262 However, in Australia, curriculum pressures and 

demands may differ across year levels of primary school. For example, national testing 

of numeracy and literacy in Australian schools commences in Year 3. Given that 

primary schools are in a position to positively influence children’s PA behaviour as they 

commence school and that increased curriculum pressures associated with 

standardised testing commence in Year 3, this study focusses on the early years of 

primary school in Australia (i.e., Prep/Kindergarten to Year 2). Therefore, the aim of 

this study was to examine factors that influence the provision of classroom-based PA 

to students in the early years of primary school in Australia, within a social-ecological 

framework. Understanding the factors that may influence the implementation of 

classroom-based PA in the Australian context will allow for a more targeted approach 

to support for schools.51 
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6.4 Methods 

6.4.1 Study design and participants 
This study employed a cross-sectional survey design, using an online questionnaire to 

collect data from participants using Qualtrics software.263 Study participants included 

Australian primary school staff who would be involved in the development, 

implementation and evaluation of classroom-based PA programs with students in the 

early years of primary school, if such PA programs were implemented at their school. 

Specifically, participants were eligible for inclusion in the study if they self-reported that 

they: (i) held an accredited teaching qualification; (ii) were eligible to work in Australian 

public, independent and/or Catholic primary schools; and (iii) taught the Foundation to 

Year 2 Australian Curriculum to students; or (iv) had responsibility as a school principal, 

deputy or assistant principal to supervise/oversee the delivery of the Foundation to 

Year 2 Australian Curriculum at their school. Ethics approval was obtained from the 

Bond University Human Research Ethics Committee (Protocol number KM03093). 

Research approval was also granted by the State Education Research Approval 

Process (Reference number: 2019177), the Queensland Department of Education 

(Reference number: 550/27/2157) and the ACT Education Directorate (Reference 

number: RES-1910). 

6.4.2 Recruitment 
Recruitment of participants occurred across two phases. Firstly, a Facebook page 

dedicated to the research study was created as a forum through which to invite eligible 

participants to complete the online questionnaire. This initial phase took place between 

February and March 2019. Secondly, following research approval from selected school 

jurisdictions, principals from primary schools in south east Queensland (n = 30), 

northern New South Wales (n = 3) and the Australian Capital Territory (n = 3) were 

invited via email to involve their school in the study. This second phase of recruitment 

occurred between June and September 2019. The school principals were known to the 

research team through existing professional networks. Following gatekeeper approval, 

an invitation to participate in the online questionnaire was circulated by the school 

principal to eligible staff members from the corresponding primary school. Prior to 

completion of the online questionnaire, prospective participants were required to 

confirm that they (i) met the eligibility requirements; (ii) had read and understood the 
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participant information sheet and consent form; and (iii) provided their consent to take 

part in the questionnaire. All responses were anonymous.  

6.4.3 Theoretical framework underpinning the questionnaire 
Following a review of the relevant empirical literature, a social ecological approach was 

chosen as the theoretical framework through which to examine the contextual factors 

that may influence the provision of classroom-based PA to students in the early years 

of primary school.51,140,257 A social ecological framework can be used to gain a 

comprehensive understanding of the factors that influence behaviour at the individual, 

interpersonal, organisation, community and public policy levels.141,142 As such, a social 

ecological model takes into consideration not only the attributes of an individual, but 

also the social and environmental factors that may facilitate or inhibit the behaviour of 

an individual.143,264  

6.4.4 Questionnaire 
The online questionnaire was comprised of four main sections encompassing 45 items, 

including: Section 1 - Demographic information (7 items); Section 2 - Current use of 

classroom-based PA with students in Prep/Kindergarten to Year 2 in Australian primary 

schools (17 items); Section 3 - The factors which may influence the ability and/or 

willingness of primary school staff to provide PA opportunities to students in the 

classroom (19 items); and Section 4 - Major barriers for providing classroom-based PA 

to students in Prep/Kindergarten to Year 2 and suggestions for overcoming major 

barriers (2 items). 

Section 1 of the questionnaire included information regarding the geographical location 

of the participants’ school, the type of primary school (i.e., public, independent, 

Catholic), their number of years of teaching experience, whether their school had a 

CSPAP policy in place, and the participants’ role/year level at the school. 

Section 2 of the questionnaire included questions regarding whether participants had 

completed professional development (PD) and/or training on classroom-based PA and 

whether they currently provided classroom-based PA to students. At the beginning of 

this section, key definitions were provided for the terms PA, classroom-based PA, 

physically active lessons and PA breaks. A clear statement outlining that classroom-

based PA is distinct from scheduled PE lessons was also provided. Participants were 
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then asked about the frequency and methods of classroom-based PA utilised (e.g., 

physically active lessons vs PA breaks). For each method, participants were asked 

which key learning areas of the Foundation to Year 2 Australian Curriculum they 

incorporated active lessons into, along with how much time they allocated (in minutes), 

the types of PA (e.g., gross motor skills, cardiorespiratory fitness / strengthening/ 

flexibility activities) and the locations in which the PA occurred. 

Section 3 of the questionnaire sought feedback from participants regarding 19 

individual factors that may influence the ability of school staff to provide classroom-

based PA to students in Prep/Kindergarten to Year 2. The factors included in Section 

3 have been previously identified in the literature as potentially impacting the 

implementation process of health promotion and preventative interventions, including 

school-based PA interventions.51,140 Participants were specifically asked whether they 

perceived these factors as barriers, facilitators or felt neutral about their influence, from 

the perspective of their role as a classroom teacher or principal. The 19 factors were 

categorised into four of the five levels within a social ecological framework; including 

(i) individual factors (i.e., staff beliefs and skills); (ii) interpersonal factors (i.e., relating 

to students and peers); (iii) organisational factors (i.e., school administration, 

environment, training/resources); and (v) public policy (i.e., state and national PA 

policies). Participants rated each factor in this section using a five-point Likert scale. 

Response options for each factor included 1 = strong barrier, 2 = barrier, 3 = neither, 

4 = facilitator and 5 = strong facilitator.  

Finally, Section 4 of the questionnaire included two open-ended questions, adapted 

from previous studies on this topic.256,257 The purpose of the open-ended questions 

was to gain a deeper understanding of the main barriers that would influence the ability 

and/or willingness of staff at their school to provide classroom-based PA to students in 

Prep/Kindergarten to Year 2, along with any suggestions for overcoming these major 

barriers. Common themes from responses to open-ended questions were coded and 

categorised using content analysis, as described further below.265  

The questionnaire was initially piloted with two primary school staff, including a 

specialist primary PE teacher and a classroom teacher to ensure questionnaire 

readability, relevance, clarity and validity.266 The original questionnaire included six 

sections and 60 items. Based on feedback received during this pilot process, the 
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questionnaire was modified and reduced to four sections and 45 items. To minimise 

the time requirement of the questionnaire, two sections were removed regarding the 

school PE program and school recess/lunch breaks, so that the focus was on 

classroom-based PA. Additionally, three items were removed regarding participants’ 

perceptions of the proposed benefits of classroom-based PA for the health and 

learning outcomes of school students and the frequency of classroom-based PA. 

Finally, the Likert scale in Section 3 was modified from 7-points to 5-points. As 

proposed by Fink,266 the responses to the pilot questionnaire were compared to the 

intended scope of the research questions in order to inform revisions that would 

maximise the external validity of the topics covered and the results generated. 

6.4.5 Statistical analysis 
Survey response rates were calculated based on methods recommended by the 

Institute for Social and Economic Research267 and the American Association for Public 

Opinion Research268 (rate definitions and formulae are provided in Table S5). Survey 

completion rates represented the percentage of respondents who completed (i.e., ≥ 

93% of questionnaire answered) or partially completed (41-92% of questionnaire 

answered) the questionnaire, or where ‘break-off’ occurred (< 41% of questionnaire 

answered) in relation to the number of questions asked. For the first phase of 

recruitment, the number of people who received the invitation to participate in the 

questionnaire (eligibility unknown) was estimated using the metrics displayed on the 

study Facebook page dedicated to the present research study. The metrics included 

information on how many people had been reached, along with how many times the 

link to the questionnaire in the Facebook post had been clicked. As it was not possible 

to ascertain how many of the people who received notification about the questionnaire 

read it or thought they may be eligible to complete the questionnaire, the number of 

times the link to the questionnaire in the Facebook post was clicked was therefore used 

in subsequent calculations to represent the number of people who received the 

invitation to participate in the questionnaire (eligibility unknown) via social media. For 

the second phase of recruitment, the school cooperation rate, decline rate and non-

contact rate were also calculated (see Table S5 for rate definitions and formulae).268 

The estimated number of emails distributed to school staff inviting them to participate 

was calculated based on the number of Prep/Kindergarten to Year 2 classroom 

teachers and assistant, deputy and school principals at each cooperating school. 
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Descriptive statistics were calculated for responses to all questions in Sections 1 to 3, 

and included (i) frequencies (%) for categorical data; and (ii) means and standard 

deviations (SD) for interval data.230 For Section 3 data, calculation of frequencies (%) 

was based on a simplification of the 5-point Likert scale to a 3-point scale 

encompassing: facilitator (combining the ‘strong facilitator’ and ‘facilitator’ options), 

barrier (combining the ‘strong barrier’ and ‘barrier’ options) and neither. Using an 

inductive content analysis process, responses to open-ended questions in Section 4 

were organised, coded, categorised and grouped into themes.265 Themes were 

subsequently categorised into corresponding levels of the social ecological framework. 

To assist with the content analysis process, NVivo (Version 12) software program was 

used.269 A second author reviewed the responses to open-ended questions and 

verified major themes and categories, with any differences resolved by discussion and 

consensus. 

6.5 Results 

6.5.1 Survey completion and response rates 
Survey completion and response rates across the recruitment phases are summarised 

in Table 19.  

Table 19: Summary of survey completion and response rates across the recruitment phases. 

 Phase 1 
(recruitment via 
social media) 

Phase 2 
(recruitment via 
schools) 

Total 
(recruitment via 
phase 1 and phase 
2) 

Number of school principals 
invited (Phase 2) 

N/A n = 36 N/A 

School cooperation rate N/A 11% (n = 4) N/A 
School decline rate  N/A 3% (n = 1) N/A 
School non-contact rate  N/A 86% (n = 31) N/A 
Number of participants who 
received invitation  

n = 142 n = 52 n = 194 

Number of participants who 
commenced questionnaire 

n = 61 n = 14 n = 75 

Survey completion rate 46% (n = 28) 43% (n = 6) 45% (n = 34) 
Survey partial completion 
rate 

10% (n = 6) 14% (n = 2) 11% (n = 8) 

Survey break-off rate 44% (n = 27) 43% (n = 6) 44% (n = 33) 
Survey response rate  
 

24% 15% 22% 

(see Table S5 for rate definitions and formulae) 
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The survey response rate for the first phase of recruitment via social media, reflecting 

the proportion of the original 142 people who clicked on the survey Facebook post and 

subsequently completed or partially completed the survey, was calculated as 24%. The 

survey response rate for the second phase of recruitment, reflecting the proportion of 

the 52 invitees who completed or partially completed the survey, was calculated as 

15%. The survey response rate across both phases of recruitment combined was 

calculated as 22%. 

Review of data sets for the eight respondents who only partially completed the survey 

revealed that they had each only completed demographic questions and a few other 

questions, so that their data did not usefully inform the survey. On this basis, data from 

those eight partial survey responses were excluded from the further analyses reported 

below, leaving only data from the 34 respondents who completed at least 93% of the 

survey questions to be analysed, and so only these data are reflected in the results 

reported in subsequent sections. 

6.5.2 Participant demographics 
The demographic characteristics of participants included in the study, for the total 

sample and separately for classroom teachers and school principals are summarised 

in Table 20. The mean number of years of teaching experience reported by the 34 

included participants was 19.41 ± 12.06 years (range 2-44 years). The majority of these 

participants (77%: n = 26) were classroom teachers, with the remaining participants 

having responsibility as either a school principal, deputy or assistant principal (23%: n 

= 8) to oversee the delivery of the Foundation to Year 2 Australian Curriculum at their 

school. The majority of participants worked at schools located on the east coast of 

Australia, including New South Wales (29%: n = 10), Queensland (29%: n = 10) and 

Victoria (21%: n = 7). Participants reported they worked at primary schools primarily 

located within major cities (38%: n = 13) or small regional areas (35%: n = 12). The 

majority of participants (79%: n = 23) worked at public schools. Only 41% (n = 14) of 

the participants reported they currently had a CSPAP in place at their school. Just 

under half the participants (47%: n = 16) reported having received professional 

development (PD) and/or training regarding the different methods of classroom-based 

PA (see Table S6). Participants reported having completed a mean of 24.75 ± 27.27 h 

(range 3-100 h) of PD/training in this topic area. 
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Table 20: Demographic characteristics of included participants, for total sample, classroom teachers 

and school principals. 

Characteristic Total  
(n = 34) 

 
Frequency (%) 

 

Classroom teachers (n 
= 26) 

 
Frequency (%) 

 

School principals  
(n = 8) 

 
Frequency (%) 

 
Mean (SD) years of 
teaching experience 
State/Territory  
Queensland 
New South Wales 
Victoria 
South Australia 
Western Australia 
Australian Capital Territory 
Northern Territory 
Tasmania 
Geographical location 
Major city 
Large regional area 
Small regional area 
Remote area 
Very remote area 
School type 
Public 
Catholic 
Independent 
Other 
CSPAP 
No  
Yes 
Unsure 
School role 
Classroom teacher 
Assistant principal 
Deputy principal 
School principal 
Year Level* 
Prep/Kindergarten 
Year 1 
Year 2 

19.41 (12.06) 

 

10 (29.4) 
10 (29.4) 
7 (20.6) 
2 (5.9) 
0 (0) 

3 (8.8) 
2 (5.9) 
0 (0) 

 
13 (38.2) 
5 (14.7) 
12 (35.3) 
2 (5.9) 
2 (5.9) 

 
27 (79.4) 
3 (8.8) 
3 (8.8) 
1 (2.9) 

 
14 (41.2) 
14 (41.2) 
6 (17.6) 

 
26 (76.5) 
4 (11.8) 
2 (5.9) 
2 (5.9) 

 
16  
23  
17  
 

18.65 (12.31) 
 
 

9 (34.6) 
7 (26.9) 
5 (19.2) 
1 (3.8) 
0 (0) 

2 (7.7) 
2 (7.7) 
0 (0) 

 
9 (34.6) 
3 (11.5) 

11 (42.3) 
1 (3.8) 
2 (7.7) 

 
19 (73.1) 
3 (11.5) 
3 (11.5) 
1 (3.8) 

 
11 (42.3) 
12 (46.2) 
3 (11.5) 

21.88 (11.66) 
 
 

1 (12.5) 
3 (37.5) 
2 (25) 

1 (12.5) 
0 (0) 

1 (12.5) 
0 (0) 
0 (0) 

 
4 (50) 
2 (25) 

1 (12.5) 
1 (12.5) 

0 (0) 
 

8 (100) 
0 (0) 
0 (0) 
0 (0) 

 
3 (37.5) 
2 (25) 

3 (37.5) 

CSPAP: comprehensive school physical activity program; School principals refers to assistant, deputy 
and school principals; SD: standard deviation. 
*Participants could choose multiple response options and therefore frequencies do not add up to n=34 
 
6.5.3 Current trends in classroom-based physical activity 
The majority of participants who listed their role as classroom teacher (88%: n = 23) 

and school principal (75%: n = 6) reported current delivery of classroom-based PA to 

students at their school (additional data are provided in Table S6). The majority of 

participants delivered classroom-based PA at least three times per week, and this was 

consistent across all three year levels. Participants also reported using a combination 
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of different methods of classroom-based PA, with physically active lessons most often 

integrated into the key learning areas of Health and Physical Education (which includes 

a theoretical component regarding health and wellbeing, and a practical component 

where students are provided with movement opportunities), mathematics and English. 

Physically active lessons typically lasted for 30 min or less and included a combination 

of motor skill, aerobic and flexibility activities and were undertaken inside the 

classroom or in the playground. Participants reported that PA breaks typically lasted 

10 min or less, were predominantly delivered inside the classroom and also included 

a combination of motor skill, aerobic and flexibility activities. Participants reported they 

would be likely to continue to deliver both physically active lessons and active breaks 

(with and without an academic focus) in the future. 

6.5.4 Factors influencing the provision of classroom-based physical activity 
The responses reported by participants regarding the factors (barriers/facilitators) that 

may influence the provision of classroom-based PA programs to students in 

Prep/Kindergarten to Year 2 are outlined in Table 21. The majority of participants 

perceived factors categorised at the individual and public policy levels of the social 

ecological framework as facilitators to providing classroom-based PA (Table 21). 

However, in contrast to five of their peers and two-thirds of the classroom teachers 

who perceived their competence to plan and deliver classroom-based PA as a 

facilitator, three principals perceived their competence in this area as a barrier.  
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Table 21: Factors (barriers/facilitators) that may influence the provision of classroom-based PA programs to students in Prep/Kindergarten to Year 2. 

 
Factors 

(categorised within levels of the social ecological framework) 

Perceived as a barrier 
 

Frequency (%) 

Perceived as a facilitator 
 

Frequency (%) 

Perceived as neither barrier nor 
facilitator 

Frequency (%) 
Total 

sample 
CT SP Total 

sample 
CT SP Total 

sample 
CT SP 

Individual (intrapersonal) level 
Personal/professional  
Your perception of the need to provide CBPA at your school (n = 34) 
Your perception of the benefits of providing CBPA at your school (n = 32) 
Your perceived competence (self-efficacy) to plan and deliver CBPA at your school 
(n = 33) 

 
3 (8.8) 
2 (6.3) 
7 (21.2) 

 
2 (7.7) 
1 (4.2) 
4 (16) 

 
1 (12.5) 
1 (12.5) 
3 (37.5) 

 
26 (76.5) 
28 (87.5) 
22 (66.7) 

 
21 (80.8) 
21 (87.5) 
17 (68) 

 
5 (62.5) 
7 (87.5) 
5 (62.5) 

 
5 (14.7) 
2 (6.3) 

4 (12.1) 

 
3 (11.5) 
2 (8.3) 
4 (16) 

 
2 (25) 
0 (0) 
0 (0) 

Interpersonal level 
Student  
Disruptive student behaviour during or following CBPA (n = 34) 
Improvement in student engagement during or following CBPA (n = 33) 
Ability for all students with additional support/learning needs to participate in CBPA 
(n = 32) 

 
11 (32.4) 
2 (6.1) 
5 (15.6) 

 
8 (30.8) 

2 (8) 
4 (16.7) 

 
3 (37.5) 

0 (0) 
1 (12.5) 

 
7 (20.6) 

29 (87.9) 
20 (62.5) 

 
5 (19.2) 
21 (84) 

14 (58.3) 

 
2 (25) 
8 (100) 
6 (75) 

 
16 (47.1) 
2 (6.1) 

7 (21.9) 

 
13 (50) 
2 (8) 

6 (25) 

 
3 (37.5) 

0 (0) 
1 (12.5) 

Peer  
Attitudes and beliefs from peers towards CBPA at your school (n = 34) 
Ability for staff to participate in peer observation of CBPA (n = 32) 
Ability for staff to share ideas and resources for CBPA with colleagues (n = 32) 

 
8 (23.5) 
4 (12.5) 
4 (12.5) 

 
5 (19.2) 
1 (4.2) 
2 (8.3) 

 
3 (37.5) 
3 (37.5) 
2 (25) 

 
17 (50) 

18 (56.3) 
21 (65.6) 

 
13 (50) 

13 (54.2) 
16 (66.7) 

 
4 (50) 

5 (62.5) 
5 (62.5) 

 
9 (26.5) 
10 (31.3) 
7 (21.9) 

 
8 (30.8) 
10 (41.7) 

6 (25) 

 
1 (12.5) 

0 (0) 
1 (12.5) 

Organisational (institutional) level 
School administration 
Having sufficient time to schedule CBPA into the regular routine (n = 33) 
Having a supportive school climate (including support from administration) (n = 32) 
Compatibility of CBPA with school values (n = 32) 

 
18 (54.5) 
7 (21.9)  
5 (15.6) 

 
11 (44) 
6 (25) 

5 (20.8) 

 
7 (87.5) 
1 (12.5) 

0 (0) 

 
12 (36.4) 
21 (65.6) 
22 (68.8) 

 
11 (44) 

15 (62.5) 
16 (66.7) 

 
1 (12.5) 
6 (75) 
6 (75) 

 
3 (9.1) 

4 (12.5) 
5 (15.6) 

 
3 (12) 

3 (12.5) 
3 (12.5) 

 
0 (0) 

1 (12.5) 
2 (25) 

School environment 
The amount of space available inside the classroom (n = 33) 
The amount of space available outside in the playground (n = 32) 

 
15 (45.5) 
7 (21.9) 

 
11 (44) 
7 (29.2) 

 
4 (50) 
0 (0) 

 
13 (39.4) 
22 (68.8) 

 
10 (40) 

16 (66.7) 

 
3 (37.5) 
6 (75) 

 
5 (15.2) 
3 (9.4) 

 
4 (16) 
1 (4.2) 

 
1 (12.5) 
2 (25) 

Training / support  
The provision of PD/training to staff to ensure they have the necessary knowledge & 
skills to provide PA opportunities in the classroom (n = 33) 
Availability of quality resources, including examples of developmentally appropriate 
methods of CBPA (n = 32) 

 
10 (30.3) 

 
9 (28.1) 

 
6 (24) 

 
7 (29.2) 

 
4 (50) 

 
2 (25) 

 
20 (60.6) 

 
18 (56.3) 

 
16 (64) 

 
14 (58.3) 

 
4 (50) 

 
4 (50) 

 
3 (9.1) 

 
5 (15.6) 

 
3 (12) 

 
3 (12.5) 

 
0 (0) 

 
2 (25) 

Public policy level 
Policy 
Reading an evidence-based research article from an esteemed educational journal 
that describes how PA may enhance children’s learning (n = 33) 
Awareness and knowledge of Australia’s Physical Activity and Sedentary Behaviour 
Guidelines that recommend children aged 5-12 years should accumulate at least 60 
min of MVPA every day (n = 32) 
Awareness and knowledge of Australia’s National Physical Activity Policy 
recommending that primary schools provide students with 120 to 150 min of PE and 
organised physical activity each week (n = 29) 

 
1 (3) 

 
2 (6.3) 

 
 
4 (13.8) 

 
1 (4) 

 
2 (8.3) 

 
 
3 (13.6) 

 
0 (0) 

 
0 (0) 

 
 
1 (14.3) 

 
25 (75.8) 

 
24 (75) 

 
 
19 (65.5) 

 
19 (76) 

 
18 (75) 

 
 
16 (72.7) 

 
6 (75) 

 
6 (75) 

 
 
3 (42.9) 

 
7 (21.2) 

 
6 (18.8) 

 
 

6 (20.7) 

 
5 (20) 

 
4 (16.7) 

 
 
3 (13.6) 

 
2 (25) 

 
2 (25) 

 
 
3 (42.9) 
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CBPA: classroom-based PA; CT: classroom teacher (n = 26); MVPA: moderate to vigorous physical activity; PD: professional development; PE: physical education; SP: assistant, deputy or school 

principal (n = 8); Barrier (bold represents >33% responses were perceived as a barrier), Facilitator (bold represents > 66.6% responses were perceived as a facilitator), Neither barrier nor facilitator 

(bold represents > 33.3% responses were perceived as neither barrier nor facilitator 
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At the interpersonal level of the social ecological framework, the strongest facilitator of 

classroom-based PA reported by participants was observing an improvement in 

student engagement during or following classroom-based PA. The ability for staff to 

share ideas and resources for classroom-based PA and the ability for students with 

additional support/learning needs to participate in classroom-based PA were also 

largely perceived as facilitators. Just over half the total participants listed attitudes and 

beliefs from their peers towards classroom-based PA (n = 17) and the ability to 

participate in peer observation (n = 18) as facilitators. However, three principals listed 

these latter factors as barriers. Almost half of participants (n = 16) listed observing 

disruptive student behaviour as neither a barrier nor a facilitator, while a third of 

participants (n = 11) listed disruptive student behaviour as a barrier. 

Organisational level factors including having a supportive school climate, compatibility 

of classroom-based PA with school values and the amount of space available outside 

in the playground were predominantly perceived as facilitators. However, participant 

responses regarding other organisational level factors were mixed, including having 

sufficient time to schedule classroom-based PA into the regular routine, the amount of 

space available inside the classroom, the provision of training, and availability of 

resources. For example, having sufficient time and space inside the classroom were 

identified as barriers (n = 18, n = 15, respectively) more frequently than as facilitators 

(n = 12, n = 13, respectively). However, the provision of training and availability of 

quality resources were identified more frequently as facilitators (n = 20, n = 18, 

respectively) than as barriers (n = 10, n = 9, respectively).  

Responses from principals and classroom teachers were on the whole very similar. 

However, from the perspective of principals, having sufficient time to schedule 

classroom-based PA into the regular routine was the strongest barrier to providing 

classroom-based PA, with the amount of space available inside the classroom and 

provision of PD/training also perceived as barriers by half (n = 4) of school principals. 

The perceived benefits of classroom-based PA and observed improvements in student 

engagement were the strongest facilitators reported by principals. 
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6.5.5 Major barriers for providing classroom-based physical activity and 
proposed solutions 

A total of 28 of the 34 participants answered the open-ended survey question regarding 

major barriers to implementing classroom-based PA and 24 of them offered potential 

solutions. A total of seven themes emerged for the major barriers identified by 

participants for providing classroom-based PA to students in the early years of primary 

school (Table 22).  

Table 22: Themes of major barriers for providing classroom-based PA and proposed solutions. 

Theme Social 
ecological 

level 

References 
(Total) 
(n = 28) 

References 
(CT) 

(n = 20) 

References 
(SP) 

(n = 8) 
Barriers (n = 28) 
Insufficient time  Organisational 24 17 7 
Staff attitudes, knowledge, beliefs Individual 16 11 5 
Lack of training, resources, 
equipment 

Organisational  14 10 4 

Lack of space inside classroom Organisational 7 5 2 
Student characteristics Interpersonal 4 3 1 
School ethos  Organisational 5 4 1 
School policy Organisational 2 2 0 
No barriers  2 1 1 
Weather  1 1 0 
Proposed solutions (n = 24) 
Provision of training and resources  Individual, 

organisational  
16 11 5 

Scheduling CBPA into regular 
routine 

Organisational 9 4 5 

Administration support Organisational 7 5 2 
School PA policies Organisational 5 5 0 
Funding Organisational  3 2 1 
Engaging with parents/community Community 3 1 2 
Collaboration with peers Interpersonal 3 2 1 
Access to facilities Organisational 2 2 0 
No solution suggested  1 1 0 

CBPA: classroom-based PA; CT: classroom teacher; SP: assistant, deputy or school principal  

 

Five themes were categorised as organisation-level factors, including:  

(i) insufficient time (n = 24 references): 

‘Time would be seen as a barrier with pressures of curriculum unfortunately.’ 

(Participant 23).  

(ii) lack of training, resources and equipment (n = 14 references):  
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‘Not having adequate resources easily accessible or organised’ (Participant 2).  

(iii) lack of space inside the classroom (n = 7 references).  

(iv) school ethos (n = 5 references): 

‘NAPLAN focus; Academic results focus; school ethos for academic excellence only’ 

(Participant 25); and 

 (v) school policies (n = 2 references).  

One theme was categorised as an individual-level factor, and related to staff attitudes, 

knowledge, beliefs and confidence (n = 16 references): 

‘Knowledge and awareness of the evidence of the benefits of physical activity for 

children’ (Participant 2).  

One final theme was categorised as an interpersonal-level factor and related to student 

characteristics, including disruptive behaviour (n = 4 references). Themes relating to 

major barriers were consistent between classroom teachers and principals. 

A total of eight themes emerged for solutions proposed by participants for overcoming 

the major barriers identified for providing classroom-based PA to students in the early 

years of school. Six themes were categorised as organisation-level solutions, including:  

(i) the provision of training, resources and equipment relating to classroom-based PA 

(n = 16 references): 

‘Providing readings and data related to the benefits of physical activity and the links 

with student engagement. If executive staff can see the link with engagement they are 

more likely to consider this encouragement and support’ (Participant 27);  

(ii) scheduling classroom-based PA into the regular routine (n = 9 references):  

‘Make it a routine; Live life well @ school initiatives; make a school culture of health, 

nutrition and physical activity’ (Participant 11).  

(iii) administration support (n = 7 references):  
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‘Administrators to model 'in class' physical activity when conducting staffroom in 

services; Talk the talk encourage and support any increased activity for staff and 

students. Promote whole school fitness’ (Participant 3);  

(iv) school PA policies (n = 5 references): 

‘National curriculum requirement that has all children engage in classroom physical 

movement/kinaesthetic activities for 60 minutes every day built into the daily timetable’ 

(Participant 25).  

(v) funding (n = 3 references); and  

(vi) access to facilities (n = 2 references).  

One participant shed light on the impact that school policy and education/training may 

have on minimising perceived barriers: 

‘We are required to provide children with physical activity on a daily basis, so there are 

no barriers as it is a requirement’. ‘We aim to engage in a movement break every 20 

minutes. This approach was recommended to me by a physiotherapist I worked with 

and is also supported by the occupational therapists. This is supported by evidence-

based research. When children are provided with regular opportunities to move, it 

increases their focus and concentration, therefore having a positive impact on their 

learning’ (Participant 13).  

Another solutions theme, collaboration with peers, related to interpersonal-level factors:  

‘Mentoring from confident skilled staff. Sharing best practice. Cooperative planning’ 

(Participant 10).  

One final theme related to community level factors was the suggestion to engage with 

parents/communities by increasing their awareness of the benefits of school PA 

programs (n = 3 references): 

‘getting the community on board’ (Participant 27).  
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6.6 Discussion 

The aim of this study was to examine factors that influence the provision of classroom-

based PA to students in the early years of primary school in Australia, within a social 

ecological framework. Based on self-report data from the participant sample, there was 

evidence to suggest that, at the time of this study, classroom teachers in Australia were 

providing some PA opportunities to students in Prep/Kindergarten to Year 2 during 

school class time, including both physically active lessons and PA breaks. However, 

variability in the frequency, duration, and type of PA included in active lessons and 

breaks was evident.  

Overall, the factors that participants reported as influencing the provision of classroom-

based PA to students in the early years of primary school related primarily to the 

organisational level (i.e., occur at school level) and individual level (i.e., exist within the 

participant themselves) of influence within a social ecological framework. However, 

several other factors, relating to the interpersonal, community, and public policy levels 

of influence, were also highlighted. These findings are important as they suggest that 

multiple strategies, particularly targeted at the individual and organisational levels, may 

need to be employed to support Australian schools in overcoming the perceived 

barriers that currently exist to providing PA opportunities to students in the early years 

of school during class time.  

Findings from the present study revealed that Australian classroom teachers and 

assistant, deputy and school principals perceive organisational (or school) level factors, 

including insufficient time and a lack of training, resources and space to be the major 

barriers to providing classroom-based PA to students in the early years of school. 

These findings are in agreement with institutional barriers to movement integration in 

elementary classrooms identified in the systematic review by Michael et al.,258 which 

also included time, availability of resources, space and administrative support.258 

However, findings reported in that review were from studies conducted predominantly 

in the United States. Several studies conducted in Australia259-262 have also reported 

insufficient time as a major barrier to implementing classroom-based PA and this 

related to difficulties scheduling PA opportunities into the regular school class routine 

due to an already crowded curriculum. However, this is the first study to seek feedback 

from school staff regarding the factors influencing the provision of classroom-based 
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PA to children specifically in the early years of school in Australia. In contrast, 

knowledge of the factors (barriers/facilitators) influencing the provision of classroom-

based PA to children in the early years of school identified in the present study can 

guide the design of future classroom-based interventions with these year groups. 

The most commonly reported solutions for overcoming barriers at the organisation 

level reported by participants in the present study included the provision of training, 

resources and equipment, scheduling classroom-based PA into the regular school 

routine and having support from school administrators. This suggests that creating a 

school culture where PA promotion is valued and supported may be essential. 

Furthermore, school principals that perceive PA as being important for students’ health 

and learning, may be in a position to influence the extent to which government PA 

policies are implemented and monitored in their individual schools.270  

Individual level factors, including staff attitudes, knowledge, beliefs and confidence, 

were also perceived by participants in the current study to be influential barriers to 

providing classroom-based PA. The solution proposed by participants of providing 

training and resources to school staff may overcome these barriers. Given that 

participants reported that perceived need for and benefits of providing classroom-

based PA were strong facilitators of implementation of classroom-based PA (in 

quantitative responses), this suggests that if school staff (teachers and principals) do 

not understand the value and benefits of classroom-based PA, they may be less likely 

to advocate for these opportunities to be provided. Therefore, providing school staff 

with evidence-based articles or training regarding the relationships between children’s 

PA, health and learning may improve their knowledge of the rationale and benefits of 

classroom-based PA. This may be particularly important for school principals, given 

that in the current study it was this group that most strongly perceived the benefits of 

classroom-based PA to be a facilitator of classroom-based PA. In addition, the 

provision of training to school staff, that includes practical information on how to 

schedule classroom-based PA into the regular routine, along with examples and 

resources on classroom-based PA, may help to increase staff confidence. This may 

be a priority area in which to focus support, given that teacher confidence has been 

identified in several other studies as being an influential facilitator in determining 

whether movement opportunities will be provided to children throughout the school 

day.258,259  



190 
 

At the interpersonal level (i.e., student and peer factors), only one third of participants 

perceived observing disruptive student behaviour as a barrier to providing classroom-

based PA, whereas almost half the participants reported perceiving it as neither a 

facilitator nor barrier. This finding is in contrast to other studies conducted in Australia 

where behavioural challenges with students in Prep/Kindergarten to Year 6 have been 

reported as a barrier for implementing short PA breaks into the school day.260,261 

Notably, one of the strongest facilitators for providing classroom-based PA (in 

quantitative responses) identified by participants in this study was observing an 

improvement in student engagement during or following classroom-based PA. This 

suggests that educating school principals and classroom teachers on the ability for 

classroom-based PA to result in improved education behaviours, such as student 

engagement, may be another key element of training.258 Solutions aimed at improving 

staff collaboration, including sharing ideas and resources relating to classroom-based 

PA with peers, may also be useful. 

Several participants made reference to the importance of engaging with the wider 

school community, which has been highlighted as a key component of a CSPAP.138 

Participants suggested that having assistance from external organisations to run 

school-based PA programs, along with increasing parents’ awareness of the benefits 

of school PA programs would be beneficial in supporting schools to run such programs. 

The importance of educating families on the benefits of PA has previously been 

reported in the literature.139 

The influence that public policy may have on the provision of classroom-based PA was 

also highlighted in this study. Participants reported that evidence-based readings and 

having knowledge and awareness of PA and sedentary behaviour guidelines, as well 

as national school PA and PE policies would be facilitators to providing classroom-

based PA. The implementation of whole-of-school PA policies was also proposed by 

several participants. This suggests that teachers may be receptive to receiving more 

direction from school principals around the implementation and monitoring of school 

and national PA policies – an observation that has been reported in other studies 

examining this topic.139,270  
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6.6.1 Limitations 
It is important to acknowledge a number of limitations to the present study. Firstly, a 

major limitation is that only a small number of participant responses were available for 

analysis. Therefore, given this small sample size, the study results are unable to be 

generalised to all school jurisdictions in Australia but may nevertheless usefully inform 

future research on this topic. It is worth noting the social ecological factors 

(facilitators/barriers) identified in the present study are consistent with those reported 

in studies conducted internationally258 and in Australia.259 Secondly, the majority of 

participants who self-reported they were classroom teachers were currently delivering 

classroom-based PA to students in Prep/Kindergarten to Year 2. Therefore, the 

perceived barriers and facilitators for providing classroom-based PA from classroom 

teachers that do not currently provide classroom-based PA in Australia remain largely 

unknown. However, study findings do provide insight from classroom teachers who 

have already tried and tested classroom-based PA and are thus able to provide 

realistic suggestions on overcoming barriers they may have encountered. Thirdly, the 

wording in Section 3 of the questionnaire may have been ambiguous to participants, 

and this may explain the mixed results, particularly in relation to training/support factors. 

However, it was possible to triangulate the responses provided in Section 3 with open-

ended responses to gain a deeper understanding of the factors (facilitators and barriers) 

influencing the provision of classroom-based PA to students in the early years of school. 

In fact, during the qualitative content analysis process, there was evidence of having 

achieved data saturation in open-ended responses in that no new knowledge and/or 

themes emerged as the number of responses analysed increased.271  

Although participants were provided with the definitions of classroom-based PA in the 

questionnaire, including that it is distinct from scheduled PE lessons, several 

participants ticked that they integrated movement into the key learning area health and 

physical education (HPE). Given that in Australia, HPE is considered a key learning 

area and comprises both theoretical and practical components, we are unable to be 

certain that participants meant that they incorporated movement into the theoretical 

component of the HPE subject, though the definitions provided to them at the start of 

the questionnaire make it most likely they were discussing classroom-based PA and 

not scheduled PE classes. One final limitation of this study was that although staff 

attitudes, knowledge and beliefs were identified as an important barrier in open-ended 
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responses (Table 21), these attitudes and beliefs were not explored in any depth. 

Therefore, further exploration of classroom teacher beliefs regarding whether they 

believe increasing movement and/or reducing sedentary time during the school day 

may be beneficial to student learning outcomes and learning behaviours would be a 

valuable addition to future studies in this area.  

6.7 Conclusion  

The widespread implementation of whole-of-school approaches to PA promotion in 

Australian schools is a key recommendation made recently to address current trends 

of physical inactivity in Australian children and young people.16,254 Providing students 

in the early years of primary school with opportunities to be active throughout the 

school day through the provision of classroom-based PA programs may be one way to 

optimise both PA-related and education outcomes. However, the findings of the 

present study suggest that multiple barriers exist for providing classroom-based PA to 

students in the early years of school in Australia. Key barriers that were identified 

included insufficient time, limited training opportunities and resources and individual 

school staff characteristics, including attitudes towards PA and confidence to 

implement the activities. To enhance the ability for primary school staff to provide 

classroom-based PA to students in the early years of school in Australia, strategies 

need to be implemented primarily at the individual (i.e., teacher/principal) and 

organisation (i.e., school) levels, whilst also considering the influence that government 

policies and families may have on this practice. Creating a school culture where school 

administrators value PA and implement whole-of-school PA policies that support 

scheduling PA opportunities into the regular routine may help to overcome identified 

barriers. The provision of training and resources should also be prioritised to improve 

staff knowledge regarding the benefits of classroom-based PA on children’s PA, health, 

and learning as well as improve staff confidence in delivering such PA. Findings from 

this research will contribute to guiding how to best support Australian schools to 

implement classroom-based PA programs and may interest school staff and policy 

makers committed to implementing a whole-of-school approach to PA promotion.10  

 
 
 

 
10 Please note that all references in this chapter are presented in the References section of the thesis  
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Table S5: Survey completion and response rates: Rate definition and formulas.  
 

Abbreviation Definition 
C Completion rate. Number of completed surveys (≥ 93% of questionnaire 

answered) 
DEC Declined. The number of school principals that received the invitations but 

declined to participate 
O Other non-response 

 
P Partial completion rate. Number of partial surveys completed (41-92% of the 

questionnaire answered) 
B Break off rate. Number of surveys where ‘break-off’ occurred (less than 41% of 

questionnaire answered) 
SAP School agreed participation. The number of school principals that agreed to 

participate in the study 
SNC School non-contact. Following circulation of the invitation to school principals, no 

response was received 
TE Emails distributed. The number of emails distributed to school staff, inviting them 

to participate in the questionnaire 
TL Links clicked. The number of times the link to the questionnaire in the Facebook 

post was clicked  
TL + TE Total invitations distributed. The number of people who received the invitation to 

participate in the questionnaire (including links clicked via social media and emails 
distributed via school setting) 

 
School cooperation rate 
 
The school cooperation rate is the proportion of all school principals that were invited to involve their 
school in the study and agreed to involve their school.    
 
School cooperation rate  =  SAP   
________________ 
 
SAP + DEC + SNC 
 
 
School decline rate   =   DEC  
________________ 
 
SAP + DEC + SNC 
 
 
School non-contact rate  =  SNC  
________________ 
 
SAP + DEC + SNC 
 
Survey response rate  
 
The percentage of respondents who completed or partially completed the survey in relation to the 
number invited to participate. 
 
 
Survey response rate (recruitment via social media) =   C + P 
                 ________________  
   
                             TL 
 
 
 



194 
 

Survey response rate (recruitment via schools)  =   C + P 
        __________________ 
          
           TE 
 
 
Survey response rate (both phases of recruitment) =  C + P 
        __________________ 
                    

TL + TE 
 
 
Sources: Lynn et al.267 and The American Association for Public Opinion268 
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Table S6: Current trends in classroom-based physical activity with students in the early years of 
primary school in Australia. 

 
Item Frequency (%) 

Professional development  
No 
Yes  
Unsure 
 
Source of PD training*  
None 
Undergraduate program 
Postgraduate program 
Professional development (school) 
Professional development (external provider) 
 
PD hours completed (Mean ± SD, range) 
 
Do you currently provide CBPA  
No 
Yes 
 
Frequency of CBPA delivered per week  
Prep/Kindergarten (n = 29) 
N/A 
1-2 times 
3-5 times 
>5 times 
 
Year 1 (n = 29) 
N/A 
1-2 times 
3-5 times 
>5 times 
 
Year 2 (n = 28) 
N/A 
1-2 times 
3-5 times 
>5 times 
 
Methods of CBPA* (n = 34) 
Physically active lessons 
PA break (academic focus) 
PA break (non-academic focus) 
Other 
 
Key Learning Areas* 
None 
English 
Mathematics 
Science 
Humanities 
Arts 
Technologies 
Health & Physical Education 
Languages 
 
 
 

 
17 (50) 

16 (47.1) 
1 (2.9) 

 
 

18 
5 
2 
9 

13 
 

24.75 ± 27.27 (range 3-100 hours) 
 
 

5 (14.7) 
29 (85.3) 

 
 
 

12 (41.4) 
4 (13.8) 
9 (31) 

4 (13.8) 
 
 

10 (34.5) 
5 (17.2) 
7 (24.1) 
7 (24.1) 

 
 

11 (39.3) 
5 (17.9) 
6 (21.4) 
6 (21.4) 

 
 

15 
16 
24 
1 
 
 
5 

10 
15 
2 
2 
7 
1 

17 
0 
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Item Frequency (%) 
Physically active lessons 
Duration (n = 29) 
Unsure 
<10 min 
11-20 min 
21-30 min 
31-40 min 
41-50 min 
 
Type of PA* 
None 
Unsure 
Motor skills 
Cardio-respiratory fitness 
Strengthening 
Flexibility 
Other 
 
Location of PA* 
N/A 
Unsure 
Inside 
Hallway 
Playground 
Other 
 
Physical activity breaks 
Duration (n = 29) 
Unsure 
None provided 
1-5 min 
6-10 min 
11-15 min 
16-20 min 
26-30 min 
 
Type of PA* 
N/A 
None provided 
Motor skills 
Cardio-respiratory fitness 
Strengthening 
Flexibility 
Other 
 
Location of PA* 
N/A 
Unsure 
Inside 
Hallway 
Playground 
Other 
 
Future methods of CBPA likely to use 
Methods of CBPA* 
Physically active lessons 
PA break (academic focus) 
PA break (non-academic focus) 
Other 

 
 

2 (6.9) 
11 (37.9) 
7 (24.1) 
6 (20.7) 
1 (3.4) 
2 (6.9) 

 
 
6 
1 

21 
24 
12 
19 
2 
 
 
5 
2 

25 
1 

20 
5 
 
 
 

1 (3.4) 
1 (3.4) 
9 (31) 

13 (44.8) 
3 (10.3) 
1 (3.4) 
1 (3.4) 

 
 
5 
2 

21 
18 
7 

18 
2 
 
 
5 
2 

26 
0 

13 
4 
 
 
 

24 
22 
24 
3 
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Item Frequency (%) 
Key Learning Areas 
None 
English 
Mathematics 
Science 
Humanities 
Arts 
Technologies 
Health & Physical Education 
Languages 

 
1 

18 
27 
12 
8 

11 
3 

28 
7 

N = 34 unless otherwise specified 
CBPA: classroom-based physical activity; PA: physical activity; PD: professional development 
* Asterisk means that participants could choose multiple options for responses and therefore 
frequencies do not add up to N = 34 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



198 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



199 
 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7: Evaluation of a 12-week 
Classroom-Based Gross Motor Program 
Designed to Enhance Motor Proficiency, 

Mathematics and Reading Outcomes of Year 1 
School Children: A Pilot Study 

 

 

 

 

 

 

 

 

 

 

 

 



200 
 

7.1 Preface 

It was identified in Stage 1 (problem definition) of the thesis framework that a limited 

number of studies had evaluated the impact of classroom-based PA interventions, 

particularly motor skill interventions, on children’s motor proficiency and academic 

outcomes (Systematic review, Chapter 3). Findings from Stage 2 (solution 

generation) of the thesis framework sought to explore whether early primary school 

classrooms in Australia could be feasible settings to implement PA opportunities during 

class time and revealed that classroom-based PA may be a method that educators 

could potentially utilise to increase children’s movement opportunities.  

Stage 3 (solution testing) of the thesis framework aimed to specifically explore whether 

classroom-based motor skill programs could be utilised as a strategy to support 

children’s motor proficiency and academic outcomes. The opportunity to conduct 

research alongside the Tweed Healthy Schools Project (THSP), a school-based 

participatory action project, formed the basis of Stage 3 of the thesis framework. This 

meant that the proposed ‘solution tested’, a 12-week classroom-based gross motor 

program, was conducted with Year 1 children under real world conditions 

representative of the conditions in which solutions would be applied. As an exploratory 

study, the purpose was to evaluate a novel program conducted in a complex school 

environment that could potentially inform the design of a more robust, larger evaluation 

in the future. Noting the benefits of conducting the research in a real word context of 

the primary school setting, the constraints and limitations are acknowledged and 

discussed.  

While the factors influencing the provision of classroom-based PA to students in the 

early years of primary school were explored with educators (Chapter 6), the 12-week 

program that was evaluated alongside the THSP was designed and delivered by a 

registered physiotherapist, with assistance from physiotherapy and exercise science 

university students, in collaboration with the classroom teachers. This approach 

allowed for less disruption to classroom teachers and aimed to inform the design of 

future studies, with a view to mitigate the barriers previously identified, including 

insufficient time, limited training opportunities and limited resources (Chapter 6). Given 

the health promoting schools framework recognises the importance of schools forming 

partnerships with the wider school community (i.e., ‘community links & partnerships’), 
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it provides a suitable framework for the involvement of allied health professionals in 

this study in supporting educators and schools to promote children’s motor skill 

development and overall health and wellbeing.  

The pilot study reported in this chapter was published in a peer-reviewed journal in 

2021. The formatting of the original accepted manuscript has been amended to be 

consistent with the thesis style. Copyright permission has been obtained from the 

publisher and the citation for the published manuscript is as follows: 

http://link.springer.com/article/10.1007/s10643-021-01199-w  

Macdonald K, Milne N, Pope R, Orr R. Evaluation of a 12-week classroom-based gross 

motor program designed to enhance motor proficiency, mathematics and reading 

outcomes of year 1 school children: a pilot study. Early Child Educ J. 2021; 1-12. doi: 

10.1007/s10643-021-01199-w. Copyright © 2021. Reproduced with permission from 

Springer Nature. 

Two supplementary tables are referred to as Table S7 and Table S8 within this chapter. 

These tables can be found at the end of the chapter. An additional supplementary table 

(Table S9) summarising the development of the 12-week classroom-based gross 

motor program can be found in Appendix D. 

 

 

 

 

 

 

 

 

http://link.springer.com/article/10.1007/s10643-021-01199-w
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7.2 Abstract11 

This study explored whether Year 1 school children exposed to a 12-week classroom-

based gross motor program progressed differently to Year 1 children undertaking their 

regular school program in motor proficiency, mathematics and reading outcomes. Fifty-

five Australian Year 1 school children (25 boys, 30 girls, mean age = 6.77±0.40 years) 

were exposed to either (i) their normal school program (Class N) or (ii) a 12-week 

program comprised of gross motor circuits and physically active: a) reading lessons 

(Class R) or b) mathematics lessons (Class M). Motor proficiency and academic 

performance in mathematics and reading were assessed using the Bruininks-

Oseretsky Test of Motor Proficiency – 2nd Edition and the Wechsler Individual 

Achievement Test – 2nd Edition – Australian Standardised Edition, respectively. 

Differences in outcomes between classes following the 12-week program were 

assessed. Mean change scores for the mathematics composite were significantly 

greater for participants in Class R (9.61 ± 5.62, p = .001) and Class M (7.57 ± 5.79, p 

= .019) than for participants in Class N (0.76 ± 8.00). Mean change scores for reading 

(11.54 ± 7.51, p = .017) and total motor composites (6.12 ± 5.07, p = .034) were also 

significantly greater for participants in Class M than Class N (4.47 ± 3.50 and 0.82 ± 

4.38, respectively). A 12-week classroom-based gross motor program may be 

beneficial for motor skill development and academic outcomes in Year 1 school 

children. This pilot evaluation may usefully inform future experimental studies to further 

investigate whether classroom-based motor skill programs have a beneficial effect on 

motor proficiency and academic outcomes in children in the early years of primary 

school.  

 

 

 

 

 

 
11 The format of this abstract has remained consistent (i.e., unstructured) with those of the journal for 
which it was accepted for publication. 
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7.3 Background 

In response to rising concern over high levels of physical inactivity in children and 

young people globally, schools have been identified as ideal settings to positively 

influence children’s physical activity (PA) behaviour.138,139 During the early years of 

primary school, educators play an integral role in promoting the holistic development 

of children, including their ongoing physical development.3 To facilitate children’s motor 

skill development and promote positive attitudes towards PA, educators can provide 

opportunities for children to be active during the regular classroom routine.138 However, 

several barriers to providing PA opportunities to primary school children have been 

previously identified including insufficient time due to competing academic demands 

and a busy classroom curriculum as well as limited access to training opportunities and 

resources.131,258,272 Thus, given these barriers, educators may feel reluctant to 

incorporate movement opportunities into the school day. Yet, in addition to the well-

established physical health and psychological benefits of PA,82,85 cognition and 

academic performance have also been found to be positively associated with PA in 

children and adolescents.30,34 The prospect that PA may be beneficial for children’s 

health and learning may be of considerable interest to the public health and education 

sectors, however, further evidence is required to support a causal relationship between 

PA, cognition and academic performance in children.34  

The provision of PA opportunities to students during the school day has been identified 

as a key component of whole-of-school approaches to PA promotion.16,138,139 

Classroom-based PA is one approach used to incorporate PA into the regular school 

routine and involves integrating movement into academic lessons (or physically active 

lessons) and/or scheduling PA breaks during regular class time with, or without, an 

academic focus.138 In relation to classroom-based PA interventions, a growing number 

of experimental studies have reported a positive impact of physically active lessons on 

academic performance, including mathematics and reading outcomes.42,218,273-275 

Conversely, mixed findings have been reported by studies investigating the use of PA 

breaks in the classroom, without an academic focus, on academic performance.30,46 

There also appears to be considerable variability in the type of PA undertaken by 

students in classroom-based PA interventions, with programs involving aerobic 

activities, motor skill training, strength and/or flexibility training, or a combination of 

activities involving varying degrees of cognitive engagement.227 The majority of 
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classroom-based PA interventions reported in the literature have included 

predominantly aerobic or cognitively engaging aerobic activities, with fewer studies 

specifically evaluating the impact of cognitively engaging motor skill programs.32,227  

Furthermore, while studies have typically investigated the effectiveness of classroom-

based PA programs on children’s overall PA levels,44-46 few studies have investigated 

the impact of such programs on motor proficiency outcomes.227 Given proficiency in 

movement skills may be associated with both health9,89 and academic outcomes,47,227 

investigating motor proficiency as an outcome in classroom-based PA programs is 

warranted. Finally, studies investigating the impact of physically active lessons on 

academic outcomes have been primarily conducted with students in primary school 

years 2 to 6, with a limited number of studies conducted with students in the early years 

of primary school.218,275 Therefore, the aim of this study was to explore whether Year 

1 school children exposed to a 12-week classroom-based gross motor program 

comprised of gross motor circuit training and physically active reading or mathematics 

lessons progressed differently to Year 1 children undertaking their regular school 

program in motor proficiency, mathematics and reading outcomes.  

7.4 Methods 

7.4.1 Study design 
This pilot study was conducted alongside the Tweed Healthy Schools Project (THSP), 

a school-based, interprofessional clinical placement program for university health 

professional students. The THSP was planned and initiated prior to the 

conceptualisation of this study and involved subsequent implementation of classroom-

based gross motor skill activities into two separate Year 1 classes at one school. The 

present study was conceptualised because of the opportunity presented by the THSP 

for accompanying evaluation research. This study involved evaluating specific 

outcomes among children in the two Year 1 classes that participated in the THSP and 

in another Year 1 class at a separate but demographically similar school, which had 

not implemented the THSP and thus constituted a comparison class. On this basis, the 

present study was exploratory in nature, in which outcomes associated with exposure 

or non-exposure to THSP activities were evaluated in the form of a pilot study. Thus, 

it is important to acknowledge from the outset that a key limitation of the study design 

is that it was not possible to infer whether any differences that were observed between 
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the three classes in academic performance and motor proficiency outcomes were due 

to the 12-week gross motor program. Rather, as an exploratory study, the purpose was 

to evaluate a novel program conducted in a complex school environment that could 

potentially inform the design of a more robust, larger evaluation in the future.276 

7.4.2 Setting and study participants 
The two schools from which participants were drawn were public primary schools in 

the northern region of New South Wales, Australia. All students enrolled in the three 

mainstream Year 1 classes (n = 64) were invited and eligible to participate in the study. 

Two of the three Year 1 classes were from one school and the other Year 1 class was 

from another but demographically similar school undertaking the same Year 1 

Australian Curriculum.246 Written parental consent was provided for 55 students (25 

boys, 30 girls, mean age = 6.77±0.40 years, range 5.42-7.75 years) (Table 23). Since 

the THSP activities were implemented at a class level, independently of the study, the 

children whose parents did not provide consent received the same exposure to the 12-

week classroom-based program as their classmates but did not participate in outcome 

testing for the study. 

Table 23: Demographic profile of Year 1 study participants by class. 

Characteristic  Class N 
(n = 17) 
n (%) 

Class R 
(n = 19) 
n (%) 

Class M 
(n = 19) 
n (%) 

Sex 
 
 
Ethnicity 

(using BOT-2 
classifications) 
 
ICSEA 
 

Boys 
Girls 
 
White 
Other 
 
 
965 
1011 

8 (47.1) 
9 (52.9) 

 
15 (88) 
2 (12) 

 
 

0 (0) 
17 (100) 

10 (52.6) 
9 (47.4) 

 
15 (79) 
4 (21) 

 
 

19 (100) 
0 (0) 

7 (36.80) 
12 (63.2) 

 
18 (95) 

1 (5) 
 
 

19 (100) 
0 (0) 

BOT-2: Bruininks-Oseretsky Test of Motor Proficiency – 2nd Edition; ICSEA: Index of Community 
Socio-Educational Advantage (ICSEA average = 1000)229;  
Class N: regular Year 1 class; Class R: gross motor circuit + physically active reading lessons; Class 
M: gross motor circuit + physically active mathematics lessons 
 

Prior to being invited to participate in the study, all children were already enrolled in 

their pre-existing Year 1 school classes. These pre-existing classes had been allocated 

under normal school procedures (Class N) or the THSP (Classes R and M), and 

independent of the research, to be exposed to either (i) their normal Year 1 school 

program (Class N); or (ii) a 12-week classroom-based program comprised of gross 
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motor circuit training (4x15 min/week) and gross motor activities integrated into: a) 

reading lessons (Class R) (4x10 min/week) or b) mathematics lessons (Class M) (3x15 

min/week). Figure 14 depicts the flow of participants through the study. Ethics approval 

was obtained from the Bond University Human Research Ethics Committee (Protocol 

number: RO1836), and research approval was provided by the State Education 

Research Approval Process in New South Wales, Australia (Reference number: 

2014075).  
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Figure 14: Flow of participants through study. 
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7.4.3 Outcome measures 

7.4.3.1 Demographics 

Age, sex, ethnicity, and school Index of Community Socio-Educational Advantage 

(ICSEA) were recorded for each participant (Table 22). Relevant medical history was 

also recorded for participants, based on questionnaires completed by each parent. 

7.4.3.2 Motor proficiency  

Motor proficiency was assessed using the Bruininks-Oseretsky Test of Motor 

Proficiency – 2nd Edition (BOT-2) Complete Form.59 The BOT-2 is a standardised tool 

that measures the motor proficiency of people aged four to 21 years.59 The BOT-2 is 

comprised of eight subtests (fine motor precision, fine motor integration, manual 

dexterity, upper limb coordination, bilateral coordination, balance, running speed and 

agility and strength) which combine to yield four motor area composites (fine manual 

control, manual coordination, body coordination and strength and agility). The total 

point scores of individual items were converted to scale scores for the eight subtests 

and standard scores for four motor area composites. A total motor composite standard 

score was then calculated from the sum of standard scores for each motor area 

composite. A total motor composite standard score between 40 to 60 (±10) is 

considered ‘average’ motor proficiency.59 For each assessment item, age and sex-

specific norms were used to interpret the scores. The BOT-2 is considered a valid and 

reliable motor assessment tool for use in children and adolescents.59,74 High values 

have been reported for the total motor composite for internal consistency reliability (α 

= 0.95) and test-retest reliability (r = 0.86) in children aged 4-7 years and for interrater 

reliability (r = 0.98) in individuals aged 4-21 years.59,74 Scores from the BOT-2 are also 

able to discriminate between particular age groups and/or diagnosis groups (e.g., 

Developmental Coordination Disorder, Autism Spectrum Disorder).59,74 

7.4.3.3. Academic performance in mathematics and reading 

Academic performance was assessed using the Wechsler Individual Achievement Test 

– 2nd Edition – Australian Standardised Edition (WIAT-II Australian).112 The WIAT-II 

Australian is a standardised test that assesses achievement across the academic 

areas of reading, mathematics, written language and oral language composites in 

people aged four to 85 years.112 For the present study, the mathematics and reading 

composites were administered. The mathematics composite was comprised of the 
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numerical operations and maths reasoning subtests. The reading composite was 

comprised of the word reading, pseudoword decoding and reading comprehension 

subtests. Age-based (using years and months) standard scores were calculated for 

each subtest, mathematics and reading composite. A standard score between 90 to 

110 (±15) is considered ‘average’ achievement.112 The WIAT-II Australian is 

considered a reliable and valid academic achievement test.112 Strong age-based 

internal consistency reliability for the reading (.98-.99) and mathematics composites 

(.92-.95) have been reported in children aged six and seven years.112 High age-based 

test-retest reliability has also been reported for the reading (.96) and mathematics 

composites (.96).112 Administration of the WIAT-II Australian is restricted to Allied 

Health (including physiotherapists) or Special Education professionals.228 

7.4.4 Procedure 
During the third school term in 2014, baseline (T0) motor proficiency and academic 

performance assessments were administered during the regular school day. 

Participants were re-assessed during the fourth school term following the 12-week 

program (T1). At T0 and T1, the BOT-2 Complete Form, which took approximately 40-

60 min per participant, was administered by physiotherapy and exercise science 

university students, under the training and supervision of a registered physiotherapist. 

The WIAT-II Australian test took approximately 45 to 60 min per participant and was 

administered by a registered physiotherapist with experience working with children.  

7.4.5 12-week classroom-based gross motor program 
The Year 1 classroom-based gross motor program was delivered to Classes R and M 

for a total of 12 weeks during the third and fourth school terms in 2014. The program 

was comprised of two components, (i) a gross motor skills circuit without an academic 

focus and (ii) physically active lessons incorporated into either mathematics or reading 

lessons with an academic focus. The program was designed and delivered by a 

registered physiotherapist, with assistance from physiotherapy and exercise science 

university students. The scope and sequence of the Year 1 mathematics and English 

curriculum for the third and fourth school terms were provided by the classroom 

teachers of Classes R and M to inform planning of physically active lessons. Planned 

gross motor activities were then integrated into academic lessons based on their 

alignment with the weekly academic focus.  
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7.4.5.1 Gross motor skills circuit 

Throughout the 12-week program, students in Classes R and M engaged in a 15 min 

gross motor circuit four days per week, delivered at the beginning of the school day 

before academic classes commenced. The session was conducted with students in 

small groups of four to six rotating through eight different circuits. The circuits included 

activities that promoted gross motor skill development (Table 24).70,277 The focus 

during each session was on quality of movement, with feedback provided to Year 1 

students regarding their technique as appropriate. Each week, gross motor activities 

were also varied and progressed as student abilities allowed, in order to engage and 

continuously challenge students during sessions and consistent with the principles of 

variability of practice.48  

Table 24: Example gross motor activities included in morning circuit. 

Circuit Example Activities 
Balance/proprioception Walking along a line (heel-toe, eyes open/closed), activities on balance 

pods, balance beam, balance obstacle course 
Vestibular Rolling sideways along gym mat, spinning around on spot 
Hand/eye and hand/foot 
coordination 

Balloon throwing, underarm/overarm throwing at targets, kicking balls, 
throwing/catching activities 

Bilateral coordination Moving body over/under hurdles, crawling up, over and through 
objects 

Locomotor/agility  Hopping into hoops, jumping on lily pads, skipping rope, leaping 
activities 

Spatial awareness 
games 

Builders and bulldozers game, airplanes and airports, rob the nest, 
stuck in the mud 

Strength  Animal walks (e.g., bear/crab walk), using scooter board 
Letter/number run Pick up letter/number and run to order letters A-Z or numbers 1-20 

between cones 
 

7.4.5.2 Physically active reading and mathematics lessons 

Four days per week, students in Class R engaged in movement-based reading and 

spelling activities incorporated into their allocated reading group rotation (four to six 

students per group), which lasted 10 min (Table 25). Sessions took place in a 

designated outdoor area, adjacent to the classroom. Three days per week, students in 

Class M engaged in a 15 min movement-based mathematics activity (Table 25). 

Sessions took place either inside the classroom, school hall, or in a designated outdoor 

area. 
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Table 25: Example gross motor activities integrated into reading and mathematics groups. 

Academic 
area 

Academic focus Activities 

Reading Sound/verb of the week; 
blending sounds; sight 
words; rhyming words 

Using sidewalk chalk, ribbons and sand outdoors to 
draw letters of the week. 
Alphabet mat activities (e.g., throw bean bag underarm, 
walk, jump, hop, leap to different letters to spell out 
each word) 
Verb of the week action song to music 
Make rhyming words while throwing ball in a circle 

Mathematics Number line; 2D/3D 
shapes in environment; 
addition, subtraction, 
multiplication, division; 
time 

Activities on outdoor number line; friends of 10 
Using objects / own bodies to make 2D shapes (e.g., 
square, triangle, rectangle) 
“What’s the time Mr Wolf?” game. 
Children dance to song, when music stops, children are 
asked to form groups of 2, 3, 4. 
Subtraction game using ball to roll underarm at skittles, 
then count how many skittles are left 

 

7.4.6 Statistical analysis 
The Statistical Package for the Social Sciences (SPSS) (Version 26)230 was used to 

conduct all statistical analyses for this study. To explore whether there were any 

significant changes in mean scores for total motor, mathematics and reading 

composites between baseline measurement (T0) and measurement following the 12-

week program (T1) within each of the three classes, paired samples t-tests were 

performed, using an alpha level of .05 and two-tailed tests of significance. Where 

extreme outliers were evident in the change scores, these were noted and removed 

prior to conducting the paired samples t-tests. The effect size for paired samples t-

tests was calculated using Cohen’s d. According to Cohen,231 an effect size (d) of .2 

can be considered small, .5 can be considered medium and .8 can be considered large. 

To determine whether there were significant differences in mean scores at T0 and 

mean change scores (T1-T0) between the three classes for total motor, mathematics 

and reading composite scores, one-way analyses of variance (ANOVA) with Bonferroni 

post hoc tests were performed, using an overall alpha level of .05 and two-tailed tests 

of significance. Where extreme outliers were evident in the data without other violations 

of the assumptions underpinning ANOVA, these outliers were noted and removed prior 

to conducting the ANOVA. Where assumptions regarding equality of variances were 

violated, a Welch statistic was reported and post hoc comparisons were performed 

using the Games Howell test, using an alpha level of .05. Independent samples Kruskal 

Wallis tests with pairwise comparisons (significance values adjusted by Bonferroni 

correction for multiple tests) were performed instead of ANOVA where assumptions of 
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normality were not met in the data. To determine the effect size for one-way ANOVA 

analyses, eta squared (ƞ2) was calculated. Finally, Pearson’s correlation analyses 

were conducted to examine relationships between mean change scores in motor 

proficiency and academic outcomes for the total sample. A priori statistical power 

calculations conducted using G*Power software232 indicated that a sample size of 54 

participants spread across three classes would provide 70% statistical power to detect 

an effect size consistent with f(V) of 0.4 (a large effect size) in one-way ANOVA. 

7.5 Results 

A total of 64 children were invited to take part in the study. At T0, data were collected 

for 55 study participants (n = 25 boys, mean age = 6.81±0.31 years, range 6.25-7.42 

years; n = 30 girls, mean age = 6.74±0.46 years, range 5.42-7.75 years). Due to 

absences on the testing days and the timing of assessments at T1 coinciding with the 

end of the final school term for the year, complete data were only available for 52 

participants for motor proficiency outcomes, 49 participants for mathematics outcomes 

and 48 participants for reading outcomes. 

7.5.1 Baseline motor proficiency and academic performance (T0) 
The mean and standard deviation (SD), as well as the median, for total motor, 

mathematics and reading composite scores for each class at baseline (T0) and 

following the 12-week program (T1) are presented in Table 26. At T0, results of 

independent-samples Kruskal-Wallis analyses (used due to violations of assumptions 

underpinning ANOVA) indicated there were no significant differences between the 

three classes in medians of any of the composite scores.  
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Table 26: Results from paired t-tests assessing between baseline (T0) and post-test (T1) mean scores for motor proficiency, mathematics and reading outcomes. 

 
Outcome 

Class N (n = 17) Class R (n = 18) Class M (BOT-2 n = 17; WIAT-II maths n = 14; 
WIAT-II reading n = 13) 

Baseline 
Mean (SD) 
Median#  

Post Test 
Mean (SD) 

 

p-value (ES) Baseline 
Mean (SD) 
Median#  

Post Test 
Mean (SD) 

 

p-value (ES) Baseline 
Mean (SD) 
Median#  

Post Test 
Mean (SD) 

 

p-value (ES) 

Motor proficiency  
Total motor 
compositea 
 
Mathematics 
ability  
Mathematics 
compositeb 
 
Reading ability  
Reading 
compositeb 

 
53.88 (5.95) 

53.00# 

 
 
 

100.88 (16.58) 
101.00# 

 
 

103.47 (14.48)c 
103.00# 

 

 
54.71 (5.98) 

 
 
 
 

101.65 (16.58) 
 
 
 

107.93 (15.90)c 
 

 
.449 (0.19) 

 
 
 
 

.699 (0.10) 
 
 
 

<.001**(1.27)c 

 
55.11 (11.93) 

53.00# 

 
 
 

91.39 (10.96) 
89.00# 

 
 

95.61 (16.87) 
91.00# 

 
60.44 (8.93) 

 
 
 
 

101.00 (12.60) 
 
 
 

102.33 (19.53) 
 
 

 
.008* (0.71) 

 
 
 
 

<.001**(1.71) 
 
 
 

<.001**(1.30) 

 
46.41 (11.94) 

49.00# 

 
 
 

97.00 (17.52) 
93.00# 

 
 
96.23 (15.53) 

91.50# 

 
52.53 (13.66) 

 
 
 
 

104.57 (14.63) 
 
 
 

107.77 (19.68) 
 
 

 
<.001**(1.21) 

 
 
 
 

<.001**(1.31) 
 
 
 

<.001**(1.54) 

Class N: regular Year 1 class; Class R: gross motor circuit + physically active reading lessons; Class M: gross motor circuit + physically active mathematics lessons. 
a Motor proficiency assessed by BOT-2: Normative sample standard score (M = 50, SD = 10, range = 20-80); Scores adjusted for chronological age (in years and months) and 
sex. 
b Mathematics and reading ability assessed by WIAT-II Australian: Normative sample standard score (M = 100, SD = 15, range = 40-160). Scores adjusted for chronological age 
(in years and months). 
c Values for paired samples t-tests were calculated after removal of two extreme outliers (evident in change scores) in Class N.  
#Median reported as Independent-samples Kruskal-Wallis analyses conducted at baseline (due to violations of assumptions underpinning ANOVA). 
Class N (n = 17); Class R (n = 19); Class M (BOT-2, WIAT-II maths n = 19; WIAT-II reading n = 18). 
*p ≤ .05; ** p ≤.001; ES: effect size was calculated using Cohen’s d (.2 = small; .5 = medium; .8 = large) 
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7.5.2 Changes in motor proficiency and academic performance scores (T1-
T0) 

7.5.2.1 Differences between pre-test and post-test scores for each class 

Analyses conducted using paired samples t-tests revealed that from T0 to T1 

participants in Classes R and M demonstrated significant improvements in mean 

scores for the mathematics (p < .001), reading (p < .001) and total motor (p < .008 and 

p < .001 respectively) composites (Table 26). Similarly, once two extreme outliers in 

reading composite change scores (T1-T0) were removed for Class N, it was evident 

that the mean score for the reading composite significantly improved in Class N 

(though less than in the other classes) from T0 to T1 (p < .001; Table 26). However, 

mean scores for the mathematics and total motor composites in Class N did not change 

significantly from T0 to T1 (Table 26). Results from supplementary paired t-tests 

examining changes between baseline (T0) and post-test (T1) in scores for subtests of 

motor proficiency, mathematics and reading outcomes are presented for completeness 

in Table S7 but did not form part of the primary analyses of the study.  

7.5.2.2 Differences in mean change scores between classes from T0 to T1 

Mathematics outcomes 

One-way ANOVA analyses revealed significant differences between the three classes 

in mean change scores for the mathematics composite, F(2, 46) = 8.48, p = .001, ƞ2 

= .269. Post hoc comparisons indicated mean change scores for the mathematics 

composite were greater for participants in Class R (p = .001) and Class M (p = .019) 

than for participants in Class N (Table 27). For completeness, results from one-way 

ANOVA comparing differences in mean change scores for subtests of motor 

proficiency, mathematics and reading outcomes are outlined in Table S8 but did not 

form part of the primary analyses of the study.  
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Table 27: Results from one-way analyses of variance comparing differences in mean change scores for motor proficiency, mathematics and reading outcomes 

between Class R, Class M and Class N. 

 
 

Outcome 

Class N (n = 17) 
 
 
 
 

Mean change ± SD 
from T0 to T1  

(95% CI) 

Class R (n = 18) 
 
 
 
 

Mean change ± SD 
from T0 to T1  

(95% CI) 

Class M (n = 17) 
(BOT-2 n = 17; WIAT-II 
maths n = 14; WIAT-II 

reading n = 13) 
 

Mean change ± SD  
from T0 to T1  

(95% CI) 

 
Mean difference ±SE 
between Class N and 

Class R (95% CI) 

 
p-

value 

 
Mean difference ±SE 
between Class N and 

Class M (95% CI) 

 
p-

value 

Motor proficiency  
Total motor compositea 
 
Mathematics ability  
Mathematics compositeb 
 
Reading ability  
Reading compositeb 

 
0.82 ±4.38 (-1.43, 3.07) 

 
 

0.76±8.00 (-3.35, 4.88) 
 
 

4.47±3.50 (2.53, 6.41)c 

 

 
5.33±7.54 (1.58, 9.08) 

 
 

9.61±5.62 (6.82, 12.40) 
 
 

6.72±5.18 (4.15, 9.30) 

 
6.12±5.07 (3.51, 8.73) 

 
 

7.57±5.79 (4.23, 10.91) 
 
 

11.54±7.51 (7.00, 16.08) 
 

 
-4.51±1.98 (-9.43, 0.41) 

 
 

-8.85±2.23 (-14.38, -3.31) 
 
 

-2.26±1.52 (-6.00, 1.49)c 

 
.082 

 
 

.001** 
 
 

.312c 

 

 
-5.29±2.01 (-10.28, -0.31) 

 
 

-6.81±2.38 (-12.71, -0.90) 
 
 

-7.07±2.27 (-12.92, -1.23)c# 

 
.034* 

 
 

.019* 
 
 

.017*c 

Class N: regular Year 1 class; Class R: gross motor circuit + physically active reading lessons; Class M: gross motor circuit + physically active mathematics lessons 

a Motor proficiency assessed by BOT-2: Normative sample standard score (M = 50, SD = 10, range = 20-80); Scores adjusted for chronological age (in years and months) and 
sex. 
b Mathematics and reading ability assessed by WIAT-II Australian: Normative sample standard score (M = 100, SD = 15, range = 40-160); Scores adjusted for chronological age 
(in years and months). 
c Values were calculated after removal of two extreme outliers in Class N (due to violations of assumptions underpinning ANOVA). 
# Post hoc comparisons were performed using the Games Howell test (due to violations underpinning equality of variances). 
*p ≤ .05; **p ≤ .001 
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Reading outcomes 

Once two extreme outliers in reading composite change scores (T1-T0) were removed 

for Class N, one-way ANOVA analyses revealed significant differences between 

classes in mean change scores for the reading composite, Welch’s F(2, 25.009) = 

5.009, p = .015, ƞ2 = .216. Post hoc comparisons performed using the Games Howell 

test indicated mean change scores for the reading composite were greater for 

participants in Class M than Class N (p = .017) (Table 27). 

Motor proficiency outcomes 

One-way ANOVA analyses revealed significant differences between classes in 

mean change scores for the total motor composite, F(2, 49) = 4.06, p = 0.23, ƞ2 = .142. 

Post hoc comparisons indicated mean change scores for the total motor composite 

were greater for participants in Class M than Class N (p = .034) (Table 27).  

7.5.3 Relationships between mean change scores for motor proficiency and 
academic outcomes 

Weak to moderate positive correlations were found between mean change scores for 

the total motor composite and mathematics composite (r = .227, p = .117) and reading 

composite (r = .426, p = .003) for the total sample, indicating that 5% and 20% of 

mathematics and reading change scores respectively could be explained by changes 

in motor proficiency. 

7.6 Discussion 

The aim of this pilot study was to explore whether Year 1 school children exposed to a 

12-week classroom-based gross motor program comprised of gross motor circuit 

training and physically active reading or mathematics lessons progressed differently to 

Year 1 children undertaking their regular school program in motor proficiency, 

mathematics and reading outcomes. Several key findings were evident. Firstly, 

participants in both Year 1 classes that undertook either the mathematics- or reading-

focussed 12-week classroom-based gross motor program demonstrated significantly 

greater improvements in mean change scores for the mathematics composite than 

participants in the regular Year 1 program. However, only participants exposed to the 

12-week classroom-based gross motor program comprised of gross motor circuit 

training and physically active mathematics lessons demonstrated significant 
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improvements in mean change scores in reading and total motor composites when 

compared to participants in the regular Year 1 program. Due to the constraints of the 

pilot study design, it is not possible to determine whether differences in outcomes 

between classes could be solely attributed to the classroom-based gross motor 

program. However, these findings provide some preliminary evidence that a 

classroom-based PA program comprised of gross motor activities may be beneficial 

for motor skill development and academic outcomes in children in the early years of 

primary school and, thus a robust, larger scale study may be warranted to verify these 

findings. 

7.6.1 Classroom-based gross motor programs and mathematics, reading and 
motor proficiency outcomes 

The results from this study are in line with findings from systematic reviews by Fedewa 

and Ahn29 and Singh et al.,34 which reported beneficial effects of PA interventions on 

the mathematics performance of children. The results are also consistent with findings 

from experimental studies that have reported a positive impact of physically active 

lessons on the mathematical skills of primary school students.42,218,273-275,278,279 Studies 

reporting beneficial effects of physically active lessons on mathematics outcomes 

share common parameters with the program outlined in the present study in that 

physically active lessons were delivered for a minimum duration of 10 min, at a 

frequency of at least three times per week over a minimum period of six weeks. 

Importantly though, in previous studies, it has been difficult to ascertain the type of PA 

undertaken in physically active lessons, as many studies have described the intensity 

of PA undertaken (i.e., moderate-to-vigorous), but they have not necessarily reported 

the exact type of PA undertaken (e.g., aerobic activity, flexibility, strength, motor skill 

tasks). The classroom-based program delivered in this study comprised a combination 

of gross motor activities with an academic focus (i.e., physically active reading or 

mathematics lessons) and without an academic focus (i.e., gross motor circuit). 

However, the intensity of PA undertaken by students during sessions was not recorded, 

as the focus during gross motor circuits was on quality of movement, along with 

variation and progression of activities. Additionally, the aim during physically active 

lessons was to match gross motor activities with the focus of learning for the week. 

Therefore, a direct comparison of findings from this study, which was focussed on the 

type of PA undertaken, with findings of experimental studies that have evaluated 
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physically active lessons based on exercise intensity is not possible. Nevertheless, 

interestingly, and consistent with the findings from our study, improvements in the 

mathematical skills of Year 1 school students have also been reported in several 

experimental studies that implemented gross motor-enriched mathematics activities218 

or specialised motor skill programs178,220,225 during the school day. 

The evidence regarding the impact of PA interventions on language outcomes, 

including reading, in children and adolescents has been less conclusive in the 

literature.34 The results from the present study are consistent with the mixed findings 

regarding the effects of classroom-based PA programs on reading outcomes. For 

example, several experimental studies have reported improvements in reading 

performance following physically active lessons with children aged 5 years219 and 8-

10 years.42,280 However, other studies have reported no significant differences between 

intervention and control groups following physically active lessons.278,279,281-283 This 

inconsistency in findings may be explained by variability in study design and PA 

intervention parameters, along with the methodological quality of studies investigating 

classroom-based PA to date.46  

Significant improvements were found in total motor composite scores for participants 

exposed to physically active mathematics lessons when compared to participants 

exposed to their regular Year 1 program. These results are similar to findings from 

other studies conducted with students in the early years of primary school that have 

reported significant improvements in children’s gross motor skills following motor-

enriched physically active lessons,218,219 motor skill training,220 or developmental 

movement programs.178 Although it is not possible to explain the underlying cause for 

the observed findings, Pesce and colleagues48 have suggested that improvements in 

motor coordination may be one of the mechanisms underlying changes in cognitive 

performance. Beck et al.218 also reported in their study that the effects of a 6-week 

program of motor-enriched learning activities on the mathematical performance of Year 

1 school children could be partially explained by changes in visuo-spatial short-term 

memory and gross motor coordinative skills.  

To date, school-based PA interventions involving motor skill training have been 

delivered by classroom teachers,218,219 physical education teachers220 or 

researchers.178,225 A meta-analysis by Fedewa and Ahn29 found that children appeared 
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to benefit from PA interventions regardless of who was directing the intervention. 

However, no previous studies have reported findings from classroom-based gross 

motor skill programs that have been designed and delivered by a physiotherapist, with 

assistance from physiotherapy and exercise science university students. 

Physiotherapists are allied health professionals trained to design, implement and 

evaluate age-appropriate programs to facilitate motor development, motor control and 

motor planning.284 As such, there may be a role for physiotherapists to contribute to 

future multidisciplinary research investigating the impact of motor skill interventions on 

children’s motor proficiency and academic outcomes in the early years of primary 

school. 

7.6.2 Limitations 
As previously acknowledged, due to the constraints of only being able to undertake 

accompanying evaluation research alongside the THSP, a key limitation in the design 

of this pilot study is that it is not possible to infer that the differences observed between 

the three classes in academic performance and motor proficiency outcomes were due 

to the 12-week classroom-based gross motor program. This was due to the fact that 

the three classes came from two different schools and were comprised of different 

groups of children, and each class had a different teacher, and these factors may have 

influenced the findings. However, to minimise risk of confounding, the two classes at 

the school where the THSP was being implemented and the comparison class at 

another school were matched as closely as possible in that both were public primary 

schools located in the same geographical region and exposed to the same Year 1 

Australian Curriculum. Additionally, correlation analyses examining relationships 

between mean change scores in motor proficiency and academic performance 

suggested that the more total motor proficiency scores improved, the more academic 

scores improved. This finding may lend credence to the likelihood that the classroom-

based gross motor program (which can be expected to develop motor proficiency 

beyond age-related changes that would occur in the absence of additional gross motor 

training, which are already factored into BOT-2 scores) contributed 5% and 20% to the 

observed improvements in mathematics and reading scores respectively and thus 

improvements may not be explained by school/teacher/class differences alone. 

Another limitation is that there was greater loss to follow up for participants in Class M 

for academic outcomes, which may have impacted findings. Additionally, as the 
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classroom-based program delivered in this study involved gross motor activities with 

and without an academic focus incorporated into the regular school day, we are unable 

to determine whether one or both of these components may be associated with the 

observed findings.  

7.6.3 Practical implications for early childhood educators 
A growing body of evidence suggests that motor skill development is positively 

associated with both health-related and academic outcomes.9,82,227 Thus, the early 

years of primary school may represent an ideal time to support children’s ongoing 

motor skill development through the implementation of classroom-based motor skill 

programs, such as the one outlined in the present study. Several strategies have been 

recommended to train and support educators to overcome existing barriers to providing 

classroom-based PA to children during class time.258,272 Key strategies may include 

the provision of training and resources to educators to increase their knowledge and 

awareness of the benefits of classroom-based PA on children’s health and learning 

and to improve their confidence and competence in delivering classroom-based PA 

through targeted training.258,272  

7.7 Conclusion 

This pilot study provides an example of a novel 12-week classroom-based gross motor 

program, designed and delivered by a physiotherapist with assistance from 

physiotherapy and exercise science university students. Key findings suggest that a 

12-week classroom-based gross motor program comprised of gross motor circuit 

training and physically active mathematics or reading lessons, may be beneficial for 

Year 1 children’s motor skill development and academic outcomes, particularly their 

mathematical skills. However, given the exploratory nature of this pilot study, further 

experimental studies are recommended to verify whether classroom-based motor skill 

programs have a beneficial effect on motor proficiency, mathematics and reading 

outcomes of children in the early years of primary school.12  

 

 
12 Please note that all references in this chapter are presented in the References section of the thesis  
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Table S7. Results from paired t-tests assessing differences between baseline (T0) and post-test (T1) mean scores for subtests of motor proficiency, 
mathematics and reading outcomes. 

 
 

Outcome 
Class N (n = 17) Class R (n = 18) Class M (BOT-2 n = 17; WIAT-II maths n = 14; WIAT-

II reading n = 13) 
Baseline 

Mean (SD) 
Median 

Post Test 
Mean (SD) 

p-value (ES) Baseline 
Mean (SD) 

Median 

Post Test 
Mean (SD) 

p-value (ES) Baseline 
Mean (SD) 

Median 

Post Test 
Mean (SD) 

p-value (ES) 

Motor proficiency  
Fine motor precisiona 
 
Fine motor integrationa 
 
Fine manual controlb 
 
Manual dexteritya 
Upper limb coordinationa 
Manual coordinationb 
Bilateral coordinationa 
 
Balancea 
Body coordinationb 
Running speed and agilitya 
Strengtha 
 
Strength and agilityb 
 
Mathematics ability  
Maths reasoningc 
 
Numerical operationsc 
 
Reading ability  
Pseudoword decodingc 

Word readingc 

Reading comprehensionc 
 

 
14.53 (2.60) 
14.00# 

17.18 (2.63) 
17.00# 

51.71 (5.15) 
52.00# 

16.35 (2.45) 

17.29 (5.30) 
54.29 (7.61) 
19.06 (2.02)d 
19.00# 

15.94 (3.72) 
55.47 (6.34) 
16.94 (2.93) 
14.47 (3.79) 
16.00# 

51.00 (6.10) 
 
 
100.53 (18.66) 
103.00# 

99.29 (15.11) 
 
 
103.41 (15.15) 
105.19 (15.73)f 
104.00 (9.83) 

 

 
13.65 (3.67) 
 
14.00 (2.57) 
 
46.94 (5.52) 
 
18.06 (2.38) 
19.12 (5.07) 
59.24 (7.00) 
18.38 (2.83)d 
 
16.29 (3.10) 
55.88 (6.69) 
18.00 (2.12) 
15.29 (4.07) 
 
52.94 (5.99) 
 
 
104.47 (15.51) 
 
96.88 (16.51) 
 
 
101.24 (17.28) 
108.88 (14.19)f 
111.94 (11.14) 
 

 
.418 (-0.20) 
 
<.001**(-1.61) 
 
.002*(-0.88) 
 
.005*(0.79) 
.078 (0.46) 
.004*(0.82) 
.077(-0.47)d 
 
.686 (0.10) 
.773 (0.07) 
.114 (0.41) 
.226 (0.31) 
 
.080 (0.45) 
 
 
.233 (0.30) 
 
.295 (-0.26) 
 
 
.133 (-0.38) 
.003*(0.90)f 
<.001**(1.11) 
 

 
14.33 (4.04) 
13.00# 

17.00 (4.06) 
17.00# 

51.61 (8.46) 
51.00# 

15.06 (3.59) 
17.83 (6.50) 
54.06 (9.80) 
18.06 (4.25) 
19.00# 

17.11 (4.48) 
56.72 (10.09) 
18.17 (4.67) 
14.50 (4.85) 
13.00# 

52.72 (10.74) 
 
 
90.44 (11.46) 
89.00# 

91.94 (11.05) 
 
 
94.29 (14.59)e 
98.78 (17.68) 
93.39 (12.11) 

 

 
12.33 (3.52) 
 
16.17 (2.55) 
 
48.11 (4.66) 
 
17.39 (2.64) 
21.44 (4.50) 
60.78 (7.33) 
20.83 (2.90) 
 
18.28 (4.27) 
61.72 (7.09) 
19.22 (4.04) 
18.83 (5.14) 
 
59.17 (10.52) 
 
 
100.61 (11.26) 
 
100.00 (12.86) 
 
 
98.53 (15.21)e 
101.72 (16.48) 
104.11 (16.70) 
 

 
.054 (-0.48) 
 
.368 (-0.22) 
 
.052 (-0.49) 
 
.010*(0.68) 
.001**(0.94) 
<.001**(1.31) 
.002*(0.86) 
 
.168 (0.34) 
.006*(0.73) 
.305 (0.25) 
.001**(0.97) 
 
.011*(0.67) 
 
 
<.001**(1.52) 
 
<.001**(1.11) 
 
 
.001**(1.01)e 
.018*(0.62) 
<.001**(1.22) 
 

 
12.39 (4.53) 
13.00# 

14.17 (5.71) 
14.00# 

46.11 (10.91) 
47.00# 

12.11 (4.91) 

13.78 (6.36) 
45.56 (10.79) 

15.94 (4.80) 
18.00# 

14.41 (3.76) 
51.00 (10.39) 
14.94 (5.37) 
12.28 (5.96) 
12.00# 

46.65 (10.45) 
 
 
94.86 (17.35) 
91.00# 

97.29 (16.97) 
 
 
93.54 (14.22) 
100.07 (15.40) 
97.00 (10.71) 
 

 
11.17 (4.94) 
 
13.83 (4.68) 
 
44.17 (9.69) 
 
15.89 (5.56) 
17.39 (7.74) 
54.72 (13.89) 
17.89 (4.80) 
 
15.76 (4.19) 
54.82 (10.88) 
17.29 (5.58) 
14.78 (6.15) 
 
52.59 (12.03) 
 
 
104.29 (14.80) 
 
102.36 (14.76) 
 
 
99.85 (16.33) 
104.71 (15.06) 
113.69 (14.88) 
 

 
.165 (-0.34) 
 
.699 (-0.09) 
 
.228 (-0.29) 
 
<.001**(1.02) 
<.001**(1.18) 
<.001**(1.26) 
.001**(0.89) 
 
.021*(0.62) 
.004*(0.82) 
.009*(0.72) 
.004*(0.78) 
 
<.001**(1.11) 
 
 
<.001**(1.67) 
 
.036* (0.63) 
 
 
.002*(1.08) 
<.001**(1.24) 
<.001**(1.59) 
 

Class N: regular Year 1 class; Class R: gross motor circuit + physically active reading lessons; Class M: gross motor circuit + physically active mathematics lessons. 
a
 Motor proficiency assessed by BOT-2: Normative scale score (M = 15, SD = 5, range = 1-35). Scores adjusted for chronological age (in years and months) and sex. 

b Motor proficiency assessed by BOT-2: Normative sample standard score (M = 50, SD = 10, range = 20-80). Scores adjusted for chronological age (in years and months) and sex. 
c Mathematics and reading ability assessed by WIAT-II Australian: Normative sample standard score (M = 100, SD = 15, range = 40-160); Scores adjusted for chronological age (in years and 
months). 
d Values for paired samples t-tests were calculated after removal of one extreme outlier in Class N. 
e Values for paired samples t-tests were calculated after removal of one extreme outlier in Class R.  
f Values for paired samples t-tests were calculated after removal of one extreme outlier in Class N. 
# Median reported as Independent-samples Kruskal-Wallis analyses conducted at baseline (due to violations of assumptions underpinning ANOVA). Class N (n = 17); Class R (n = 19); Class M 
(BOT-2, WIAT-II maths n = 19, WIAT-II reading n = 18) 
*p ≤ .05; **p ≤ .001 
ES: effect size was calculated using Cohen’s d (.2 = small; .5 = medium; .8 = large) 
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Table S8. Results from one-way analyses of variance comparing differences in mean change scores for subtests of motor proficiency, mathematics and 
reading outcomes between Class R, Class M and Class N. 

 
 
 

Outcome 

Class N (n = 17) 
 
 
 
 

Mean change ±SD from 
baseline (95% CI) 

Class R (n = 18) 
 
 
 
 

Mean change ±SD from 
baseline (95% CI) 

Class M 
(BOT-2 n = 17; WIAT-II 
maths n = 14; WIAT-II 

reading n = 13) 
 

Mean change ±SD from 
baseline (95% CI) 

 
Mean difference ±SE 
between Class N and 

Class R (95% CI) 

 
p-value 

 
Mean difference ±SE 
between Class N and 

Class M (95% CI) 

 
p-value 

Motor proficiency  
Fine motor precisiona 
Fine motor integrationa 
Fine manual controlb 
Manual dexteritya 
Upper limb coordinationa 
Manual coordinationb 
Bilateral coordinationa 
Balancea 
Body coordinationb 
Running speed and agilitya 
Strengtha 
Strength and agilityb 
 
Mathematics ability  
Maths reasoningc 
Numerical operationsc 
 
Reading ability  
Pseudoword decodingc 
Word readingc 
Reading comprehensionc 

 
-0.88±4.37 (-3.13, 1.37) 
-3.18±1.98 (-4.19, -2.16) 
-4.76±5.41 (-7.55, -1.98) 
1.71±2.17 (0.59, 2.82) 
1.82±3.99 (-0.23, 3.87) 
4.94±6.05 (1.83, 8.05) 
-0.69±1.45 (-1.46, 0.08)d 
0.35±3.53 (-1.46, 2.17) 
0.41±5.79 (-2.56, 3.39) 
1.06±2.61 (-0.28, 2.40) 
0.82±2.70 (-0.56, 2.21) 
1.94±4.28 (-0.26, 4.14) 
 
 
3.94±13.12 (-2.81, 10.69) 
-2.41±9.18 (-7.13, 2.31) 
 
 
-2.18±5.67 (-5.09, 0.74) 
3.69±4.08 (1.51, 5.86)f 
7.94±7.16 (4.26, 11.62) 
 

 
-2.00±4.10 (-4.04, 0.04) 
-0.83±3.82 (-2.73, 1.07) 
-3.50±7.12 (-7.04, 0.04) 
2.33±3.43 (0.63, 4.04) 
3.61±3.82 (1.71, 5.51) 
6.72±5.13 (4.17, 9.27) 
2.78±3.25 (1.16, 4.39) 
1.17±3.43 (-0.54, 2.87) 
5.00±6.83 (1.60, 8.40) 
1.06±4.24 (-1.05, 3.16) 
4.33±4.47 (2.11, 6.56) 
6.44±9.64 (1.65, 11.24) 
 
 
10.17±6.70 (6.84, 13.50) 
8.06±7.25 (4.45, 11.66) 
 
 
4.24±4.21 (2.07, 6.40)e 
2.94±4.77 (0.57, 5.32) 
10.72±8.81 (6.34, 15.10) 
 

 
-1.22±3.57 (-3.00, 0.55) 
-0.33±3.60 (-2.12, 1.46) 
-1.94±6.59 (-5.22, 1.33) 
3.78±3.72 (1.93, 5.63) 
3.61±3.05 (2.09, 5.13) 
9.17±7.29 (5.54, 12.79) 
1.94±2.18 (0.86, 3.03) 
1.35±2.18 (0.23, 2.47) 
3.82±4.68 (1.42, 6.23) 
2.35±3.28 (0.67, 4.04) 
2.50±3.19 (0.92, 4.08) 
5.94±5.36 (3.19, 8.69) 
 
 
9.43±5.65 (6.16, 12.69) 
5.07±8.09 (0.40, 9.74) 
 
 
6.31±5.84 (2.78, 9.83) 
4.64±3.73 (2.49, 6.80) 
16.69±10.52 (10.34, 23.05) 
 

 
1.12±1.36 (-2.25, 4.49) 
-2.34±1.02 (-4.88, 0.19)# 

-1.27±2.18 (-6.66, 4.13) 
-0.63±1.08 (-3.30, 2.05) 
-1.79±1.23 (-4.83, 1.26) 
-1.78±2.11 (-7.00, 3.43) 
-3.47±0.85 (-5.58, -1.35)d# 

-0.81±1.05, (-3.43, 1.80) 
-4.59±1.98 (-9.50, 0.32) 
0.00±1.17 (-2.90, 2.90) 
-3.51±1.20 (-6.48, -0.54) 
-4.50±2.50 (-10.75, 1.74)# 

 
 
-6.23±3.55 (-15.11, 2.66)# 

-10.47±2.77 (-17.36, -3.58) 
 
 
-6.41±1.80 (-10.88. -1.94)e 
0.74±1.47 (-2.90, 4.39)f 
-2.78±2.97 (-10.16, 4.60) 
 

 
1.00 
.074 
1.00 
1.00 
.457 
1.00 
.001**d 

1.00 
.074 
1.00 
.015* 
.190 
 
 
.207 
.001** 
 
 
.003*e 
1.00f 
1.00 

 
0.34±1.36 (-3.03, 3.71) 
-2.84±0.97 (-5.26, -0.43)# 

-2.82±2.12, (-8.21, 2.57) 
-2.07±1.08 (-4.75, 0.61) 
-1.79±1.23 (-4.83, 1.26) 
-4.23±2.11 (-9.44, 0.99) 
-2.63±0.63 (-4.18, -1.08)d# 

-1.00±1.07, (-3.65, 1.65) 
-3.41±2.00 (-8.39, 1.57) 
-1.29±1.19 (-4.23, 1.65) 
-1.68±1.20 (-4.65, 1.29) 
-4.00±1.66 (-8.10, 0.10)# 

 
 
-5.49±3.52 (-14.32, 3.35)# 

-7.48±2.96 (-14.84, -0.13) 
 
 
-8.48±1.93 (-13.29, -3.68)e 
-0.96±1.56 (-4.83, 2.92)f 
-8.75±3.23 (-16.79, -0.71) 
 

 
1.00 
.019* 
.603 
.183 
.457 
.150 
.001**d 
1.00 
.287 
.842 
.505 
.057 
 
 
.284 
.045* 
 
 
<.001**e 
1.00f 
.029*  

Class N: regular Year 1 class; Class R: gross motor circuit + physically active reading lessons; Class M: gross motor circuit + physically active mathematics lessons.  
a
 Motor proficiency assessed by BOT-2: Normative scale score (M = 15, SD = 5, range = 1-35). Scores adjusted for chronological age (in years and months) and sex.  

b Motor proficiency assessed by BOT-2: Normative sample standard score (M = 50, SD = 10, range = 20-80). Scores adjusted for chronological age (in years and months) and sex. 
c Mathematics and reading ability assessed by WIAT-II Australian: Normative sample standard score (M = 100, SD = 15, range = 40-160). Scores adjusted for chronological age (in years and 
months). 
# Post hoc comparisons were performed using the Games Howell test (due to violations underpinning equality of variances) 
d Values were calculated after removal of extreme outlier in Class N (due to violations of assumptions underpinning ANOVA). 
e Values were calculated after removal of extreme outlier in Class R (due to violations of assumptions underpinning ANOVA). 
f Values were calculated after removal of extreme outlier in Class N (due to violations of assumptions underpinning ANOVA). 
*p ≤ .05; **p ≤ .001 
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8.1 Summary of key findings and implications of this doctoral 
program of research 

The overall objectives of this doctoral program of research were to (i) investigate 

relationships between motor proficiency and academic performance in mathematics 

and reading in children in the early years of primary school in Australia; and (ii) explore 

whether early primary school classrooms in Australia are feasible settings to implement 

physical activity, particularly motor skill programs, as a strategy to promote children’s 

motor proficiency and academic outcomes.  

The six-stage model for the development and evaluation of health promotion programs 

proposed by Nutbeam52 guided the overarching framework used to address the thesis 

objectives and study aims, with three of the six stages utilised to complete this program 

of research. Key findings and potential implications from the studies investigated 

across the three stages of this program of research are outlined below. 

8.1.1 Stage 1: Problem definition 
Stage 1 of this doctoral program of research commenced with a Narrative review of 
the literature (Chapter 2), which provided the context and rationale for undertaking 

this program of research. Findings from the narrative review revealed that schools can 

establish health-promoting environments that support children’s health and physical 

activity (PA) behaviour.139 Therefore, Australian primary schools may be ideal settings 

to implement strategies that support children’s ongoing physical development in order 

to overcome current trends, including low levels of PA, physical fitness and motor skill 

proficiency.16,254 The early years of primary school were specifically identified as an 

opportune time to intervene given one in five children in their first year of school in 

Australia are considered developmentally at risk or vulnerable on the physical health 

and wellbeing domain.4 Evidence to support relationships between children’s motor 

proficiency, health-related physical fitness and participation in PA was presented, 

providing the justification for focussing on motor proficiency as one of the core aspects 

of children’s physical development to promote within the early years of primary school. 

Following a comprehensive narrative review of the literature, consistent evidence was 

found to support positive relationships between PA, cognition and academic 

performance in children and adolescents. However, inconclusive evidence to support 

a beneficial effect of PA interventions, including classroom-based PA interventions, on 
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children’s cognition and overall academic performance was apparent. The first stage 

of this program of research further narrowed the focus of the broad topic of PA, 

cognition and academic performance, by specifically examining relationships between 

motor proficiency and academic outcomes, which had been identified as a gap in the 

existing body of literature.  

A Systematic review (Chapter 3) was undertaken to identify, critically appraise, and 

synthesise the findings of studies examining relationships between motor proficiency 

and academic performance in mathematics and reading in typically developing school-

aged children and adolescents. The collective findings from 51 observational studies 

included in the review revealed that significant positive relationships exist between 

academic performance in mathematics and reading and both fine motor proficiency 

(specifically fine motor integration and total fine motor scores) and gross motor 

proficiency (specifically upper limb coordination, speed and agility and total gross 

motor scores) in school-aged children and adolescents. However, insufficient evidence 

was found to support relationships between academic outcomes and several 

components of gross motor proficiency (specifically bilateral coordination and strength) 

and total motor proficiency scores (i.e., a combination of fine and gross motor 

proficiency) due to a limited number of studies assessing these specific outcomes. 

Considerable variability was also evident between studies regarding the outcome 

measures used to assess motor proficiency and academic outcomes. Finally, 

preliminary evidence from four experimental studies suggested that school-based 

motor skill interventions may be beneficial for children’s mathematics and reading skills. 

However, it was concluded that further research is required to confirm these findings 

given the limitations in the methodological quality of the experimental studies included 

in the review. 

8.1.1.1 Key findings from Stage 1 

Key findings and implications (in italics) from Stage 1 of this doctoral program of 

research include: 

• The physical development of Australian children needs to be prioritised given 

existing trends of low levels of PA, aerobic and muscular fitness and motor skill 

proficiency (Narrative review, Chapter 2).  
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• Children’s motor skill proficiency is positively associated with health-related 

outcomes including cardiorespiratory fitness and participation in PA and 

inversely associated with weight status (Narrative review, Chapter 2).  

• Positive relationships between PA, cognition and academic performance in 

children and adolescents were consistently reported in the literature. However, 

there is currently inconclusive evidence to support a beneficial effect of PA 

interventions, including classroom-based PA interventions, on children’s 

cognition and overall academic performance (Narrative review, Chapter 2). 

• In school-aged children and adolescents, significant positive relationships exist 

between academic performance in mathematics and reading and fine motor 

proficiency (specifically fine motor integration and total fine motor scores) and 

gross motor proficiency (specifically upper limb coordination, speed and agility 

and total gross motor scores). Relationships between the components of gross 

motor proficiency and academic outcomes have been investigated less 

frequently in the literature and thus further research to support associations 

between these variables is necessary. School-based motor skill interventions 

may be beneficial for children’s mathematical and reading skills; however, 

further research is required to verify these findings (Systematic review, 
Chapter 3).  

• Evidence suggests that motor proficiency is positively associated with both 

health-related9-12 and academic outcomes,227 thus the early years of primary 

school may represent an ideal time to target children’s motor skill development 

through the implementation of school-based motor skill programs. 

 

8.1.2 Stage 2: Solution generation 
Stage 2 of this doctoral program of research aimed to further address the gaps in the 

literature identified in the Narrative review (Chapter 2) and Systematic review 
(Chapter 3) and involved exploring potential solutions to support the physical 

development of Australian children, particularly their motor skill development, during 

the early years of primary school. 

Relationships between academic outcomes and gross motor composite scores had 

predominantly been investigated by studies included in the Systematic review 
(Chapter 3), with fewer studies examining relationships between the individual 
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components of gross motor proficiency. Therefore, the aim of Study 1 (Chapter 4) was 

to examine associations between fine and gross motor proficiency and academic 

performance in mathematics and reading with the cohort of 55 Year 1 children involved 

in the school-based participatory action project, the Tweed Healthy Schools Project 

(THSP). Baseline data for the Year 1 cohort was analysed prior to the commencement 

of the 12-week classroom-based gross motor program (described in Study 4, Chapter 
7).  

When examining relationships between fine and gross motor proficiency and academic 

outcomes (Study 1, Chapter 4), results from baseline data analysis demonstrated that 

fine motor integration was the only component of motor proficiency that explained 

significant variance in mathematics and reading composite scores of Year 1 children. 

These findings were consistent with those reported more generally across school-aged 

children in studies included in the Systematic review (Chapter 3). Further, findings 

were in line with research conducted with Year 1 children in other countries, including 

South Africa,182 the United Kingdom,181 and the United States of America.184 Results 

also revealed a moderate positive association between overall motor proficiency (i.e., 

a combination of the components of fine and gross motor proficiency) and 

mathematical skills in Year 1 children. This was consistent with the findings from the 

Systematic review (Chapter 3) where weak positive associations were reported in 

studies using the BOT-2 (Short Form) to assess motor proficiency.173,182,189 However, 

in Study 1 (Chapter 4), relationships between the components of gross motor 

proficiency and mathematics and reading outcomes in Year 1 children did not reach 

statistical significance after adjusting for multiple comparisons. Whilst a lack of 

significant findings between the components of gross motor proficiency and academic 

outcomes is in contrast to those reported in the Systematic review (Chapter 3), the 

components of gross motor proficiency that were most strongly related to academic 

outcomes (i.e., running speed and agility and upper limb coordination) were consistent, 

along with the strength of the association (i.e., weak). Findings from this study are 

relevant to early childhood educators and paediatric health professionals who are 

qualified to assess and facilitate children’s motor proficiency (e.g., physiotherapists 

and occupational therapists). Educators may benefit from professional development 

and training to increase their knowledge regarding associations between children’s 

motor proficiency and academic outcomes and to increase their capacity to identify 
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early, for further investigation, any children with poorly developed or delayed motor 

skills.  

The second, solution generation stage of this program of research also involved 

exploring whether early primary school classrooms in Australia are feasible settings to 

implement PA, specifically motor skill programs, as a strategy to promote children’s 

motor proficiency and academic outcomes. The frequency, type and context of 

children’s PA during school class time in Australia was unknown. Furthermore, limited 

objective data existed regarding how often educators implement classroom-based PA 

in the early years of primary school and which methods (i.e., physically active lessons 

and/or breaks) were being utilised. Therefore, it was necessary to determine existing 

PA practices of children in the early years of primary school in Australia during class 

time. Thus, the aim of Study 2 (Chapter 5) was to directly observe Year 1 children’s 

PA and the context of their PA during school class time and identify opportunities to 

incorporate additional activity.  

Findings revealed that Year 1 children were observed to be predominantly sedentary 

during school class time, undertaking limited amounts of light and moderate to vigorous 

PA (MVPA). Few studies had previously utilised direct observation tools to assess 

primary school children’s PA during class time; however, findings from Study 2 
(Chapter 5) were consistent with studies by McIver et al.240 and Russ et al..239 Results 

also demonstrated that Year 1 children spent limited time participating in organised PA, 

including classroom-based PA and incidental PA. However, when children completed 

activities in small groups, they were significantly more likely to engage in incidental PA 

than when they completed activities as a whole class. This was similar to findings 

reported by Russ et al..239 Notably, classroom-based PA, particularly incorporating 

movement into academic lessons (i.e., physically active lessons) was rarely observed 

to be utilised by classroom teachers and was thus identified as a potential strategy to 

incorporate PA into the regular class routine. Overall, both structured (classroom-

based PA) and unstructured (incidental PA) movement opportunities were identified as 

potential strategies to encourage children to be more active during school class time. 

Results from this study provide a detailed account of existing PA practices and contexts 

in a sample of Year 1 children in Australia. Thus, findings are relevant to classroom 

teachers, specialist physical education (PE) teachers, school principals and other 

policy makers interested in identifying ways to provide PA opportunities to children in 
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the early years of school during class time. Findings are also relevant to health 

professionals working in schools who are qualified to provide health education, advice 

and support to promote children’s health and wellbeing, as they may be able to support 

educators to implement these practices. 

Having identified in Study 2 (Chapter 5) that classroom-based PA was a potential 

method that teachers could employ to increase movement during class time, but was 

seldom being utilised, Study 3 (Chapter 6) involved seeking feedback from Australian 

educators and school principals regarding the factors (barriers/facilitators) that would 

influence the provision of classroom-based PA to students in the early years of primary 

school (i.e., Prep/Kindergarten to Year 2). Evidence from the implementation science 

literature51 recommends that researchers utilise a multi-level ecological framework to 

understand implementation of school-based PA interventions. Therefore, a social 

ecological approach was used to examine these factors (barriers/facilitators) and 

subsequently guided questionnaire design and analysis in this study.  

Insufficient time, limited training opportunities, limited resources, educator attitudes to 

PA, and their confidence to implement PA within the school setting were the key 

barriers identified by educators and school principals to providing classroom-based PA 

to students in the early years of school in Australia. The provision of training and 

resources to improve educator knowledge of the benefits of classroom-based PA for 

children’s health and learning, and to improve their confidence in delivering classroom-

based PA through targeted training were the main strategies recommended to 

overcome the identified barriers. These results suggest that to overcome the existing 

perceived barriers for providing classroom-based PA to students in the early years of 

school during class time, multiple strategies will need to be employed, targeting both 

educators and the school (at an organisational level). These findings were consistent 

with those previously reported both internationally258 and across different school year 

levels in Australia.259-262 However, unlike previous studies, this study (Chapter 6) 
sought feedback from school staff regarding the factors influencing the provision of 

classroom-based PA to children specifically in the early years of school (i.e., 

Prep/Kindergarten to Year 2) in Australia. Feedback from school staff working with 

children in Prep/Kindergarten to Year 2 was considered important, given increased 

curriculum pressures associated with standardised testing commence in Year 3 in 

Australian primary schools. Overall, findings from this study are relevant to school staff, 
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including classroom teachers, specialist PE teachers, school principals as well as 

school policy makers who are interested in implementing classroom-based PA as part 

of a whole-of-school approach to PA promotion (i.e., a comprehensive school physical 

activity program). Findings are also relevant to health professionals working in schools 

who may be able to support educators to implement these practices, given their 

expertise in promoting children’s health and wellbeing. 

8.1.2.1 Key findings from Stage 2 

Key findings and implications (in italics) from Stage 2 of this doctoral program of 

research include: 

• In a sample of Year 1 children in Australia, overall motor proficiency was related 

to their mathematical skills. Fine motor integration skills were predictive of 

mathematical and reading skills (Study 1, Chapter 4). A role may exist for 

paediatric health professionals who are trained to assess and facilitate 

children’s motor proficiency (e.g., physiotherapists and occupational therapists) 

to assist educators to identify early, for further investigation, any child with poorly 

developed or delayed motor skills.  

• A sample of Year 1 children in Australia were observed to be predominantly 

sedentary during school class time, undertaking limited amounts of light and 

moderate to vigorous PA, including organised and incidental PA. Opportunities 

to incorporate additional PA during class time were identified and included 

implementing movement into academic lessons or during transitions between 

lessons, as well as encouraging children’s incidental PA (Study 2, Chapter 5). 
Educators need to be trained and supported to provide structured and 

unstructured movement opportunities to children during school class time. 

Training could occur through entry-level curriculum and/or via professional 

development opportunities. 

• Barriers to providing classroom-based PA to students in the early years of 

primary school in Australia include insufficient time, training opportunities, 

resources and educator attitudes and confidence. Proposed solutions to 

overcome barriers include the provision of training and resources to educators, 

including education regarding the benefits of classroom-based PA (Study 3, 
Chapter 6). Multiple strategies need to be employed at the individual (educator) 



231 
 

and organisational (school) level to overcome existing barriers to providing 

classroom-based PA programs to students in the early years of primary school 

in Australia. 

8.1.3 Stage 3: Solution testing 
Stage 3 of this doctoral program of research involved exploring whether classroom-

based motor skill programs (i.e., the solution tested), may be beneficial for children’s 

motor proficiency and academic outcomes; a gap that had been identified in the 

literature. Study 4 (Chapter 7) was thus designed as an exploratory pilot study 

delivered under the real world conditions of the THSP, a school-based participatory 

action project. The study investigated whether Year 1 school children exposed to a 12-

week classroom-based gross motor program, comprised of gross motor circuit training 

and physically active reading or mathematics lessons, progressed differently to Year 1 

children undertaking their regular school program in motor proficiency, mathematics 

and reading outcomes.  

Key findings revealed that mean change scores for the mathematics composite were 

significantly greater for Year 1 participants exposed to the 12-week classroom-based 

gross motor program than for Year 1 participants undertaking their regular school 

program. Given the exploratory nature of this study and limitations within the study 

design, it was concluded that further robust experimental studies are recommended to 

verify whether classroom-based motor skill programs have a beneficial effect on motor 

proficiency and academic outcomes in children in the early years of primary school. 

However, findings from the pilot evaluation may usefully inform the design of future 

experimental studies. Despite the limitations in the pilot design of Study 4 (Chapter 
7), results were consistent with findings from several systematic reviews29,34 and 

experimental studies,42,218,273-275,278,279 which have reported beneficial effects of PA 

interventions, including physically active lessons, on children’s mathematical 

outcomes. Results were also consistent with the mixed findings in the literature 

reported for reading outcomes.34 Several experimental studies have also previously 

reported significant improvements in the gross motor skills of children in the early years 

of primary school following school-based motor skill interventions including motor 

enriched physically active lessons,218,219 a motor skill training program220 and a 

developmental movement program178 (Systematic review, Chapter 3). These 

findings were consistent with the improvements in children’s total motor proficiency 
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reported in the pilot study. The 12-week classroom-based gross motor program 

outlined in Study 4 (Chapter 7), involved gross motor circuit training (i.e., incorporating 

additional PA into the school day) as well as physically active reading and mathematics 

lessons (i.e., adapting the school curriculum). The physically active lessons 

incorporated gross motor skills, which differed from the aerobic types of activities 

included in the classroom-based PA interventions most frequently reported in the 

literature. Motor proficiency was also chosen as an outcome measure which is in 

contrast to other studies that primarily evaluated subjectively/objectively measured PA 

as the main PA-related outcome following classroom-based PA interventions. Finally, 

a point of difference from previous studies was that this 12-week classroom-based 

gross motor program was designed and delivered by a registered physiotherapist, with 

assistance from supervised physiotherapy and exercise science students. Findings 

from this study are relevant to school staff (e.g., classroom teachers, specialist PE 

teachers) and health professionals working in schools who are qualified to design and 

evaluate developmentally appropriate motor skill programs (e.g., physiotherapists and 

occupational therapists).  

8.1.3.1 Key findings from Stage 3 

Key findings and implications (in italics) from Stage 3 of this doctoral program of 

research include: 

• In a sample of Year 1 children in Australia, participation in a 12-week classroom-

based gross motor program was associated with improvements in their motor 

proficiency and academic outcomes, particularly their mathematical skills 

(Study 4, Chapter 7). Findings from this pilot study will usefully inform, and 

justify the benefits of, larger, more robust experimental studies in this field. 

Figure 15 provides a diagrammatic summary of the key findings and practical 

implications across the three stages of the program of research. 
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Figure 15: Key findings and practical implications of this doctoral program of research. 

Figure 16 summarises the potential implications of the findings from this doctoral 

program of research for specific audiences, including schools, educators, children in 

the early years of school and their caregivers as well as allied health professionals 

working in schools who are qualified to assess and facilitate children’s motor 

proficiency and promote children’s health and wellbeing. 
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Figure 16: Potential implications of doctoral program of research for health professionals, schools, educators, children and their caregivers. 

Community 
partnerships 
with health 

professionals 

Schools

Educators

Children & 
caregivers

 

Schools  

• Review strategies, policies and 
practices currently in place 
regarding the use of a health 
promoting schools framework and 
comprehensive school physical 
activity programs.  

• Outcomes of research may guide 
pedagogical approaches used in the 
early years of primary school and 
inform future topics for professional 
development.  

Health professionals working in 
schools who are trained to assess 
and facilitate children’s motor 
proficiency and promote their health 
and wellbeing  
• Assist educators with the early 

identification of children with poor or 
delayed motor skills, as this may also 
impact their academic performance. 

• Contribute to the design, 
implementation and evaluation of 
age-appropriate motor skill programs 
to facilitate motor development, motor 
control and motor learning.  

• Support schools to identify and 
implement opportunities for children 
to be active during the school day. 
 

Children and their caregivers 
• Early identification of difficulties 

with motor skills. 
• Participation in motor skill training 

programs.  
• Increase PA levels and reduce 

sitting time through structured and 
unstructured PA opportunities in 
the classroom. 

 

Educators 
Provision of training and resources to: 
(i) Increase knowledge and awareness 

of: 
• benefits of PA on children’s mental, 

physical, social, emotional and 
academic outcomes 

• 24-hour movement guidelines 
(ii) Improve competency and confidence 
• Provision of CBPA examples to trial 
• Collaboration and sharing of 

resources between staff 
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8.2 Significance of this program of research to the wider research 
community  

The motivation and drive behind the rapidly expanding field of research examining 

relationships between PA, cognition, and academic performance in children and 

adolescents is ultimately to investigate how children can be offered the best possible 

start to life to prosper physically, cognitively, emotionally, and socially throughout their 

lives. Consequently, relationships between PA, cognition, and academic performance 

have been investigated across multiple disciplines, including by exercise and cognition 

researchers and developmental neuroscientists. Relationships between motor and 

cognitive development and links between motor proficiency and academic outcomes 

have also been examined by early childhood education researchers. This doctoral 

program of research has been conducted through the lens of a registered 

physiotherapist in Australia, whose background knowledge and skillset are guided by 

research on motor development, motor learning and motor control. Therefore, given 

the multidisciplinary nature of this field of research, the breadth of literature from the 

perspective of all disciplines has been considered in this program of research. The key 

disciplines involved in the broad field of research relevant to the thesis topic are 

summarised in Figure 17. As outlined in Section 8.1, the findings of this program of 

research complement and build upon the existing body of literature.  
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Figure 17: Key disciplines involved in the broad field of research. 

8.3 Significance of this program of research to the allied health 
professional community 

The health promoting schools (HPS) framework recognises the importance of schools 

forming partnerships with the wider school community (i.e., ‘community links & 

partnerships’, Figure 18) and advocates for the health and education sectors to work 

together to support children’s health and education outcomes.25  
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Figure 18: Components of the health promoting schools framework used in Australia.133 

Findings from this program of research highlight a potential partnership that Australian 

primary schools could forge with allied health professionals to promote and support 

children’s motor skill development during the early years of school, along with their 

overall health and wellbeing. Therefore, the collective findings from this program of 

research are also relevant to allied health professionals working within the school 

setting (e.g., physiotherapists, occupational therapists, speech-language pathologists, 

dietitians, exercise physiologists and exercise scientists) and may guide current and 

future practices, as outlined further below.  

8.3.1 Evolving role of allied health professionals working within the school 
setting  

School-based therapy service delivery methods in Australia have traditionally involved 

providing direct (e.g., assessment/intervention) and indirect support (e.g., education to 

teachers/caregivers) to students eligible to access services, as well as building the 

capacity of school staff through the provision of professional development and 

training.134 However, there is evidence that school-based therapy models of service 

delivery are evolving in Australia. For example, the use of school-wide / universal 

approaches to service delivery by school-based therapists has been recently 

recognised in Queensland government schools.134 Similarly, government schools in 

New South Wales may utilise their budget to directly engage allied health professionals 

(e.g., physiotherapists, occupational therapists, speech-language pathologists and 

exercise physiologists) to provide services within the school setting to students with or 
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without a disability.135 The provision of allied health services must to be linked to 

learning outcomes and may include small group activities, whole-of-class and school-

wide initiatives, as well as staff professional development.135 

Internationally, there is also evidence that school-based therapy service delivery 

models are shifting towards more universal approaches to service provision. For 

example, in Canada, the Partnering for Change (P4C) model of service delivery has 

been described as ‘an innovative, collaborative, evidence-informed model that uses a 

needs-based, tiered approach to provide rehabilitation services for children with 

special needs in schools.’285 In this model, the tiered approach involves the provision 

of (i) school-wide and classroom support for all children; (ii) more specialised services 

for groups of children considered at risk; and (iii) individualised treatment for children 

with more complex needs.286 The P4C model has been evaluated as a school-based 

occupational therapy service delivery model for children with Developmental 

Coordination Disorder,286 but is yet to be evaluated as a model of service delivery for 

other school-based therapy services.  

Overall, in addition to the existing role of allied health professionals working in schools, 

there may be an evolving role to extend the traditional method of service delivery from 

providing support (direct and/or indirect) for individual students, to employing whole-

of-class and whole-of-school activities thereby supporting schools, educators and all 

children. The potential implications of this program of research for allied health 

professionals working in schools were summarised in Figure 15. These key 

implications are explained in further detail below. 

8.3.2.1 Provide training to educators to facilitate earlier identification of children 

with poorly developed or delayed motor skills 

Findings from this doctoral program of research indicate that educators may benefit 

from training and support to identify early, for further investigation and management, 

any children with poorly developed or delayed motor skills as they transition to primary 

school. The detailed paediatric training that physiotherapists and occupational 

therapists obtain during their entry-level professional education makes them suitably 

qualified to assume the role of collaborating with educators to facilitate earlier 

identification of children in the early years of primary school with poorly developed or 

delayed motor skills. Essential content areas that are recommended for entry-level 
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professional physiotherapy education include (i) the selection and implementation of 

age-appropriate assessment techniques related to motor development and function, 

and (ii) the selection and implementation of age-appropriate intervention techniques 

related to strengthening, motor development, motor control and motor planning.284 

Similarly, occupational therapists working with children require specific knowledge and 

skills in relation to child development, occupations of children (school work, play/leisure 

and self- care), assessment and outcome measurement, goal setting and evidence-

based interventions.287  

8.3.2.2 Contribution to the design, implementation and evaluation of age-

appropriate motor skill programs to facilitate motor development, motor 

control and motor learning 

Findings from this doctoral program of research also indicate that beyond the regular 

Health and Physical Education (HPE) Australian Curriculum, classroom-based motor 

skill programs could potentially be implemented with children in the early years of 

primary school in Australia. School-based motor skill programs aim to facilitate 

children’s motor proficiency by delivering structured, developmentally appropriate 

motor skill activities during the school day.13,14 Specialist PE teachers have the 

knowledge and skillset288 to work with classroom teachers to assist them to plan and 

deliver developmentally appropriate classroom-based motor skill activities. However, 

primary schools in some states and territories in Australia (e.g., New South Wales) 

may not employ specialist PE teachers.130 Therefore, allied health professionals 

working in schools who are suitably qualified to design, implement and evaluate 

programs that improve children’s motor development, motor control and motor 

planning (e.g., physiotherapists, occupational therapists)284 may be well-positioned to 

collaborate with educators and provide professional development, training and support 

as required.  

8.3.2.3 Provision of training and resources to educators and school staff to 

support children’s overall health and wellbeing 

A key role of allied health professionals including physiotherapists, occupational 

therapists and exercise physiologists is to promote the health and wellbeing of 

individuals and populations, including school children.137,287,289-294 The collective 

expertise and training of allied health professionals make them suitably qualified to 

work with school staff (e.g., educators, specialist PE teachers, school principals) to 
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promote children’s health and wellbeing. Strategies may include (i) increasing 

knowledge and awareness of the benefits of PA on children’s mental, physical, social, 

emotional and academic outcomes and the Australian 24-hour movement guidelines; 

(ii) providing support and training to improve educator competence and confidence to 

deliver classroom-based PA; (iii) identifying and implementing opportunities for 

children to be active during the school day; and (iv) reviewing strategies, policies and 

practices currently in place regarding the use of a health promoting school framework 

and comprehensive school physical activity program.  

In summary, in addition to schools, educators and caregivers, findings from this 

program of research may be directly relevant to allied health professionals working in 

schools who are qualified to assess and facilitate children’s motor proficiency and 

promote their overall health and wellbeing. In Australia, given existing school-based 

therapy models of service delivery, physiotherapists and occupational therapists may 

best suit this purpose.  

8.4 Summary of strengths and limitations of doctoral program of 
research 

A number of steps were taken to ensure sound methodological quality was applied to 

the systematic review and four studies included in this doctoral program of research, 

whilst recognising both the benefits and restrictions of conducting research under the 

real-world conditions of a school setting. Although outcome evaluations of school-

based PA interventions delivered in controlled settings are crucial for determining 

efficacy, research suggests that when these interventions are subsequently delivered 

under real world conditions, their success may be limited.145 Thus, a focus of this 

program of research was to conduct studies under real world conditions using a social 

ecological approach that recognises the interplay of individual, social and 

environmental factors that may affect implementation.143,264  

8.4.1 Study design and sample size 
Several study designs were employed in this program of research to address the thesis 

objectives and study aims including a systematic review, three cross-sectional studies 

and an exploratory pilot study. 
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The Systematic review (Chapter 3) identified several gaps in the existing literature, 

which guided the four studies included in this program of research. The systematic 

review was conducted in accordance with PRISMA guidelines,157 which is the study’s 

most notable strength. In addition, a total of 55 peer-reviewed studies were included in 

the review, representing findings from a large sample of typically developing school-

aged children and adolescents from over 20 different countries. The methodological 

quality of each study was also assessed using a modified Downs and Black tool,159 

which subsequently guided the interpretation of the summary levels of evidence. Key 

limitations of the Systematic review (Chapter 3) include the fact that findings were 

synthesised from studies with predominantly cross-sectional, longitudinal and quasi-

experimental designs, with a limited number of experimental studies with robust study 

designs eligible for inclusion. The use of a single reviewer for the article screening and 

selection process may also have introduced selection bias. It was also challenging to 

clearly compare and interpret the findings across studies due to the considerable 

heterogeneity of the outcome measures used between studies to assess motor 

proficiency and academic performance in mathematics and reading.  

Study 1 (Chapter 4), Study 2 (Chapter 5) and Study 3 (Chapter 6) followed the 

‘Strengthening the Reporting of Observational Studies in Epidemiology’ (STROBE) 

guidelines295 to ensure adequate reporting of the cross-sectional study designs 

employed. However, a notable limitation of utilising a cross-sectional study design is 

that data is only collected at a single point in time and results cannot infer causality 

when examining relationships between variables. 

It was acknowledged from the outset that a major limitation of the design of Study 4 
(Chapter 7) was that due to the constraints of undertaking evaluation research 

alongside the Tweed Healthy Schools Project (THSP); a school-based participatory 

action project, it was not possible to infer whether differences observed between the 

three Year 1 classes in academic performance and motor proficiency were solely due 

to the 12-week classroom-based gross motor program. As the three classes came from 

two different schools, were comprised of different groups of children, and each class 

had a different teacher, these factors may have influenced the findings as they may 

well influence future implementation of such a program. Additionally, as the classroom-

based program delivered in this study involved gross motor activities with and without 

an academic focus incorporated into the regular school day, we are unable to 
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determine whether one or both of these components may be associated with the 

observed findings. However, in order to minimise risk of confounding, the two classes 

at the school where the THSP was implemented and the comparison class at the 

additional school were matched as closely as possible. Both schools were public 

primary schools located in the same geographical regions and the same Year 1 

Australian Curriculum was delivered to all three classes. The advantage, on the other 

hand, of conducting this exploratory pilot study was that findings could be used to 

inform the design of a future study which is larger with more robust evaluation methods 

whilst embedded in the real-world context of the school environment.276  

Finally, the small sample size of the cohorts of Year 1 children (Study 1, Chapter 4; 
Study 2, Chapter 5; Study 4, Chapter 7) may limit the generalisability of the study 

findings reported in this program of research to children in all school jurisdictions in 

Australia. However, teaching in all schools in Australia is guided by the Australian 

Curriculum which was implemented to Year 1 children participating in the studies and 

thus this curriculum is likely similar to that delivered in a large proportion of other 

Australian schools. The most significant limitation of Study 3 (Chapter 6) was that only 

a small number of participant survey responses were available for analysis. Therefore, 

the generalisability of the study findings to educators and school principals in all school 

jurisdictions in Australia may be limited.  

8.4.2 Outcome measures 
The outcome measures selected to assess children’s PA, motor proficiency and 

academic performance in the studies included in this doctoral program of research 

were chosen following a thorough review of the literature on the topic and careful 

consideration of the reliability and validity of the tools.    

For Study 1 (Chapter 4) and Study 4 (Chapter 7), motor proficiency and academic 

performance were measured using the BOT-259 and the WIAT-II Australian112 which 

were chosen for utilisation in the doctoral program of research as they are 

internationally recognised, valid and reliable standardised assessments tools for 

measuring motor proficiency74 and academic performance, respectively. However, 

given the limited time and resources available to conduct multiple assessments within 

the school setting, it was not possible to assess children’s health-related physical 

fitness or cognitive function as outcomes in Study 1 (Chapter 4) or Study 4 (Chapter 
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7). Therefore, future observational studies should ideally assess the relationship 

between the components of both health-related physical fitness and motor proficiency, 

and academic performance. Similarly, future experimental studies could further 

investigate whether classroom-based PA interventions with cognitively engaging 

aerobic activities or cognitively engaging gross motor skill activities or both are more 

beneficial for children’s academic performance. 

One of the main strengths of Study 2 (Chapter 5) was that in assessing Year 1 

children’s PA using the OSRAC-E direct observation tool, a social ecological approach 

was employed to understand the contextual factors influencing children’s PA behaviour 

during school class time. Furthermore, approximately 44 hours of observation data 

were collected, representative of the Year 1 timetable at the selected school. A key 

limitation was that the OSRAC-E direct observation tool has yet to be validated against 

other measures of PA such as accelerometry, thus the recorded intensity levels of PA 

may have been over or underestimated. However, it is important to note that the design 

of the study was modified to assess children’s PA during school class time using direct 

observation only, as the school research jurisdiction did not approve the original plan 

to assess children’s PA using both accelerometers and direct observation as 

accelerometers were considered to be an ‘invasive device’. 

A social ecological approach was also used to guide the questionnaire design and 

analysis of Study 3 (Chapter 6). This enabled a greater understanding of the individual, 

interpersonal, organisational, community and policy level factors that may influence 

the provision of classroom-based PA to children in the early years of primary school in 

Australia. The design of the questionnaire was also informed by the implementation 

science literature regarding school-based PA interventions. Early identification of 

barriers and facilitators to the implementation of classroom-based PA interventions can 

subsequently be used to inform the design and implementation of future interventions. 

Implementation science research suggests this approach may be used to maximise 

successful translation of interventions into real world contexts.296  

Finally, whilst this doctoral program of research was undertaken by a registered 

physiotherapist using a health promotion framework, a strength of this research 

includes the breadth of literature reviewed which is important considering the 

multidisciplinary contributions to this field of research. Additionally, being immersed in 
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the school setting (Study 1, Chapter 4; Study 2, Chapter 5; Study 4, Chapter 7) 
afforded deeper insight into the school culture and classroom schedules. This assisted 

in developing a better understanding of competing demands for students and 

educators, along with knowledge of policies and priorities in school settings. These 

understandings have subsequently enabled the researcher to identify ways in which 

not only physiotherapists, but other allied health professionals working in schools more 

generally, can best support educators and schools to optimise children’s health and 

educational outcomes. 

8.5 Key lessons learned through undertaking research in schools 

To guide other researchers wishing to undertake future research within the school 

setting, the following section provides a summary of key lessons learned whilst 

undertaking the research studies described in previous chapters, along with the key 

factors to consider when planning future research within the school setting. 

8.5.1 Ethics approval and approval to conduct research in schools 
In addition to seeking ethical approval for each of the studies included in this program 

of research from the Bond University Human Research Ethics Committee, research 

approval from selected school research jurisdictions in Australia was sought. Each 

school research jurisdiction differs in their priorities for research being conducted within 

schools and it is essential to investigate this prior to submitting an application. For 

Study 2 (Chapter 5) and Study 3 (Chapter 6), permission was sought to conduct 

research in schools across multiple jurisdictions, which differed between 

states/territories as well as school sectors (e.g., Independent, Catholic and public 

schools). For Study 2 (Chapter 5) this was not a centralised process and applications 

had to be individually submitted for states and school sectors in accordance with the 

application guidelines. However, for Study 3 (Chapter 6), a centralised process to 

conduct research in schools in more than one jurisdiction (sector, state or territory) in 

Australia was introduced and required the completion of a National Application Form 

for approval to conduct research in schools.  

There were also differences between school research jurisdictions in relation to the 

extent of support provided for the proposed study methods. For example, in Study 4 
(Chapter 7), permission was sought for participants to wear Sensewear monitors 

(accelerometers) to assess children’s PA levels. To analyse data collected by the 
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Sensewear monitors, participants’ height and weight was required. However, the 

measurement of participants’ height and weight was not supported by the school 

research jurisdiction. Consequently, only parent-reported height and weight could be 

used in analyses of children’s PA levels using Sensewear monitors. Thus, a decision 

was made to exclude this important data, given the threats to reliability and validity. A 

similar event occurred for Study 2 (Chapter 5), when seeking permission to assess 

participants’ PA levels. The initial design of the study included monitoring participants’ 

PA levels using accelerometry (ActiGraph), and triangulating and contextualising the 

data on activity levels with direct observation using the OSRAC-E. However, the use 

of accelerometry was considered ‘invasive’ and its use was subsequently not 

supported by the school research jurisdiction. Therefore, the design of the study was 

modified to assessing children’s PA using direct observation only, which limited the 

timeframe in which children’s PA could be assessed and may have impacted the 

validity of this data. 

8.5.2 Recruitment of schools and study participants 
Recruitment of schools and participants for each study proved challenging if a 

previously established relationship with school principals did not exist. This was one of 

the challenges encountered during recruitment of participants for Study 2 (Chapter 5), 
where despite inviting 53 schools to participate in the study, only one school principal 

agreed to participate. Similarly, in Study 3 (Chapter 6), 36 school principals, identified 

through existing networks, were invited to participate in the survey study. However, 

one school principal declined the invitation, and 31 school principals did not respond. 

Recruiting prospective participants via social media for the survey also proved to be 

difficult. The challenges encountered when trying to recruit schools may be due to the 

large number of competing demands that schools face, with many external 

organisations making requests to conduct research in schools.145,296 Consequently, 

schools have been required to develop research priorities to assist them in making 

decisions around which research projects to support.297 

It is thus recommended that prior to seeking ethical approval and approval to conduct 

research in schools, it is important to identify and consult with school principal/s who 

may be interested in participating in the proposed research study. These early 

conversations are pivotal in shaping the design and methodology of the research study. 

This is particularly relevant to any school-based PA interventions as early stakeholder 
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engagement is essential to firstly undertake a needs assessment and secondly, to 

anticipate and plan for any barriers to implementing the proposed intervention. For 

example, when undertaking a needs assessment, it is important to discuss with key 

stakeholders (i.e., school principals, classroom teachers, specialist PE teachers) what 

current practice at the school entails (e.g., HPE program, organised PA opportunities), 

along with gaining an understanding of which existing policies are in place (e.g., 

comprehensive school physical activity program, PA policy, health and wellbeing 

policies) and how the proposed research may be able to assist their school in 

addressing existing research priorities.  

Similarly, as part of the intervention planning process, it is essential to observe existing 

practices. For example, if possible, it would be beneficial to spend time observing 

classroom routines in schools that one may be planning to undertake research, 

including behaviour management strategies as this will assist in a greater 

understanding of competing curriculum pressures for both teachers and students. This 

will also prepare researchers to be flexible to potential changes that may occur during 

the study as there may be multiple and ongoing changes to proposed timetables due 

to absences, school assemblies, special days, sports carnivals, assessment and 

school sport all of which add challenges to implementing robust study designs in 

school-based research. 

8.6 Future investigations 

8.6.1 Future classroom-based gross motor programs 
Future classroom-based gross motor skill interventions would ideally need to form part 

of the school’s comprehensive school physical activity program that is nested within a 

broader health promoting schools framework. In isolation and without a school culture 

that supports children’s PA promotion, a classroom-based motor skill intervention may 

not successfully be adopted, implemented or scaled up. 

The recently published PRACTical planning for Implementation and Scale-up 

(PRACTIS) guide296 may be consulted to plan a larger, more robust classroom-based 

gross motor skill intervention with children in the early years of primary school. Four 

key steps are outlined in the PRACTIS guide including; (i) Step 1: Characterise the 

parameters of the implementation setting; (ii) Step 2: Identify and engage key 

stakeholders across multiple levels within the delivery system(s); (iii) Step 3: Identify 
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contextual barriers and facilitators to implementation; and (iv) Step 4: Address potential 

barriers to effective implementation. The social ecological approach used in Study 3 
(Chapter 6) to identify contextual barriers and facilitators to implementing classroom-

based PA to children in the early years of primary school aligns well with the steps 

outlined in the PRACTIS guide and will usefully inform future classroom-based gross 

motor skill interventions. Table 28 provides an example of intervention parameters that 

could be considered in future experimental studies. 

Table 28: Example intervention parameters for future experimental studies.  

Parameter  
Design Cluster randomised controlled trial 
Sample size Power size to be determined  
Intervention population School children in Prep/Kindergarten to Year 2  
Implementers  Researchers in collaboration with classroom teachers/specialist 

physical education teachers 
Type of PA Cognitively engaging motor skill program (i.e., tasks that requires 

motor and problem solving skills/mental engagement)  
Theoretical background48 Motor learning 

Principles of variability of practice (complexity, novelty, diversity, 
effort and successfulness) 

Intensity Not specified  
Duration78 Minimum of 12 weeks 
Frequency Minimum of three times per week 
Outcome measures Educational outcomes: 

• Academic performance (e.g., measured using standardised 
mathematics and reading tests, classroom behaviour) 

• Cognition (e.g., executive function – working memory, 
inhibition, cognitive flexibility) 

PA-related outcomes  
• Motor proficiency (e.g., measured using standardised 

product and/or process-oriented assessment tools) 
• Health-related physical fitness (e.g., cardiorespiratory 

fitness) 
• Physical activity (accelerometery, direct observation) 

Groups34 
 

1. Intervention group: combines PA with academic content. 
2. Non-active control group: only receives the same academic 

content as intervention group 
3. Active control group: only receives the PA component 

Participant moderators Age, sex, socioeconomic status, weight status, relevant medical 
history  

Psychosocial 
mediators8,40  

Mood, social belonging, self-esteem, self-efficacy, perceived 
competence  

Process evaluation Program compliance (attendance) 
Dimensions of feasibility260,298 

(1) acceptability (e.g., satisfaction) 
(2) demand (e.g., intention to use) 
(3) implementation (e.g., success or failure of execution) 
(4) practicality (e.g., ability of participants to carry out the 

activity) 
(5) integration (e.g., fit with infrastructure) 
(6) adaptation (e.g., degree to which similar outcomes are 

obtained with a modified format) 
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Parameter  
(7) expansion (e.g., potential success of a previously tested 

activity in a new context) 
(8) limited efficacy testing (e.g., preliminary effects of the 

program tested with a small sample) 
 

8.6.2 Expanded role of allied health professionals working within the school 
setting 

Another potential line of enquiry extending from this doctoral program of research 

relates to further exploring the role of allied health professionals working within the 

school setting (e.g., physiotherapists, occupational therapists, speech language 

pathologists, dietitians, exercise physiologists and exercise and sport scientists) in 

supporting children’s health and education outcomes. Further evaluation of school-

based participatory action projects involving partnerships between schools, allied 

health professionals and caregivers is thus warranted. As highlighted in Section 8.3.2, 

there may be an evolving role for qualified allied health professionals currently working 

within the school setting to extend the traditional method of service delivery from 

working with individual students, to employing whole-of-class and whole-of-school 

initiatives that support health and education outcomes in children of all abilities. 

Therefore, tiered models of service delivery (e.g., the P4C model) could be evaluated 

as a model of service delivery for other school-based therapy services, including 

school-based physiotherapy services both in Australia and internationally.13  

 

 

 

 

 

 

 

 

 

 

 
13 Please note that all references in this chapter are presented in the References section of the thesis 
on page 255 
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9.1 Key Findings and Conclusions  

Findings in relation to the first thesis objective of this doctoral program of research 

revealed that in a small cohort of Year 1 children in Australia, children’s motor 

proficiency, particularly fine motor integration, was positively associated with their 

mathematical and reading skills. Observation of existing PA practices during school 

class time at one primary school in Australia revealed that Year 1 children were 

predominantly sedentary, undertaking limited amounts of light and moderate to 

vigorous levels of PA. Incorporating movement into academic lessons and/or during 

transitions between lessons (i.e., classroom-based PA) was identified as a potential 

strategy to encourage Year 1 children to be more active during class time. Survey 

findings indicated that Australian educators and school principals were amenable to 

providing classroom-based PA to students in the early years of primary school, 

however, multiple strategies were recommended to train and support school staff in 

order to do so. Given that motor skill development is considered crucial for other areas 

of children’s development and is positively associated with health-related physical 

fitness and participation in PA, classroom-based motor skill interventions were 

identified as a potential solution to promote children’s motor proficiency and academic 

outcomes during the early years of primary school. Participation in a 12-week 

classroom-based gross motor program, specifically a combination of gross motor 

circuits and physically active mathematics lessons, was associated with improvements 

in motor proficiency and academic outcomes in a small sample of Year 1 school 

children in Australia. In relation to the second thesis objective, these collective findings 

suggest that early primary school classrooms in Australia may indeed be feasible 

settings to implement PA, particularly classroom-based motor skill programs, as a 

strategy to promote children’s motor proficiency and academic outcomes, in particular 

their mathematical outcomes.  

Future studies employing more rigorous outcome and process evaluations are required 

to confirm findings from the exploratory work conducted as part of this doctoral program 

of research. Key findings can be used to guide schools, educators and caregivers 

regarding how to best support children’s motor proficiency and academic outcomes in 

the early years of primary school. Specifically, given motor proficiency is positively 

associated with both academic and health-related outcomes it may be beneficial for 
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educators to implement programs that target children’s motor skill development during 

the early years of primary school. Consistent with the ethos of a health promoting 

schools framework, findings from this program of research also advocate for schools 

to consider forming partnerships with paediatric allied health professionals (qualified to 

assess and facilitate children’s motor proficiency and promote children’s health and 

wellbeing), as they may be ideally positioned to support educators to implement these 

practices. 

9.2 Summary of key findings in this thesis  

1. Current trends suggest that Australian children are demonstrating low levels of 

PA, aerobic and muscular fitness and motor skill proficiency. Evidence suggests 

children’s motor skill proficiency is positively associated with health-related 

outcomes including cardiorespiratory fitness and participation in PA and 

inversely associated with weight status (Stage 1). 
2. Significant positive relationships exist between fine and gross motor proficiency 

and academic performance in mathematics and reading in school-aged children 

and adolescents. School-based motor skill interventions may be beneficial for 

children’s mathematical and reading skills, however, insufficient evidence 

currently exists (Stage 1). 
3. In a small cohort of Year 1 children in Australia, children’s overall motor 

proficiency was related to their mathematical skills and fine motor integration 

skills were predictive of their mathematical and reading skills (Stage 2). 
4. Both structured (e.g., implementing movement into academic lessons and/or 

during transitions between lessons – i.e., classroom-based PA) and 

unstructured (incidental PA) movement opportunities were identified as 

potential strategies to encourage Year 1 children to be more active during 

school class time (Stage 2). 
5. Multiple strategies need to be employed at the individual (educator) and 

organisational (school) level to overcome existing barriers (i.e., lack of training, 

resources and insufficient time) to providing classroom-based PA programs to 

students in the early years of primary school in Australia. Proposed solutions to 

overcome barriers include the provision of training and resources to educators, 

including education regarding the benefits of classroom-based PA (Stage 2). 
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6. Given that motor skill proficiency is positively associated with both health-

related and academic outcomes, the early years of primary school may 

represent an ideal time to target children’s motor skill development through the 

implementation of classroom-based motor skill programs. In a sample of Year 

1 children in Australia, participation in a 12-week classroom-based gross motor 

program was associated with improvements in motor proficiency and academic 

outcomes, particularly their mathematical skills. Findings from this pilot study 

may inform larger, more robust experimental studies on this topic (Stage 3). 
7. In addition to schools, educators and caregivers, findings from this doctoral 

program of research are relevant to allied health professionals working in 

schools who are qualified to assess and facilitate children’s motor proficiency 

and promote their overall health and wellbeing. 
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Appendix A: Supplementary Table S1 from published manuscript (Chapter 3) 
Table S1: Key data extracted from observational studies examining the relationship between motor proficiency and academic performance in mathematics and 

reading in school-aged children and adolescents  
 

Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Aadland et al. 
(b) 

 
(2017) 

 
Norway 

Longitudinal 
 
(7-months 
follow-up) 
 
(sample 
from Active 
Smarter 
Kids cluster-
randomized 
controlled 
trial) 

n=1129 
children; 48% 
girls; Age: 
M=10.2 ± 0.3 
years  
 
Schools: n=57 
 
 

Motor skills 
composite: 
Catching with 
one hand; 
Throwing at a 
wall target (both 
from Movement 
ABC-2); Shuttle 
run 10 x 5m 
(from EUROFIT) 

Standardized 
Norwegian 
National tests 
(Numeracy) 

Standardized 
Norwegian 
National tests 
(Reading) 
 

ActiGraph 
accelerometer 
(physical activity and 
sedentary time)  
 
Andersen test 
(aerobic fitness)  
 
Stroop Color and 
Word Test 
(executive function 
(EF) – inhibition) 
 
Verbal Fluency Test 
(EF - cognitive 
flexibility) 
 
The Trail Making 
Test (EF - cognitive   
flexibility) 
Wechsler 
Intelligence Scale 
for Children (4th 
Edition) – Digit Span 
Test (EF –working 
memory) 
 
Demographic 
information (age, 
body fat, pubertal 
status, birth weight, 
SES) 

At baseline, significant very weak 
positive associations between 
numeracy and aiming (r=0.13, p≤0.05) 
and catching (r=0.19, p≤0.05); 
significant association between 
numeracy and time taken to complete 
shuttle run (r=-0.28, p≤0.05). At follow 
up, significant very weak-to-weak 
positive associations between 
numeracy and aiming (r=0.18, p≤0.05) 
and catching (r=0.20, p≤0.05); 
significant association between 
numeracy and time taken to complete 
shuttle run (r=-0.31, p≤0.05) 
 
At baseline, significant very weak 
positive associations between reading 
and catching (r=0.10, p≤0.05); 
significant inverse association 
between reading and time taken to 
complete shuttle run (r=-0.19, p≤0.05). 
At follow up, significant very weak 
positive associations between reading 
and aiming (r=0.13, p≤0.05) and 
catching (r=0.13, p≤0.05); significant 
association between reading and 
shuttle run (r=-0.20, p≤0.05) 
 
A modest mediation effect of executive 
function was found for the relation 
between the shuttle run and academic 
performance in numeracy 
 

85% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Bellocchi et al. 
 

(2017) 
 

France 
 

Longitudinal 
 
(16-months 
follow-up) 

n=36 children; 
Age: (T0) 
M=64.2±3.9 
months; (T1) 
M=82.2±3.9 
months 
 
SES: Sample 
was not 
educationally 
disadvantaged 

Developmental 
Test of Visual 
Perception (2nd 
Edition): Visual 
motor integration 
(VMI) 

 New Language 
Examination 
Battery 
(phoneme 
identification 
task; rhyme 
task; 
phonological 
awareness) 
(assessed at T0) 
 
Alouette Test-R 
(reading fluency 
and accuracy) 
(assessed at T1) 

Developmental Test 
of Visual Perception 
(2nd Edition) (general 
visual perception 
quotient; motor 
reduced visual 
perception) 
(assessed at T0) 
 

Significant moderate positive 
associations between VMI (T0) and 
reading accuracy (T1) (r=0.456, 
p<0.01) 
 
VMI score (β=0.33, p<0.05) was a 
significant predictor of reading 
accuracy  
 
No significant associations between 
VMI and reading fluency, rhyme and 
phoneme identification 

50% 

Cameron et al. 
 

(2012) 
 

USA 

Longitudinal 
 
(~ 9-months 
follow-up) 

n=213 
children; 53% 
girls; Motor 
test age (T0): 
M=4.96±0.42 
years; range 
3.5-5.75 
Achievement 
test age (T1): 
M=5.44±0.33 
years; range 
4.64-6.21 
years) 
SES: Middle 
SES 
background 
Ethnicity: 57% 
Caucasian, 
34% 
Multiracial, 4% 
Asian, 3% 
African 
American, 1% 
Hispanic, 1% 
Arabic 

Early Screening 
Inventory-
Revised  
 
Fine motor 
composite 
(FMC) 
(replicating a 
gate with cube 
blocks; drawing 
a person; design 
copy, overall 
score) 
 
Gross motor 
composite 
(GMC) (balance, 
walk line, 
hopping, 
skipping) 
 
(assessed in 
pre-kindergarten 
(TO)) 

Woodcock 
Johnson III Test 
of Achievement 
(Applied 
problems 
subtest) 
 
(assessed in fall 
(T1) and spring 
(T2) of 
kindergarten) 

Woodcock 
Johnson III Test 
of Achievement 
(Letter-word 
identification; 
Passage 
comprehension; 
Sound 
awareness) 
(assessed in fall 
(T1) and spring 
(T2) of 
kindergarten) 

Parent 
Questionnaire 
(maternal education) 
 
Head-Toes-Knees-
Shoulders test 
(executive function) 
Woodcock Johnson 
III Test of 
Achievement 
(Picture vocabulary) 

Significant weak positive associations 
found for Fine Motor Composite (FMC) 
(T0) and reading composite (r=0.35-
0.37, p<0.01); letter-word identification 
(r=0.35-0.37, p<0.01); passage 
comprehension (r=0.25-0.32, p<0.01); 
sound awareness (r=0.27-0.29, 
p<0.01); and applied problems (r= 
0.17-0.25, p<0.01) at T1 and T2 
 
Significant very weak-to-weak positive 
associations found for block task (T0) 
and all reading outcomes (r=0.15-0.24, 
p<0.01; applied problems (r=0.11-
0.17, p<0.01) at T1 and T2 
 
Significant very weak-to-weak positive 
associations found for design copy 
task (T0) and all reading outcomes 
(r=0.22-0.38, p<0.01); applied 
problems (r=0.16-0.24, p<0.01) at T1 
and T2 
 
Significant very weak-to-weak positive 
associations found for draw-a-person 

70% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

task (T0) and all reading outcomes 
(r=0.13-0.20, p<0.01) at T1 and T2 
 
Significant very weak positive 
associations found for GMC (T0) and 
reading composite (r=0.17-0.20, 
p<0.05); passage comprehension 
(r=0.16, p<0.05); and applied 
problems (r=0.18-0.19, p<0.05) at T1 
and T2 
 
Non-significant associations for GMC 
(T0) and letter-word identification (T1), 
sound awareness (T2); and for draw-
a-person (T0) and applied problems 
(T1 and T2) 
 
Findings suggest that executive 
function and fine motor skills make 
independent contributions to children’s 
entry-level achievement as well as 
improvement from fall to spring of 
kindergarten. 
 

Cameron et al. 
 

(2015) 
 

USA 

Longitudinal 
 
(~5-months 
follow-up) 
 
(sample 
from a 
randomized 
controlled 
trial) 

n=467 
children; 
50.5% girls; 
Age (T1): 
Mean = 4.20 
±0.49 years; 
range 2.72-
4.99 
 
SES: 
Predominantly 
low income   
 
Ethnicity: 
African 
American 
(43%), 

Beery-Buktenica 
Developmental 
Test of Visual-
Motor 
Integration 
(Short Form) – 
Visual Motor 
Integration 
(assessed at T1) 
 

 Test of 
Preschool Early 
Literacy: Print 
knowledge; 
Phonological 
awareness 
subtests 
 
(assessed at T1 
and T2) 

Pencil tap test (EF-
Inhibitory control) 
 
Wechsler Preschool 
and Primary Scale 
of Intelligence-
Revised: Backward 
digit span test (EF-
verbal working 
memory) 
 
Peabody Picture 
Vocabulary Test-III 
(receptive 
vocabulary) 
 

Significant weak-to-moderate positive 
associations found for Visual motor 
integration (VMI) (T1) and 
phonological awareness (T1 and T2) 
(r=0.31-0.37, p<0.01); and print 
knowledge (T1 and T2) (r=0.43-0.44, 
p<0.01)  

70% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Hispanic 
(32%); White/ 
Caucasian 
(14%), Asian 
(3%), 
Multiracial/oth
er (5%), No 
data (3%) 
 
81% children 
had English as 
first language 
 

Woodcock Johnson 
III Psycho-
educational Battery: 
Picture vocabulary 
subtest (expressive 
language) 
 
Preschool learning 
behaviors scale  

Chang et al. 
 

(2018) 
 

USA 

Longitudinal  
 
(~6-months 
follow-up) 

n=145 
children, 49% 
girls; Age: 
M=66.23±2.53 
months 
 
Schools: n=3 
 
SES: 93% 
received free 
lunch (i.e. 
socially 
disadvantaged
) 
 
Ethnicity: 
50.3% 
Latino/Hispani
c, 26.4% 
Caucasian, 
21.4% African 
American, 
1.4% 
Multiracial 
 
 
 

PE Metrics 
(fundamental 
movement skills 
index: object 
control - 
dribbling, 
underhand 
throwing, 
locomotor - 
hopping, sliding) 
 
(assessed at T0) 
 

 Early Literacy 
Inventory (global 
reading 
proficiency) 
 
(assessed at T1) 
 

Behavior Rating 
Inventory of 
Executive Function -
Preschool (inhibit, 
shift, emotional 
control, working 
memory, 
plan/organize) 
 
Demographic 
information (age, 
gender, race and 
language 
background) 

Significant weak positive associations 
between reading proficiency (T1) and 
fundamental movement skills (FMS) 
index (r=0.24, p<0.01), object control 
(r=0.18, p<0.05) and locomotor 
(r=0.23, p<0.01) at T0 
FMS assessed at the beginning of 
kindergarten, especially locomotor 
skills, accounted for a small but unique 
amount of variance in reading at the 
end of kindergarten regardless of age, 
gender, race and language 
background 
 
Relationship between FMS and 
reading proficiency was fully mediated 
by global executive function 

 
70% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Dinehart and 
Manfra 

 
(2013) 

 
USA 

 
 

Longitudinal 
 
(~3-years 
follow-up) 
 
(sample 
from Miami-
Dade School 
Readiness 
Project) 

n=3 234 
children; 53% 
girls; Age (T0): 
Mean=62.5±3.
6 months at 
T1; re-
assessed in 
Grade 2 (T1) 
 
 
SES: Low 
SES sample  
 
Ethnicity: 
Hispanic 
(57%), African 
American 
(35%), 
White/Other 
(8%) 
 
 

Learning 
Accomplishment 
Profile 
Diagnostic: 
 
Fine motor 
manipulation 
(manual 
dexterity) 
 
Fine motor 
writing (grapho-
motor abilities / 
copying) 
 
(assessed at 
end of pre-
kindergarten -
T0) 
 
 

Stanford 
Achievement 
Test (SAT10) 
and GPA 
(mathematics)  
 
(assessed at T1) 

Stanford 
Achievement 
Test (SAT10) 
and GPA 
(reading) 
 
(assessed at T1) 
 

Learning 
Accomplishment 
Profile Diagnostic 
(Expressive 
language ability;  
language 
comprehension; 
cognitive counting; 
cognitive matching; 
early counting) 
 
Demographics 
(ethnicity, SES, 
language spoken at 
home, days absent 
from school) 

Significant weak positive associations 
found for fine motor manipulation 
(FMM) (T0) and SAT10 math (T1) 
(r=0.22); Unique effect of FMM (T0) 
(B=1.75, p<0.001) on SAT10 math 
(T1) with a small effect size (Cohen’s 
d=0.09) 
 
Significant weak positive associations 
found for fine motor manipulation 
(FMM) (T0 and GPA math (T1) 
(r=0.21); Unique effect of FMM (T0) 
(B=0.03, p<0.001) on GPA math (T1) 
with a modest effect size (Cohen’s 
d=0.14) 
 
Significant very weak positive 
associations found for FMM (T0) and 
SAT 10 reading (T1) (r=0.15), and 
GPA reading (T1) (r=0.15) 
 
Significant weak positive associations 
found for fine motor writing (FMW) 
(T0) and SAT10 math (T1) (r=0.33); 
Unique effect of FMW (T0) (B=1.20, 
p<0.001) on SAT10 math (T1) with a 
small effect size (Cohen’s d=0.11) 
 
Significant weak positive associations 
found for fine motor writing (FMW) 
(T0) and GPA math (T1) (r=0.31, no p-
value); Unique effect of FMW (T0) 
(B=0.03, p<0.001) on GPA maths (T1) 
with a modest effect size (Cohen’s 
d=0.21) 
Significant weak positive associations 
found for FMW (T0) and SAT10 
reading (T1) (r=0.30); Unique effect of 
FMW (T0) (B=0.75, p<0.001) on 
SAT10 reading (T1) with a modest 
effect size (Cohen’s d=0.11) 

80% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Significant weak positive associations 
found for FMW (T0) and GPA reading 
(T1) (r=0.28); Unique effect of FMW 
(T0) (B=0.03, p<0.001) on GPA 
reading (T1) with a modest effect size 
(Cohen’s d=0.11) 

Doyen et al. 
 

(2017) 
 

France 

Longitudinal 
 
(~7-months 
follow-up) 

n=86 
kindergarten 
children; 51% 
girls; Age (T0): 
Mean = 6.0 
years, range: 
5 years, 5 
months-6 
years, 5 
months 
 
Schools: n=3; 
Classes: n=6 
 
At follow-up: 
n=73 Year 1 
children; 49% 
girls  
 

Peg-moving task 
(manual 
performance – 
sum of the mean 
time taken to 
move 10 pegs 
over three trials) 
 
(assessed at T0) 
 
 

 Phonological 
awareness 
(rhyme 
matching, 
syllable 
segmentation, 
phoneme 
recognition) 
(assessed at T0) 
 
Grade 1 
assessments: 
Reading 
comprehension; 
word reading; 
pseudoword 
reading 
(assessed at T1) 
 

 Manual performance (T0) was 
significantly and inversely associated 
with phonological awareness (T0) (r=-
0.23, p<0.05); reading comprehension 
(T1) (r=-0.24, p<0.05); word reading 
(T1) (r=-0.27, p<0.05); pseudoword 
reading (T1) (r=-0.24, p<0.05)  
 
(i.e. a slower the time on the peg-
moving task, the weaker the literacy 
scores)  

65% 

Duran et al. 
 

(2018) 
 

USA 

Longitudinal 
 
(~6.5-
months 
follow-up) 
 
(sample 
from 
experimental 
study) 

n=162 children 
(total); 50% 
girls 
n=89 
kindergarten 
children; 48% 
girls; Age (T0): 
M=5.5 years ± 
4.0 months;  
 
n=73 Year 1 
children; 52% 
girls; Age (T0): 
M=6.6 years 
±4.5 months 
 

Developmental 
Neuro-
psychological 
Assessment: 
Design copy 
subtest (visual 
motor 
integration) 
 
(assessed at T0) 

Woodcock 
Johnson III - 
Test of 
Achievement 
(Applied 
problems 
subtest) 
 
KeyMath3-3 
composite 
(geometry; 
measurement; 
numeration) 
 

 Developmental 
Neuro-psychological 
Assessment 
(Attention/EF 
domain) 
 
Demographics (age, 
gender, ethnicity, 
SES, group) 

Significant moderate-strong positive 
associations between visual motor 
integration (VMI) (T0) and combined 
mathematics composite (T0 and T1) 
(r=0.57-0.62, p<0.05).;  
 
Significant moderate-strong positive 
associations between VMI (T0) and 
KeyMath composite and individual 
measures (T0 and T1) (r=0.40-0.61) 
Significant moderate positive 
associations between VMI (T0) and 
applied problems (T0 and T1) (r=0.50-
0.56) 
 

70% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

SES: 95% 
qualified for 
free or 
reduced-price 
lunch – low 
SES 
 
Ethnicity: 92% 
African 
American 

Test of Early 
Mathematics 
Ability (TEMA) 
 
(assessed at T0 
and T1) 

Significant moderate positive 
associations between VMI (T0) and 
TEMA (T0 and T1) (r=0.53-0.57) 
 
EF and VMI were robust and unique 
predictors of improvement in 
mathematics performance in a sample 
of low-SES students in kindergarten / 
grade 1 

Gandhi et al. 
 
 

(2012) 
 

Malawi 
 
 

Prospective 
cohort study 
 
(~12-years 
follow-up) 
 
 
(sample 
from the 
Lungwena 
Child 
Survival 
Study) 

n=415 children 
(51% original 
sample of 
813); 50.6% 
female; Age 
(T0): 5 years; 
Age (T1): 12 
years 
 
SES level: 
37.1% low, 
41% middle, 
21.9% high 

Developmental 
Assessment: 
(gross and fine 
motor items) 
 
(assessed at T0) 

12-year old 
assessments 
(% of correctly 
answered maths 
questions) 
 
(assessed at T1) 

 Developmental 
Assessment 
(language and social 
items) 
 
Demographics (age 
and height; birth 
weight; gender; 
gestational duration, 
father’s occupation / 
literacy, mother’s 
literacy; wealth 
index; highest 
school grade 
complete; number of 
times a school grade 
was repeated) 
 
 
 
 
 
 

Fine motor score (T0) was 
independently associated with 
mathematics score (T1) (regression 
coefficient=0.412, p=0.032) (observed 
data); (regression coefficient=0.445, 
p=0.011) (imputed data) 
 
Non-significant associations found for 
gross motor score (T0) and 
mathematics (T1) (regression 
coefficient=0.206, p=0.176) (observed 
data); (regression coefficient=0.184, 
p=0.216) (imputed data) 

80% 

Grissmer et al 
 
 

(2010) 
 

USA 
 
 

Longitudinal 
 
(~5-years 
follow-up) 
 
Sample from 
three data 
sets: 

n=7 830 
children 
(ECLS-K 
study) 
 
n=5 462 
children 
(NLSY study); 

ECLS-K study: 
Early Screening 
Inventory: Gross 
motor (skipping, 
hopping, walking 
backwards, 
stand on one 
foot) and Fine 

ECLS-K:  
Achievement 
tests 
(mathematical 
thinking)  
Peabody 
Individual 

ECLS-K: 
Achievement 
tests (language 
and literacy) 
 
Peabody 
Individual 

Socioemotional  
(attention, 
externalizing I&II, 
Internalizing, social 
skills) 
ECLS-K:  
Achievement tests 

Significant positive association found 
for fine motor and reading 
achievement (β=0.07, p<0.00001); and 
maths achievement (β=0.14, 
p<0.00001) in ECLS-K study 
 

40% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Early 
Childhood 
Longitudinal 
Study – 
Kindergarten 
Cohort 
(ECLS-K) 
 
National 
Longitudinal 
Survey of 
Youth 
(NLSY) 
 
British Birth 
Cohort 
Study (BCS) 

Age: 22-47 
months 
 
n=1 778 (BCS 
study); Age: 5 
years 
 
 

motor skills 
(building blocks, 
copying figures, 
draw-a-person) 
 
BCS study:  
Fine motor skills 
(design copy, 
human figure 
drawing, profile 
drawing) 

Achievement 
Test (maths) 
 
BCS: 
Achievement 
tests (maths)  

Achievement 
Test (reading) 
 
BCS: 
Achievement 
tests (reading)  

(general knowledge; 
self-control) 
 
BCS: Achievement 
tests (school 
readiness measures 
- intellectual and 
behavioral 
development) 
 
NLSY: Motor and 
social development 
instrument 
assessing children 
from ages 22-47 
months 
 

Significant positive association found 
for reading achievement and design 
copy (β=0.26, p<0.001); human figure 
drawing (β=0.09, p<0.01) in BCS study 
 
Significant positive association found 
for maths achievement and design 
copy (β=0.36, p<0.001); human figure 
drawing (β=0.09, p<0.01) in BCS study 
 
Gross motor measure was not a 
significant predictor for mathematics 
achievement and reading achievement  
 

Haapala et al. 
 

(2014) 
 

Finland 
 
 

Longitudinal 
 
(~3-years 
follow-up) 
 
(sample 
from 
Physical 
Activity and 
Nutrition in 
Children 
Study and 
First Steps 
study) 
 

n=174 
children; 43% 
girls; Age (T0): 
M=7.7±0.4 
years; range 
6-8 years 
 
At follow up 
(Grade 3): 
n=167; 43% 
girls 
 
 

5 x 5m Shuttle 
run test (speed 
and agility); 
flamingo 
balance test; 
box and block 
test (manual 
dexterity); 
overall motor 
performance 
 
(assessed in 
Grade 1-T0) 

Basic Arithmetic 
Test (arithmetic 
skills) 
 
(assessed in 
Grade 1 (T0), 
Grade 2 (T1) 
and Grade 3 
(T2)) 

Nationally 
normed reading 
battery (reading 
fluency and 
comprehension) 
 
(assessed in 
Grade 1 (T0), 
Grade 2 (T1) 
and Grade 3 
(T2)) 

Physical measures: 
Max cycle ergometer 
(cardiovascular 
performance); body 
composition; 
pubertal status; PA 
Questionnaire, 
 
Parental education 
 
Risk of reading 
disability 

Overall, poorer motor performance 
was associated with worse academic 
skills in children, especially among 
boys. 
 
Overall motor performance (T0) was 
associated with reading fluency in 
grades 1-3 (β=0.28-0.35); reading 
comprehension in grades 1-3 (β=0.19-
0.22); and arithmetic skills in grades 1-
3 (β=0.39-0.41) 
 
For boys:  
Longer shuttle run time (T0) was 
associated with poorer reading fluency 
in grades 1-3 (β=-0.29 to -0.39, 
p<0.01); reading comprehension in 
grades 1-2 (β=-0.25 to -0.29, p<0.05); 
and arithmetic skills in grades 1-3 (β=-
0.33 to -0.40, p<0.003);  
 

85% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Poorer balance (T0) was related to 
poorer reading comprehension in 
grade 1 (β=-0.20, p=<0.042) 
 
Smaller number of cubes moved in 
box and block test was related to 
poorer reading fluency in grades 1-2 
(β=0.23 to -0.28, p<0.05); reading 
comprehension in grade 3 (β=0.23, 
p=0.037); and arithmetic skills in 
grades 1-2 (β=0.21-0.23, p<0.043) 
 
For girls:  
Longer shuttle run time was 
associated with poorer reading fluency 
in grade 3 (β=-0.27, p=0.027); and 
arithmetic skills in grade 2 (β=-0.25, 
p=0.0040) 
 
Smaller number of cubes moved in 
box and block test was related to 
poorer reading fluency in grades 2 
(β=0.26, p=0.030)   

Jaakola et al. 
 

(2015) 
 

Finland 

Longitudinal 
 
(~2-years 
follow-up) 

n=325 high 
school 
students; 50% 
girls; Age (T0): 
M=13.08±0.25 
years 
 
Schools: n=3; 
classes: n=10 

Fundamental 
movement skill 
(FMS) tests 
(leaping, 10 x 
5m shuttle run, 
dribbling, FMS 
sum score) 
 
(assessed in 
Grade 7 and 8) 

Academic 
performance 
(marks in 
mathematics for 
Grades 7-9)  
 
 

Academic 
performance 
(marks in 
Finnish 
language for 
Grades 7-9) 

Self-reported PA Significant very weak-to-moderate 
associations between Leaping test 
(grades 7 and 8) and marks in maths 
(grades 7-9) for girls (r=0.18-0.41, 
p<0.05); and weak associations 
between leaping test (grade 8) and 
marks in maths (grades 7 and 9) for 
boys (r=0.24-0.30) 
 
Significant very weak positive 
associations between dribbling task 
(grade 7) and marks in Finnish 
language (grade 7) for girls (r=0.17, 
p<0.05); and marks in maths (grade 9) 
for boys (r=0.18, p<0.05) 
 

80% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Significant very weak positive 
associations between shuttle run 
(grade 7) and marks in Finnish 
language (grade 7) for boys (r=0.17, 
p<0.05); and marks in maths (grade 9) 
for boys (r=0.16, p<0.05) 
 
Significant very weak positive 
associations between shuttle run 
(grade 8) and marks in maths (grade 8 
and 9) for boys (r=0.18-0.19, p<0.05); 
and marks in maths (grade 9) for girls 
(r=0.20, p<0.05); and Finnish 
language (grade 7) for boys (r=0.17, 
p<0.05) 
 
Significant very weak positive 
associations between FMS sum score 
(grade 7) and maths (grade 7 and 9) 
for boys (r=0.16-0.18, p<0.05); maths 
(grade 8 and 9) for girls (r=0.16-0.19, 
p<0.05) 
 
Significant very weak-to-weak positive 
associations between FMS sum score 
(grade 8) and maths (grades 7-9) for 
boys (r=0.18-0.25, p<0.01); maths 
(grades 8 and 9) for girls (r=0.23-0.25, 
p<0.05)  
 

Kim et al. 
 

(2017) 
 

USA 

Longitudinal 
 
(2-years 
follow-up)  
 
(sample 
from three 
experimental 
studies) 

n=135 
Kindergarten 
students; 50% 
girls; Age: 
Mean=5.6±0.3
7 years; range 
5.0-6.8 years 
 
n=119 Grade 
1 students; 
46% girls; 

Neuro-
psychological 
assessment 
battery: Visual 
motor integration 
(design copy);  
Visual motor 
precision (fine 
motor 
coordination)  
 

Key Math-3 
Diagnostic 
Assessment 
(numeration; 
geometry; 
measurement) 
 
(assessed at 
beginning of 
Kindergarten 
(T0), end of 

 Demographics 
(study site;  
lunch subsidy 
status; treatment 
group status) 
Neuro-psychological 
assessment battery 
(visual attention -
attention/ EF) 

Visual motor integration (VMI) and 
maths were positively and reciprocally 
related. Fine motor coordination (FMC) 
at beginning of kindergarten indirectly 
contributed to mathematics at the end 
of year 1 through its effect on VMI at 
the end of kindergarten 
 
Partial correlations (controlling for 
age): 

80% 
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Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Age: 
M=6.7±0.43 
years; range 
6.0-7.9 years 
 
SES: 71% 
eligible for a 
lunch subsidy 
 
Ethnicity: 71% 
African 
American, 
26% 
Caucasian, 
3% other 
(Hispanic or 
Multiracial) 

(assessed at 
beginning of 
Kindergarten 
(T0), end of 
Kindergarten 
(T1) and end of 
Grade 1 (T2)) 
 
 

Kindergarten 
(T1) and end of 
Grade 1 (T2)) 
 

Significant moderate positive 
associations for kindergarten students 
between VMI (T0-T2) and maths (T0-
T2) (r=0.417-0.575, p<0.01)  
 
Significant weak positive associations 
for kindergarten students between 
FMC (T0-T2) and maths (T0-T2) 
(r=0.250-0.383, p<0.01) 
 
Significant moderate-to-strong positive 
associations for year 1 students 
between VMI (T0-T2) and maths (T0-
T2) (r=0.529-0.669, p<0.01),  
 
Significant weak positive associations 
between FMC (T0-T2) and math (T0) 
(r=0.208-0.237, p<0.05) 
Non-significant associations for 
kindergarten students between FMC 
(T0, T2) and maths (T2); and for year 
1 students between FMC (T1) and 
maths (T0-T2) 
 
For both cohorts, FMC did not directly 
predict mathematic skills 

Kurdek and 
Sinclair 

 
(2001) 

 
USA 

Longitudinal 
 
(~4-5-years 
follow-up) 

n=281 
children; 53% 
girls. Baseline 
data collected 
in 
Kindergarten 
(T0) 
 
At follow-up in 
Grade 4 (T1): 
Age: 
M=11.22±0.35 
years; range 
10.48-12.05 
years 

Kindergarten 
Diagnostic 
Instrument:  
Visual motor 
integration 
(VMI);  
Gross motor 
skills (jumping, 
skipping, 
hopping) 
 
(assessed at T0) 

Ohio proficiency-
based 
assessments in 
mathematics 
 
(assessed at T1) 

Ohio proficiency-
based 
assessments in 
reading 
 
(assessed at T1) 

Kindergarten 
Diagnostic 
Instrument:  
Verbal skills 
(auditory memory; 
concept mastery; 
form perception; 
general information; 
number skills; verbal 
association; verbal 
opposite; 
vocabulary)  
 
Visual motor skills 
(body awareness, 

Significant weak positive association 
between visual motor integration (T0) 
and maths (T1) (r=0.21, p<0.01).  
 
Significant weak positive associations 
between gross motor skills (T0) and 
reading (T1) (r=0.17, p<0.01) and 
maths (T1) (r=0.17, p<0.01) 
 
Non-significant associations between 
VMI (T0) and reading (T1) 
 

75% 
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Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Middle-class 
SES 
 
93% White 

visual discrimination, 
visual memory) 

Lachance et al. 
 

(2006) 
 

USA 

Longitudinal 
 
(~3-years 
follow-up) 

At baseline 
(Kindergarten)
: 
n=249 
children; 52% 
girls; Age (T0): 
M=5.83±0.35 
years (boys); 
M=5.72±0.33 
years (girls) 
 
At follow up 
(Grade 3): 
n=214 
children; 51% 
girls; Age: 
M=8.73±0.30 
years (boys); 
M=8.61±0.32 
years (girls) 
 
Ethnicity: 89% 
Caucasian 
(boys), 83% 
Caucasian 
(girls) 
 
 

Beery-Buktenica 
Develop-mental 
Test of Visual-
Motor 
Integration (4th 
Ed) 
 
(assessed in 
Kindergarten 
(T0), Grade 1 
(T1), Grade 2 
(T2) and Grade 
3 (T3)) 

Test of Early 
Mathematical 
Ability-2nd 
Edition (TEMA-
2) 
 
Keymath revised 
(numeration, 
geometry; 
addition; 
subtraction; 
measurement; 
time and money) 
 
Woodcock 
Johnson-revised 
(math 
calculation) 
 
Counting trials 
Maths facts 

Woodcock 
Johnson - 
Revised (Letter 
word 
identification; 
Word attack) 
 
Reading fluency 
 
Rapid 
automatized 
reading (single 
word retrieval 
fluency) 
 
 

Wechsler 
Abbreviated Scale of 
Intelligence (overall 
cognitive ability) 
 
Developmental Test 
of Visual Perception 
(2nd edition) - motor 
reduced subtests 
(perceptual skills)  

Positive associations between visual 
motor integration (VMI) (T0-T3) and 
TEMA-2 (T0-T3) (r=0.29-0.49, p=0.05) 
 
Positive associations between VMI 
(T0-T3) and Letter word identification 
(T0-T3) (r=0.28-0.53, p=0.05) 
 
Positive associations between VMI 
(T0-T3) and word attack (T0-T3) 
(r=0.21-0.38, p=0.05) 
 
 
 
 
 

65% 

Luo et al. 
 

(2007) 
 

USA 
 
 

Longitudinal 
 
(~18-months 
follow-up) 
 
(sample 
from 
Early 
Childhood 

n=9 816 
European 
American 
(EUA) 
Kindergarten 
children; 49% 
girls; Age: (T)): 
M=68.61 
months (EUA) 

Early Screening 
Inventory-
Revised (ESI-R) 
– Fine motor 
skills (replicating 
a gate with cube 
blocks, drawing 
a person, 
copying 5 simple 

Child 
Assessment 
Battery 
(mathematics 
achievement) 
 
(assessed in 
Kindergarten 
and Grade 1) 

 Demographics 
(SES, parental 
education level; 
parental educational 
expectations for 
child) 

Fine motor skills were positively 
related to mathematics at kindergarten 
entry, with the strength of the 
relationship similar between EAA and 
EUA children. 
 
Fine motor skills were predictive of 
mathematics performance over time  

80% 
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Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Longitudinal 
Study – 
Kindergarten 
Class 
(ECLS-K))  
 

 
n=244 East 
Asian 
American 
(EAA) 
Children; 51% 
girls; Age: 
M=67.07 
months (EAA) 
 
Ethnicity: 
White / non-
Hispanic 
(EUA); Asian 
(EAA) 

figures; 
composite 
score) 
 
(assessed at 
beginning of 
Kindergarten) 

Magistro et al. 
 

(2015) 
 

Italy 

Longitudinal 
 
(~8-months 
follow-up) 

n=63 children; 
48% girls; 
Age: 
M=8.4±0.4 
years 
 
Schools: n=3 
 
Ethnicity: 83% 
Italian, 9% 
Romanian, 8% 
Albanian 

Test of Gross 
Motor 
Development 
(2nd Edition) 
(gross motor 
skills) 
 
(assessed at 
beginning of 
school year – 
T0) 

End of school 
year teacher 
questionnaire – 
(scholastic 
achievement in 
mathematics)  
 
(assessed at 
end of school 
year – T1) 

 Family structure 
 
End of school year 
self-report 
questionnaire 
(Attention Deficit 
Hyperactivity 
Disorder behavior, 
scholastic 
achievements – 
overall, PE) 

Significant moderate positive 
associations between gross motor 
skills and maths achievement (r=0.41, 
p<0.01) 

40% 

Manfra et al. 
 

(2017) 
 

USA 

Longitudinal 
 
(~3-4 years 
follow-up) 
 
(sample 
from the 
Miami 
School 
Readiness 
Project) 

n=1442; 
52.3% girls; 
Age (T0): 4 
years  
 
SES: 88.2% 
registered for 
free lunch 
program (low 
income) 
 
Ethnicity: 
63.2% 
Hispanic/Latin

Learning 
Accomplishment 
Profile 
Diagnostic (LAP-
D): 
Fine motor 
subtest (fine 
motor 
manipulation; 
fine motor 
copying) 
 

FCAT (student 
achievement -
maths domains) 
 
Stanford 
Achievement 
Test (10th Ed) 
(SAT-10) 
 
Grade 3 
classroom 
performance 
(GPA) 

FCAT (student 
achievement - 
reading 
domains)  
 
Stanford 
Achievement 
Test (10th Ed) 
(SAT-10) 
 
Grade 3 
classroom 
performance 
(GPA) 

Demographic 
information (age, 
gender, immigration, 
race/ethnicity, 
number of days 
absent, Grade 3 
free/reduced lunch 
status, parental 
income) 
 
LAP-D - cognitive 
(matching / counting 
subtest); Language 

Significant associations between fine 
motor manipulation (FMM) and SAT-
10 reading (r=0.18, p<0.001), reading 
GPA (r=0.18, p<0.001), SAT-10 maths 
(r=0.24, p<0.001), maths GPA (r=0.24, 
p<0.001) 
 
Significant associations between fine 
motor copying (FMC) and SAT-10 
reading (r=0.33, p<0.001), reading 
GPA (r=0.26, p<0.001), SAT-10 maths 
(r=0.35, p<0.001), maths GPA (r=0.27, 
p<0.001),  
 

65% 
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Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

o, 32.3% 
Black, 3.3% 
White, 1.2% 
Other 
 
T1: Preschool 
T2: Year 3 

(assessed in 
Pre-
Kindergarten T0) 

* Grades (0=F, 
4=A) 
 
(assessed in 
Grade 3 – T1) 

* Grades (0=F, 
4=A)  
 
(assessed in 
Grade 3 – T1) 

(comprehension, 
naming) 
 
 

While controlling for demographic 
factors, days absent and school, FMC 
was a significant predictor of Grade 3 
SAT-10 reading (β=0.74, p<0.001) and 
Grade 3 SAT-10 mathematics (β=0.72, 
p<0.001) 
 
FMM was a significant predictor of 
Grade SAT-10 mathematics (β=0.48, 
p<0.001) 

Pagani et al. (a) 
 

(2010) 
 

Canada 
 
 

Longitudinal 
 
(2-year 
follow-up) 
 
(sample 
from the 
Quebec 
Longitudinal 
Study of 
Child 
Developmen
t) 

N=1 145 
children; 47% 
girls; Age: 65 
months 

Teacher-rated 
motor 
assessment: 
Gross motor 
skills (well-
coordinated; 
climbs stairs; 
overall physical 
development)  
 
Fine motor skills 
(proficiency at 
holding a pen; 
ability to 
manipulate 
object) 
(assessed in 
Kindergarten – 
T0) 

Number 
Knowledge Test 
(NKT) - (maths) 
 
(assessed in 
Kindergarten – 
T0) 
 
Teacher-
reported 
academic 
achievement 
(maths) 
 
(assessed in 
Grade 2 – T1) 

Teacher-
reported 
achievement 
(reading) 
(assessed in 
Grade 2 – T1) 

Family 
characteristics 
(maternal education, 
SES, income) 
 
Peabody Picture 
Vocabulary Test 
(vocabulary 
knowledge)  
 
Social Behavior 
Questionnaire 
(children’s 
behavioral 
adjustment) 
Teacher-rated scale 
on classroom 
engagement 

Significant very weak-to-weak positive 
association found between NKT (T0) 
and fine motor (T0) (r=0.30, 
p<0.0001); and gross motor (T0) 
(r=0.19, p<0.0001) 
 
Significant very weak-to-weak positive 
association found between teacher-
rated maths marks (T1) and fine motor 
(T0) (r=0.34, p<0.0001); and gross 
motor (T0) (r=0.20, p<0.0001) 
 
Significant very weak-to-weak positive 
association found between teacher-
rated reading marks (T1) and fine 
motor (T0) (r=0.35, p<0.0001); and 
gross motor (T0) (r=0.23, p<0.0001) 
Fine motor skills in kindergarten were 
predictive of grade 2 achievement, 
reading (β=0.11, p<0.01) and maths 
(β=0.17, p<0.001) 

90% 
 

Papadimitiriou et 
al. 
 

(2014) 
 

Greece 

Longitudinal 
 
(2-years 
follow-up) 

Kindergarten 
(T0): 
n=300 
children; 49% 
girls; Age: 
M=5.6±0.36 
years; range 
5.1-6.7 years   
 

Motor skills test 
(bead threading 
task; shape 
copying task; 
postural stability 
task – inclination 
from upright) 
 
(assessed at T0) 

 Phonological 
Awareness test 
(syllable 
segmentation; 
recognition of 
common initial 
phoneme; 
deletion of 
syllable and 

Rapid naming test 
 
Receptive 
vocabulary task (oral 
language skills) 
 
Expressive 
vocabulary task (oral 
language skills) 

Significant weak positive associations 
between fine motor skills (shape 
copying) (T0) and phonological 
awareness (T0) (r=0.337, p<0.01), 
grade 1 reading performance (T1) 
(r=0.245, p<0.01), grade 2 reading 
performance (T2) (r=0.232, p<0.01) 
 

45% 
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Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Grade 1 (T1): 
n=288 
children; 51% 
girls; Age: M= 
6.7±0.37 
years; range 
6.1-7.7 years  
 
Grade 2 (T2) 
n=287 children 
(49% girls); 
Age: 
M=7.6±0.37 
years; range 
7.1-8.2 years 
  
  

deletion of 
phoneme) 
 
(assessed at T0) 
 
Standardized 
Greek reading 
tests: word 
reading 
accuracy / 
fluency; 
pseudoword 
reading 
accuracy / 
fluency; reading 
comprehension) 
 
(assessed at T1 
and T2) 

 
Digit span task 
(phonological short 
term memory) 
 
Pseudo-words 
repetition task 
(phonological short 
term memory) 
 
Sound-order test 
(auditory 
discrimination) 

Significant associations between the 
inclination from upright on a postural 
stability task and phonological 
awareness (r=-0.251, p<0.01), grade 1 
reading performance (r=-0.144, 
p<0.05), grade 2 reading performance 
(r=-0.0117. p<0.05) 
 
(i.e. the larger the inclination from 
upright on the postural stability task, 
the lower the scores on reading tasks) 
 
Non-significant findings between fine 
motor skills (bead threading) and 
phonological awareness; reading 
performance in grades 1 and 2 
 
Shape copying skills in kindergarten 
predictive of reading accuracy in grade 
2 (β=0.19, p<0.01) 

Roebers et al. 
 

(2014) 
 

Switzerland 

Longitudinal 
 
(2-years 
follow-up) 

Pre-
Kindergarten 
(T0): n=169 
children; 
45.6% girls); 
Age: 
M=69.4±4.28 
months  
 
Grade 1 (T2): 
n=116 
children; Age: 
M=7 years, 9 
months  
 
Ethnicity: >97
% sample 
white 
 
 

Movement 
Assessment 
Battery for 
Children – 2nd 
Edition (manual 
dexterity scale) 
 
(assessed at T0 
and T1) 

Heidelberger 
Rechentest – 
Standardized 
mathematics 
test 
 
(assessed at T2)  

Wurburger Leise 
Lese Probe – 
Standardized 
reading test 
 
Salzburger 
Lese-Screening 
– Standardized 
reading test 
 
(assessed at T2) 
 
 
 

Cognitive Flexibility 
Task (Executive 
function (EF))  
 
Fruit-Stroop Task 
(EF)  
 
Backwards Color 
Recall task (EF)  
 
Culture-Fair 
Intelligence Test 
(intelligence) 
 
Test of Non-Verbal 
Intelligence 
(intelligence) 

Significant weak positive associations 
between reading achievement (T2) 
and threading beads (T0) (r=0.36, 
p<0.001); posting coins (T0) (r=0.27, 
p<0.001); threading lace (T1) (r=0.34, 
p<0.001); placing pegs (r=0.35, 
p<0.001); drawing trail (T0 and T1) 
(r=0.28-0.35, p<0.001) 
 
Significant weak positive associations 
between maths achievement (T2) and 
threading beads (T0) (r=0.28, 
p<0.001), posting coins (T0) (r=0.24, 
p<0.01), threading lace (T1) (r=0.37, 
p<0.001), placing pegs (T1) (r=0.35, 
p<0.001); drawing trail (T0 and T1) 
(r=0.18-0.23, p<0.05) 

85% 
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Participants 
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proficiency 
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performance 

(mathematics) 

Academic 
performance 
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Schatschneider 
et al. 

 
(2004) 

 
USA 

 

Longitudinal 
 
(3-years 
follow-up)  
 
(sample 
from larger 
longitudinal 
study) 

n=540 children 
(total) 
 
n=384 children 
in 
Kindergarten 
(T0) to grade 1 
(T1) cohort; 
50% girls; 
Ethnicity: 
54.4% 
Caucasian, 
16.8% African 
American, 
15,2% 
Hispanic, 
12.4% Asian, 
1.3% Other 
 
n=189 children 
in 
Kindergarten 
(T0), Grade 1 
(T1) and 
Grade 2 (T2) 
cohort; 48% 
girls; Ethnicity: 
54% 
Caucasian, 
14.3% African 
American, 
16.4% 
Hispanic, 
14.3% Asian, 
1% other 
 
 
 
 

Beery Test of 
Visual Motor 
Integration 
(visual-motor 
integration) 

 Phonological 
awareness  
 
Alphabetic 
knowledge 
(letter names, 
letter sounds) 
 
(assessed at T0) 
 
Woodcock-
Johnson 
Psycho-
Educational 
Battery – 
Revised: (Letter 
word 
identification, 
passage 
comprehension) 
 
Test of Word 
Reading 
Efficiency (word 
reading 
efficiency) 
 
(assessed at T1 
and T2) 
 
  

Clinical Evaluation 
of Language 
Functions - Revised 
(expressive syntax; 
syntactic 
comprehension)  
 
Rapid Automatized 
Naming 
 
Peabody Picture 
Vocabulary Test - 
Revised (oral 
vocabulary) 
 
Recognition-
discrimination test 
(visual perceptual 
task) 

Very weak-to-weak correlations found 
between visual motor integration (VMI) 
and reading variables (letter 
sounds/names, phonological 
awareness, passage comprehension, 
word identification, word reading 
efficiency) from October Kindergarten 
to end of Grade 1/ 2 (r=0.27-0.37) as 
well as April Kindergarten to end of 
Grade 1 / 2 (r=0.13-0.34) 
 
VMI consistently less related to early 
reading achievement than 
phonological awareness, rapid 
automatized naming letter and 
knowledge of letter names and sounds 
 
When controlling for phonological 
awareness, VMI not a significant 
predictor for reading outcomes in 
Grade 1 & 2 

65% 
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Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Sigmundsson et 
al. 
 

(2017) 
 

Norway 

Longitudinal 
 
(~2 ½ years 
follow-up) 

(T0): n=67; 
46% girls 
Age: 
M=9.7±0.3 
years; range: 
9.3-10.2 years 
 
(T1): n=58; 
48% girls 
Age: 
M=12.1±0.2 
years 

TPF - physical 
fitness (jumping, 
throwing, 
climbing, 
running) 
 
Movement ABC 
(manual 
dexterity, ball 
skills, balance) 
 
(assessed at T0 
and T1) 

 Word Chain Test 
(reading 
achievement) 
 
(assessed at T0 
and T2) 

 Significant moderate positive 
association found between reading 
and physical fitness in 9-year old girls 
(r=0.404, p<0.05) 
 
All other associations between overall 
motor competence (MABC) and 
physical fitness (TPF) and reading in 
children who are 9 and 12 years of 
age were not significant 
 
 

55% 

Son and Meisels 
 

(2006) 
 

USA 
 
 

Longitudinal 
 
(~18-months 
follow-up) 
 
(sample 
from the 
Early 
Childhood 
Longitudinal 
Study-
Kindergarten
) 

Kindergarten 
(T0) 
n=12 583 
children; 
49.6% girls; 
Age: 
M=65±4.07 
months; range 
49 to 83 
months 
  
Grade 1 (T1) 
SES: 20% 
income below 
poverty line 
Ethnicity: 
15.5% African 
American, 
17.5% 
Hispanic 

Early Screening 
Inventory-
Revised:  
Visual motor 
skills (building a 
gate, draw-a-
person, copying 
figures) 
 
Gross motor 
skills (balancing, 
hopping, 
skipping, 
walking 
backwards) 
(assessed at T0) 

National Center 
for Education 
Statistics 
(mathematics 
assessments)  
 
(assessed at T0 
and T1) 

National Center 
for Education 
Statistics 
(reading 
assessments)  
 
(assessed at T0 
and T1) 

Demographics (age; 
gender; ethnicity; 
home language; 
SES) 

Significant weak-to-moderate positive 
associations between visual motor 
skills (T0) and reading (T0 and T1) 
(r=0.35-0.40, p<0.001); and maths 
achievement (T0 and T1) (r=0.44-0.48, 
p<0.001)  
 
Significant weak positive associations 
between gross motor skills (T0) and 
reading (T0 and T1) (r=0.15-0.19, 
p<0.001); and maths (T0 and T1) 
(r=0.20-0.22, p<0.001) 
 
 

90% 

Verdine et al. 
 

(2014) 
 

USA 

Longitudinal Pre-
Kindergarten 
(T0): n=44 
children; 50% 
girls; Age: 
M=45.5±2.37 
months; range 
38-48 months;  

Beery Test of 
Visual-Motor 
Integration – 
(visual-motor 
integration)  
 
(assessed at T1) 

Wechsler 
Individual 
Achievement 
Test (3rd Edition) 
(math problem 
solving subtest) 
 
(assessed at T1) 

 Demographics 
(SES, gender) 
 
Peabody Picture 
Vocabulary Test 
(vocabulary)  
 

Significant strong positive association 
between visual motor integration (VMI) 
and maths (r=0.673, p<0.01) 
 
Significant partial correlations 
(controlling for SES, gender and 
vocabulary) between VMI and maths 
(r=0.43, p=0.005) 

80% 
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(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Age (T1): 
M=57.1±2.54 
months; range 
52-62 months 
 
SES: 45% low 
SES  

Flexible Item 
Selection Task 
(cognitive flexibility) 
 
The Tap Test 
(inhibitory control)  
 
Test of Spatial 
Assembly (early 
geometric and 
spatial reasoning)  
 

VMI was a significant predictor of 
maths (β=0.346, p=0.05) 

Wang et al. 
 

(2015) 
 

China 

Longitudinal 
 
(1-year 
follow-up) 

Kindergarten 
(T0) 
n=85 children; 
53% girls; 
Age: M= 5 
years 2 
months; range 
4 years 9 
months-6 
years 2 
months 
  
(T1): n=73 
Year children 
 
SES: Middle 
income 
families 

Visual-motor 
skill (Copying 
Korean and 
Hebrew words) 
 
(assessed at T0) 

 Chinese word 
recognition task 
(word reading) 
 
(assessed at T0 
and T1) 
 
Phonological 
Awareness 
 
(assessed at T0) 

Mother’s highest 
level of education 
 
Visual-orthographic 
copying skill – 
unfamiliar Chinese 
  
Rapid Automatized 
Naming for numbers 
 
Raven's Standard 
Progressive 
Matrices (non-verbal 
IQ) 
 
Chinese word 
writing 
 
Semantic radical 
awareness 
Stanford-Binet 
Intelligence Scale - 
vocabulary subtest 
(expressive 
vocabulary) 
 
Morphological 
awareness 

After controlling for age and IQ, no 
significant associations between 
Chinese reading and copying skills 
(r=0.15-0.23, ns) 

75% 
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Design 

Study 
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Sample size 
(n); (% girls); 
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Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Aadland et al. 
(a) 

 
(2017) 

 
Norway 

Cross-
sectional  
 
(61.7% 
sample from 
Active 
Smarter 
Kids cluster-
randomized 
controlled 
trial) 

n=697 
children; 51% 
girls; Age: 
M=10.2±0.3 
years 
 
Schools: n=57 

Motor skills 
composite: 
Catching with 
one hand; 
Throwing at a 
wall target (both 
from Movement 
ABC-2); Shuttle 
run 10 x 5m 
(from EUROFIT) 

Standardized 
Norwegian 
National tests 
(Numeracy)  

Standardized 
Norwegian 
National tests 
(Reading)  

ActiGraph 
accelerometer 
(physical activity and 
sedentary time)  
 
Andersen test 
(aerobic fitness)  
 
Stroop Color and 
Word Test 
(executive function 
(EF) – inhibition) 
 
Verbal Fluency Test 
(EF - cognitive 
flexibility) 
 
The Trail making 
test (EF- cognitive 
flexibility) 
 
Wechsler 
Intelligence Scale 
for Children (4th 
Edition) - Digit Span 
Test (EF–working 
memory) 
 
Demographic 
information (age, 
body fat, pubertal 
status, birth weight, 
SES) 

Significant positive associations 
between motor skills composite and 
numeracy for boys (standardized 
regression coefficient β=0.17, p<0.05); 
and girls (β=0.22, p<0.05) 
 
Significant positive associations 
between motor skills composite and 
reading for girls (β=0.14, p<0.05) 
 
Non-significant associations between 
motor skills composite and reading for 
boys 

70% 

Becker et al. 
 

(2014) 
 

USA 

Cross-
sectional 

n=127 pre-
kindergarten 
and 
kindergarten 
children; 46% 
girls; Age 
M=68.55±7.75 

Beery Visual-
Motor 
Integration (6th 
Edition) Visual-
motor skills 
(VMS) 

Woodcock 
Johnson 
Psycho-
Educational 
Battery-III Tests 
of Achievement) 
(applied 

Woodcock 
Johnson 
Psycho-
Educational 
Battery-III Tests 
of Achievement 
(letter-word 

Maternal education, 
enrolment in Head 
Start, English 
language 
 
Woodcock Johnson 
Psycho-Educational 
Battery-III Tests of 

Significant strong positive association 
between VMS and letter-word 
identification (r=0.62, p<0.05); and 
mathematics (r=0.59, p<0.05) 
 
Children’s VMS scores were positively 
associated with children’s emergent 
literacy scores (β=0.18, p=0.015), 

60% 
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(n); (% girls); 
Age (Mean ± 
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Covariates Main Findings Critical 
Appraisal 
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(%) 

Motor 
proficiency 
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performance 

(mathematics) 

Academic 
performance 

(reading) 

months; range 
53-80 months  
 
n=49 
prekindergarte
n children; 
45% girls; 
Age: M= 59.88 
months 
 
n=78 
kindergarten 
children; 47% 
girls; Age: 
M=74 months 
 
SES: Middle 
and low 
income 
households 
 
Ethnicity: 67% 
white, 2% 
African 
American, 
15% Latino/ 
Hispanic, 5% 
Asian/Pacific 
Islander, 11% 
other 

problems 
subtest) 

identification 
subtest) 

Achievement – 
(picture vocabulary 
subtest - expressive 
and receptive 
vocabulary) 
 
Head-Toes-Knees-
Shoulders task 
(behavioral self-
regulation) 
 
Day-Night Stroop 
task (inhibitory 
control) 
 
Woodcock-Johnson 
Auditory Working 
Memory (working 
memory) 

(adjusting for English language learner 
status, gender, age and maternal 
education) 
 
Children’s VMS scores were 
significantly related to maths (β=0.13, 
p=0.045), (adjusting for English 
language learner status, gender, age 
and maternal education) 
 

Cadoret et al. 
 

(2018) 
 

Canada 
 

Cross-
sectional 
 
(sample 
from 
longitudinal 
research 
project - 
Young 
Children and 
their 

n=152 
children; 55% 
girls; Age: 7 
years  
 
 

Bruininks 
Oseretsky Test 
of Motor 
Proficiency (2nd 
Edition) (Short 
Form) (Total 
motor 
proficiency 
standard score) 

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
(mathematics 
composite) 

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
(reading 
composite) 

Wechsler 
Intelligence Scale 
for Children (4th 
Edition) (cognitive 
ability) 

Significant weak positive association 
between Total motor proficiency and 
reading composite 
(r=0.28, p<0.01) 
 
Significant weak positive association 
between Total motor proficiency and 
mathematics composite (r=0.21, 
p<0.05) 
 

60% 
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Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 
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Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Environment
s) 

The relation between motor proficiency 
and academic performance is 
mediated by cognitive ability 
(specifically working memory and 
perceptual reasoning processes) 

Chagas et al. 
 

(2016) 
 

Brazil 

Cross-
sectional 

n=122 
students; 
57.4% girls; 
Age: range 12-
14 years 
M=13.8±0.7 
years (girls); 
M=13.8±0.6 
years (boys) 

Korper-
koordination 
Test fur Kinder 
(Gross motor 
coordination – 
walking 
backwards, one-
leg hop, two-leg 
jump, moving 
sideways)  

Portuguese 
Mathematics 
standardized 
regional test 
(academic 
achievement in 
maths) 

Portuguese 
Language 
standardized 
regional test 
(academic 
achievement in 
reading) 

Body mass (kg) 
 
Physical Activity 
Questionnaire for 
Older Children (PA 
levels) 

No significant associations found for 
gross motor coordination and reading/ 
mathematics 

50% 

Dunn et al. 
 

(2006) 
 

South Africa 

Cross-
sectional 

n=238 
children; 47% 
girls Age: 
M=5.8±0.3yea
rs; range 4 
years 9 
months-7 
years, 0 
months 
 SES: 86 
participants 
from Upper, 
58 middle, 25 
lower  
 
Ethnicity: 28% 
White, 30% 
Black, 42% 
coloured 
 
 
 
 

Beery 
Developmental 
Test of Visual-
Motor 
Integration (3rd 
Edition): Visual 
motor integration  
 
Copying test 
(visual motor 
integration) 

Teacher's 
ratings on 
academic 
abilities  
(arithmetic skills 
- 7 point Likert 
scale) 

Teacher's 
ratings on 
academic 
abilities (reading 
skills - 7 point 
Likert scale) 

Teacher's ratings on 
academic abilities 
(school readiness, 
fine motor skills, 
concentration, 
writing) 

Significant moderate positive 
associations found for visual motor 
integration (VMI) and arithmetic 
(r=0.44, p<0.01); reading (r=0.42, 
p<0.01) 
 
Significant moderate-to-strong positive 
associations between Copying test 
and arithmetic (r=0.58, p<0.01); and 
reading (r=0.60, p<0.01) 
 
 
  
 

40% 
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Age (Mean ± 
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(%) 

Motor 
proficiency 
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performance 

(mathematics) 

Academic 
performance 

(reading) 

Esteban-
Cornejo et al. 

 
 

(2014) 
 

Spain 
 
 

Cross-
sectional 
 
(sample 
from the UP 
& DOWN 
longitudinal 
study) 

n=2038 
children and 
adolescents; 
48.5% girls; 
Age: Mean 
10.20±3.31 
years; range 
6-18 years 
 

Assessing 
Levels of 
Physical Activity 
(ALPHA) fitness 
test battery - 
Motor ability (4 x 
10m shuttle run 
test of speed of 
movement, 
agility and 
coordination) 

Individual 
grades 
(mathematics)  

 Individual grades 
(language) and 
combined Grade 
Point Average 
 
ALPHA fitness test 
battery (muscular 
strength, 
cardiorespiratory 
capacity) 
 
Demographics 
(SES, pubertal 
status, BMI, 
waist circumference) 

Significant positive associations found 
for motor ability and mathematics 
(standardised regression coefficient 
β=0.254, p<0.001) (controlling for 
gender, age, city, pubertal status and 
maternal education) 
 
Motor ability was independently and 
significantly associated with 
mathematics (β=0.185, p<0.001) 
(controlling for gender, age, city, 
pubertal status and maternal 
education, cardiorespiratory capacity, 
muscular strength)  
 

60% 

Geerstsen et al. 
 

(2016) 
 

Denmark 

Cross-
sectional 

n=423 
children; 
49.4% girls; 
Age: Mean= 
9.29±0.35 
years; range 
8-10 years 
 
Schools: n=7; 
Classes: n=20 

Visuomotor 
accuracy-
tracking task 
(fine motor 
skills) 
 
Coordination 
wall task (gross 
motor skills) 

Danish 
Standardized 
test of academic 
performance 
(mathematics)  

Danish 
Standardized 
test of academic 
performance 
(reading 
comprehension) 

Anthropometric 
measures (body 
mass, BMI, tanner 
stage) 
 
YoYo intermittent 
recovery level 1 
children’s test 
(exercise capacity) 
 
Cambridge Neuro-
psychological Test 
Automated Battery 
(reaction time, 
sustained attention 
ability, spatial 
working memory, 
paired associated 
learning, free-recall 
word memory) 
 
 
 

Fine motor skill was associated with 
better academic performance in 
mathematics (estimated slope 
coefficient 0.20±0.03, p<0.001) and 
reading comprehension (estimated 
slope coefficient of 0.26±0.05, 
p<0.001) 
 
Better performance in gross motor 
skills (i.e. shorter time to complete the 
wall) was associated with better 
scores in mathematics (estimated 
slope coefficient -0.22±0.03, p<0.001) 
and reading comprehension 
(estimated slope coefficient -
0.32±0.05, p<0.001) 

55% 
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Lonneman et al. 
 

(2011) 
 

Germany 

Cross-
sectional 

n=53 children; 
40% girls; 
Age: M=9.0 
years; range 8 
to 10 years 

Static balance 
tasks (standing 
on right or left 
leg, eyes open / 
closed) 

DEMAT 2+ 
German 
scholastic 
achievement 
test for 
mathematics  
 
Arithmetic tasks 
(addition 
with/without 
carrying, 
subtraction 
with/without 
borrowing, 
multiplication) 

 D2 Test of Attention 
(attentional 
capabilities) 
 
Raven’s Standard 
Progressive 
Matrices Plus 
(reasoning 
capabilities) 

Balancing with eyes open was related 
to DEMAT 2+ score (r=0.25, p<0.05), 
multiplication (r=0.25-0.31, p<0.05) 
and addition/subtraction tasks without 
carrying/borrowing (r=0.23-0.24, 
p<0.05) 
 
Balancing with eyes closed was 
related to multiplication (r=0.36-0.37, 
p<0.05) and subtraction with 
borrowing (r=0.26-0.34, p<0.05) 
 
Significant partial correlations between 
balance tasks with eyes closed and 
multiplication (r=0.30-0.34, p<0.05); 
subtraction with borrowing (r=0.26-
0.27, p<0.05) but not for less complex 
addition/subtraction tasks (controlling 
for age, attentional and reasoning 
capabilities) 

55% 

Mayes et al. 
 

(2009) 
 

USA 
 
 

Cross-
sectional 
 
(sample 
from a 
general 
population 
epidemiologi
c study of 
sleep 
disorders in 
children) 

n=214 
children; 53% 
girls; Age: 
M=8.6±1.5 
years; range 
6-12 years 
 
Ethnicity: 78% 
White, 17% 
Black, 5% 
Asian 

Beery 
Developmental 
Test of Visual-
Motor 
Integration (4th 
Edition): Visual-
motor integration 
(VMI) 
 
Grooved 
Pegboard Test 
(fine motor 
ability) 

Wide Range 
Achievement 
Test (3rd Edition) 
(arithmetic 
subtest)  

Wide Range 
Achievement 
Test (3rd Edition) 
(reading subtest) 

Gordan Diagnostic 
System (attention) 
  
Wechsler 
Intelligence Scale 
for Children-III Digit 
span (working 
memory, attention); 
Symbol search 
(processing speed); 
Coding (grapho-
motor speed) 
California Verbal 
Learning Test 
(memory) 
Wisconsin Card 
Sorting Test-64 (set 
shifting and mental 
flexibility) 
  

IQ, VMI and Coding significant 
predictors of maths  
 
VMI and fine motor skills not predictors 
of reading achievement scores  
 
 

60% 
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performance 
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Stroop Color and 
Word Test 
(response inhibition) 
 
Animal Naming Test 
(verbal fluency) 
 
Pediatric Behavior 
Scale (ADHD 
Subscale)  
 
Wechsler 
Abbreviated Scale of 
Intelligence (IQ) 

McPhillips and 
Jordan-Black 

 
(2007) 

 
Ireland 

Cross-
sectional 

n=239 Year 1 
children; 39% 
girls; Age: 
M=57.4±3.6 
months 
 
n=276 Year 4 
children; 50% 
girls; Age: 
M=101.4±4.5 
months 
 
 

Movement ABC 
(M-ABC) 
(manual 
dexterity, ball 
skills,  
balance skills) 

 Wechsler 
Objective 
Reading 
Dimensions 
(basic reading 
subtest) 
 
(assessed only 
in Year 4 
children) 

Shilder Test 
(persistence of 
asymmetrical tonic 
neck reflex) 
 
British Picture 
Vocabulary Scale 
(receptive language) 
Brown Attention 
Deficit Disorder 
Scale 
 
SES 

Simple regression analyses found that 
motor skills may be weakly predictive 
of attainment of reading without 
confounds   
 
Multiple regression analyses found 
that motor skills are not predictive of 
reading in context of other predictors 
 

75% 

Memis et al. 
 

(2016) 
 

Turkey 

Cross-
sectional 

n=168 children 
in Grade 1; 
50% girls 
 
 

Developmental 
Visual 
Perception Test 
(2nd Edition) – 
Visual motor 
integration  

 Informal 
Reading 
Inventory 
(reading levels, 
reading 
comprehension, 
reading errors) 

Developmental 
Visual Perception 
Test (2nd Edition) 
(general visual 
perception, motor-
reduced visual 
perception) 
 
 
 
 
 

Significant moderate positive 
associations between visual motor 
integration (VMI) and reading speed 
(r=0.454, p<0.01), reading 
comprehension (r=0.469, p<0.01)  
Significant association between VMI 
and reading errors (r=-0.418, p<0.01) 
 

20% 
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Morales et al. 
 

(2011) 
 

Spain 

Cross-
sectional 

n=487 children 
and 
adolescents; 
51% girls 
 
n=243 children 
9-12 years) 
 
n=244 children 
13-16 years 
 
Schools: n=6  
 
SES: Low to 
Medium  

Tower of cubes 
test (fine motor 
skills – time 
taken to build a 
tower out of 
cubes) 
 
Target Throwing 
test (gross motor 
skills – time 
taken to throw 
ball at target and 
catch three 
times) 

Battery of 
Differential and 
General Skills 
(maths skills 
test) 

 Clinical history 
questionnaire 
 
Extra-curricular 
physical activity 
(modified from 
International 
Physical Activity 
Questionnaire) 
 
Battery of 
Differential and 
General Skills (oral 
skills test) 

For cohort aged 9-12 years: 
Maths performance was significantly 
and inversely associated with the time 
taken to build a tower out of cubes (r=-
0.727, p<0.05). Maths performance 
was significantly and inversely 
associated with the time taken to throw 
and catch a ball three times (r=-0.439, 
p<0.05)  
 
For cohort aged 13-16 years: 
Maths performance was significantly 
and inversely associated with the time 
taken to build a tower out of cubes r=-
0. (643, p<0.05). Maths performance 
was significantly and inversely 
associated with the time taken to throw 
and catch a ball three times (r=-0.163, 
p<0.05) 
 
(i.e. the slower the time taken to 
complete fine and gross motor tasks, 
the lower the score on the maths skills 
test) 
 

50% 

Murrihy et al. 
 

(2017) 
 

Australia 

Cross-
sectional 

n=133 
children; 
54.1% girls; 
Age: M=9.7 
years, range 
8-12.5 years 

McCarron 
Assessment of 
Neuromuscular 
Development: 
Psychomotor 
ability (finger-
nose-finger, 
jumping, heel 
toe walking, 
standing on one 
foot) 

Australian 
Woodcock 
Johnson III 
Tests of 
Achievement 
Battery: 
Mathematics 
achievement 
(calculation, 
applied 
problems) 

Australian 
Woodcock 
Johnson III 
Tests of 
Achievement 
Battery: Reading 
achievement 
(letter-word 
identification, 
passage 
comprehension) 
 

Automated Working 
Memory 
Assessment (short-
term memory) 
 
Australian 
Woodcock Johnson 
III tests of Cognitive 
Abilities (general 
intellectual ability, 
working memory, 
crystallized 
intelligence, fluid 
intelligence) 

Significant weak positive associations 
between letter word identification and 
finger-nose test (r=0.33, p<0.001); and 
heel-toe walking (r=0.32, p<0.001) 
 
Significant weak positive associations 
between finger-nose test and 
calculation (r=0.26, p<0.05) 
Psychomotor ability (finger nose, 
walking, jumping, balance) did not 
have a positive direct effect on reading 
achievement or maths achievement.  
 
However, the size of standardized 
indirect effect of psychomotor ability 
on reading (β=0.25, p<0.05) and 

55% 
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Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

maths β=0.22, p<0.05) was found to 
be statistically significant, supporting 
the prediction that psychomotor ability 
leads to higher reading achievement 
through the mechanism of short-term 
memory 
 

Pagani and 
Messier 

 
(2012) 

 
Canada 

 
 

Cross-
sectional 
 
(sample 
from 
Montreal 
Longitudinal 
Preschool 
Study) 

N=522 
Kindergarten 
children  
 
 

Teacher-rated 
motor 
assessment: 
Gross motor 
skills (well-
coordinated; 
climbs stairs; 
overall physical 
development)  
 
Fine motor skills 
(proficiency at 
holding a pen; 
ability to 
manipulate 
object) 
 
Perceptual 
motor skills 
(copying, 
writing) 

Number 
Knowledge Test 
(maths) 
 
Teacher-
reported 
academic 
achievement 
(maths) 
 
 

Teacher-
reported 
academic 
achievement 
(reading) 
 

Peabody Picture 
Vocabulary Test 
(verbal competence) 
 
Social Behavior 
Questionnaire 
(behavioral 
adjustment) 
 
Control variables 
(family/child 
characteristics) 

Significant weak positive association 
between early maths skills and 
teacher-rated fine motor skills (r=0.29, 
p<0.001), perceptual motor abilities 
(r=0.31, p<0.001) and gross motor 
ability (r=0.20, p<0.001) 
 
After controlling for other confounding 
factors, significant associations were 
found between maths skills and fine 
motor (β=0.16, p<0.01) and perceptual 
motor (β=0.14, p<0.01) 

60% 

Pienaar et al. 
 

(2013) 
 

South Africa 
 
 

Cross-
sectional 
 
(sample 
from North 
West-CHILD 
longitudinal 
study) 

n=812 Year 1 
children; 
48.5% girls; 
Age: 
M=6.78±0.49 
years 
 
SES: n=19.1% 
quintile 1 
(poorest); 
n=21.2% 

Bruininks 
Oseretsky Test 
of Motor 
Proficiency (2nd 
Edition) - Short 
Form  
 
Beery-Buktenica 
Developmental 
Test of Visual-
Motor 
Integration (4th 

Mastery of Basic 
Learning Areas 
Questionnaire 
(mathematics 
ability rated on 
4-point Likert 
scale) 

Mastery of Basic 
Learning Areas 
Questionnaire 
(reading ability 
rated on a 4-
point Likert 
scale) 

Demographics (BMI, 
age, gender, SES, 
ethnicity)  

Results for visual motor integration 
(VMI) are highly significant for mastery 
of mathematics and reading  
 
VMI motor coordination standard score 
not significantly related to the 
mathematics score but was related to 
reading  
 
Relationship with mathematics and 
reading stronger for VMI than for BOT-

85% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

quintile 5 
(highest) 
 
Ethnicity: 70% 
Black, 27% 
White, 2% 
Coloured, 1% 
Indian 

Edition) (visual-
motor integration 
(VMI) total 
score, visual 
perception 
subtest (VMI-
VP), motor co-
ordination 
subtest (VMI-
MC) 

2 (short form), and to a lesser degree 
VMI-motor coordination 
 
 

Pitchford et al. 
 

(2016) 
 

England 

Cross-
sectional 
 
 

n=62 Year 1 
children; 53% 
girls; 
Age: 5 years, 
5 months to 6 
years, 8 
months 
 
Low SES 
areas 

Bruininks 
Oseretsky Test 
of Motor 
Proficiency (2nd 
Edition) – (Long 
Form)  
(fine motor 
precision, fine 
motor integration 
subtests) 

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
(mathematical 
reasoning 
subtest) 

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
(word reading 
subtest) 

SES  Significant weak-to-moderate positive 
associations between fine motor 
integration and word reading (r=0.377, 
p=0.003) and mathematical reasoning 
(r=0.569, p<0.001) 
 
Significant moderate positive 
association between fine motor 
precision and mathematical reasoning 
(r=0.597, p<0.001) 
 
Non-significant findings between fine 
motor precision and word reading 
 
Fine motor integration was found to be 
a significant predictor of early maths 
ability, but not a significant predictor of 
early reading ability, even when 
cognitive abilities were taken into 
account 

50% 

Potter et al. 
 

(2013) 
 

USA 
 
 

Cross-
sectional 
 
(sample 
from Early 
Childhood 
Longitudinal 
Study – 
Kindergarten 
Cohort) 

N=19 173 
kindergarten 
children; 49% 
girls; Age: 
M=5.62±0.36 
years 

Early Screening 
Inventory-
Revised: 
Fine motor skills: 
(replicating a 
gate with cube 
blocks; drawing 
a person; 
copying 5 simple 
figures) 

Early Childhood 
Longitudinal 
Study – 
Kindergarten 
Cohort 
(Mathematics 
assessments) 

Early Childhood 
Longitudinal 
Study – 
Kindergarten 
Cohort (Reading 
assessments) 

General knowledge 
assessment 
 
Demographics 
(SES, parental 
educational 
expectation, gender, 
age, ethnicity, family 
structure, non-
English speaking 
background) 

Fine motor skills were positively 
associated with children's reading 
skills, which remained significant even 
after controlling for other development 
factors 
 
Fine motor skills had a moderately 
strong and positive independent 
association with performance on the 
math assessment, which remained 

90% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Developmental 
factors (socio-
emotional wellbeing, 
attentiveness, post-
natal factors) 

significant after controlling for other 
development factors 
 

Rigoli et al. 
 

(2012) 
 

Australia 

Cross-
sectional 

n=93 
adolescents; 
41% girls; 
Age: 
Mean=14.2±1.
1 years, 
SD=1.1; range 
12-16 years 
Varying SES 

Movement 
Assessment 
Battery for 
Children (2nd 
Edition) (manual 
dexterity, aiming 
and catching, 
balance) 

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
Australian 
(numerical 
operations)  

Wechsler 
Individual 
Achievement 
Test (2nd Edition) 
Australian (word 
reading) 

Wechsler 
Intelligence Scale 
for Children-IV 
(cognitive ability) 
N-back task 
(visuospatial 
working memory) 
 
Parent-rated 
strengths and 
weaknesses of 
ADHD symptoms 
and normal behavior 
scale 
 
 

Significant weak positive associations 
between aiming & catching and word 
reading (r=0.280, p<0.01) and 
numerical operations (r=0.229, 
p<0.05) 
 
Aiming & catching did not have a 
direct impact on academic 
achievement, it impacted via working 
memory 
 
Non-significant findings for both 
manual dexterity and balance with 
word reading/numerical operations 
 

70% 

Santi et al. 
 

(2014) 
 

USA 

Cross-
sectional  
 
(sample 
from a larger 
longitudinal 
study) 

n=778 children 
in Grades 1 
and 2; 52% 
girls 
 
Grade 1: 
n=617  
Grade 2: 
n=550  
 
SES: 8% low, 
40% working, 
46% middle-
upper 
 
Ethnicity: 50% 
white, 18% 
African 
American, 
16% Hispanic, 

Beery-Buktenica 
Developmental 
Test of Visual-
Motor 
Integration (3rd 
Edition): Visual 
motor integration  

 Woodcock-
Johnson 
Psycho-
Educational 
Battery – 
Revised 
(passage 
comprehension) 
 
Formal Reading 
Inventory 
(reading 
comprehension) 
 
Comprehensive 
Test of 
Phonological 
Processing 
(phonological 
awareness) 

Wechsler 
Intelligence Scale 
for Children – 
Revised 
(performance / 
verbal IQ) 
 
Peabody Picture 
Vocabulary Test – 
Revised (vocabulary 
recognition) 
 
Woodcock-Johnson 
Psycho-Educational 
Battery – Revised: 
(reading vocabulary)  
 
Rapid Automatized 
Naming Test (rapid 
naming) 

Visual motor integration (VMI) skills 
are related to reading in both grades 1 
and 2 
 
Significant very weak-to-weak positive 
correlations between VMI and 
passage comprehension (r=0.33, 
p<0.0015); formal reading inventory 
(r=0.19, p<0.0015), phonological 
awareness (r=0.37, p<0.0015), letter-
word identification (r=0.35, p<0.0015), 
word attack (r=0.33, p<0.0015) and 
word reading efficiency (r=0.30, 
p<0.0015) in Grade 1 
 
Significant very weak-to-weak 
correlations between VMI and 
passage comprehension (r=0.21, 
p<0.0015); phonological awareness 
(r=0.32, p<0.0015), letter-word 

65% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

15% Asian 1% 
Other 
 
 

Woodcock-
Johnson 
Psycho-
Educational 
Battery – 
Revised: (letter 
word 
identification, 
word attack)  
  
Word Reading 
Efficiency 
(fluency) 
 

 
 

identification (r=0.30, p<0.0015), word 
attack (r=0.31, p<0.0015) and word 
reading efficiency (r=0.25, p<0.0015) 
in Grade 2 
 
Non-significant findings between VMI 
and formal reading inventory in Grade 
2 (r=0.08, p=0.059) 
 
When other known predictors of 
reading are included (e.g. phonological 
awareness, decoding, fluency and 
vocabulary), contribution of VMI to 
reading over and above the other 
predictors is negligible 

Sortor and Kulp 
 

(2003) 
 

USA 

Cross-
sectional 

n=155 children 
in Grades 2 to 
4; Age: 
M=8.4±1.0 
years; range 7 
to 10 years 
 
n=42 Grade 2  
n=55 Grade 3 
n=58 Grade 4 
 
Primarily 
white, middle-
class, 
suburban 
elementary 
school 

Beery Visual 
Motor 
Integration Test 
(4th Edition): 
Visual motor 
integration 
(VMI); VMI 
Supplemental 
Developmental 
Test of Motor 
Coordination  

Stanford 
Achievement 
Test Series (9th 
Ed) (total math 
percentile) 

Stanford 
Achievement 
Test Series (9th 
Ed) (reading 
percentile 
scores) 

Otis-Lennon School 
Ability Test (verbal 
ability score / 
cognitive ability) 
 
VMI Supplemental 
Developmental Test 
of Visual Perception 
(visual 
analysis/spatial 
skills-motor-
reduced) 

Significant relation between math 
achievement and performance on 
tests of VMI, visual perception and 
motor coordination 
 
Partial correlations (controlling for age 
and verbal ability) showed there were 
significant associations between VMI 
standard score and maths (r=0.274, 
p=0.001) and reading (r=0.163, 
p=0.05) 
 
Controlling for age and verbal ability, 
there were significant associations 
between VMI-motor coordination and 
maths (r=0.218, p=0.008) and reading 
(r=0.184, p=0.027) 
 
Multiple regression analyses found 
VMI and motor coordination were not 
predictive of reading and maths 
achievement 
 
 
 

50% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Suggate et al. 
 

(2017) 
 

Germany 

Cross-
sectional 

n=81 children; 
50.6% girls; 
Age: M=4 
years 9 
months, 
SD=11.14 
months, range 
39-76 months 
 

Fine motor skills 
(pegboard task, 
bead threading, 
block turning) 

Overall 
numerical skills 
(combination of 
non-finger based 
and finger-based 
numerical skills) 
 
Non finger-
based numerical 
skills (i.e. 
counting and 
arithmetic 
without using 
fingers)  
 
Finger-based 
numerical skills 
(i.e. children 
prompted to use 
fingers count) 

 Parental 
questionnaire 
(children's country of 
birth, languages 
spoken at home, 
educational 
achievement at 
secondary and 
tertiary levels) 
 
Peabody Picture 
Vocabulary Test-IV 
(German) (receptive 
vocabulary) 

Significant strong positive associations 
between fine motor skills and overall 
numerical skills (r=0.73), finger-based 
numerical skills (r=0.69) and non-
finger based numerical skills (r=0.70) 
 
Linear regression analyses showed 
that fine motor skills (independent of 
age and receptive vocabulary) 
contributed significantly to overall 
numerical skills (β=0.34, p<0.05),  
finger-based numerical skills (β=0.40, 
p<0.05), non-finger-based numerical 
skills (β=0.24, p<0.05) 
 
Controlling for age, the link between 
FMS and non-finger-based numerical 
skills was mediated by finger 
numerical skills 
 

45% 

Suggate et al. 
 

(2018) 
 

Germany 

Cross-
sectional 

n=144 
children; 
55.6% girls; 
Age: Mean=6 
years, 1 
month, 
SD=3.28 
months 

Movement ABC 
(German 
version) (posting 
coins, threading 
beads, tracing 
through a maze) 
 
Grapho-motor 
skills: Greek-
letter copying 
task  
 
 
 

 Bielefelder 
Screening Test 
for the 
Identification of 
Early Reading 
difficulties 
(phonemic   
awareness) 
 
Dynamic 
Indicators of 
Basic Early 
Literacy Skills 
(letter naming 
task)  
 
Reading skill 
(estimated with 
non-word 
decoding, word 
reading and 

Parental 
questionnaire 
(ethnicity, language 
spoken at home, 
country of birth, 
educational 
achievement) 
 
Writing: Name 
writing 
 
Wechsler Preschool 
and Primary Scale 
of Intelligence 
(concept ecognition, 
general knowledge, 
picture concepts, 
expressive/ 
receptive vocabulary 
subtests) 

Significant very weak-to-weak positive 
associations between phonemic 
awareness and coin posting (dominant 
hand) (r=0.19, p<0.05), coin posting 
(non-dominant hand) (r=0.17, p<0.05), 
maze tracing (r=0.18, p<0.05) and fine 
motor total (r=0.23, p<0.05) 
 
Significant very weak positive 
associations between word reading 
and fine motor total (r=0.18, p<0.05) 
 
Significant weak positive associations 
between grapho-motor skills and 
phonemic awareness (r=0.26, p<0.05), 
letter naming (r=0.25, p<0.05) and 
word reading (r=0.27, p<0.05) 
 
 
 
 

60% 



318 
 

Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

reading of high-
frequency 
words)  

Kaseler 
concentration test 
(attention)  
 

van der Niet et 
al. 
 

(2014) 
 

Netherlands 

Cross-
sectional 

n=263 
children; 45% 
girls; Age: 
M=9.5±1.2 
years; range 
7-12 years 
 
SES: 12% low 
or middle low 
SES 
 

EUROFIT 
(Physical 
fitness) 
 
Standing broad 
jump (explosive 
leg strength)  
 
Sit-ups (trunk 
strength)  
 
10 x 5m shuttle 
run (running 
speed and 
agility) 

Dutch 
standardized 
test scores on 
maths 
 
 

Dutch 
standardized 
test scores on 
reading  
 
 

Anthropometrics 
(height, weight, BMI) 
 
20m shuttle run 
(cardiorespiratory 
endurance) 
 
Tower of London 
test (problem solving 
skills) 
 
Trailmaking test 
(cognitive flexibility) 
 
Dutch standardised 
test scores on 
spelling 

Significant association between maths 
and time taken to complete shuttle run 
(r=-0.22, p<0.01) 
 
Significant very weak-to-weak positive 
associations between maths and trunk 
strength (r=0.15, p<0.05) and leg 
strength (r=0.32, p<0.01) 
 
Significant very weak positive 
associations between reading and leg 
strength (r=0.18, p<0.01) 
 
Non-significant associations between 
reading and speed and agility and 
trunk strength 
 

65% 

Van Niekerk et 
al. 
 

(2015) 
 

South Africa 
 
 

Cross-
sectional 
 
(sample 
from 
Physical 
Activity and 
Health 
Longitudinal 
study) 

n=236 
adolescents; 
58% girls; 
Age: 13-14 
years  

Bruininks 
Oseretsky Test 
of Motor 
Proficiency (2nd 
Edition) (Short 
Form)  
 

End of year 
report (average 
maths marks) 

  Significant very weak-to-weak positive 
correlations for total group between 
maths and draw a line (r=0.16, p<0.05) 
and fold paper (r=0.13. p<0.05); hop 
on one leg (r=0.18, p<0.05); sit ups 
(r=0.29, p<0.05); total motor 
proficiency (r=0.23, p<0.05) 
 
Non-significant findings for total group 
between maths and fine motor 
integration, manual dexterity, upper 
limb coordination, body coordination, 
balance and strength (push ups) 
 
 
 
 

35% 
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Authors (Year), 
Country 

 

Study 
Design 

Study 
Participants 

 
Sample size 
(n); (% girls); 
Age (Mean ± 

SD); SES; 
Ethnicity 

Outcome Measures 
 

Covariates Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Xiang et al. 
 

(2017) 
 

China 

Cross-
sectional 

n=144 
adolescents; 
33% girls; 
Age: 
M=14.55±0.62 
years; range 
13-17 years 
 

Skill related 
physical fitness: 
50m dash 
(running speed) 
Standing long 
jump (power) 

Chinese 
standardized 
test 
(Mathematics) 

Chinese 
standardized 
test  
(language 
literacy) 

FITNESSGRAM; 
Health-related 
physical fitness 
(CRF, muscular 
fitness, body 
composition) 
Center for 
Epidemiological 
Studies Depression 
Scale (Depression)   

Significant weak positive association 
between skill-related physical fitness 
and mathematics (r=0.17, p<0.05) 

45% 
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Appendix B: Supplementary Table S2 from published manuscript (Chapter 3) 
Table S2: Key data extracted from experimental studies examining the impact of motor proficiency-related interventions on academic performance in 

mathematics and reading in school-aged children and adolescents. 
 

Authors 
(Year), 

Country 
 

Study Design Study 
Participants 

 
Sample size; 
(% girls); Age 
(Mean ± SD; 

range); schools 
(n); classes (n); 
SES; Ethnicity 

Outcome Measures 
 

Covariates Intervention 
(dose, frequency, 
duration, groups) 

Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Beck et al. 
 

(2016) 
 

Denmark 
 
 
 
 

Experimental  
 
Cluster 
randomized 
intervention 
 
6-week 
intervention 
with 8-week 
follow up 

Total: n=165; 
47% girls; Age: 
M=7.5±0.02 
years  
 
n=3 Danish 
public schools; 
n=9 year 1 
school classes 
 
Control group 
(CON): n=57 
participants; 
50.9% girls; 
Age: M=7.5 ± 
0.02 years 
 
Fine motor math 
group (FMM): 
n=53; 43.4% 
girls; Age: 
M=7.5±0.03 
years 
 
Gross motor 
math group 
(GMM): n=55; 
45.5% girls; 
Age: 
M=7.5±0.02 
years 
 

Coordination 
Wall (gross 
motor skills; 
movements 
performed 
require 
crossing of the 
vertical 
midline) 
 
Perdue 
Pegboard Test 
(fine motor 
skills; manual 
dexterity, 
bimanual fine 
motor 
coordination) 
 
Assessments 
occurred 
before (T0), 
immediately 
after (T1) and 
8 weeks after 
the 
intervention 
(T2) 

Mathematical 
test 
(standardized, 
diagnostic test in 
Denmark) 
 
Assessments 
occurred before 
(T0), 
immediately 
after (T1) and 8 
weeks after the 
intervention (T2) 
 

 Cognitive Tests 
Modified Eriksen 
Flanker Test 
(executive 
function) 
 
Cambridge 
Neuro-
psychological 
Test Automated 
Battery - Spatial 
span test (visuo-
spatial short 
term memory) 
 
Free-recall 
wordlist memory 
test 
(phonological 
short term 
memory) 
 
Andersen Test 
(CV fitness) 
 
Physical load 
during 
intervention 
(heart rate (HR) 
monitoring; 
accelerometers - 
time spent in 
low, moderate-

60-minute 
mathematics 
lessons, 3 x week, 
6 continuous 
weeks. Delivered 
by classroom 
teacher. 
 
CON: Received 
non-motor 
enriched 
conventional 
mathematical 
teaching 
 
FMM group:  
Mathematical 
teaching enriched 
with fine motor 
activity 
 
GMM group: 
Mathematical 
teaching enriched 
with gross motor 
activity 
 
To standardize 
within and 
between 
intervention 
groups, research 
staff delivered 

Applying gross motor 
enriched math lessons 
resulted in a greater 
improvement in 
mathematical performance 
compared to fine motor 
enriched math and 
conventional math lessons 
 
All groups improved their 
mathematical performance 
T0 to T1. Changes in mean 
mathematical performance 
significantly greater in GMM 
compared to FMM (1.87 ± 
0.71 correct answers, 
p=0.02). No significant 
differences in mathematical 
performance observed at T2 
 
Subgroup analyses revealed 
normal math performers 
benefitted from GMM 
compared to both CON and 
FMM (not observed in low 
math performers) 
 
Changes in gross motor 
performance accounted for ~ 
25% of the effects of the 
intervention on mathematical 
performance 

71% 
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Authors 
(Year), 

Country 
 

Study Design Study 
Participants 

 
Sample size; 
(% girls); Age 
(Mean ± SD; 

range); schools 
(n); classes (n); 
SES; Ethnicity 

Outcome Measures 
 

Covariates Intervention 
(dose, frequency, 
duration, groups) 

Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

vigorous HR 
zones) 

three workshops 
of three hours to 
classroom 
teachers. 
Teachers received 
teaching manuals. 
Regular 
communication 
between research 
staff and 
classroom 
teachers 

Changes in fine motor 
performance accounted for ~ 
10.7% of the effects of the 
intervention on mathematical 
performance 
 

Callcott et 
al. 
 

(2015) 
 

Australia 

Quasi -
experimental – 
controlled pre-
post design 
 
Intervention 
delivered over 
one school 
year 

Initially n=400 
(100 per group); 
Age: between 4-
5 years 
 
n=8 primary 
schools 
 
Middle to high 
Index of 
Community 
Socio-
educational 
Advantage 
 
Literacy + 
Movement 
Group (Lit 
+Movt): n=85 
Literacy Group 
(Lit only): n=67 
Movement 
Group (Movt 
only): n=67 
Control (Con): 
n=79 
 

Movement 
Assessment 
Battery for 
Children-2nd 
Edition 
(MABC-2) 
(manual 
dexterity, 
aiming and 
catching, 
balance) 

 Test of 
Phonological 
Awareness 
(PA) 

Developmental 
Spelling Test 
 
Wide range 
Achievement 
Test - Revised: 
(spelling 
subtest) 

Intervention 
delivered by 
classroom teacher 
 
Lit + Movt Group:  
Let's Decode 
(phonological 
awareness and 
systematic 
decoding 
instruction - 15 
min each day) + 
Moving on with 
Literacy (30 action 
songs with 
movement 
challenge and 
language - 15 min 
per day), 5 days 
per week, school 
terms 1 to 4 
 
Lit Group: Let's 
Decode – 15 min 
per day, 5 days 
per week, school 
terms 1 to 4 
 

Lit + Movt group's average 
post-test performance on 
phonological awareness test 
was better than each of the 
other groups (Lit only, Movt 
only, Con) 
 
Significant main effect of the 
intervention after controlling 
for pre-test differences 
(p=0.001). Lit + Movt group 
performed significantly 
better than their peers in 
both the Movt only (p=0.003) 
and Con (p=0.001) 
 
Students in the Lit + Movt 
group performed better at 
post-test on the MABC-2 
test and made the largest 
average gains than the other 
groups. Significant 
difference found between 
the Lit + Movt group and 
Con group. 

50% 



322 
 

Authors 
(Year), 

Country 
 

Study Design Study 
Participants 

 
Sample size; 
(% girls); Age 
(Mean ± SD; 

range); schools 
(n); classes (n); 
SES; Ethnicity 

Outcome Measures 
 

Covariates Intervention 
(dose, frequency, 
duration, groups) 

Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Movt Group:  
Moving on with 
Literacy – 15 min 
per day, 5 days 
per week, school 
terms 1 to 4 
 
Control Group: 
classroom 
teachers 
conducted their 
regular pre-
primary program, 
which included PE 
and English 
 
Research staff 
delivered 
professional 
development 
sessions to 
classroom 
teachers to teach 
Let’s Decode and 
Moving on with 
Literacy programs. 
Research staff 
visited each 
classroom teacher 
and observed 
them teaching 
programs and 
visited once per 
term. 
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Authors 
(Year), 

Country 
 

Study Design Study 
Participants 

 
Sample size; 
(% girls); Age 
(Mean ± SD; 

range); schools 
(n); classes (n); 
SES; Ethnicity 

Outcome Measures 
 

Covariates Intervention 
(dose, frequency, 
duration, groups) 

Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Erasmus 
et al. 

 
(2016) 

 
South 
Africa 

Quasi-
experimental – 
controlled pre-
post design 
10-week 
intervention 

n=48; Age: 5-6 
years 
 
n=2 schools, 
n=2 classes 
 
Experimental 
group (Exp): 
n=21; 52% girls; 
Quintile 1 school 
(low SES) 
 
Control group 
(Con): n=27; 
59% girls; 
Quintile 2 school 
(low SES) 

La Roux's 
Group Test for 
School 
Readiness: 
 
Fine motor 
ability 
(completion of 
a maze and 
writing 
patterns);  
 
Gross motor 
coordination: 
(Single leg 
stance (SLS)-
eyes 
open/closed) 
hop, walking 
heel-to-toe on 
straight line) 
 
(Pre / post- 
test) 

La Roux's Group 
Test for School 
Readiness:  
 
Number concept 
subtest 
(counting 
concrete 
objects, 
amounts and 
relationships) 
 
(Pre / post- test) 

 La Roux's Group 
Test for School 
Readiness (5 
subtests) 
 
Visual 
perception; 
spatial 
orientation; 
language 
experience; 
drawing human 
figure; auditory 
perception 

Intervention 
program delivered 
by research staff 
for 40 minutes 
each lesson, 3 x a 
week for 10 weeks 
 
Intervention 
program included 
gross motor (20 
min), fine motor 
(10 min) and 
perceptual 
exercises (visual 
and auditory 
discrimination, 
spatial orientation, 
midline crossing – 
10 min) 

Experimental group 
improved significantly in the 
sub-items for number 
concept (p<0.012, Cohen’s d 
effect size d=1.13), gross 
motor coordination (p<0.01, 
Cohen’s d effect size 
d=2.16). Improvements in 
the number concept subtest 
were not significantly better 
than the control group 
following the intervention 
(when controlling for 
differences in pre-test 
scores) 
 
Experimental group scored 
significantly better in the 
post-test (moderate and 
large effects) than the 
control group in visual 
perception, language 
experiences, gross motor 
coordination (p=0.0088, 
Cohen’s d effect size 
d=2.08) and total score 
(p=0.0089, Cohen’s d effect 
size d=0.80) 
 
 
 
 
 
 
 
 
 
 
 

54% 
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Authors 
(Year), 

Country 
 

Study Design Study 
Participants 

 
Sample size; 
(% girls); Age 
(Mean ± SD; 

range); schools 
(n); classes (n); 
SES; Ethnicity 

Outcome Measures 
 

Covariates Intervention 
(dose, frequency, 
duration, groups) 

Main Findings Critical 
Appraisal 

Percentage 
(%) 

Motor 
proficiency 

Academic 
performance 

(mathematics) 

Academic 
performance 

(reading) 

Ericsson 
 

(2008) 
 

Sweden 

Quasi-
experimental, 
non-
randomized,  
controlled 
design 
 
3-year 
intervention 

n=251; age: 7-9 
years 
 
School: n=1 
 
Two intervention 
groups (n=152); 
one control 
group (n=99)   

MUGI 
Observation 
Checklist  
(16 gross 
motor tasks: 
skip jumping, 
hopping, SLS, 
throwing, 
dribbling, 
catching; 
measuring 2 
variables of 
motor skills 
(balance/ 
bilateral 
coordination) 

Lus Test 
(national test in 
mathematics) 
 

Lus test 
(reading 
development, 
word test 
reading test) 

Conner's 
questionnaire 
(attention and 
impulse control) 
Questionnaire to 
parents 
(father/mother 
education, 
income, 
attitudes to PA, 
amount of PA in 
spare time 
(children and 
parents) 

Intervention group: 
60-minute lesson 
of Physical 
Education (PE), 5 
lessons per week 
± one extra 45-
minute lesson of 
motor training per 
week. Lessons 
under the 
supervision of the 
school's PE 
teacher (3 lessons 
per week) or local 
sports clubs (2 
lessons per week) 
 
Control group: 
Usual 60-minute 
PE lesson, 2 
lessons per week 

After 2 years, pupils in 
intervention group had better 
results than pupils in control 
group in national tests for 
Swedish with overall large 
differences in results 
between groups (Cramer’s 
index 0.29) 
 
Pupils in intervention group 
had better results in national 
mathematics tests than 
control with overall small 
differences in results 
between groups (Cramer’s 
index 0.21) 
 
There were significant 
differences in academic 
performance between pupils 
with good motor skills and 
pupils with deficits in motor 
skills in both the intervention 
and control groups 
 
Pupils in intervention group 
had better motor skills than 
pupils in the control group 
(after 1 year difference 
between groups was large - 
Cramer's index 0.24; after 
three years, differences 
were very large Cramer’s 
index 0.37) 

25% 
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Appendix C: Participant questionnaire (Chapter 6) 
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Appendix D: Supplementary Table S9: Development of the 12-week classroom based gross motor 
program (Chapter 7) 

Parameter 12-week Program Rationale 
Stakeholders Stakeholders included in the 

development of the 12-week 
program: 

• PhD candidate/registered 
physiotherapist (the Clinical 
Coordinator of the Tweed 
Healthy Schools program)  

• Doctoral research 
supervisors 

• Primary school principal 
• Two Year 1 classroom 

teachers 
• Physiotherapy and 

exercise science university 
students 

 
Parental consent and student 
assent was also sought. 

The main objective of the Tweed Healthy schools project (THSP) was to improve 
the health and learning outcomes of school students through the provision of a 
university student-led health service within the school setting. 
 
As part of this project, university health science students were supervised and 
supported to implement individual, whole-of-class and schoolwide initiatives for 
school students and staff. 
 
One of the whole-of-class initiatives that was implemented as part of the THSP 
was the delivery of a 12-week classroom-based gross motor program to Year 1 
students. This meant that the classroom teachers were able to benefit from having 
a registered physiotherapist design and deliver the program with assistance from 
physiotherapy and exercise science students, which helped demonstrate to them 
the feasibility of implementing such as program.  
 
The study reported in Chapter 7 was conceptualised to evaluate the 12-week 
program. Thus, the timeframe in which the study was conducted was constrained 
by the funding period of the project (i.e., funding ceased at the end of December 
2014). 

Design Exploratory pilot study The present study was conceptualised because of the opportunity presented by 
the Tweed Healthy Schools Project (THSP) for accompanying evaluation 
research.  
 
This study involved evaluating specific outcomes among children in the two Year 1 
classes that participated in the THSP and in another Year 1 class at a separate 
but demographically similar school, which had not implemented the THSP and 
thus constituted a comparison class. On this basis, the present study was 
exploratory in nature, in which outcomes associated with exposure or non-
exposure to THSP activities were evaluated in the form of a pilot study. 
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Parameter 12-week Program Rationale 
Sample size 55 All students enrolled in the three mainstream Year 1 classes (n = 64) were invited 

and eligible to participate in the study. Two of the three Year 1 classes (Classes R 
and M) were from one school and the other Year 1 class was from another school 
which was demographically similar and undertaking the same Year 1 Australian 
Curriculum (Class N). 
 
Prior to being invited to participate in the study, all children were enrolled in their 
pre-existing Year 1 school classes. These pre-existing classes had been allocated 
under normal school procedures (Class N) or the THSP (Classes R and M). 

Intervention 
population 

Year 1 school children Evidence suggests that motor proficiency is positively associated with both health-
related9,11,12 and academic outcomes,37 thus the early years of primary school may 
represent an ideal time to target children’s motor skill development through the 
implementation of school-based motor skill programs. 

Implementers  Researchers (registered 
physiotherapist, physiotherapy and 
exercise science students) in 
collaboration with classroom 
teachers 

A meta-analysis by Fedewa and Ahn29 reported that children appeared to benefit 
from physical activity (PA) interventions regardless of who was directing the 
intervention. However, no previous studies have reported findings from classroom-
based gross motor skill programs that have been designed and delivered by a 
physiotherapist, with assistance from physiotherapy and exercise science 
university students. 
 
Physiotherapists are allied health professionals trained to design, implement and 
evaluate age-appropriate programs to facilitate motor development, motor control 
and motor planning and therefore are suitably qualified to design and deliver gross 
motor programs.284 As physiotherapy and exercise science students were 
undertaking their clinical placement as part of the THSP, they were available to 
assist the registered physiotherapist to deliver the 12-week program. 
 
The scope and sequence of the Year 1 mathematics and English curriculum for 
the third and fourth school terms were provided by the classroom teachers for the 
two Year 1 classes involved to inform planning of physically active lessons. 
Planned gross motor activities were then integrated into academic lessons based 
on their alignment with the weekly academic focus. 

Type of physical 
activity 

The classroom-based program 
delivered in this study comprised a 

The type of PA chosen as the focus of this program was motor skills. 
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Parameter 12-week Program Rationale 
combination of gross motor 
activities with an academic focus 
(i.e., physically active reading or 
mathematics lessons) and without 
an academic focus (i.e., gross 
motor circuit) 
 
Cognitively engaging motor skill 
program (i.e., tasks that requires 
motor and problem-solving 
skills/mental engagement)  
 
. 

Ideally, children should demonstrate mastery of object control and locomotor skills 
by Grade 6;17 however, current trends suggest that Australian boys and girls are 
only achieving low levels of FMS competency by this year level. It has been 
suggested that focussing on improving children’s motor proficiency during the 
early years of primary school may result in more permanent changes in their 
capability, consistent with the principles of motor learning.81,83  
 
Prior to this study being conducted in 2014, a narrative review of the literature was 
conducted. Evidence was found to support relationships between children’s motor 
proficiency, health-related physical fitness and participation in PA,9,11,12 as well as 
positive relationships between PA, cognition and academic performance in 
children and adolescents.28,29,38 
 
There is emerging evidence to suggest that school-based motor skill interventions 
may be beneficial for improving children’s motor proficiency.13,15 This includes 
populations of typically developing children as well as children who have, or are at 
risk of, motor skill delays or deficits (e.g., children with neurodevelopmental 
conditions). 
 
No systematic reviews were identified that examined relationships between motor 
proficiency and specific academic outcomes in school-aged children and 
adolescents, even though both motor proficiency and the components of health-
related physical fitness are considered core aspects of children’s physical 
development. Furthermore, it was evident that very few studies had evaluated the 
impact of PA interventions on children’s motor proficiency outcomes.220 
Considerable variability was evident in the types of PA interventions examined in 
studies; however, studies predominantly investigated the impact of aerobic types 
of PA interventions on children’s cognition and academic performance with fewer 
studies examining the impact of motor skill interventions.29  
 
In relation to classroom-based PA interventions, most experimental studies 
evaluated their impact on children’s PA on academic outcomes, but seldom their 
impact on children’s motor proficiency outcomes.43,147 Experimental studies also 
primarily investigated the impact of aerobic types of classroom-based PA 
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Parameter 12-week Program Rationale 
interventions on children’s PA and academic outcomes. Therefore, further 
exploration is warranted regarding the impact of classroom-based motor skill 
interventions on children’s academic outcomes (specifically numeracy and 
literacy) and motor proficiency. 

Theoretical 
background 

Motor development and motor 
learning 
 
Principles of variability of practice 
(complexity, novelty, diversity, 
effort and successfulness) 

Hypotheses regarding the mechanisms that may underpin the PA-cognition 
relationship continue to be tested and stem from research conducted by multiple 
disciplines including exercise and cognition, developmental neuroscience, motor 
development, motor learning and motor control. For example, biological and 
psychosocial mechanisms as well as mechanisms relating to the context in which 
children learn have been proposed.38  
 
Increased activation of the pre-frontal cortex and cerebellum during the skill 
acquisition phase of learning a motor task highlights the cognitive demand 
inherent in complex motor skill acquisition.108 Modifying the practice environment 
during motor learning by applying principles of variability of practice to the tasks 
may optimise motor and cognitive processes.48 
 
The gross motor circuits and physically active lessons included activities that 
promoted gross motor skill development.70,277 The focus during each session was 
on quality of movement, with feedback provided to Year 1 students regarding their 
technique as appropriate. Each week, gross motor activities were also varied and 
progressed as student abilities allowed, to engage and continuously challenge 
students during sessions and to be consistent with the principles of variability of 
practice. 
 

Intensity Not specified  The intensity of PA undertaken by students during sessions was not recorded, as 
the focus during gross motor circuits and physically active lessons was on quality 
of movement, along with variation and progression of activities. Additionally, the 
aim during physically active lessons was to match gross motor activities with the 
focus of learning for the week. 

Duration 12 weeks The optimal duration of an effective classroom-based PA program was unknown 
when this study was conceptualised. A Cochrane review by Dobbins et al78 
investigated the effectiveness of school-based PA interventions in promoting 
children’s PA and physical fitness. PA interventions had to be implemented for a 



352 
 

Parameter 12-week Program Rationale 
minimum of 12 weeks. Evidence was found to suggest that PA interventions of 
longer duration may be needed to effect change. 
The program also took place over school terms 3 and 4, following data collection 
at the beginning of Term 3. 

Frequency • Gross motor circuit (4 x 15 
min/week) 

• Physically active reading 
lessons (4 x 10 min/week) 

• Physically active 
mathematics lessons (3 x 
15 min/week) 

The frequency and duration of the gross motor circuit and physically active 
lessons were negotiated in consultation with the classroom teachers. As both 
classes participated in the gross motor circuit, the most convenient time to 
schedule this was before academic lessons commenced. This occurred four days 
per week as students had a spelling test on Friday mornings. There is evidence to 
suggest that acute bouts of exercise can lead to improved on-task behaviour.33,46  
 
Physically active reading lessons were incorporated into reading group rotations, 
thus dictating the 10-minute duration. This occurred four days per week as 
students had a spelling test on Friday mornings. 
 
In collaboration with the teacher, physically active mathematics lessons were 
implemented into the final 15 minutes of the designated mathematics class. This 
occurred three days per week on the days when mathematics lessons were 
scheduled. 

Outcome 
measures 

Academic performance (reading 
and mathematics) 

• Wechsler Individual 
Achievement Test – 2nd 
Edition 

Motor proficiency 
• Bruininks-Oseretsky Test 

of Motor Proficiency – 2nd 
Edition 

 
 

• The WIAT-II is considered a reliable and valid standardised academic 
achievement test.112 

 
• The BOT-2 is considered a gold-standard valid and reliable motor 

assessment tool for use in children and adolescents.59  

Participant 
moderators 

Age, sex, ethnicity, Index of 
Community Socio-Educational 
Advantage, relevant medical 
history  

 

Groups 
 

1. Class N (Control): Regular 
Year 1 English 

This study involved evaluating specific outcomes among children in the two Year 1 
classes that participated in the THSP and in another Year 1 class at a separate 
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Parameter 12-week Program Rationale 
mathematics and PE 
program (Delivered by 
classroom teacher) 

2. Class R (Intervention 
group): Regular Year 1 
English mathematics and 
PE program (Delivered by 
classroom teacher) AND 
gross motor circuit (4 x 15 
min/week), physically 
active reading lessons (4 x 
10 min/week) (delivered by 
a physiotherapist)  

3. Class M (Intervention 
group): Regular Year 1 
English mathematics and 
PE program (Delivered by 
classroom teacher) AND 
gross motor circuit (4 x 15 
min/week), physically 
active mathematics lessons 
(3 x 15 min/week) 
(delivered by a 
physiotherapist) 

 

but demographically similar school, which had not implemented the THSP and 
thus constituted a comparison class. 
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