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Background: Decades of research, largely from associational studies, show that the
relationships of movement proficiency with the cognitive and social aspects of development
are particularly strong in early childhood. Children who move proficiently tend to have
better cognitive skills and social behaviors. However, the mechanisms that underpin these
relationships remain unclear and research that explores causation is necessary. This study
will explore the antecedent role of movement proficiency in the cognitive and social
domains of child development, by examining whether a targeted movement skills training
program facilitates improvements in cognitive and social skills.

Methods: A group-randomized controlled trial will be conducted, implementing a
fundamental movement skills training program in Hong Kong kindergartens. Participants
will consist of children aged 3-5 years (N = 158) who will be randomly allocated by class
to either a training or active control condition. The training program (10 weeks x 2 bouts)
will be informed by an error-reduced approach to skills learning, which will involve careful
design and manipulation of equipment and training environment to minimize practice
errors. The active control condition will consist of typical movement activities implemented
in the kindergartens in the context of the local curriculum guide. Outcomes will be measured
using standardized tests of gross motor skills proficiency, executive functioning, and social
skills. Measurements will occur at baseline, mid-training, post-training, and follow-up.
Latent variable longitudinal modeling will be used to analyze changes in the outcomes,
with covariates that include sex, body composition, fine motor skills, and physical activity.

Expected Results: The findings will subsequently be reported consistent with the
Consolidated Standards of Reporting Trials (CONSORT) statement. Contributions to
knowledge and understanding of child development are expected, through evidence of
causal mechanisms surrounding the relationship of motor with cognitive and social
development. The findings will also inform policy and practice related to early childhood
development and education.

Keywords: gross motor skills, executive function, social behavior, movement training, early childhood

Frontiers in Psychology | www.frontiersin.org

1 July 2021 | Volume 12 | Article 678874


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2021.678874﻿&domain=pdf&date_stamp=2021--xx
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2021.678874
https://creativecommons.org/licenses/by/4.0/
mailto:ccapio@eduhk.hk
https://doi.org/10.3389/fpsyg.2021.678874
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.678874/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.678874/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.678874/full

Capio et al.

Movement Proficiency as an Antecedent

INTRODUCTION

A child who is proficient at moving is enabled to interact
with the environment in increasingly complex ways. Early on,
Piaget (1963) noted that motor skills influence the number
and types of opportunities for children to interact with others.
From a dynamic systems perspective (Thelen and Smith 1996;
Thelen, 2005), a relatively small change in motor
development - enabled by such interactions - can have an
escalating impact on social and cognitive functions.

Motor skills are key contributors to children’s ability to play
and interact with others, therefore influencing their later social
standing with peers. For instance, poor gross motor skills have
been related to weakness in emotion comprehension in early
childhood (Piek et al, 2008a). Longitudinal studies have also
shown that motor skills at the age of five to six years predicted
adaptation and social behaviors in school one year later (Bart
et al, 2007); motor skills at the age of six to seven years
influenced social status among peers at nine to ten years
(Ommundsen et al., 2010). This could be related to the observation
that social play is reduced and social reticence is heightened
in children with poor motor skills (Bar-Haim and Bart, 2006).
Early peer acceptance is also known to be related to adult
adjustment (Bagwell et al., 1998) and later academic achievement
(Wentzel and Caldwell, 1997), suggesting that there may be long-
term consequences to the risks that poor motor skills in early
childhood pose on psychosocial development. This highlights
the importance of investing in motor skills development in early
childhood to mitigate future wellbeing problems.

Gross motor skills in early childhood have also been shown
to be associated with cognitive development (Veldman et al.,
2019) and to predict levels of cognitive processing later in life
(Murray et al., 2006; Piek et al., 2008b). From longitudinal
studies, early gross motor skills have been shown to predict
cognitive efficiency (Lopes et al., 2013; Haapala et al., 2014)
and academic achievement in subsequent school transition
(Niederer et al, 2011; Roebers et al, 2014). A review of
intervention programs suggested that increasing the amount
of physical and movement activities might generate improvements
in executive functioning of school-aged children (Diamond
and Ling, 2016). However, the mechanisms through which
movement-based interventions can improve executive function
have yet to be fully understood.

Executive function is an umbrella term that refers to a set
of higher order cognitive processes (e.g., inhibitory control,
working memory, and cognitive flexibility) that are associated
with the prefrontal cortex area of the brain (Hughes and Ensor,
2011). Core components of executive function develop during
early childhood, forming a critical foundation for subsequent
development of cognitive processes in adulthood (Garon et al.,
2008). McClelland and Cameron (2019) highlighted that both
executive function and motor skills are foundational skills that
should be nurtured during early childhood. The years from
three to five make up an important period in the development
of executive function (Garon et al., 2008) and would presumably
be the ideal age to examine whether they can be enhanced
alongside motor enrichment.

The relationship between motor skills and other developmental
domains appears to be strongest during the early years of life
(Libertus and Hauf, 2017). This suggests that a robust foundation
of movement proficiency in early childhood may be a critical
antecedent to the development of other domains. However,
the state of evidence, as discussed above, has been largely
drawn from associational studies; there is a knowledge gap
that limits our understanding of the mechanisms through which
the movement proficiency influences the other domains of
child development. Experimental designs are needed to reveal
the underlying mechanisms or processes that drive development
and establish causal relationships (Getchell et al., 2020).

Previous experimental studies that examined the impact of
movement-focused programs on other developmental domains
have tended to focus on primary school-aged children. For
instance, a group-randomized physical education intervention
involved children aged 5 to 10 years (Pesce et al, 2016).
Improved motor coordination was accompanied by gains in
executive functioning and attention, but only when children
engaged in physical activity on their own. In contrast, an after-
school program for early primary school children that trained
fundamental movement skills did not yield significant benefits
in cognitive functions (Lee et al., 2020). It was noted that the
sample size of this other study was relatively small, and cognitive
functioning was measured with a parent-proxy report.

There have been relatively limited intervention studies in
pre-primary school-aged children. One such study in
South Africa found that a community-based movement program
was beneficial for both gross motor skills and cognitive
functioning among children aged three to six years from
disadvantaged communities (Draper et al., 2012). The researchers
speculated that improvements in both cognitive functioning
and gross motor skills could simply be attributed to the general
stimulation afforded by participating in the program, considering
the general lack of space and resources for activities prior to
implementation of the program. The extent to which movement
training contributed to improvements in cognitive functioning
remained unclear, and the mechanisms that facilitated the
improved motor skills and cognitive functioning were unexplored.
It is therefore necessary that experimental studies that implement
movement skills training are conducted in which mechanisms
and interacting factors can be examined (Getchell et al., 2020).

Movement Skills Training of Children

Skills, such as locomotor and object manipulation, are not
acquired innately as children grow up (Clark, 2005). Instead,
planned programs are needed to facilitate the skills acquisition
during early childhood (Logan et al, 2012). How should
movement skills be trained in early childhood? Masters et al.
(2013) suggested that the stage learning models of motor skill
acquisition (Fitts and Posner, 1967) seem inappropriate during
early childhood. Stage models suggest that a learner goes
through an initial cognitive stage when learning motor skills
during which methods to perform movements successfully are
formulated, and the validity of perceived feedback is judged.
In this stage, there is heavy reliance on cognitive resources
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and language ability to process and formulate rules and methods
for movement performance; cognitive and verbal engagement
is reduced later after extensive practice. Considering that
cognitive resources and language skills are not fully developed
in early childhood, it is unlikely that initiating a cognitive
stage of skill learning as described above would be ideal for
children at this stage.

In training motor skills during early childhood, it is therefore
necessary to consider that skills may be best acquired through
less engagement of verbal processes (e.g., instructions and
rules). Masters and colleagues have developed this approach
under the label of implicit motor learning (Masters, 1992; see
Masters et al., 2019, for a recent review). Neurocognitive research
has shown that young children tend to rely more on visual
codes and less on verbal labels (Alloway et al., 2006) and rely
less on executive resources when performing dual tasks compared
to older children (Ang and Lee, 2010). Grounded on this
evidence, an approach to training motor skills wherein practice
errors are minimized may be suitable during early childhood.

When learners commit practice errors, they seek alternative
movement solutions, form rules to support successful performance,
and consequently draw upon their working memory resources
(Maxwell et al., 2001). On the contrary, when practice errors are
minimized, motor skills are learnt with less reliance on cognitive
resources, which is suitable for children whose cognitive functions
are still developing (Capio et al., 2012). This is the basis of the
error-reduced approach, which has been shown to improve gross
motor skills proficiency of children without dependence on short-
term memory capacity (Capio and Eguia, 2020).

In earlier work, the error-reduced approach was tested
specifically in the training of overhand throwing by children
(Capio et al., 2013a). Practice errors were limited in the initial
stage of learning by incrementally manipulating task difficulty
(i.e, throwing at targets that were large enough to ensure
high success rates). Movement performance was found to
improve; children displayed the ability to engage in a secondary
cognitive task (i.e., counting backward) without it disrupting
movement performance. This suggested that movement
performance was not dependent on cognitive resources. The
findings were replicated in children with cognitive limitations
(Capio et al, 2013b), providing further evidence that this
approach is relatively less reliant on cognitive resources.
Interestingly, children who trained with an error-reduced
approach manifested a greater increase in spontaneous throwing
activity during free play. Capio et al. (2013b) suggested that
greater experiences of success during practice facilitated
subsequent sustained engagement and motivation; these two
factors have been shown to mediate the positive effect of
movement training on cognitive development (Pesce et al.,
2016). As such, the error-reduced training could be an approach
that not only improves movement performance but also aids
cognitive development. Greater experience of success during
practice has been associated with enhanced self-efficacy (Muller
and Roder, 2010), which suggests that it could contribute to
psychosocial development in early childhood. While converging
evidence from studies involving children of different abilities
(i.e., Maxwell et al., 2017; Capio et al, 2018) has indicated

the value of an error-reduced approach to motor skills training,
the potential effects on cognitive and social development have
yet to be verified.

Research Gap and the Present Study

It is evident that movement skills proficiency plays a crucial
role in optimal cognitive and social development in early
childhood. Children who have proficient motor skills tend to
have positive outcomes in a number of child development
domains. The evidence to date, however, has been largely drawn
from studies of association, and the mechanisms underlying
the apparent relationships between the motor domain and other
domains of development continues to be poorly understood
(Libertus and Hauf, 2017). With limited evidence from
intervention studies, the antecedent role of movement proficiency
in child development is an area that needs further exploration.
It remains unclear whether enhanced movement proficiency
can directly impact cognitive and social development in early
childhood, or whether all developmental domains are similarly
influenced by factors, such as general stimulation or the early
childhood education environment.

From a theoretical perspective, it has been noted that motor
development has been relatively neglected when trying to
understand childhood behaviors (Rosenbaum, 2005; Iverson, 2010),
even though movement enables exploration and expression. This
may be due in part to limited evidence from robust experimental
designs, which this present study aims to address. The aim of
this study is to examine whether improved movement proficiency
leads to benefits in the cognitive and social domains of child
development. A fundamental movement skill training program,
using the error-reduced learning approach, will be implemented
and compared with typical kindergarten activities (i.e., active
control). It is hypothesized that significant and meaningful
improvements will be observed in gross motor skills proficiency
from baseline to immediate and delayed time points following
training; improvements will be greater among those in an error-
reduced condition compared to those in the active control group.
It is further hypothesized that improvements will be found in
executive functioning and social competence from baseline to
immediate and delayed time points following training;
improvements will be greater for those who displayed larger
gains in gross motor skills proficiency. Executive functions will
be based on standardized tests of inhibitory control and working
memory, while social competence will be based on standardized
reports by teachers. Factors that could influence the main variables
of interest will be accounted for.

MATERIALS AND METHODS

Context and Design

The study will be implemented in Hong Kong, where children
aged three to five years attend kindergarten classes. All local
kindergartens follow the same curriculum which stipulates a
learning area of physical fitness and health, inclusive of fundamental
movement skills development (Curriculum Development Council,
2017). This is a two-arm (training vs. active control),
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group-randomized intervention study that is situated in the
kindergarten setting; the intervention will be delivered in
partnership with teachers.

Participants

A purposive sampling approach will be taken with the following
inclusion criteria for participants: Children (1) aged three to
five years, (2) enrolled in a local kindergarten within the same
territory as the research center (i.e., New Territories and Hong
Kong), and (3) have no diagnosed neurodevelopmental, medical,
or orthopedic condition that is contraindicated to moderate
intensity physical activity or that requires special educational
needs support. In previous research, a six-week gross motor
skills training program led to improved motor proficiency, with
effect sizes ranging from 0.28 to 0.45 (Brian and Taunton,
2018). Taking a conservative approach, it was calculated that
to achieve 80% power (two-tailed alpha at 0.05), with an effect
size of 0.28, and accounting for between-group and within-
group interactions, a total sample of 144 is required to compare
two groups (i.e., training and control) at four testing points.
Accounting for 10% potential attrition rate, 79 participants
per group (N = 158) will be recruited. The participants will
be randomly allocated as a group (i.e., one intact kindergarten
class) to either training or active control. Typical kindergarten
classes in Hong Kong have about 20 to 30 pupils; hence, three
to four classes will be allocated to each group (ie., training
and active control). To control for a cluster effect and
socioeconomic status being a potential confounder, we had
recruited a local kindergarten with at least eight kindergarten
classes from a middle-class area.

Procedures

Random allocation will be at group level because the intervention
is to be delivered in the context of kindergarten classes. Figure 1
illustrates the planned progress of participants through the
study, following the flow diagram recommended by the
Consolidated Standards of Reporting Trials (CONSORT; Schulz
et al., 2010). Following receipt of parental informed consent,
participants’ parents will be invited to complete a questionnaire
ascertaining background information about the child, including
typical daily activities and other learning (e.g., phonics and
music) and physical (e.g., after-school sports and cycling)
activities outside of the kindergarten. It is expected that parents
will take about 20 to 30 min to complete the questionnaire.
Measurement of covariate and outcome variables will
be conducted across four time points, with the training program
commencing after the first measurement (see Table 1 for
schedule of implementation).

Preliminary work was conducted with local kindergarten
teachers, which identified a number of key design considerations
for the movement training program. First, training will target
fundamental movement skills comprising: object control (i.e.,
throwing, catching, and kicking), locomotion (i.e., running,
jumping, and hopping), and stability (i.e., turning, rolling, and
balancing; Ulrich, 2000; Donnelly et al., 2017). These specific
skills were identified to be consistent with the expectations of

the curriculum guide for kindergartens in Hong Kong
(Curriculum Development Council, 2017). Second, 20-min
training sessions, three times per week, were deemed feasible
in the context of the typical programming of local kindergartens.
Third, the program duration was balanced to be both evidence-
informed and fit for the local context. Significant movement
skills improvement was evident following eight weeks of error-
reduced training (Capio et al, 2018) or six weeks of training
delivered by early childhood teachers (Brian et al., 2017).
However, it was noted that eight weeks of fundamental movement
skills training did not improve cognitive functioning of early
primary school children (Lee et al, 2020). Therefore, the
program duration in this study will be extended to enable
motor development (as opposed to skill acquisition). Working
around the school terms and breaks of the local curriculum,
a 10-week intervention was deemed feasible in each of the
two semesters of one school year. Finally, it was determined
that teachers will be trained to deliver the intervention, supported
by project assistants who had been trained in error-reduced
approach to fundamental movement skills training. This was
deemed an important consideration because teacher-led
interventions in early childhood settings have been shown to
benefit children (Jones et al., 2016). Teachers training will
consist of the knowledge base for the error-reduced learning
approach, the rationale for each lesson plan, and the performance
measures that would serve as the basis for progression.

Errors will be minimized by specifically manipulating
equipment size and training conditions, such that the initial
sessions are suitably easy to allow successful movement
performance. Progressive increments in task difficulty will follow
when each child in a class is able to display successful performance
>75% of the time at a task (e.g., task completion: 6 out of
8 attempts are successful). Equipment manipulation has been
shown to be feasible in field-based studies (e.g., Buszard et al.,
2014), and delivering error-reduced motor skills training in
class settings is feasible (Capio et al., 2015). Class-based training
activities were therefore designed in partnership with local
kindergarten teachers, where equipment and environment set-up,
procedures, and progressions were identified (see Table 2 for
a sample).

The active control group will participate in the typical
physical activities currently being implemented in their
kindergartens in the context of the local curriculum guide.
Details of the activities (including the parameters, such as
repetitions and bouts) completed during the study period will
be documented for both the active control and the training
group to ensure that activities are delivered as planned (ie.,
fidelity check). The instruction approach for the active control
groups will also be identified and documented (e.g.,
direct instruction).

Measures

To measure immediate and sustained effects of training on the
outcomes, assessments will be performed prior to training (baseline,
M1l), at the end of the first term (mid-training, M2), at the
end of the second term (post-training, M3), and four months
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[ Enrollment ]

Children assessed for eligibility
(Total N assessed to be reported)

Excluded (n to be reported)

+ Not meeting inclusion criteria
+ Declined to participate

+ Other reasons

Parent Questionnaire
+ Background and activities of children

,

v (
A=

Random Allocation
(by class)

Allocated to error-reduced training (target n=79)

+ Completed T1 and T2 of the program
respectively (n to be reported for each)

+ Did not complete T1 and T2 of the program
{reasons and n to be reported)

Allocated to active control {target n=79)

+ Completed T1 and T2 of active control
respectively (n to be reported for each)

+ Did not complete T1 and T2 of active control
(reasons and n to be reported)

v [ Measurements ] l
AN J
Participants tested at M1, M2, M3, M4 Participants tested at M1, M2, M3, M4
respectively (n to be reported for each and respectively {n to be reported for each and
reasons for those that were not tested) reasons for those that were not tested)
l [ Analysis ] v

Analysed (n to be reported)
+ Excluded from analysis
{reasons and n to be reported)

FIGURE 1 | Participants’ planned progress through the study.

Analysed (n to be reported)
+ Excluded from analysis
{reasons and n to be reported)

after the end of training (follow-up, M4). Participants’ performances
in the tests for fundamental movement skills, executive function,
and working memory will be recorded on videos and scored
post-hoc by designated research staff who were not involved in
the test administration (i.e., blinded to participants’ allocation
to training or active control groups). A random sample of video
recordings (i.e., 10%) will be scored by a second set of designated
research staff to establish inter-rater reliability.

Outcome: Gross Motor Skills

The standardized Test of Gross Motor Development - 3rd
Edition (TGMD-3; Ulrich, 2017, 2019) — will be used to measure
gross motor skills proficiency. TGMD measures gross motor
skills development of children (Ulrich, 2000) and had been
widely used in research and practice (e.g., Chow and Chan,

2011; Bandeira et al., 2020). TGMD-3 is the recently updated
version and had been found to have high levels of validity,
internal consistency, and reliability (Webster and Ulrich, 2017).

Test of Gross Motor Development-3 (Ulrich, 2019) consists
of two sub-scales: locomotor (run, gallop, skip, jump, hop, and
slide) and object control skills (two-hand strike, one-hand strike,
dribble, catch, kick, overhand throw, and underhand throw). For
each skill, the examiner will demonstrate the skill, after which
the child will perform one practice trial and two scored trials.
A skill is scored based on the presence (score of 1) or absence
(score of 0) of each criterion in every trial; the score for each
skill is the sum of all criteria scores from two trials. Depending
on the skill, performance criteria range from three to five across
skills. The highest possible raw scores for the locomotor and
object control sub-scales are 46 and 54, respectively (highest
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TABLE 1 | Schedule of measurements and training.

Measurement/Training M1 T M2 T2 M3 M4
Physical growth: height (cm) and body mass (kg) .

Gross motor skills proficiency o . . .
Fine motor skills . .
Physical activity and sedentary behavior o .
Executive function o . . .
Social competence . . . .
Intervention/active control . .

M1, baseline measurement; T1, term 1 training; M2, mid-training measurement; T2, term 2 training; M3, post-training measurement; and M4, follow-up measurement. Outcomes

are measured across all time points; covariates are measured only at baseline and follow-up.

TABLE 2 | Sample activity for the movement training program.

Skill Equipment/Set-up How

Progressions Performance measure

Hopping  Equipment
o Circle mats

* Masking tape or carpet
squares

double mats

® The children will take turns in hopping on
single mats and jumping on double mats.
Hopping will be practiced with both right

Setting

 Indoor or outdoor

e Set-up rows of three single ~ @nd left legs

mats and three double
mats

® The teacher will demonstrate hopping on
one leg through the row of single mats,
and jumping (two legs) through the row of

¢ Note that the focus is on hopping, but
jumping is included for activity variation

e |nitial session will be hopping on the
spot, while the children hold on to
support (hold on to shoulders of
classmates)

e Successful hopping on the
spot/in place at least 6 out of 8
trials in each bout to progress

e Successful hopping through a
full row of mats at least 3 out of
4 rounds to progress

¢ Hopping in place without holding on
to support
* Hop through the row of single mats in
pairs (children holding hands for
support).
® Hop through the row of single mats
individually
Equipment manipulations to further
increase task difficulty
e Increase the number of mats in a row

® Increase the distance between
consecutive mats

Group progression will take place when each child in a class is able to achieve >75% successful performance.

possible overall score is 100). Post-hoc scoring will be performed
by a rater with >5 years experience using TGMD for research
and clinical purposes. Raw sub-scale scores and total scores will
be analyzed as has been done in other studies (Allen et al., 2017;
Webster et al., 2019), particularly because the current normative
data is based on North American populations.

It is noted that TGMD-3 tests thirteen gross motor skills
(i.e., six locomotor and seven object control skills), while the
training program targets three skills each among the locomotor,
object control, and stability components of fundamental movement
skills; these were found to be consistent with the local curriculum
context. Because developmental progressions are typically found
between skills and between components of fundamental movement
skills (Donnelly et al., 2017), we expect that TGMD-3 will
be able to capture consequent changes following the
training program.

Outcome: Executive Function and Working
Memory

Executive function has been proposed to have two core
components: working memory and inhibitory control (Diamond,

2016). These two components, however, are relatively

undifferentiated in children aged three to five years, such that
they fall along a single factor and have been conceptualized
as a unitary construct (Nelson et al., 2017). As such, we will
measure executive function using the Head-Toes-Knees Shoulders
(HTKS), which is a validated task that taps both working
memory and inhibitory control (Cameron Ponitz et al., 2008,
2009; McClelland et al., 2014) and is compatible with the
undifferentiated nature of executive functioning in early
childhood (Garon et al, 2008). The HTKS had been found
to have excellent inter-rater reliability and internal consistency
in studies involving young children in Hong Kong (e.g., Chung,
2015; Chung et al,, 2017; Liu et al., 2018).

The HTKS is administered as a two-part game in which
children perform the opposite action to verbal commands.
The first part of the game involves two commands (i.e.,
“touch your head” and “touch your toes”) and the second
part of the game involves four commands (“touch your
head,” “touch your toes,” “touch your knees,” and “touch
your shoulders”). When a verbal command is given (e.g.,
“touch your toes”), the correct response by the child is
the opposite (e.g., child touches their head); the children
are asked to respond to the commands as fast as possible.
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There are four practice trials in each part of the game,
during which the examiner demonstrates the correct response
to each verbal command. There are 20 test trials, which
are scored as 0 (incorrect action), 1 (initially incorrect,
but self-corrected and finished the correct action), or 2
(correct action). As such, the total score ranges from 0 to
40. A ceiling rule will be applied, in which a child must
earn at least four points in part one in order to progress
to part two (Liu et al, 2018).

As the advantages of the error-reduced learning approach
are believed to be associated with its relative lack of dependence
on working memory (Maxwell et al., 2001), visuospatial
and verbal working memory will also be measured.
Visuospatial working memory will be measured using the
backward Corsi block task (Pagulayan et al., 2006), and
verbal working memory will be measured using the backward
digit recall test (Alloway and Archibald, 2008). Backward
tasks measure working memory because they require the
storage of information while additional cognitive processing
is required by reversing the sequence. Both of these tests
have been used in studies of children (e.g., Bull et al,
2008; Gade et al., 2017; Capio et al.,, 2018). In the Corsi
block task, the examiner taps on a sequence of cubes, while
the child watches; the child will then be asked to tap the
cubes in reverse sequence. The length of the sequence will
start at two items, increasing by one cube after two trials
at each length until the child fails to correctly reproduce
the reversed sequence on two trials of the same length.
In the digit recall test, the examiner will read a sequence
of numbers starting from two items, and the child will
be asked to recite the digit sequence in reverse. The length
of the number sequence is increased by one item after two
trials at each length, until the participant fails to recite
the reversed sequence correctly on the two trials of the
same length. A score of 1 will be given for every trial in
which the child correctly taps or recites the sequence in
reverse; the sum of scores represents the visuospatial and
verbal working memory scores, respectively. The longest
sequence that the participant tapped or recited in reverse
represents the visuospatial and verbal working memory
spans, respectively.

Outcome: Social Competence

Teachers will be asked to rate each child’s social competence
in the classroom using the Social Competence and Behavior
Evaluation Short Form (SCBE-30; LaFreniere and Dumas,
1996). The SCBE-30 is a validated measure of children’s
affect modulation capacity, which includes 30 items that
are rated on a 6-point Likert-type scale (1 is never and 6
is always). The items make up three subscales: anger-
aggression (e.g., easily frustrated), anxiety-withdrawal (e.g.,
uneasy in a group), and social competence (e.g., takes
pleasure in own accomplishment). The minimum raw score
is 10, and the maximum score is 60 in each subscale. The
SCBE-30 has been used in studies involving teachers of
young children in Hong Kong and has been found to have

good reliability and internal consistency (e.g., Chiu and
Lau, 2018; Lam and Wong, 2018).

Covariates

Baseline measurements of height (cm) and body mass (kg)
will be taken using standard portable stadiometer (SECA
213, SECA GmbH & Co. KG, Hamburg, Germany) and
weighing scale (Tanita BF679W, Tanita Corporation, Tokyo,
Japan), respectively, to calculate body composition. Fine
motor skills proficiency will be assessed at baseline and at
follow-up as a covariate because it has been shown to
mediate the correlation between gross motor skills and
cognitive development (Davis et al, 2011). A systematic
review has also shown that fine motor skills are associated
with working memory (van der Fels et al., 2015). The fine
motor sub-scale of the Hong Kong Early Child Development
Scale (Rao et al., 2013) will be used. Physical activity and
sedentary behavior of participants will also be assessed at
baseline and at follow-up as a covariate because these have
been shown to be associated with motor proficiency of
children (Logan et al., 2014). Further, Pesce et al. (2016)
identified physical activity outside of school as a factor
that mediates the effect of movement skills training on
cognitive functions. Selected items from the parent-proxy
Children’s Physical Activity Questionnaire (CPAQ; Corder
et al.,, 2009) will be used, which include items that allow
parents to report the amount of time that their child spent
in moderate to vigorous intensity physical activities outside
of school. CPAQ is being used in an ongoing study of
child development in Hong Kong following standard
procedures of translation and back-translation (Brislin, 1970);
it has been found to have good internal consistency
(Cronbach’s alpha = 0.762).

Data Analysis

A two-group growth model for intervention studies (Muthen
and Curran, 1997) will be fitted to the outcomes data. Growth
curves will be fitted to the repeated measures with separate
random intercepts and slopes estimated for the training and
active control groups. The random intercepts capture individual
differences in skills at commencement. The intercepts will
be regressed on participant characteristics (i.e., sex, age, body
composition, fine motor skills, and physical activity), with the
latter acting as explanatory variables for the observed individual
differences. A separate but parallel model will be estimated
with the intercepts set at the final follow-up to examine the
extent to which the same characteristics explain differences at
that final data point.

Training effects will be evaluated using random slopes
fitted to the data from the training and active control groups.
For both groups, separate slopes will be fitted to describe
(a) the normative growth observed and (b) growth that
deviates from the normative pattern that can be attributed
to training. Whether the mean of this second curve deviates
significantly from zero serves as a test for the effects of
training. Shared variance attributable to children belonging
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to the same class will be corrected for potential clustering
effects by using the complex sampling procedure in Mplus
8.0 (Muthén and Muthén, 2017).

DISCUSSION

Moving efficiently, and having the self-confidence associated
with it, underpins the ability of people to explore and interact
with their environment throughout their life course. Interactions
with the world and other people are enabled by movement
proficiency in early childhood and are believed to stimulate
cognitive and social development. Investing in the motor
development during early childhood, therefore, stands to generate
significant benefits. However, the knowledge base needed to
support such critical investment - and therefore achieve the
potential positive impact — needs to be clarified through robust
empirical evidence.

This present study aims to contribute to achieving the
proposed potential impact by building on our knowledge
and understanding of the relationships between motor,
cognitive, and social development in early childhood. It is
widely understood that motor development is interconnected
with other domains of child development, as shown by
associations revealed by cross-sectional and longitudinal
studies (e.g., Bart et al., 2007; Veldman et al., 2019). Causal
mechanisms are much less understood - is enabling a young
child to move proficiently a necessary antecedent to effective
thinking and interaction with the world? A clearer
understanding of causal relationships will provide robust
foundations for researchers and practitioners to collaboratively
design holistic early childhood programs. This study will
also evaluate potential intervening factors that need to
be considered and addressed when promoting movement
programs in early childhood education and care contexts.
The fact that the intervention is situated in a local kindergarten
strengthens our subsequent ability to translate the research
findings to early childhood education policy and practice.
Specifically, we may be able to roll out the training program
more widely to other kindergartens and should meaningful
benefits be found. However, it also needs to be acknowledged
that the situational context could potentially weaken the
intervention fidelity because several teachers will be involved
in delivering the intervention. To mitigate this potential
weakness, the research team will ensure adequate
implementation monitoring and fidelity check.

We acknowledge that using TGMD-3, as a measure of
gross motor skills (i.e., locomotor and object control) does
not adequately reflect the three components of fundamental
movement skills training that will be implemented. Stability
is a component of fundamental movement skills (Donnelly
et al, 2017) and is being targeted in the co-designed
training program. A validated test battery for stability skills
had been considered, but this test applies for children aged
six to ten years (Rudd et al., 2015). Because testing the
psychometric properties of such test battery for children
aged three to five years is outside the scope and resources

of this current study, this particular outcome will be limited
to gross motor skills proficiency. In follow-up work, tests
of stability skills for young children should be explored.
Lastly, we also acknowledge that verbal and non-verbal
intelligence could be a relevant covariate in the expected
cognitive outcomes. Intelligence and working memory have
been found to be highly correlated (Kyllonen and Christal,
1990) but are still distinguishable (Conway et al., 2003).
However, we considered that measures of working memory
have been shown to be more predictive of academic
proficiency than are measures of intelligence (e.g., Lee
et al.,, 2009). Therefore, we would keep our focus on the
unitary construct of executive function (measured by HTKS),
and the verbal and visuospatial components of
working memory.

We propose that the potential impact of this study lies in
enabling early childhood educators to effectively support children
to move confidently, interact with their environments, and
adopt behaviors that contribute to wellbeing that tracks
into adulthood.

ETHICS AND DISSEMINATION

The study had been registered with, and is publicly available
through, the Open Science Framework (OSF) Registries
(registration DOI 10.17605/OSEIO/K9DW8). The training
program will be delivered in the context of kindergarten
classes. As such, principals will first provide written consent
for their school participation. Subsequently, parents of
participants will provide written consent, and the participants
will be asked for verbal assent prior to any activity (including
the measurements). For participants who do not consent to
participate in the study, they may join the training activities
that are delivered in class, but none of the measurements
will be administered for them.

The findings of this study will be disseminated in scientific
conferences and peer-reviewed journals within the areas of
child development and motor learning. Insights from the
implementation will also be shared with the early childhood
education sector to inform policy and practice. Because the
study will generate further knowledge and understanding
about aspects of balanced child development, the findings
are expected to contribute to delivering the stipulations of
the kindergarten curriculum guidelines of Hong Kong
(Curriculum Development Council, 2017) and to subsequent
review of the said guidelines. Knowledge will also be shared
with teachers and parents to support integrated efforts at
promoting motor, cognitive, and social development of children
in the early years.

ETHICS STATEMENT

The study was reviewed and approved by the Human Research
Ethics Committee of the Education University of Hong Kong
(reference number 2018-2019-0180). Written informed consent

Frontiers in Psychology | www.frontiersin.org

July 2021 | Volume 12 | Article 678874


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
http://dx.doi.org/10.17605/OSF.IO/K9DW8

Capio et al.

Movement Proficiency as an Antecedent

to participate in this study will be provided by the participants’
legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

CC is the principal investigator of the grant and is responsible
for the overall concept and design of the study. KL, RJ, and
RM are named co-investigators in the grant and collaborated
during the grant preparation. CC drafted the manuscript, and

REFERENCES

Allen, K. A., Bredero, B., Van Damme, T., Ulrich, D. A., and Simons, J. (2017).
Test of gross motor development-3 (TGMD-3) with the use of visual supports
for children with autism spectrum disorder: validity and reliability. J. Autism
Dev. Disord. 47, 813-833. doi: 10.1007/s10803-016-3005-0

Alloway, T. P, and Archibald, L. (2008). working memory and learning in
children with developmental coordination disorder and specific language
impairment. J. Learn. Disabil. 41, 251-262. doi: 10.1177/0022219408315815

Alloway, T. P,, Gathercole, S. E., and Pickering, S. J. (2006). Verbal and visuospatial
short-term and working memory in children: are they separable? Child Dev.
77, 1698-1716. doi: 10.1111/j.1467-8624.2006.00968.x

Ang, S. Y, and Lee, K. (2010). Exploring developmental differences in visual
short-term memory and working memory. Dev. Psychol. 46, 279-285. doi:
10.1037/a0017554

Bagwell, C. L., Newcomb, A. F, and Bukowski, W. M. (1998). Preadolescent
friendship and peer rejection as predictors of adult adjustment. Child Dev.
69, 140-153. doi: 10.1111/j.1467-8624.1998.tb06139.x

Bandeira, P. E R., Duncan, M., Pessoa, M. L., Soares, I., da Silva, L., Mota, J.,
et al. (2020). TGMD-2 short version: evidence of validity and associations
with sex, age, and BMI in preschool children. J. Motor Learn. Dev. 8,
528-543. doi: 10.1123/jmld.2019-0040

Bar-Haim, Y., and Bart, O. (2006). Motor function and social participation in
kindergarten children. Soc. Dev. 15, 296-310. doi: 10.1046/j.1467-9507.
2006.00342.x

Bart, O., Hajami, D., and Bar-Haim, Y. (2007). Predicting school adjustment
from motor abilities in kindergarten. Infant Child Dev. 16, 597-615. doi:
10.1002/icd.514

Brian, A., Goodway, J. D., Logan, J. A,, and Sutherland, S. (2017). Skiping
with head start teachers: influence of T-SKIP on object-control skills. Res.
Q. Exerc. Sport 88, 479-491. doi: 10.1080/02701367.2017.1375077

Brian, A., and Taunton, S. (2018). Effectiveness of motor skill intervention
varies based on implementation strategy. Phys. Educ. Sport Pedagog. 23,
222-233. doi: 10.1080/17408989.2017.1413709

Brislin, R. W. (1970). Back-translation for cross-cultural research. J. Cross-Cult.
Psychol. 1, 185-216. doi: 10.1177/135910457000100301

Bull, R, Espy, K. A., and Wiebe, S. A. (2008). Short-term memory, working
memory, and executive functioning in preschoolers: longitudinal predictors
of mathematical achievement at age 7 years. Dev. Neuropsychol. 33, 205-228.
doi: 10.1080/87565640801982312

Buszard, T., Farrow, D., Reid, M., and Masters, R. S. W. (2014). Scaling sporting
equipment for children promotes implicit processes during performance.
Conscious. Cogn. 30, 247-255. doi: 10.1016/j.concog.2014.07.004

Cameron Ponitz, C. E., McClelland, M. M., Jewkes, A. M., McDonald Connor, C.,
Farris, C. L., and Morrison, E J. (2008). Touch your toes! developing a
direct measure of behavioral regulation in early childhood. Early Child. Res.
Q. 23, 141-158. doi: 10.1016/j.ecresq.2007.01.004

Cameron Ponitz, C. E., McClelland, M. M., Matthews, J. S., and Morrison, E J.
(2009). A structured observation of behavioral self-regulation and its contribution
to kindergarten outcomes. Dev. Psychol. 45, 605-619. doi: 10.1037/a0015365

Capio, C. M., and Eguia, K. E (2020). “Does working memory have a role
in object control skills development of young children,” in National Assembly
of the International Motor Development Research Consortium. North Carolina,
USA (virtual).

all co-investigators provided expert input within their areas
of expertise. All authors contributed to this paper and approved
the submission.

FUNDING

This study was funded by the General Research Fund of the
Research Grants Council of Hong Kong (grant number 18607020).

Capio, C. M., Eguia, K. E, van der Kamp, J., and Masters, R. S. W. (2015).
“Error-reduced object control skills training: from research to practice” in
Annual Congress of the European College of Sport Science; June 24-27, 2015;
Malmo, Sweden.

Capio, C. M., Mak, T. C. T, Tse, M. A, and Masters, R. S. W. (2018).
Fundamental movement skills and balance of children with down syndrome.
J. Intellect. Disabil. Res. 62, 225-236. doi: 10.1111/jir.12458

Capio, C. M., Poolton, J. M., Sit, C. H. P, Eguia, K. E, and Masters, R. S. W.
(2013b). Reduction of errors during practice facilitates fundamental movement
skill learning in children with intellectual disabilities. J. Intellect. Disabil.
Res. 57, 295-305. doi: 10.1111/j.1365-2788.2012.01535.x

Capio, C. M., Poolton, J. M., Sit, C. H. P,, Holmstrom, M., and Masters, R. S. W.
(2013a). Reducing errors benefits the field-based learning of a fundamental
movement skill in children. Scand. J. Med. Sci. Sports 23, 181-188. doi:
10.1111/j.1600-0838.2011.01368.x

Capio, C. M., Sit, C. H. P, Abernethy, B., and Masters, R. S. W. (2012).
The possible benefits of reduced errors in the motor skills acquisition
of children. BMC Sports Sci. Med. Rehabil. 4:1. doi: 10.1186/1758-2555-4-1

Chiu, C. Y, and Lau, E. Y. H. (2018). Extracurricular participation and young
children’s outcomes in hong kong: maternal involvement as a moderator.
Child Youth Serv. Rev. 88, 476-485. doi: 10.1016/j.childyouth.2018.03.051

Chow, B. C,, and Chan, L. (2011). Gross motor skills of Hong Kong preschool
children.  Asian. J.  Phys. Educ. Recreation. 17, 71-78. doi:
10.1080/17518423.2020.1819460

Chung, K. K. H. (2015). Behavioural self-regulation and its contribution to
reading among chinese poor readers. Asia Pac. J. Dev. Differ. 2, 5-25. doi:
10.3850/52345734115000174

Chung, K. K. H,, Liu, H., McBride, C., Wong, A. M. Y,, and Lo, J. C. M.
(2017). How socioeconomic status, executive functioning and verbal interactions
contribute to early academic achievement in chinese children. Educ. Psychol.
37, 402-420. doi: 10.1080/01443410.2016.1179264

Clark, J. E. (2005). From the beginning: a developmental perspective on movement
and mobility. Quest 57, 37-45. doi: 10.1080/00336297.2005.10491841

Conway, A. R. A, Kane, M. ], and Engle, R. W. (2003). Working memory
capacity and its relation to general intelligence. Trends Cogn. Sci. 7, 547-552.
doi: 10.1016/j.tics.2003.10.005

Corder, K., van Sluijs, E. M. E, Wright, A., Whincup, P, Wareham, N. J., and
Ekelund, U. (2009). Is it possible to assess free-living physical activity and
energy expenditure in young people by self-report? Am. J. Clin. Nutr. 89,
862-870. doi: 10.3945/ajcn.2008.26739

Curriculum Development Council (2017). Kindergarten Education Curriculum
Guide. HKSAR Government: Education Bureau.

Davis, E. E., Pitchford, N. J., and Limback, E. (2011). The interrelation between
cognitive and motor development in typically developing children aged 4-11
years is underpinned by visual processing and fine manual control. Br. J.
Psychol. 102, 569-584. doi: 10.1111/].2044-8295.2011.02018.x

Diamond, A. (2016). “Why improving and assessing executive functions early
in life is critical,” in Executive Function in Preschool-Age Children: Integrating
Measurement, Neurodevelopment, and Translational Research. eds. ]. A.
Griffin, P. McCardle and L. Freund (Washington, DC, US: American
Psychological Association), 11-43.

Diamond, A., and Ling, D. S. (2016). Conclusions about interventions, programs,
and approaches for improving executive functions that appear justified and

Frontiers in Psychology | www.frontiersin.org

July 2021 | Volume 12 | Article 678874


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1007/s10803-016-3005-0
https://doi.org/10.1177/0022219408315815
https://doi.org/10.1111/j.1467-8624.2006.00968.x
https://doi.org/10.1037/a0017554
https://doi.org/10.1111/j.1467-8624.1998.tb06139.x
https://doi.org/10.1123/jmld.2019-0040
https://doi.org/10.1046/j.1467-9507.2006.00342.x
https://doi.org/10.1046/j.1467-9507.2006.00342.x
https://doi.org/10.1002/icd.514
https://doi.org/10.1080/02701367.2017.1375077
https://doi.org/10.1080/17408989.2017.1413709
https://doi.org/10.1177/135910457000100301
https://doi.org/10.1080/87565640801982312
https://doi.org/10.1016/j.concog.2014.07.004
https://doi.org/10.1016/j.ecresq.2007.01.004
https://doi.org/10.1037/a0015365
https://doi.org/10.1111/jir.12458
https://doi.org/10.1111/j.1365-2788.2012.01535.x
https://doi.org/10.1111/j.1600-0838.2011.01368.x
https://doi.org/10.1186/1758-2555-4-1
https://doi.org/10.1016/j.childyouth.2018.03.051
https://doi.org/10.1080/17518423.2020.1819460
https://doi.org/10.3850/S2345734115000174
https://doi.org/10.1080/01443410.2016.1179264
https://doi.org/10.1080/00336297.2005.10491841
https://doi.org/10.1016/j.tics.2003.10.005
https://doi.org/10.3945/ajcn.2008.26739
https://doi.org/10.1111/j.2044-8295.2011.02018.x

Capio et al.

Movement Proficiency as an Antecedent

those that, despite much hype, do not. Dev. Cognit. Neurosci. 18, 34-48.
doi: 10.1016/j.dcn.2015.11.005

Donnelly, E C., Mueller, S. S., and Gallahue, D. L. (2017). Developmental
Physical Education for All Children: Theory Into Practice. 5th Edn. Illinois,
USA: Human Kinetics.

Draper, C. E., Achmat, M., Forbes, J., and Lambert, E. V. (2012). Impact of
a community-based programme for motor development on gross motor
skills and cognitive function in preschool children from disadvantaged
settings. Early Child Dev. Care 182, 137-152. doi: 10.1080/03004430.2010.547250

Fitts, P. M., and Posner, M. 1. (1967). Human Performance. Human Performance.
Oxford, England: Brooks/Cole.

Gade, M., Zoelch, C., and Seitz-Stein, K. (2017). Training of visual-spatial
working memory in preschool children. Adv. Cogn. Psychol. 13, 177-187.
doi: 10.5709/acp-0217-7

Garon, N., Bryson, S. E., and Smith, I. M. (2008). Executive function in
preschoolers: a review using an integrative framework. Psychol. Bull. 134,
31-60. doi: 10.1037/0033-2909.134.1.31

Getchell, N., Schott, N., and Brian, A. (2020). Motor development research:
designs, analyses, and future directions. J. Motor Learn. Dev. 8, 410-437.
doi: 10.1123/jmld.2018-0029

Haapala, E. A., Poikkeus, A. M., Kukkonen-Harjula, K., Tompuri, T., Lintu, N.,
Viisto, J., et al. (2014). Associations of physical activity and sedentary
behavior with academic skills - a follow-up study among primary school
children. PLoS One 9:e107031. doi: 10.1371/journal.pone.0107031

Hughes, C., and Ensor, R. (2011). Individual differences in growth in executive
function across the transition to school predict externalizing and internalizing
behaviors and self-perceived academic success at 6 years of age. J. Exp. Child
Psychol. Spec. Issue: Executive Funct. 108, 663-676. doi: 10.1016/j.jecp.2010.06.005

Iverson, J. M. (2010). Developing language in a developing body: the relationship
between motor development and language development. J. Child Lang. 37,
229-261. doi: 10.1017/S0305000909990432

Jones, R. A., Okely, A. D,, Hinkley, T., Batterham, M., and Burke, C. (2016). Promoting
gross motor skills and physical activity in childcare: a translational randomized
controlled trial. J. Sci. Med. Sport 19, 744-749. doi: 10.1016/jjsams.2015.10.006

Kyllonen, P. C,, and Christal, R. E. (1990). Reasoning ability is (little more
than) working-memory capacity?! Intelligence 14, 389-433. doi: 10.1016/
S0160-2896(05)80012-1

LaFreniere, P. J., and Dumas, J. E. (1996). Social competence and behavior
evaluation in children ages 3 to 6 years: the short form (SCBE-30). Psychol.
Assess. 8, 369-377. doi: 10.1037/1040-3590.8.4.369

Lam, L. T, and Wong, E. M. Y. (2018). Factors associated with the social competence
and emotional well-being among young children in an asian urban city. Early
Child Dev. Care 188, 336-344. doi: 10.1080/03004430.2016.1217850

Lee, K., Pe, M. L., Ang, S. Y., and Stankov, L. (2009). Do measures of working
memory predict academic proficiency better than measures of intelligence?
Psychol. Test Assess. Model. 51, 403-419.

Lee, J, Zhang, T, Chu, T. L. A, Gu, X, and Zhu, P. (2020). Effects of a
fundamental motor skill-based afterschool program on children’s physical
and cognitive health outcomes. Int. J. Environ. Res. Public Health 17:733. doi:
10.3390/ijerph17030733

Libertus, K., and Hauf, P. (2017). Editorial: motor skills and their foundational
role for perceptual, social, and cognitive development. Front. Psychol. 8:301.
doi: 10.3389/fpsyg.2017.00301

Liu, Y, Sun, H, Lin, D, Li, H, Yeung, S. S, and Wong, T. T. Y. (2018). The
unique role of executive function skills in predicting hong kong kindergarteners’
reading comprehension. Br. J. Educ. Psychol. 88, 628-644. doi: 10.1111/bjep.12207

Logan, S. W,, Robinson, L. E., Getchell, N., Webster, E. K., Liang, L. Y., and
Golden, D. (2014). Relationship between motor competence and physical activity:
a systematic review. Res. Q. Exerc. Sport 85:Al4.

Logan, S. W, Robinson, L. E., Wilson, A. E., and Lucas, W. A. (2012). Getting
the fundamentals of movement: a meta-analysis of the effectiveness of motor
skill interventions in children. Child Care Health Dev. 38, 305-315. doi:
10.1111/.1365-2214.2011.01307.x

Lopes, L., Santos, R., Pereira, B., and Lopes, V. P. (2013). Associations between
gross motor coordination and academic achievement in elementary school
children. Hum. Mov. Sci. 32, 9-20. doi: 10.1016/j.humov.2012.05.005

Masters, R. S. (1992). Knowledge, knerves and know-how: the role of explicit
versus implicit knowledge in the breakdown of a complex motor skill under
pressure. Br. J. Psychol. 83, 343-358. doi: 10.1111/j.2044-8295.1992.tb02446.x

Masters, R. S. W, van der Kamp, J., and Capio, C. M. (2013). “Implicit motor
learning by children,” in Conditions of Children’s Talent Development in Sport.
eds. J. Cote and R. Lidor (West Virginia, USA: FiT Publishing), 21-40.

Masters, R. S. W, van Duijn, T., and Uiga, L. (2019). “Advances in implicit
motor learning,” Skill Acquisition in Sport. 3rd Edn. eds. N. J. Hodges and
M. A. Williams (London: Routledge), 77-96.

Maxwell, J. P, Capio, C. M., and Masters, R. S. W. (2017). Interaction between
motor ability and skill learning in children: application of implicit and explicit
approaches. Eur. J. Sport Sci. 17, 407-416. doi: 10.1080/17461391.2016.1268211

Maxwell, J. P, Masters, R. S. W,, Kerr, E., and Weedon, E. (2001). The implicit
benefit of learning without errors. Q. J. Exp. Psychol. Sect. A 54, 1049-1068.
doi: 10.1080/713756014

McClelland, M. M., and Cameron, C. E. (2019). Developing together: the role
of executive function and motor skills in children’s early academic lives.
Early Childhood Res.Q. 46, 142-151. doi: 10.1016/j.ecresq.2018.03.014

McClelland, M. M., Cameron, C. E.,, Duncan, R, Bowles, R. P, Acock, A. C,
Miao, A, et al. (2014). Predictors of early growth in academic achievement: the
head-toes-knees-shoulders task. Front. Psychol. 5:599 doi: 10.3389/fpsyg.2014.00599

Muller, D. R., and Roder, V. (2010). “Integrated psychological therapy and
integrated neurocognitive therapy,” in Neurocognition and Social Cognition
in Schizophrenia Patients: Basic Concepts and Treatment Key Issues in Mental
Health. eds. V. Roder and A. Medalia (Basel: Karger), 118-144.

Murray, G. K., Veijola, J., Moilanen, K., Miettunen, J., Glahn, D. C., Cannon, T. D.,
et al. (2006). Infant motor development is associated with adult cognitive
categorisation in a longitudinal birth cohort study. J. Child Psychol. Psychiatry
47, 25-29. doi: 10.1111/j.1469-7610.2005.01450.x

Muthen, B. O., and Curran, P. J. (1997). General longitudinal modeling of
individual differences in experimental designs: a latent variable framework
for analysis and power estimation. Psychol. Methods 2, 371-402. doi:
10.1037/1082-989x.2.4.371

Muthén, L. K., and Muthén, B. O. (2017). Mplus: Statistical Analysis With
Latent Variables: User’s Guide. Version 8. Los Angeles, CA: Authors.

Nelson, T. D., Nelson, J. M., James, T. D., Clark, C. A. C., Kidwell, K. M.,
and Espy, K. A. (2017). Executive control goes to school: implications of
preschool executive performance for observed elementary classroom learning
engagement. Dev. Psychol. 53, 836-844. doi: 10.1037/dev0000296

Niederer, 1., Kriemler, S., Gut, J., Hartmann, T., Schindler, C., Barral, J., et al.
(2011). Relationship of aerobic fitness and motor skills with memory and
attention in preschoolers (ballabeina): a cross-sectional and longitudinal
study. BMC Pediatr. 11:34. doi: 10.1186/1471-2431-11-34

Ommundsen, Y., Gundersen, K. A., and Mjaavatn, P. E. (2010). Fourth graders’
social standing with peers: a prospective study on the role of first grade
physical activity, weight status, and motor proficiency. Scand. J. Educ. Res.
54, 377-394. doi: 10.1080/00313831.2010.493344

Pagulayan, K. E, Busch, R. M., Medina, K. L., Bartok, J. A, and Krikorian, R.
(2006). Developmental normative data for the corsi block-tapping task. J.
Clin. Exp. Neuropsychol. 28, 1043-1052. doi: 10.1080/13803390500350977

Pesce, C., Masci, I., Marchetti, R., Vazou, S., Sadkslahti, A., and Tomporowski, P. D.
(2016). Deliberate play and preparation jointly benefit motor and cognitive
development: mediated and moderated effects. Front. Psychol. 7:349. doi:
10.3389/fpsyg.2016.00349

Piaget, J. (1963). The Origins of Intelligence in Children. New York, USA: W.
W. Norton.

Piek, J. P, Bradbury, G. S., Elsley, S. C., and Tate, L. (2008a). Motor coordination
and social-emotional behaviour in preschool-aged children. Int. J. Disabil.
Dev. Educ. 55, 143-151. doi: 10.1080/10349120802033592

Piek, J. P, Dawson, L., Smith, L. M., and Gasson, N. (2008b). The role of
early fine and gross motor development on later motor and cognitive ability.
Hum. Mov. Sci. 27, 668-681. doi: 10.1016/j.humov.2007.11.002

Rao, N,, Sun, J., Ng, S. S. N, Ma, K., Becher, Y, Lee, D., et al. (2013). The
hong kong early child development scale: a validation study. Child Indic.
Res. 6, 115-135. doi: 10.1007/s12187-012-9161-7

Roebers, C. M., Rothlisberger, M., Neuenschwander, R., Cimeli, P., Michel, E.,
and Jager, K. (2014). The relation between cognitive and motor performance
and their relevance for children’s transition to school: a latent variable
approach. Hum. Mov. Sci. 33, 284-297. doi: 10.1016/j.humov.2013.08.011

Rosenbaum, D. A. (2005). The cinderella of psychology: the neglect of motor
control in the science of mental life and behavior. Am. Psychol. 60, 308-317.
doi: 10.1037/0003-066X.60.4.308

Frontiers in Psychology | www.frontiersin.org

July 2021 | Volume 12 | Article 678874


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1080/03004430.2010.547250
https://doi.org/10.5709/acp-0217-7
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1123/jmld.2018-0029
https://doi.org/10.1371/journal.pone.0107031
https://doi.org/10.1016/j.jecp.2010.06.005
https://doi.org/10.1017/S0305000909990432
https://doi.org/10.1016/j.jsams.2015.10.006
https://doi.org/10.1016/S0160-2896(05)80012-1
https://doi.org/10.1016/S0160-2896(05)80012-1
https://doi.org/10.1037/1040-3590.8.4.369
https://doi.org/10.1080/03004430.2016.1217850
https://doi.org/10.3390/ijerph17030733
https://doi.org/10.3389/fpsyg.2017.00301
https://doi.org/10.1111/bjep.12207
https://doi.org/10.1111/j.1365-2214.2011.01307.x
https://doi.org/10.1016/j.humov.2012.05.005
https://doi.org/10.1111/j.2044-8295.1992.tb02446.x
https://doi.org/10.1080/17461391.2016.1268211
https://doi.org/10.1080/713756014
https://doi.org/10.1016/j.ecresq.2018.03.014
https://doi.org/10.3389/fpsyg.2014.00599
https://doi.org/10.1111/j.1469-7610.2005.01450.x
https://doi.org/10.1037/1082-989x.2.4.371
https://doi.org/10.1037/dev0000296
https://doi.org/10.1186/1471-2431-11-34
https://doi.org/10.1080/00313831.2010.493344
https://doi.org/10.1080/13803390500350977
https://doi.org/10.3389/fpsyg.2016.00349
https://doi.org/10.1080/10349120802033592
https://doi.org/10.1016/j.humov.2007.11.002
https://doi.org/10.1007/s12187-012-9161-7
https://doi.org/10.1016/j.humov.2013.08.011
https://doi.org/10.1037/0003-066X.60.4.308

Capio et al.

Movement Proficiency as an Antecedent

Rudd, J. R,, Barnett, L. M., Butson, M. L., Farrow, D,, Berry, ., and Polman, R. C. J.
(2015). Fundamental movement skills are more than run, throw and catch:
the role of stability skills. PLoS One 10:€0140224. doi: 10.1371/journal.pone.0140224

Schulz, K. E, Altman, D. G., and Moher, D. (2010). CONSORT 2010 statement:
updated guidelines for reporting parallel group randomised trials. BMJ
340:¢332. doi: 10.1136/bmj.c332

Thelen, E., and Smith, L. B. (1996). A Dynamic Systems Approach to the
Development of Cognition and Action. Massachusetts, USA: MIT Press.

Thelen, E. (2005). Dynamic systems theory and the complexity of change.
Psychoanal. Dialogues 15, 255-283. doi: 10.1080/10481881509348831

Ulrich, D. A. (2000). Test of Gross Motor Development: Examiner’s Manual.
2nd Edn. Texas, USA: Pro-Ed.

Ulrich, D. A. (2017). Introduction to the special section: evaluation of the psychometric
properties of the tgmd-3. J. Motor Learn. Dev. 5, 1-4. doi: 10.1123/jmld.2017-0020

Ulrich, D. A. (2019). TGMD-3 Test of Gross Motor Development. 3rd Edn.
Available at: Pro-Ed https://www.proedinc.com/Products/14805/tgmd3-test-
of-gross-motor-developmentthird-edition.aspx

van der Fels, I. M. J., Wierike, S. C. M., Hartman, E., Elferink-Gemser, M. T,,
Smith, J., and Visscher, C. (2015). The relationship between motor skills
and cognitive skills in 4-16-year-old typically developing children: a systematic
review. J. Sci. Med. Sport 18, 697-703. doi: 10.1016/j.jsams.2014.09.007

Veldman, S. L. C,, Santos, R, Jones, R. A., Sousa-S4, E., and Okely, A. D.
(2019). Associations between gross motor skills and cognitive development

in toddlers. Early Hum. Dev. 132, 39-44. doi: 10.1016/j.earlhumdev.2019.
04.005

Webster, E. K., Martin, C. K., and Staiano, A. E. (2019). Fundamental motor
skills, screen-time, and physical activity in preschoolers. J. Sport Health Sci.
8, 114-121. doi: 10.1016/j.jshs.2018.11.006

Webster, E. K., and Ulrich, D. A. (2017). Evaluation of the psychometric
properties of the test of gross motor development—third edition. J. Motor
Learn. Dev. 5, 45-58. doi: 10.1123/jmld.2016-0003

Wentzel, K. R., and Caldwell, K. (1997). Friendships, peer acceptance, and
group membership: relations to academic achievement in middle school.
Child Dev. 68, 1198-1209. doi: 10.2307/1132301

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Copyright © 2021 Capio, Lee, Jones and Masters. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org

11

July 2021 | Volume 12 | Article 678874


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1371/journal.pone.0140224
https://doi.org/10.1136/bmj.c332
https://doi.org/10.1080/10481881509348831
https://doi.org/10.1123/jmld.2017-0020
https://www.proedinc.com/Products/14805/tgmd3-test-of-gross-motor-developmentthird-edition.aspx
https://www.proedinc.com/Products/14805/tgmd3-test-of-gross-motor-developmentthird-edition.aspx
https://doi.org/10.1016/j.jsams.2014.09.007
https://doi.org/10.1016/j.earlhumdev.2019.04.005
https://doi.org/10.1016/j.earlhumdev.2019.04.005
https://doi.org/10.1016/j.jshs.2018.11.006
https://doi.org/10.1123/jmld.2016-0003
https://doi.org/10.2307/1132301
http://creativecommons.org/licenses/by/4.0/

	Examining the Antecedent Role of Movement Proficiency in Child Development: Study Protocol
	Introduction
	Movement Skills Training of Children
	Research Gap and the Present Study

	Materials and Methods
	Context and Design
	Participants
	Procedures
	Measures
	Outcome: Gross Motor Skills
	Outcome: Executive Function and Working Memory
	Outcome: Social Competence
	Covariates
	Data Analysis

	Discussion
	Ethics and Dissemination
	Ethics Statement
	Author Contributions

	References



