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Abstract: Early childhood is a crucial time for children to develop their fundamental motor skills 
(FMS), serving as a foundation for engagement in lifelong physical activity (PA). With increasing 
concerns over the declining levels of PA and motor competence (MC), the aim of this study was 
to explore the predictors of PA in children in a play-based curriculum. A secondary purpose was 
to explore levels of PA and MC during the school day. The fnal aim was to explore whether there 
were sex differences. Children (N = 94; Mage = 68.96 months, SD = 8.25) in fve classes from four 
different schools in Wales were tested on the TGMD-2, standing long jump, and MABC-2. Levels of 
PA were measured using ActiGraph GT3X-BT accelerometers, and 85 children met the wear time 
criteria. Object control (OC) skills, standing long jump, and age signifcantly predicted the percentage 
of time spent performing sedentary behaviours F(10,73) = 3.026, p = 0.003, R2 = 0.29 (adj R2 = 0.20) 
and time spent on MVPA F(10,73) = 3.597, p < 0.001, R2 = 0.33 (adj R2 = 0.24). Children spent an 
average of 48.7% of the school day performing sedentary behaviours and 9.1% performing moderate 
to vigorous physical activity (MVPA) and did not achieve 60 min of MVPA. The MABC revealed 
that 67% were below the 15th percentile. Girls spent more time than boys performing sedentary 
behaviours (p = 0.014), and boys spent more time than girls on MVPA (p = 0.004). Boys outperformed 
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1. Introduction 

Physical activity (PA) plays an important role in the promotion of lifelong health and 
well-being of children and adolescents, encompassing both physical and mental health 
benefts, with the World Health Organization (WHO) recommending individuals aged 
5–17 years should aim for at least 60 min of moderate- to vigorous-intensity physical activity 
(MVPA) daily [1]. However, despite these recommendations, globally, children, adolescents, 
and even adults are failing to meet these recommended levels of activity [2,3]—a trend 
that was already of signifcant concern before the COVID-19 pandemic [4]. This issue is 
particularly pronounced in Wales, where it has been suggested that only 51% of children 
aged 3–17 met the recommended PA guidelines [5]. Recent evidence suggests that PA 
levels have further decreased [6]. This concerning trend not only impacts physical health 
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but also has implications for mental health, quality of life, and overall well-being among 
individuals of all ages [1,3]. Addressing this issue is paramount for safeguarding the health 
and well-being of children, adolescents, and adults alike in Wales. 

The acquisition of movement patterns and physical abilities necessary for engaging in 
physical activities is referred to as motor competence (MC) [7]. The escalation of inactivity 
and sedentary behaviour likely contributes to the global decline in children’s MC levels. 
Despite the expectation that children should attain profciency by the age of 7, many are 
falling short of reaching adequate competence levels [8]. The association between PA and 
MC is frmly established in the literature. Early work by Seefeldt [9] introduced the concept 
of a ‘profciency barrier’, suggesting that failure to achieve a certain level of fundamental 
motor skill (FMS) by middle childhood could hinder the development of more advanced 
movements and application to sport or activity-specifc movements. This inability to over-
come the hypothetical profciency barrier was believed to have repercussions on overall 
child health-related ftness [9]. Building upon this idea, Clark and Metcalf [10] proposed 
the ‘mountain of motor development’, emphasising the importance of children acquiring a 
broad ‘base camp’ of movement skills to enable participation in various activities. Stod-
den and colleagues [11] further elaborated on this notion by formulating a model that 
illustrates the intricate relationship between MC and lifelong PA. Their model highlights 
early childhood as a critical window, emphasising that opportunities for PA during this 
stage drive MC development and set the stage for a positive health trajectory. This model 
comprehensively considers factors such as perceived MC, health-related ftness (HRF), and 
weight status [11]. 

While limited evidence initially supported or refuted the model’s hypotheses proposed 
by Stodden and colleagues [11], subsequent studies have provided substantial support for 
the relationship between MC, perceived MC, and PA [12]. The model integrates perceived 
MC as a mediator between actual motor skill level and PA. Perceived MC refects one’s 
awareness of actual movement capabilities, evolving over time with development and 
cognitive capacity [13,14]. During early childhood, cognitive limitations hinder accurate 
self-assessment of MC due to the preoperational phase of cognitive development [7]. As 
children progress into middle childhood and adolescence, their awareness of their physical 
abilities infuences their engagement in physical activities, mediated by perceived com-
petence. Individuals with high motor skills tend to choose higher levels of PA, sports, 
and games, viewing themselves as profcient movers and maintaining higher activity 
levels. Conversely, those with low MC are less inclined to participate in physical activi-
ties, often opting for more sedentary behaviours, perceiving themselves as less skilled in 
movement [11]. 

It is evident from the existing research and developmental models that early childhood 
is a critical period for children to develop their MC, laying the foundations for lifelong 
engagement in PA [10–12]. MC not only predicts levels of PA but is also associated with 
broader health outcomes such as healthy weight status [15,16] and cardio-respiratory 
ftness [17,18]. It is also associated with cognitive and academic outcomes [19] and strongly 
predicts children’s achievement of school readiness [20]. Evidence from the UK suggests a 
decline in PA levels among both boys and girls around the age of six to seven years as they 
transition into middle childhood [21]. Additionally, research suggests that boys aged 3 to 8 
spend less time performing sedentary behaviours and more time in MVPA compared to 
girls [22–24]. Reviews also demonstrated a positive association between FMS and MVPA 
during early childhood [25,26]. This reinforces the importance of understanding and 
fostering MC, particularly in early childhood, for promoting lifelong PA and overall health. 

The signifcance of movement in early childhood is strongly echoed within the Foun-
dation Phase—a play-based curriculum for children aged three to seven in Wales. At 
the heart of this curriculum is the holistic development of the child, promoting a balance 
between adult-led instruction and child-initiated activities while utilising both indoor and 
outdoor environments [27]. During this age, children begin to develop their MC through 
FMS, encompassing locomotor (e.g., running, skipping, and jumping); object control (OC), 



Children 2024, 11, 629 3 of 14 

also referred to as manipulative (e.g., throwing, kicking and catching); and stability (e.g., 
balancing) [7]. The Foundation Phase framework emphasises that through movement 
and the use of equipment, children will develop their motor skills along with balance and 
coordination [27]. However, research in Wales suggests that children are not developing 
these skills as they should, particularly OC control skills [28]. 

There is often a misconception that these skills develop naturally [29], yet studies have 
found that children participating in free play activities alone do not ‘naturally’ develop FMS 
(e.g., [30–34]). This is of particular importance in terms of OC skills, which involve higher 
perceptual demands and greater complexity in their components compared with locomotor 
skills. They are more complex and necessitate equipment, structured practice, instructional 
guidance, feedback, and reinforcement [29,35]. Globally, boys tend to exhibit higher OC 
skill profciency than girls, while there tends to be no difference in locomotor skills [8,36]. 
These differences are likely infuenced by cultural factors, such as societal expectations 
and available activities [37]. Addressing these gaps in skill development is crucial, as OC 
skills in childhood are not only associated with but predictive of participation in PA during 
adolescence [38,39]. Moreover, evidence suggests there is a positive association between 
OC skills and MVPA among preschool children [26]. 

According to Fisher et al. [40], environmental factors primarily account for variations 
in activity levels in daily life. While children have break times throughout the school 
day, most of their time is controlled by the teacher, who, as such, plays a key role in 
providing opportunities for children to be physically active. Parents also play a key role in 
the development of young children’s PA and FMS as they direct what they do outside of 
school [40,41]. Considering the play-based nature of this early childhood curriculum in 
Wales, it may be expected that children engage in PA throughout the day, thereby fostering 
the development of their MC [11]. There is, however, limited research assessing the PA and 
FMS levels of children in Wales during the school day. Studies conducted in other countries 
during the school day with children of a similar age group found sedentary behaviour 
ranged from 51.2% to 80% of the school day, with MVPA accounting for only 6.4% to 8.8% 
of the school day [22,42,43]. Given the escalating concerns surrounding declining PA levels 
and MC among children, the aim of this study was to explore the relationship between PA 
and MC. Secondly, it examined levels of MC and PA, with a specifc focus on MVPA and 
sedentary behaviour, during the school day. Finally, it investigated if there were any sex 
differences between PA and MC. The following hypotheses were tested: 

Hypothesis 1. MC will signifcantly predict sedentary behaviour and MVPA. 

Hypothesis 2. Boys will spend more time in MVPA than girls, while girls will spend more time 
performing sedentary behaviours than boys. 

Hypothesis 3. Boys will demonstrate higher levels of OC skills than girls. 

2. Materials and Methods 
2.1. Context and Participants 

The current study is situated within the larger research agenda of a three-year European-
funded PhD project, led by John et al. [44], which evaluated the extent to which early 
childhood teachers could be trained in a programme of professional development and 
impact MC outcomes and the PA of young children. The current study is a sub-analysis 
of these data. Four schools in West Wales were recruited through convenience sampling. 
Two of the schools were situated in rural areas, while the other two were situated in small 
towns. The classes had to be situated within the Foundation Phase and include children 
aged between 4 and 7 years old. There were a total 5 classes in the study; 1 school had 
a Welsh and English language class. Thus, there was the inclusion of 2 classes from 1 of 
the schools. All children within the selected classes were invited to participate, resulting 
in an 84% response rate, with a total of 94 participants (Mage = 68.96 months, SD = 8.25). 
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Eighteen per cent of participants had an Additional Learning Need (ALN), 24% of the 
participants were eligible for free school meals, and 36.2% were primarily taught through 
the medium of Welsh. A breakdown and overview of each class are presented in Table 1. 

Table 1. Breakdown of classes. 

Breakdown Class 1.1 Class 2.1 Class 2.2 Class 3.1 Class 4.1 

School 
Class size 
Consents 

Class year group 

Age Range 
Language 

1.0 
19 
18 

Reception, 
Years 1 and 2 

4 to 7 
English 

2.0 
17 
17 

Years 1 and 2 

5 to 7 
Welsh 

2.0 
27 
17 

Reception, 
Year 1 
4 to 6 

English 

3.0 
20 
17 

Year 1 

5 and 6 
Welsh 

4.0 
29 
25 

Years 1 and 2 

5 to 7 
English 

2.2. Instrumentation 

MC was evaluated using both process and product measures [12,24,45,46]. The process 
measure utilised was the Test of Gross Motor Development Second Edition (TGMD-2) [47]. 
The product assessment used the Movement Assessment Battery for Children—Second 
Edition (MABC-2) [48] (Henderson et al., 2007), and 98% (n = 92) of participants completed 
this measure. Additionally, a standing long jump for distance (measured in centimetres) 
standardised by standing height was included [49,50]. This is a complex skill; it requires 
immense leg strength, core strength, and explosive power, along with dynamic balance and 
multi-limb coordination for an individual to propel themselves off the ground horizontally 
for distance [7]. PA was evaluated by accelerometry, with only 90% of the sample (n = 85) 
meeting the inclusion criteria. Anthropometric measures were taken (N = 94). 

2.2.1. TGMD 

The TGMD-2 includes two subscales, locomotor and OC skills, totaling twelve skills. 
In the locomotor subscale (number in parentheses represents total possible score for the 
skill), the skills include run (8), gallop (8), hop (10), leap (6), horizontal jump (8), and slide 
(8). The OC subscale involves striking a stationary ball (10), stationary dribble (8), catch (6), 
kick (8), overarm throw (8), and underarm roll (8). Each skill consists of three to fve critical 
elements or components, with a scoring system where correctly performing a component 
earns a score of one, while incorrect performance results in a score of zero [47]. Prior to 
each trial, the lead researcher provided a demonstration of the skill following the TGMD-2 
protocol. Then, the child completed a practice trial, followed by two coded trials of each 
skill. The scores from both trials were combined to determine a score for each child in the 
respective subscales. These subscale scores ranged from 0 to 48 for locomotor skills and OC 
skills, resulting in a total motor score ranging from 0 to 96 [47]. Raw scores were utilised for 
analysis since the normative data for the TGMD2 was based on a U.S sample and did not 
correspond with the participant population in this study. Additionally, reporting raw scores 
offered a measure of each child’s profciency in performing each skill relative to its critical 
components of profcient performance. Each trial was video-recorded for later analysis. 

Two coders with prior experience coding the TGMD, one a PE teacher and experienced 
coach, the other a primary school teacher and experienced coach, were trained by the lead 
researcher. This involved the following: 

1. Performing and practicing each skill and identifying the critical elements; 
2. Coding a member of the coding team performing the skill; 
3. Observing videos and identifying the performance criteria of each TGMD-2 skill with 

the expert coder and discussing why the score was awarded or not; 
4. Coders practicing on videos previously coded by an expert. The expert then provided 

feedback followed by a discussion; 
5. The development of ‘Gold Standard’ videos with a 97% inter-rater reliability, created 

by the expert and lead researcher. These videos were analysed by another expert 
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coder and had 92% reliability. Following discussion, the ‘Gold Standard’ videos were 
agreed upon. The two coders completed the ‘Gold Standard’ videos and had a 95% 
inter-rater reliability overall. 

During coding, if there were elements of the skill that were unclear, these videos were 
referred back to the experts for further evaluation. Thirty per cent of footage underwent 
random checks for reliability by the lead researcher and expert. The frst coder achieved 
95% agreement, and the second achieved 90% agreement. Overall inter-rater reliability for 
the double-blind sample was 92.5%, exceeding the required 90% threshold [51]. 

2.2.2. Movement ABC 

The Movement ABC is divided into three age bands: age band 1 (3–6 years old); age 
band 2 (7–10 years old), and age band 3 (11–16 years old); the age band used for this study 
was age band 1. The test was split into the following 3 components and involved 8 tasks 
(parentheses represent how they were scored): 

• Manual Dexterity: Posting coins (time); threading beads (time); drawing trail (errors). 
• Aim and Catch: Catching a beanbag (number of catches); throwing a beanbag onto the 

mat (number of hits). 
• Balance: One-legged balance (time); walking with heels raised (number of steps); 

jumping on mats (number of consecutive jumps). 

Following the standard protocol for the MABC-2, children were assessed individually, 
taking approx. 20–30 min. Prior to each trial, the lead researcher provided a demonstration 
of the task in accordance with the manual [48]. The child then completed a practice trial, 
followed by two formal trials. Inter-rater reliability was determined with one of the research 
team, who is an expert in physical education and motor development, with 100% agreement. 
They scored independently alongside the lead researcher for 20% of participants. Raw 
scores were converted to item standard scores for the three components subscales based on 
age and sex. The component score was then converted into an overall standard score (1 to 
19) and percentile. For the total test score, the three component scores were added together 
and then converted into a standard score (1 to 19) and percentile [48]. Unlike the TGMD-2, 
the MABC-2 was based on a UK population; therefore, standard scores were reported for 
all three components and the total test score. 

2.2.3. Standing Long Jump 

Jumping distance was measured, to the nearest centimetre, from the toe of the front 
foot at the starting position to the heel of the backmost foot upon landing. Prior to each 
trial, the lead researcher provided a demonstration of two-footed jump for distance from 
behind the line. Children were instructed to jump as far as they could. Following a practice 
trial, they then completed two trials, with the best score being recorded in cm. Distance 
jumped was normalised to standing height, resulting in a score that gave a percentage of 
standing height a child jumped. 

2.2.4. Physical Activity Measures 

PA behaviours were measured using ActiGraph GT3X-BT accelerometers (ActiGraph 
Corp., Pensacola, FL, USA), which captured and recorded continuous, high-resolution PA 
information. Children wore the monitor on their right hip using an adjustable belt for one-
week intervals, specifcally from Monday to Friday (fve days) during school hours (9 a.m. 
to 3 p.m.). The lead researcher ensured that the monitoring occurred during a standard 
school week with no trips, special events, or testing, maintaining a typical ‘business as 
usual’ environment. The class teacher and support staff were tasked with ftting the devices 
each morning and removing them at the end of the day. Prior to implementation, they 
received a demonstration along with basic guidelines on how the devices should be worn. 
They would check throughout the day that the monitors were in the correct position and 
remained on the right hip. 
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The ActiLife 6.13.4 software program (ActiGraph Corp., Pensacola, FL, USA) was used 
to initialise, download, process, and store accelerometer data. The data were recorded in 
15 s epochs at 100 Hz and processed using the cut points developed by Evenson et al. [52]. 
The epochs were categorised into sedentary, light, moderate, vigorous, and total MVPA. 
This paper will report the results of sedentary behaviour and MVPA. It was decided to 
focus on MVPA due to the recommendation of 60 min of MVPA a day by WHO and the 
important role it plays in the promotion of lifelong health and well-being of children [1]. 
We were also interested in sedentary behaviour due to the concerns in Wales regarding 
decreasing levels of PA in children [5,6]. The wear time validation was conducted using the 
Choi et al. [53] algorithm, with data then converted from minutes into a percentage of time 
spent performing sedentary behaviours or MVPA of the school day in order to account 
for differences in school day time. The criteria for valid accelerometer data required a 
minimum of three days during the school week, each day having a minimum wear time of 
fve hours (e.g., [22,43]). Data failing to meet these criteria were excluded from the fnal 
analyses, resulting in the removal of a total of 9 cases with a total of 85 participants’ data 
utilised in the analyses. 

2.2.5. Anthropometric Measures 

Anthropometric measures were carried out by the lead researcher and School Nurse 
Support Workers who were already assigned to the schools. Participants were instructed 
to remove their shoes and any heavy clothing before undergoing height and weight mea-
surements. They were positioned with their back to the stadiometer with feet together and 
were directed to look straight ahead so the head was in a neutral position (coronal plane). 
Height was measured to the resolution of the height rule (i.e., nearest millimetre/half a 
centimetre). For weight measurement, participants were asked to stand at the centre of the 
platform to ensure even weight distribution. Weight was recorded to the nearest 0.1 kg or 
0.2 kg using a scale. The height and weight data were used to calculate the body mass index 
(BMI), with thinness, overweight, and obesity classifcations based on the International 
Obesity Task Force (IOTF) BMI cut-offs proposed by Cole and Lobstein [54]. 

2.3. Procedures 

A full ethics proposal was accepted by the University of Wales Trinity St David 
(UWTSD). The University Code of Ethics and the British Educational Research Association 
(BERA) Ethical Guidelines for Educational Research [55] were adhered to throughout the 
study. All data were collected during the Autumn term between September and October. 
Prior to this, consent was sought frst from the head teachers and custodial caregiver of 
each child participating, and verbal assent was obtained from each child during the MC 
tests and before wearing the belts. 

2.4. Data Analysis 

All data analyses were conducted using SPSS 26.0 package, and statistical signifcance 
was set at p < 0.05. Prior to carrying out the statistical analyses, a cleaning process was 
conducted to check for any errors and normality (via the Kolmogorov–Smirnov test). 
Descriptive analyses were conducted for all variables. 

The dependent variables for TGMD-2 (FMS GMQ, locomotor, and OC skills) and 
MABC-2 (total MABC, manual dexterity, aim and catch, and balance) were not moderately 
correlated and did not meet the assumptions to run a multivariate analysis of covariance 
(MANCOVAs); thus, separate analyses of covariance (ANCOVA) were conducted for MC 
variables to determine whether there were sex differences. Age was accounted for as a 
covariate (when raw scores were used) due to the age range of the children. Class was also 
a covariate due to the children being nested within their class. A crosstabs analysis was 
undertaken for MABC-2 percentile cut-off points. 
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The PA variables were correlated; thus, multivariate analysis of covariance (MAN-
COVA) was conducted for MVPA and sedentary behaviour to determine whether there 
were sex differences. 

Multiple regressions were conducted to explore predictors of sedentary behaviour and 
MVPA. The frst regression looked at the predictors (locomotor raw score; OC raw score; 
manual dexterity standard score; aim and catch standard score; balance standard score; 
and standing long jump standardised by height, age, and BMI) of per cent of the school day 
spent performing sedentary behaviours. Using the same predictors, the second regression 
focussed on predicting per cent of school day spent in MVPA. 

3. Results 
3.1. Levels of Physical Activity and Motor Competence 

The mean percentages of the school day spent performing sedentary behaviours and 
MVPA are presented in Table 2. 

Table 2. School day sedentary behaviour and MVPA. 

Girls Boys Total 

Measure (n = 44) (n = 41) (N = 85) 

Mean (SD) Mean (SD) Mean (SD) 

% of School 
Day Sedentary 50.39 (6.54) 46.91 (6.66) 48.71 (6.79) 

% School Day MVPA 8.34 (2.15) 9.83 (3.18) 9.06 (2.78) 

Descriptive statistics for age, sex, TGMD-2, standing jump, and BMI are presented in 
Table 3. 

Table 3. Descriptive statistics for age, sex, TGMD-2, jump, and BMI measures. 

Girls Boys Total 

Measure (n = 47) (n = 47) (N = 94) 

Mean (SD) Mean (SD) Mean (SD) 

Age (months) 69.19 (8.65) 68.72 (7.91) 68.96 (8.25) 
Height (cm) 114.80 (6.35) 115.01 (6.35) 114.93 (6.33) 
Weight (Kg) 22.13 (3.71) 21.40 (3.25) 21.765 (3.49) 
BMI (Kg.m2) 16.73 (1.78) 16.09 (1.37) 16.41 (1.61) 

IOTF BMI 20.76 (4.32) 19.48 (2.92) 20.12 (3.72) 
Overweight or obese (IOTF) 25.5% 12.8% 19.2% 

TGMD GMQ (46–160) 64.45 (8.55) 61.57 (7.45) 63.01 (8.11) 
TGMD LM raw (0–48) 20.89 (4.76) 16.89 (5.34) 18.89 (5.42) 
TGMD OC raw (0–48) 9.55 (4.59) 13.02 (6.07) 11.29 (5.63) 

Jump (cm) 72.31 (17.79) 72.30 (18.97) 72.31 (18.27) 
Notes: BMI: Body Mass Index Score; IOTF BMI: International Obesity Task Force Body Mass Index Score [54]; 
GMQ: Gross Motor Quotient [47]; LM: locomotor [47]; OC: object control [47]; jump standardised by height. 

A crosstabs analysis was undertaken with MABC-2 percentile cut-off points to examine 
the extent to which children demonstrated a delay in MC. These were categorised into 
the following: 

• Green: above the 15th percentile and classed as having no movement diffculty; 
• Amber: 6th to 15th percentile and at risk of having a moving diffculty; 
• Red: 5th percentile or below and classed as having a signifcant movement diffculty. 

The results in Table 4 indicate that only 33% of children were above the 15th percentile. 
The remaining 67% were classed as at risk or having a signifcant movement diffculty. 
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Table 4. Percentiles by sex for MABC-2. 

Category Girls 
(n = 46) 

Boys 
(n = 46) 

Total 
(N = 92) 

Green 39.1% 26.1% 32.6% 
Amber 23.9% 13.0% 18.5% 

Red 37.0% 60.9% 48.9% 

3.2. Sex Differences in Physical Activity and Motor Competence 

The MANCOVA for PA revealed signifcant sex differences (F(2,78) = 4.69, p = 0.012, 
η2 = 0.11). Univariate follow-up analyses revealed a signifcant difference between sexes for 
both sedentary behaviours (F(1,79) = 6.25, p = 0.014, η2 = 0.07) and for MVPA (F(1,79) = 8.99, 
p = 0.004, η2 = 0.10). Girls spent more time performing sedentary behaviours compared to 
the boys, while the boys spent more time in MVPA compared to the girls. The covariates of 
age (p = 0.065) and class (p = 0.581) were not signifcant. 

Three separate ANCOVAs comparing sex differences for TGMD variables—GMQ 
(Gross Motor Quotient), locomotor raw scores, and OC raw scores—were conducted with 
age and class as covariates. The ANCOVA analysis revealed no sex differences for overall 
GMQ (p = 0.166). There were sex differences for TGMD-2 locomotor (F(1,88) = 16.20, 
p < 0.001, η2 = 0.16) and OC skills (F(1,88) = 12.93, p = 0.001, η2 = 0.13). As illustrated 
in Table 3, girls outperformed boys in locomotor skills, while boys demonstrated higher 
profciency in OC skills compared to girls. The covariate of class was not signifcantly 
associated with GMQ scores (p = 0.628) or locomotor (p = 0.120) or OC skills (p = 0.170). 
The covariate of age was signifcantly associated with locomotor (F(1,88) = 18.97, p < 0.001, 
η2 = 0.18) and OC skills (F(1,88) = 17.61, p < 0.001, η2 = 0.17), which was expected due to 
the age range of the participants. 

There were no sex differences in the standing long jump (p = 0.576). The covariate of 
age (F(1,88) = 13.20, p < 0.001, η2 = 0.13) was signifcantly associated with the jump, but 
class (p = 0.811) was not. 

Four separate ANCOVAs revealed that there were sex differences (F(1,87) = 8.75, 
p = 0.004, η2 = 0.09) in total M-ABC standard scores. The mean scores in Table 5 indicate 
that the girls outperformed the boys. There were also signifcant differences in manual 
dexterity (F(1,87) = 13.08, p = 0.001, η2 = 0.13) and balance (F(1,87) = 9.99, p = 0.002, η2 = 0.10), 
where, again, the girls outperformed the boys (see Table 5). There were no sex differences 
in the subscale of aim and catch (p = 0.390). The covariate of class was non-signifcant for 
all MABC variables. 

Table 5. MABC standard scores. 

Measure 

Girls 
(n = 46) 

Boys 
(n = 46) 

Total 
(N = 92) 

Mean (SD) Mean (SD) Mean (SD) 

MABC-2SS* (0–19) 
MDSS* (0–19) 
ACSS* (0–19) 
BalSS* (0–19) 

6.52 (2.52) 
5.70 (2.31) 
7.09 (2.72) 
9.57 (4.15) 

5.26 (2.84) 
4.28 (2.33) 
7.93 (3.43) 
7.41 (3.16) 

5.89 (2.74) 
4.99 (2.41) 
7.51 (3.11) 
8.49 (3.82) 

Notes: MABC-2SS*: Movement ABC (Second Edition) standard scores; MDSS*: Manual dexterity standard score; 
ACSS*: Aim and catch standard score; BalSS*: Balance standard score [48]. 

3.3. Predictors of School-Day Physical Activity 

The frst regression explored whether the MC variables (see Table 6), BMI, and age 
predicted the percentage of time spent performing sedentary behaviours. Regression 
analysis revealed that the model signifcantly predicted the percentage of time spent 
performing sedentary behaviours F(10,73) = 3.026, p = 0.003, R2 = 0.29 (adj R2 = 0.20). OC 
skills, standing jump, and age were signifcant predictors of the amount of time children 
spent in sedentary behaviours during the school day. 
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Table 6. Multiple regression results for sedentary behaviour. 

Measure B SE B β t p 

LMRS 0.080 0.163 0.065 0.494 0.623 
OCRS −0.348 0.170 −0.273 −2.043 0.045 
MDSS 0.317 0.348 0.110 0.913 0.364 
ACSS 0.518 0.296 0.233 1.749 0.084 
BalSS 0.137 0.244 0.077 0.563 0.575 
Jump −0.131 0.052 −0.353 −2.497 0.015 
BMI 0.112 0.198 0.059 0.565 0.574 
Age 0.278 0.099 0.329 2.800 0.007 

Note: B: unstandardised beta; SE B: standard error for the unstandardised beta; β: standardised beta; t: t test 
statistic; p: probability value; LMRS: Locomotor raw score [47]); OCRS: Object control raw score [47]; MDSS: 
Manual dexterity standard score [48]; ACSS: Aim and catch standard score [48]; BalSS: Balance standard score [48]; 
BMI: International Obesity Task Force Body Mass Index Score [54]. 

The second multiple regression explored whether the MC variables (see Table 7), BMI, 
and age predicted the percentage of time spent in MVPA. Regression analysis revealed that 
the model signifcantly predicted the percentage of time spent on MVPA F(10,73) = 3.597, 
p < 0.001, R2 = 0.33 (adj R2 = 0.24). In terms of individual relationships, again, OC skills, 
standing jump, and age were signifcant predictors of the amount of time children spent in 
MVPA during the school day. 

Table 7. Multiple regression results for MVPA. 

Measure B SE B β t p 

LMRS 0.044 0.065 0.087 0.679 0.499 
OCRS 0.174 0.068 0.333 2.554 0.013 
MDSS 0.012 0.139 0.010 0.083 0.934 
ACSS −0.113 0.118 −0.123 −0.954 0.343 
BalSS −0.103 0.097 −0.141 −1.056 0.294 
Jump 0.072 0.021 0.475 3.452 0.001 
BMI 0.005 0.079 0.006 0.059 0.953 
Age −0.086 0.040 −0.250 −2.181 0.032 

Notes: B: unstandardised beta; SE B: standard error for the unstandardised beta; β: standardised beta; t: t test 
statistic; p: probability value; LMRS: Locomotor raw score [47]; OCRS: Object control raw score [47]); MDSS: 
Manual dexterity standard score [48]; ACSS: aim and catch standard score [48]; BalSS: balance standard score 
(Henderson et al., 2007 [48]); BMI: International Obesity Task Force Body Mass Index Score [54]. 

4. Discussion 
4.1. Levels of Physical Activity and Motor Competence 

Our results suggest that, on average, Foundation Phase children engaged in sedentary 
behaviour for 49% (176 min) of the school day (from 9 am to 3 pm), and 9% (32 min) 
of the day was spent on MVPA. The play-based nature of the Foundation Phase could 
account for why the children spent slightly less time performing sedentary behaviours in 
comparison with children of similar age groups in the United States [22], Indonesia [42], 
and Scotland [43]. Nevertheless, they still spent nearly half the day performing seden-
tary behaviours. 

Consequently, the duration of the school day alone falls short of meeting the rec-
ommended guidelines set by the World Health Organisation and Chief Medical Offcers 
(CMOs) for Wales, as well as the broader UK, which advocates for 60 min of MVPA daily for 
children and young people aged 5–18. Children would need to spend an additional 8% or 
approximately 28 min of MVPA to meet these guidelines. Despite opportunities to be active 
during break times, teachers play a pivotal role in facilitating opportunities to be active 
throughout the school day [40]. Additionally, it is worth noting that while some children 
may have access to PA opportunities before or after school, for others, the school day may 
serve as their primary environment for being active, especially those from low-income 
families. The infuence of parents on children’s activities outside of school cannot be over-
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looked; they play a crucial role in shaping their children’s habits and behaviours related 
to PA [41]. Thus, recognising the combined impact of teachers and parents is essential for 
promoting a physically active lifestyle among children both within and beyond the school 
setting. Recognising these dynamics is critical in devising effective strategies to promote 
PA among children, especially within the school setting, where a signifcant portion of their 
day is spent. These fndings highlight the importance of implementing comprehensive 
strategies to enhance PA opportunities within school environments to ensure that children 
meet the recommended activity levels and foster healthy habits for life. 

More concerningly, the analysis from MABC revealed that 67% of children were at 
risk or exhibited a movement diffculty. Only 33% of the children were above the 15th 
percentile. The TGMD-2 results were also low, particularly OC skills, which supports 
the notion that children are falling short of reaching adequate competence levels [8]. If 
children are not developing their motor skills at this age, they are unlikely to participate 
in PA in later life [11]. These fndings are concerning, particularly within the context of 
the holistic development emphasised in this early childhood curriculum in Wales. MC 
not only correlates with health outcomes such as healthy weight status [15,16] and cardio-
respiratory ftness [17,18] but also with cognitive and academic achievements [19] and is a 
strong predictor of school readiness [20]. 

4.2. Sex Differences in Physical Activity and Motor Competence 

In line with our hypotheses, the results of this study reveal signifcant sex differences 
for PA and MC. Consistent with previous literature [22–24], girls spent more time per-
forming sedentary behaviours compared to boys, while boys engaged in more MVPA 
compared to girls. These disparities may stem from various factors, including societal 
norms, cultural expectations, access to sports and recreational facilities, and parental at-
titudes towards PA [37]. Sex stereotypes and perceptions of PA as being more suitable 
for boys than girls may contribute to girls’ tendency towards sedentary behaviour and 
boys’ inclination towards more vigorous physical activities. Understanding these complex 
interactions between sex and environmental infuences is crucial for developing targeted 
interventions to promote PA among children. 

Our fndings indicate no signifcant sex differences for overall FMS GMQ (TGMD); 
however, differences were observed in OC skills, consistent with previous research [8,36]. 
Interestingly, girls outperformed boys in locomotor skills (TGMD), overall MABC score, 
and the subscales of manual dexterity and balance. It is important to note that there is 
no physiological basis for boys to outperform girls, or vice versa, during early childhood, 
as they are physiologically very similar [37]. Thus, the observed differences likely stem 
from societal and environmental factors, which teachers and parents play a signifcant 
role in infuencing [40,41]. Addressing these barriers is crucial, particularly during early 
childhood, to ensure that both girls and boys are afforded equal opportunities to develop a 
broad base of motor skills and lay the foundation for a positive health trajectory [10,11]. 

4.3. Predictors of School-Day Physical Activity 

Contrary to the hypothesis, not all MC variables predicted sedentary behaviour and 
MVPA. The two MC variables that were in line with hypothesis were OC skills and standing 
long jump. Children with a lower profciency in OC skills and standing long jump exhibited 
higher levels of sedentary behaviour. Meanwhile, children who had higher profciency in 
OC skills and jumped further spent more time in MVPA. 

These fndings reinforce the importance of this relationship between OC and PA 
and support the existing literature [26]. Addressing these gaps in skill development is 
crucial, as OC skills in early childhood are not only associated with but predictive of 
participation in PA during adolescence [38,39]. OC skills encompass abilities such as 
throwing, catching, and kicking, which are essential for participation in a wide range of 
physical activities, including team sports and recreational games. Profciency in these skills 
is likely to lead to greater movement effciency and enjoyment during physical activities, 
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thus reducing sedentary behaviour. Children who demonstrate better OC skills are likely to 
have greater movement profciency. They can then apply this profciency to more advanced 
activity-specifc movements or sports, thus breaking through the profciency barrier [9] and 
embarking on a positive health trajectory [11]. 

OC skills enable individuals to engage in activities that require coordination, accuracy, 
and spatial awareness, thereby contributing to increased levels of PA. Locomotor skills 
will also be required as part of this process; however, OC skills involve higher perceptual 
demands and are more complex. This may explain why the process measure of locomotor 
skills was not a predictor of PA, but OC was. The product measure of jump, however, was 
a predictor of sedentary behaviour and MVPA. This reinforces the importance of utilising 
both product and process measures when measuring MC [12,24,45,46]. 

Standing long jump requires immense leg strength, core strength, and explosive power, 
along with dynamic balance and multi-limb coordination. These are important prerequisites 
to becoming a profcient mover. If children do not possess these prerequisites, then it is 
likely to lead to higher levels of sedentary behaviour and a negative health trajectory [11]. 
These fndings highlight the need for targeted interventions during early childhood for 
children to develop their FMS, particularly OC skills, so they become more profcient 
movers, which may contribute towards children spending more time on MVPA and less 
time performing sedentary behaviours. 

Age was another predictor of sedentary behaviour and MVPA. The older children 
demonstrated higher levels of sedentary behaviour, while the younger children engaged in 
more MVPA. These fndings align with previous UK research, which has noted a decline 
in PA levels in both sexes by age 6–7 years [21]. One potential explanation highlighted 
in the larger study by John et al. [44] was the increased pressure teachers felt with the 
older children in terms of testing and having to complete work in books, which meant 
a shift from a play-based learning approach to a more formal and structured form of 
teaching. Additionally, as children reach the end of the Foundation Phase (age 7 years) and 
enter middle childhood, which was the case for some of the children in this study, they 
become more aware of their actual movement capabilities [13,14]. Those demonstrating 
low levels of motor competence perceive themselves as a less skilled mover; thus, they 
are less inclined to participate in PA, often opting for more sedentary behaviours [11,12]. 
With 67% of children at risk or exhibiting a movement diffculty, this potentially could be 
another reason why the older children spent more time performing sedentary behaviours. 

4.4. Limitations 

The sample size and use of convenience sampling was a limitation. Future research 
needs to consider a more randomised design with more participants covering different 
regions of the country. Another limitation was that the study only tracked the PA during 
the school day and for one week during the start of the school year. Future research should 
examine behaviours throughout the year and consider tracking PA outside of the school 
day to provide more insight. 

5. Conclusions 

In conclusion, our study highlights the intricate relationship between MC and PA 
among children in Wales. Despite the play-based approach of this early childhood cur-
riculum, the school day alone falls short of meeting the recommended 60 min of daily PA. 
The low levels of MC are also a concern, along with the age and sex disparities, which 
highlights the need for early targeted intervention that may minimise these disparities and 
health-related gaps. 

Our fndings support the importance of developing OC skills in early childhood and 
how they signifcantly predict both sedentary behaviour and MVPA. Jump performance 
was also a signifcant predictor of these variables. This warrants further exploration due 
to its simplicity and minimal equipment requirements, offering a promising avenue for 
future research and serving as a potential assessment tool. Further research is warranted 
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to examine whether early intervention for motor competence serves as an underlying 
mechanism driving physical activity behaviours, supplemented by longitudinal data. 

Overall, this study reinforces the importance of promoting PA and motor skill develop-
ment in early childhood, addressing sex disparities, and providing inclusive opportunities 
for PA and MC within school and community settings to support children’s holistic devel-
opment and well-being. Teacher training programs should include modules on promoting 
motor skill development and creating inclusive physical education environments that 
cater to the diverse needs and abilities of all children. Parents also play a crucial role in 
fostering motor skill development at home by providing opportunities for active play and 
exploration. By encouraging their children to engage in activities that challenge their motor 
skills, parents can help reinforce the skills learned in school and support their children’s 
physical development. By offering children opportunities to practice and refne these skills 
in supportive environments, educators and parents can lay the ‘base camp’ for a lifetime of 
physical activity and health [10,11]. 

From a policy perspective, our fndings highlight the importance of investing in 
comprehensive programmes and initiatives within education and the community that 
prioritise the development of MC in children for a lifetime of physical activity and health. 

Author Contributions: Conceptualization, A.J., N.W. and J.D.G.; methodology, A.J. and J.D.G.; 
software, A.J.; validation, A.J., N.W. and J.D.G.; formal analysis, A.J. and J.D.G.; investigation, 
A.J.; resources, A.J.; data curation, A.J.; writing—original draft preparation, A.J.; writing—review 
and editing, A.J., N.W. and J.D.G.; visualization, A.J.; supervision, N.W., J.D.G. and A.W.; project 
administration, A.J.; funding acquisition, N.W. and A.W. All authors have read and agreed to the 
published version of the manuscript. 

Funding: This project was part of a fully funded PhD through Knowledge Economy Skills Scholar-
ships (KESS 2) supported by European Social Funds (ESF) through the Welsh Government. 

Institutional Review Board Statement: This study was approved by the Ethical Committee (EC281, 
14 June 2018) of the University of Wales Trinity Saint David (UWTSD). 

Informed Consent Statement: Informed consent was sought frst from the head teachers and 
custodial caregiver of each child participating, and verbal assent was obtained from each child 
during testing. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. The data are not publicly available to protect the privacy of the participants. 

Conficts of Interest: The authors declare no conficts of interest. 

References 
1. WHO. WHO Guidelines on Physical Activity and Sedentary Behaviour; World Health Organization: Geneva, Switzerland, 2020. 

Available online: https://www.who.int/publications/i/item/9789240015128 (accessed on 11 April 2024). 
2. Aubert, S.; Barnes, J.D.; Demchenko, I.; Hawthorne, M.; Abdeta, C.; Nader, P.A.; Sala, J.C.A.; Aguilar-Farias, N.; Aznar, S.; Bakalár, 

P.; et al. Global Matrix 4.0 Physical Activity Report Card Grades for Children and Adolescents: Results and Analyses From 
57 Countries. J. Phys. Act. Health 2022, 19, 700–728. [CrossRef] [PubMed] 

3. WHO. WHO Global Status Report on Physical Activity 2022; World Health Organization: Geneva, Switzerland, 2022. Available 
online: https://iris.who.int/bitstream/handle/10665/363607/9789240059153-eng.pdf?sequence=1 (accessed on 11 April 2024). 

4. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Global trends in insuffcient physical activity among adolescents: A pooled 
analysis of 298 population-based surveys with 1·6 million participants. Lancet Child Adolesc. Health 2020, 4, 23–35. [CrossRef] 

5. Edwards, L.C.; Tyler, R.; Blain, D.; Bryant, A.; Canham, N.; Carter-Davies, L.; Clark, C.; Evans, T.; Greenall, C.; Hobday, J.; et al. 
Results from Wales’ 2018 Report Card on Physical Activity for Children and Youth. J. Phys. Act. Health 2018, 15, S430–S432. 
[CrossRef] [PubMed] 

6. Richards, A.B.; Mackintosh, K.A.; Swindell, N.; Ward, M.; Marchant, E.; James, M.; Edwards, L.C.; Tyler, R.; Blain, D.; Wainwright, 
N.; et al. WALES 2021 Active Healthy Kids (AHK) Report Card: The Fourth Pandemic of Childhood Inactivity. Int. J. Environ. Res. 
Public Health 2022, 19, 8138. [CrossRef] [PubMed] 

7. Goodway, J.D.; Ozmun, J.C.; Gallahue, D.L. Understanding Motor Development: Infants, Children, Adolescents, Adults; Jones & 
Bartlett Learning: Burlington, MA, USA, 2019. 

8. Bolger, L.E.; Bolger, L.A.; O’Neill, C.; Coughlan, E.; O’Brien, W.; Lacey, S.; Burns, C.; Bardid, F. Global levels of fundamental motor 
skills in children: A systematic review. J. Sports Sci. 2021, 39, 717–753. [CrossRef] [PubMed] 

https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.1123/jpah.2022-0456
https://www.ncbi.nlm.nih.gov/pubmed/36280233
https://iris.who.int/bitstream/handle/10665/363607/9789240059153-eng.pdf?sequence=1
https://doi.org/10.1016/s2352-4642(19)30323-2
https://doi.org/10.1123/jpah.2018-0544
https://www.ncbi.nlm.nih.gov/pubmed/30475120
https://doi.org/10.3390/ijerph19138138
https://www.ncbi.nlm.nih.gov/pubmed/35805795
https://doi.org/10.1080/02640414.2020.1841405
https://www.ncbi.nlm.nih.gov/pubmed/33377417


Children 2024, 11, 629 13 of 14 

9. Seefeldt, V. Developmental motor patterns: Implications for elementary school physical education. Psychol. Mot. Behav. Sport 
1980, 36, 314–323. 

10. Clark, J.E.; Metcalfe, J.S. The mountain of motor development: A metaphor. Mot. Dev. Res. Rev. 2002, 2, 183–202. 
11. Stodden, D.F.; Goodway, J.D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E. A developmental 

perspective on the role of motor skill competence in physical activity: An emergent relationship. Quest 2008, 60, 290–306. 
[CrossRef] 

12. Robinson, L.E.; Stodden, D.F.; Barnett, L.M.; Lopes, V.P.; Logan, S.W.; Rodrigues, L.P.; D’Hondt, E. Motor Competence and its 
Effect on Positive Developmental Trajectories of Health. Sports Med. 2015, 45, 1273–1284. [CrossRef] 

13. Harter, S. The Construction of the Self: A Developmental Perspective; Guilford Press: New York, NY, USA, 1999. [CrossRef] 
14. Harter, S.; Pike, R. The Pictorial Scale of Perceived Competence and Social Acceptance for Young Children. Child Dev. 1984, 55, 

1969–1982. [CrossRef] 
15. Lopes, V.P.; Stodden, D.F.; Bianchi, M.M.; Maia, J.A.; Rodrigues, L.P. Correlation between BMI and motor coordination in children. 

J. Sci. Med. Sport 2012, 15, 38–43. [CrossRef] [PubMed] 
16. Herrmann, C.; Heim, C.; Seelig, H. Construct and correlates of basic motor competencies in primary school-aged children. J. Sport 

Health Sci. 2019, 8, 63–70. [CrossRef] [PubMed] 
17. Cattuzzo, M.T.; dos Santos Henrique, R.; Ré, A.H.N.; de Oliveira, I.S.; Melo, B.M.; de Sousa Moura, M.; de Araújo, R.C.; Stodden, 

D. Motor competence and health related physical ftness in youth: A systematic review. J. Sci. Med. Sport 2016, 19, 123–129. 
[CrossRef] [PubMed] 

18. Lubans, D.R.; Morgan, P.J.; Cliff, D.P.; Barnett, L.M.; Okely, A.D. Fundamental movement skills in children and adolescents: 
Review of associated health benefts. Sports Med. 2010, 40, 1019–1035. [CrossRef] [PubMed] 

19. Haapala, E.A. Cardiorespiratory Fitness and Motor Skills in Relation to Cognition and Academic Performance in Children—A 
Review. J. Hum. Kinet. 2013, 36, 55–68. [CrossRef] [PubMed] 

20. Jones, D.; Innerd, A.; Giles, E.L.; Azevedo, L.B. The Association between Physical Activity, Motor Skills and School Readiness in 
4–5-Year-Old Children in the Northeast of England. Int. J. Environ. Res. Public Health 2021, 18, 11931. [CrossRef] [PubMed] 

21. Farooq, M.A.; Parkinson, K.N.; Adamson, A.J.; Pearce, M.S.; Reilly, J.K.; Hughes, A.R.; Janssen, X.; Basterfeld, L.; Reilly, J.J. 
Timing of the decline in physical activity in childhood and adolescence: Gateshead Millennium Cohort Study. Br. J. Sports Med. 
2018, 52, 1002–1006. [CrossRef] 

22. Burns, R.D.; Kim, Y.; Byun, W.; Brusseau, T.A. Associations of School Day Sedentary Behavior and Physical Activity with Gross 
Motor Skills: Use of Compositional Data Analysis. J. Phys. Act. Health 2019, 16, 811–817. [CrossRef] [PubMed] 

23. Duff, C.; Issartel, J.; Brien, W.O.; Belton, S. Physical Activity and Fundamental Movement Skills of 3- to 5-Year-Old Children in 
Irish Preschool Services. J. Mot. Learn. Dev. 2019, 7, 354–373. [CrossRef] 

24. Webster, E.K.; Zhang, R.; Martin, C.K.; Staiano, A.E. Fundamental motor skills, screen-time, and physical activity in preschoolers. 
J. Sport Health Sci. 2019, 8, 114–121. [CrossRef] 

25. Jones, D.; Innerd, A.; Giles, E.L.; Azevedo, L.B. Association between fundamental motor skills and physical activity in the early 
years: A systematic review and meta-analysis. J. Sport Health Sci. 2020, 9, 542–552. [CrossRef] 

26. Xin, F.; Chen, S.-T.; Clark, C.; Hong, J.-T.; Liu, Y.; Cai, Y.-J. Relationship between Fundamental Movement Skills and Physical 
Activity in Preschool-aged Children: A Systematic Review. Int. J. Environ. Res. Public Health 2020, 17, 3566. [CrossRef] 

27. Welsh Government. Curriculum for Wales: Foundation Phase Framework; Welsh Government: Cardiff, UK, 2015. Available online: 
https://hwb.gov.wales/api/storage/d5d8e39c-b534-40cb-a3f5-7e2e126d8077/foundation-phase-framework.pdf (accessed on 
11 April 2024). 

28. Wainwright, N.; Goodway, J.; Whitehead, M.; Williams, A.; Kirk, D. Laying the foundations for physical literacy in Wales: The 
contribution of the Foundation Phase to the development of physical literacy. physical Educ. Sport Pedagog. 2018, 23, 431–444. 
[CrossRef] 

29. Logan, S.W.; Robinson, L.E.; Wilson, A.E.; Lucas, W.A. Getting the fundamentals of movement: A meta-analysis of the effectiveness 
of motor skill interventions in children. Child Care Health Dev. 2012, 38, 305–315. [CrossRef] [PubMed] 

30. Goodway, J.D.; Branta, C.F. The Original Table of Contents and Editorial Board. Res. Q. Exerc. Sport 2003, 74, 36–46. [CrossRef] 
31. Robinson, L.E.; Goodway, J.D. Instructional climates in preschool children who are at-risk. Part I: Object-control skill development. 

Res. Q. Exerc. Sport 2009, 80, 533–542. [CrossRef] 
32. Valentini, N.C.; Rudisill, M.E. An Inclusive Mastery Climate Intervention and the Motor Skill Development of Children with and 

Without Disabilities. Adapt. Phys. Act. Q. 2004, 21, 330–347. [CrossRef] 
33. Valentini, N.C.; Rudisill, M.E. Motivational climate, motor skills development, and perceived competence: Two studies of 

developmental delayed kindergarten children. J. Teach. Phys. Educ. 2004, 23, 216–234. [CrossRef] 
34. Valentini, N.C.; Pierosan, L.; Rudisill, M.E.; Hastie, P.A. Mastery and exercise play interventions: Motor skill development and 

verbal recall of children with and without disabilities. Phys. Educ. Sport Pedagog. 2017, 22, 349–363. [CrossRef] 
35. Morgan, P.J.; Barnett, L.M.; Cliff, D.P.; Okely, A.D.; Scott, H.A.; Cohen, K.E.; Lubans, D.R. Fundamental Movement Skill 

Interventions in Youth: A Systematic Review and Meta-analysis. PEDIATRICS 2013, 132, e1361–e1383. [CrossRef] 
36. Barnett, L.M.; Lai, S.K.; Veldman, S.L.C.; Hardy, L.L.; Cliff, D.P.; Morgan, P.J.; Zask, A.; Lubans, D.R.; Shultz, S.P.; Ridgers, N.D.; 

et al. Correlates of Gross Motor Competence in Children and Adolescents: A Systematic Review and Meta-Analysis. Sports Med. 
2016, 46, 1663–1688. [CrossRef] [PubMed] 

https://doi.org/10.1080/00336297.2008.10483582
https://doi.org/10.1007/s40279-015-0351-6
https://doi.org/10.26522/brocked.v9i1.336
https://doi.org/10.1111/j.1467-8624.1984.tb03895.x
https://doi.org/10.1016/j.jsams.2011.07.005
https://www.ncbi.nlm.nih.gov/pubmed/21831708
https://doi.org/10.1016/j.jshs.2017.04.002
https://www.ncbi.nlm.nih.gov/pubmed/30719385
https://doi.org/10.1016/j.jsams.2014.12.004
https://www.ncbi.nlm.nih.gov/pubmed/25554655
https://doi.org/10.2165/11536850-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21058749
https://doi.org/10.2478/hukin-2013-0006
https://www.ncbi.nlm.nih.gov/pubmed/23717355
https://doi.org/10.3390/ijerph182211931
https://www.ncbi.nlm.nih.gov/pubmed/34831685
https://doi.org/10.1136/bjsports-2016-096933
https://doi.org/10.1123/jpah.2018-0549
https://www.ncbi.nlm.nih.gov/pubmed/31357260
https://doi.org/10.1123/jmld.2018-0041
https://doi.org/10.1016/j.jshs.2018.11.006
https://doi.org/10.1016/j.jshs.2020.03.001
https://doi.org/10.3390/ijerph17103566
https://hwb.gov.wales/api/storage/d5d8e39c-b534-40cb-a3f5-7e2e126d8077/foundation-phase-framework.pdf
https://doi.org/10.1080/17408989.2018.1455819
https://doi.org/10.1111/j.1365-2214.2011.01307.x
https://www.ncbi.nlm.nih.gov/pubmed/21880055
https://doi.org/10.1080/02701367.2003.10609085
https://doi.org/10.1080/02701367.2009.10599591
https://doi.org/10.1123/apaq.21.4.330
https://doi.org/10.1123/jtpe.23.3.216
https://doi.org/10.1080/17408989.2016.1241223
https://doi.org/10.1542/peds.2013-1167
https://doi.org/10.1007/s40279-016-0495-z
https://www.ncbi.nlm.nih.gov/pubmed/26894274


Children 2024, 11, 629 14 of 14 

37. Malina, R.M. Motor Development during Infancy and Early Childhood: Overview and Suggested Directions for Research. Int. J. 
Sport Health Sci. 2004, 2, 50–66. [CrossRef] 

38. Barnett, L.M.; Morgan, P.J.; Van Beurden, E.; Beard, J.R. Perceived sports competence mediates the relationship between childhood 
motor skill profciency and adolescent physical activity and ftness: A longitudinal assessment. Int. J. Behav. Nutr. Phys. Act. 2008, 
5, 40. [CrossRef] [PubMed] 

39. Barnett, L.M.; Van Beurden, E.; Morgan, P.J.; Brooks, L.O.; Beard, J.R. Childhood Motor Skill Profciency as a Predictor of 
Adolescent Physical Activity. J. Adolesc. Health 2009, 44, 252–259. [CrossRef] [PubMed] 

40. Fisher, A.; Smith, L.; van Jaarsveld, C.H.; Sawyer, A.; Wardle, J. Are children’s activity levels determined by their genes or 
environment? A systematic review of twin studies. Prev. Med. Rep. 2015, 2, 548–553. [CrossRef] [PubMed] 

41. Agard, B.; Zeng, N.; McCloskey, M.L.; Johnson, S.L.; Bellows, L.L. Moving Together: Understanding Parent Perceptions Related to 
Physical Activity and Motor Skill Development in Preschool Children. Int. J. Environ. Res. Public Health 2021, 18, 9196. [CrossRef] 
[PubMed] 

42. Famelia, R.; Tsuda, E.; Bakhtiar, S.; Goodway, J.D. Relationships Among Perceived and Actual Motor Skill Competence and 
Physical Activity in Indonesian Preschoolers. J. Mot. Learn. Dev. 2018, 6, S403–S423. [CrossRef] 

43. Johnstone, A.; Hughes, A.R.; Bonnar, L.; Booth, J.N.; Reilly, J.J. An active play intervention to improve physical activity and 
fundamental movement skills in children of low socio-economic status: Feasibility cluster randomised controlled trial. Pilot 
Feasibility Stud. 2019, 5, 45. [CrossRef] [PubMed] 

44. John, A. The Effectiveness of the Professional Developments of Successful Kinaesthetic Instruction for Pre-Schoolers (SKIP)—Cymru 
on Foundation Phase Teachers and the Impact It Has on Children’s Motor Competence, Perceived Motor Competence and Physical 
Activity Levels. Ph.D. Dissertation, The University of Wales Trinity Saint David, Carmarthen, UK, 2021. 

45. Hulteen, R.M.; True, L.; Pfeiffer, K.A. Differences in associations of product- and process-oriented motor competence assessments 
with physical activity in children. J. Sports Sci. 2019, 38, 375–382. [CrossRef] [PubMed] 

46. Logan, S.W.; Barnett, L.M.; Goodway, J.D.; Stodden, D.F. Comparison of performance on process- and product-oriented assess-
ments of fundamental motor skills across childhood. J. Sports Sci. 2017, 35, 634–641. [CrossRef] 

47. Ulrich, D. Test of Gross Motor Development (TGMD-2), 2nd ed.; The Psychological Corporation: Austin, TX, USA, 2000. 
48. Henderson, S.E.; Sugden, D.; Barnett, A.L. Movement Assessment Battery for Children-2; Psychological Corporation: London, 

UK, 2007. [CrossRef] 
49. West, S.L.; Gassas, A.; Schechter, T.; Egeler, R.M.; Nathan, P.C.; Wells, G.D. Exercise Intolerance and the Impact of Physical Activity 

in Children Treated with Hematopoietic Stem Cell Transplantation. Pediatr. Exerc. Sci. 2014, 26, 358–364. [CrossRef] [PubMed] 
50. True, L.; Brian, A.; Goodway, J.; Stodden, D. Relationships between product- and process-oriented measures of motor competence 

and perceived competence. J. Mot. Learn. Dev. 2017, 5, 319–335. [CrossRef] 
51. Cohen, L.; Manion, L.; Morrison, K. Research Methods in Education, 8th ed.; Routledge: London, UK, 2008. [CrossRef] 
52. Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of physical activity for 

children. J. Sports Sci. 2008, 26, 1557–1565. [CrossRef] [PubMed] 
53. Choi, L.; Liu, Z.; Matthews, C.E.; Buchowski, M.S. Validation of Accelerometer Wear and Nonwear Time Classifcation Algorithm. 

Med. Sci. Sports Exerc. 2011, 43, 357–364. [CrossRef] 
54. Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr. Obes. 

2012, 7, 284–294. [CrossRef] 
55. British Educational Research Association (BERA). Ethical Guidelines for Educational Research, 4th ed.; BERA: London, UK, 2018. 

Available online: https://www.bera.ac.uk/publication/ethical-guidelines-for-educational-research-2018 (accessed on 11 April 2024). 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

https://doi.org/10.5432/ijshs.2.50
https://doi.org/10.1186/1479-5868-5-40
https://www.ncbi.nlm.nih.gov/pubmed/18687148
https://doi.org/10.1016/j.jadohealth.2008.07.004
https://www.ncbi.nlm.nih.gov/pubmed/19237111
https://doi.org/10.1016/j.pmedr.2015.06.011
https://www.ncbi.nlm.nih.gov/pubmed/26844116
https://doi.org/10.3390/ijerph18179196
https://www.ncbi.nlm.nih.gov/pubmed/34501785
https://doi.org/10.1123/jmld.2016-0072
https://doi.org/10.1186/s40814-019-0427-4
https://www.ncbi.nlm.nih.gov/pubmed/30915229
https://doi.org/10.1080/02640414.2019.1702279
https://www.ncbi.nlm.nih.gov/pubmed/31847740
https://doi.org/10.1080/02640414.2016.1183803
https://doi.org/10.1037/t55281-000
https://doi.org/10.1123/pes.2013-0156
https://www.ncbi.nlm.nih.gov/pubmed/24721685
https://doi.org/10.1123/jmld.2016-0042
https://doi.org/10.4324/9781315456539
https://doi.org/10.1080/02640410802334196
https://www.ncbi.nlm.nih.gov/pubmed/18949660
https://doi.org/10.1249/mss.0b013e3181ed61a3
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://www.bera.ac.uk/publication/ethical-guidelines-for-educational-research-2018

	Introduction 
	Materials and Methods 
	Context and Participants 
	Instrumentation 
	TGMD 
	Movement ABC 
	Standing Long Jump 
	Physical Activity Measures 
	Anthropometric Measures 

	Procedures 
	Data Analysis 

	Results 
	Levels of Physical Activity and Motor Competence 
	Sex Differences in Physical Activity and Motor Competence 
	Predictors of School-Day Physical Activity 

	Discussion 
	Levels of Physical Activity and Motor Competence 
	Sex Differences in Physical Activity and Motor Competence 
	Predictors of School-Day Physical Activity 
	Limitations 

	Conclusions 
	References



