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1. Introduction
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Objective. This systematic review synthesized current randomized controlled trials (RCTs) examining casual evidence regarding the
effects of traditional and exergaming-based physical activity (PA) interventions on motor skill development in typically developed
children (ie., those aged 6-12 years). Methods. We adhered to the PRISMA-P statement and searched electronic databases
(Medline, PsycInfo, Web of Science, PubMed, ERIC, Scopus, and SportDiscus) from inception through July 2020. We screened
for peer reviewed RCTs published in English between 2000 and 2020 examining the effect of PA on motor skill development in
healthy children. Results. A total of 25 RCTs were included, 20 (80%) of which reported significant improvements in children’s
motor skill performance. Specifically, 18 studies examined traditional PA interventions and 7 studies examined exergaming-
based PA interventions, 83% and 71% of which observed statistically significant improvements in children’s motor skill
development, respectively. Conclusions. Findings support the causal evidence regarding the effects of PA on motor skill
development in children. Notable limitations of this review included heterogeneity of measurement protocols and assessment
tools used to test children’s motor skills across studies, a wide range of PA intervention dose across studies, and the lack of
power analyses and long-term follow-up assessments in individual studies to discern appropriate sample sizes and long-term
effectiveness, respectively. To further strengthen the evidence in this emerging field, we advocate for future RCTs to employ a
priori power analyses, long-term follow-up measurements, and more exergaming-based interventions to allow for comparisons
with traditional PA interventions, to explore the dose response and moderating relationships between PA and motor skill
development in childhood, and to utilize homogenous assessment instruments to allow for more rigorous, quantitative syntheses.

since PA and health behaviors are learned in the develop-
mental years and track into adulthood [7], it is vital to estab-

Currently in the U.S., approximately 33% of children and
adolescents have opverweight or obesity [1]. The overweight
and obesity epidemic has become a major public health chal-
lenge given weight-associated chronic diseases account for
70% of deaths and 85% of health care costs, annually [2, 3].
Physical inactivity is among the top contributors to this issue
[4] as only about 25% of U.S. youth meet recommended
physical activity (PA) levels [5, 6]. Fortunately, unlike other
major contributing risk factors (e.g., pollution and medica-
tions), physical inactivity is a modifiable behavioral risk
factor meaning this behavior can be changed [4]. Therefore,

lish lifelong, healthy PA habits during childhood. Because
learning how to properly move is a necessary skill underlying
PA behaviors in children [8, 9], interventions targeting the
development of motor skills often precede those which target
general PA promotion. However, given that less than 25% of
children meet recommended PA levels [5, 6] and given the
reciprocal determinism between PA and motor skills [8, 9],
interventions have more recently focused on general PA pro-
motion among these populations with the aim of increasing
motor skills and ultimately increasing long-term PA adher-
ence and health.
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Motor skills have been operationally defined as sequences
of learned movements that when combined yield smooth and
efficient movements which leads to specific task mastery [10].
More broadly, fundamental motor skills include both fine
and gross motor skills, the latter of which encompasses loco-
motor skills (e.g., running, hopping, and jumping), object
control skills (e.g., kicking and throwing), and body coordi-
nation (e.g., balance control) [11]. Notably, however, these
categories are not exclusive, and thus, motor skills from one
category may take place concurrently with elements of other
categories [12]. Cross-sectional and longitudinal evidence
has supported the reciprocal and dynamic relationship
between PA and motor skills [13-18], and compiling evi-
dence has indicated the development of motor skills to
improve various health indices in children including cardio-
respiratory fitness, muscular strength and endurance, and
perceived competence, to list a few [19, 20]. As such, the
development and employment of PA interventions targeting
improved motor skills in children have become an emerging
field of inquiry [21].

Accordingly, as more PA interventions examining this
relationship accumulate, more recent and thorough reviews
are needed to discern the overall effectiveness of PA inter-
ventions on children’s motor skill development. One such
review was conducted in 2009 but included research designs
other than randomized controlled trials (RCTs) and, there-
fore, was unable to infer causal relationships. Additionally,
recent public health efforts have been aimed at integrating
modern technologies into PA interventions to gauge chil-
dren’s interest [22], and given the rapid evolution of tech-
nology in the past decade, the review did not include
technology-based interventions. Given its requirement for
gross motor activity to participate [21], exergaming is one
technology-based intervention strategy which has shown
promise in the promotion of motor skill development in
child rehabilitation settings [23] and in nontypically devel-
oping children [24]. Another recent review was conducted
examining the effect of PA interventions on motor skill
development in early childhood (i.e., those aged 3-5 years),
thereby missing the opportunity to examine the effects PA
interventions in childhood (i.e., those aged 6-12 years)—a
critical developmental period and the last chance to
establish PA behaviors before reaching adolescence where
nonschool and leisure-time PA levels tend to significantly
decline [25, 26].

Based on the preceding literature review, we developed
the following research question: based on RCT-based evi-
dence, are traditional and exergaming-based PA interven-
tions effective for improving motor skill development in
typically developed children? Therefore, the purpose of our
study was to address these gaps in the literature and to sys-
tematically evaluate the current RCT-based evidence exam-
ining the effects of traditional and exergaming-based PA
interventions on healthy children’s motor skill development.
Findings from this review will help to better inform scholars,
physical educators, and other health professionals of the ben-
efits of regular PA participation on children’s motor skills
and strengthen the development of empirically based PA
guidelines for this age group.
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2. Materials and Methods

We followed the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) statement
for reporting of this review [27].

2.1. Information Sources and Search Strategies. We searched
the following electronic databases for relevant literature:
Medline, PsycInfo, Web of Science, PubMed, Education
Resources Information Center (ERIC), Scopus, and Sport-
Discus, as well as Google Scholar. All investigators (D.M.,
WL, and Z.G.) collaborated and searched literature by
applying the following search terms in all possible combina-
tions: (“physical activity” OR “exercise” OR “sports pro-
gram” OR” “physical education” OR “exergaming” OR
“active video game”) AND (“motor skill” OR “motor skill
competency” OR “motor coordination” OR “motor develop-
ment” OR “motor function” OR “motor performance” OR
“motor abilities” OR “fine motor skills” OR “gross motor
skills” OR “locomotor skills” OR “object control skills”).

2.2. Eligibility Criteria. We applied the following inclusion
criteria with reference to the participants, interventions,
comparisons, outcomes, and study design (PICOS) guide-
lines: (1) study sample consisted of healthy, normal
developing children (6-12 years) without motor or mental
impairments (e.g., motor disabilities, autism spectrum disor-
ders); (2) the study assessed the effects of a traditional or
technology-based PA intervention against a control group;
(3) the study employed quantitative fundamental motor
skills assessments; and (4) the study employed a RCT. More-
over, we only included empirical, peer-reviewed research
published in English between January 2000 and October
2020 and other study designs (e.g., cohort and cross-sec-
tional) were retrieved but excluded from the analysis.

2.3. Data Extraction. Three investigators (D.M., W.L., and
Z.G.) independently screened all potential articles by evaluat-
ing the titles, and if able to discern study relevance, we eval-
uated the abstracts. Data extraction was completed by one
investigator (W.L.) and checked for accuracy by another
(D.M.). We then created list of relevant published articles
in a Microsoft Excel spreadsheet. In detail, we extracted the
following information: (1) publication year and the country
the research was conducted in; (2) details of study methodol-
ogy (i.e., study design, sample characteristics, study duration,
type of PA intervention employed, study outcomes, and
instruments used); and (3) key findings regarding the effec-
tiveness (or lack thereof) and potential of PA on children’s
motor skills. Finally, we cross referenced the bibliographies
of selected articles to further identify relevant studies. Note-
worthy is the fact that we were not blinded to the authors
or journals of the included articles and we made no attempts
to contact study authors or correspondents to acquire miss-
ing information.

2.4. Risk of Bias within and across Studies. Two investigators
(D.M. and W.L.) independently assessed the risk of bias
within each included study. Specifically, we rated each study
using an 8-item quality assessment tool used in previous
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literature reviews of predominantly field-based RCTs [28,
29]. Notably, we used this tool because other tools for asses-
sing bias in RCTs (e.g., Cochrane Risk of Bias 2.0) contain
domains which are more applicable to clinical trials (e.g.,
allocation concealment, blinding of participants, and person-
nel) whereas this tool uses domains like employment of
validity measures and follow-up assessments which we
deemed more appropriate for field-based PA interventions.
We rated each within-study item as “positive” if the item
was present and explicitly described or “negative” if the item
was absent or inadequately described. To ensure reliable
scoring, two investigators (D.M. and W.L.) independently
scored the risk of bias of each study within the quality assess-
ment. If necessary, disagreements were adjudicated by a third
reviewer (Z.G.). We calculated final quality scores for each
study by summing all “positive” scores. Studies were consid-
ered high-quality when they scored above the median score
(i.e., 7) following the scoring of all included studies. For the
risk of bias across studies, the domains which we agreed
may affect the cumulative evidence most were the employ-
ment of validity measures and participant retention given
the variety of tools available for assessing children’s motor
skill development and the need for the ability to maintain
children’s interest in the employed PA interventions to pro-
mote long-term PA behaviors and motor skill development,
respectively.

3. Results

3.1. Study Selection. Through a search of the databases, we
identified a total of 727 potential articles. Following the
removal duplicate articles, two investigators (D.M. and
W.L.) screened the titles and abstracts of the remaining arti-
cles to further identify potentially relevant articles. An addi-
tional 3 studies were located through bibliography
crosschecks. After thorough assessment of all full-text arti-
cles, 25 studies met all of the a priori established inclusion
criteria and were included in this systematic review (see
Figure 1). Reasons for excluding potential articles included
ineligible age (i.e., those < 6 and >12 years), special popula-
tions (e.g., those with chronic disease), did not include mea-
sures of motor skills, and non-English language articles.
Noteworthy is that we observed high interrater agreement
such that 24 of 25 (96%) of the included articles were agreed
upon and obtained between the study investigators.

3.2. Study Characteristics. Characteristics of all included
studies are shown in Table 1. Of the 25 RCTs, 7 (28%) studies
examined the effects of exergaming-based physical activity
interventions on children’s motor skills [30-36] and the
remaining 18 (72%) assessed the impact of traditional PA
interventions on children’s motor skills [33, 37-54]. The
studies were conducted in different countries: 6 in Australia
[30, 33, 45, 46, 50, 53], 3 in the United States [31, 38, 39], 3
in China [37, 44, 51], 3 in the United Kingdom [40, 43, 47],
2 in Canada [35, 36], 2 in Greece [32, 48], 2 in the Nether-
lands [34, 54], 1 in Ireland [42], 1 in Switzerland [41], 1 in
Italy [52], and 1 in Norway [49]. Among these studies, 20
were conducted in the school setting [30-39, 42-49, 53, 54],

1 was conducted in a home-based setting [40], 1 was con-
ducted in a laboratory setting [51], 1 was conducted in a
childcare center [41], 1 was conducted in a field-based
(sports) setting [52], and 1 was conducted in a community-
based setting [50]. Notably, most of the studies were
published after 2010, except for 1 study that was published
in 2002 [48] and 2 studies that were published in 2008 [43,
53], and 16 (64%) of the studies were published after 2015
[30-33, 37-40, 42, 44-46, 49, 51, 54], indicating that high-
quality research examining PA interventions on children’s
motor skill development is an emerging scientific field of
inquiry.

Further, we observed a relatively large variability in sam-
ple size (n = 34 to 891) and intervention length (4 weeks to 12
months) across studies. The exposure in most (72%) of the
studies was a traditional PA/exercise program or class
followed by exergaming-based PA interventions while the
control conditions were most often usual care or regular
school curriculum (i.e., no PA intervention). Although motor
skill development measurement tools varied across studies,
they were most often direct observations made by trained
research assistants or assessments directly completed by the
children. Gross motor skills, locomotor, and object control
skills were the most commonly assessed outcomes in the
assessment of motor skill performance. In this review, we
did not employ a meta-analysis due to the heterogeneity of
both exposures and outcomes across the included studies.

3.3. Study Quality and Risk of Bias Assessment. Scores of
study quality/risk of bias for all individual studies ranged
from 6 to 8 with a median score of 7 (Table 2). An individual
study was considered high quality/low risk of bias when it
scored above the median score of 7, moderate quality/me-
dium risk of bias if scored at the median score of 7, and low
quality/high risk of bias if scored below the median score of
7. In detail, 5 studies (20%) received an overall rating of
strong quality/low risk of bias, 7 studies (28%) received an
overall rating of moderate quality/medium risk of bias, and
13 studies (52%) received an overall rating of weak quality/-
high risk of bias. Noteworthy is the fact that all studies suc-
ceeded in retaining at least 78% of the participants. The
most common issues with the study quality/risk of bias were
lack of power calculations for appropriate sample sizes and a
lack of follow-up measurements, respectively. Regarding bias
across studies for the 2 primary domains, 25 studies (100%)
sufficiently reported on intervention fidelity and retention
and as previously mentioned; all studies had high participant
retention rates (>78%). Further, 25 studies (100%) employed
valid measures of assessing children’s motor skill develop-
ment, the majority of which used the Test of Gross Motor
Development-Second Edition (TGMD-2).

3.4. Measurement Protocols. Various types of instruments
were used to measure motor skills. Specifically, the most
commonly used instrument in assessing children’s motor
skills was the TGMD-2, followed by the TGMD-Third Edi-
tion and the original TGMD, the Victorian Fundamental
Motor Skills Assessment Instrument, the Korperkoordina-
tions fiir Kinder (KTK) test, the Bruininks-Oseretsky Test
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FIGURE 1: PRISMA flow diagram of studies through the review process.

of Motor Proficiency, Second Edition (BOT-2), the Funda-
mental Motor Skills Quotient (FMSQ), and the Zurich Neu-
romotor Assessment (ZNA). Notably, measurement tools
used for motor skills varied across studies. Typically, assess-
ments were directly completed by children or through direct
observations made by trained research assistants. Although
different instruments were used across various studies, valid-
ities of these assessments have been proven when being
applied to children within the school setting (Table 1).

3.5. The Effectiveness of PA on Motor Skill Development.
Overall, of the 25 RCT's examining the effects of PA interven-
tions on children’s motor skill development, 20 (80%)
reported statistically significant improvements from pre- to
postintervention [31, 32, 34-39, 42-53]. More specifically,
of the 7 studies examining the effects of exergaming-based
PA interventions on children’s motor skill development, 5
(71%) observed significant intervention effects and of the
remaining 18 studies which employed traditional PA inter-
ventions, and 15 (83%) observed significant intervention
effects on children’s motor skill development. Notably, of
the 5 studies which reported no statistically significant
changes in children’s motor skill development, 2 were long-
term interventions (9-12 months) conducted outside of the
school setting (1 home-based intervention [40] and 1 child-

care center intervention [41]) and the other 3 were short-
term interventions [30, 33, 54] (6-14 weeks) performed in
the school setting. However, of the 5 studies showing no
effects of PA on children’s motor skill development, no study
reported detrimental effects of increased PA on motor skill
development. That is, PA interventions did not adversely
affect children’s motor skill development.

4. Discussion

The purpose of this review was to synthesize and comprehen-
sively evaluate all published RCT's examining the causal rela-
tionship between traditional and exergaming-based PA
interventions on the motor skill development of healthy chil-
dren aged 6-12 years. Twenty-five studies met the inclusion
criteria and were included in the final analysis. Overall, find-
ings suggested that increased PA had significant positive
effects on children’s motor skill development. More studies
examined traditional PA interventions compared to
exergaming-based PA interventions, but both showed
relatively high effectiveness on children’s motor skill devel-
opment. Lastly, no study observed increased PA duration
or frequency to have a detrimental effect on the development
of children’s motor skills.
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TaBLE 2: Risk of bias/quality of individual studies included in the review.
Articles Randomization Control Pre-post Retention Méii?g ai?{;:s XIZE;EZ Follow-up Score Effectiveness
Barnett et al. [30] + + + + + + + — 7 No
McGann et al. [31] + + + + + — + — 6 Yes
Chan et al. [37] + + + + + + + 8 Yes
Lee et al. [38] + + + + + + + 8 Yes
Cohen et al. [39] + + + + + + + — 7 Yes
Laukkanen et al. [40] + + + + + — + + 7 No
Bonvin et al. [41] + + + + + + + + 8 No
Vernadakis [32] + + + + + — + — 6 Yes
Costello and Warne [42] + + + + + — + — 6 Yes
Johnson et al. [33] + + + + + — + — 6 No
Foweather et al. [43] + + + + + + + + 7 Yes
Sit et al. [44] + + + + + + + + 8 Yes
Lander et al. [45] + + + + + — + + 7 Yes
Lander et al. [46] + + + + + — + — 6 Yes
Johnstone et al. [47] + + + + + — + — 6 Yes
Karabourniotis et al. [48] + + + + + — + — 6 Yes
Mombarg et al. [34] + + + + + — + — 6 Yes
Aadland et al. [49] + + + + + — + + 7 Yes
Cliff et al. [50] + + + + + — + — 6 Yes
Pan et al. [51] + + + + + — + — 6 Yes
Piazza et al. [52] + + + + + — + — 6 Yes
Salmon et al. [53] + + + + + — + + 7 Yes
Sheehan and Katz [36] + + + + + — + — 6 Yes
Sheehan and Katz [35] + + + + + — + — 6 Yes
van der Fels et al. [54] + + + + + + + + 8 No
“+” refers to positive (explicitly described and present in details); “—” refers to negative (inadequately described and absent); “Yes” indicates significant positive

effect; “No” indicates no significant effect. Median score =7.

Overall, the majority (80%) of studies observed beneficial
effects of PA promotion interventions on children’s motor
skill development, the majority of which were conducted
within a school setting. Of the 5 studies which reported no
significant effects, 40% were conducted outside of the school
setting (1 home-based intervention [40] and 1 childcare cen-
ter intervention [41]). Thus, we postulate that PA promotion
interventions are more effective at increasing children’s
motor skill development when conducted in the school set-
ting. Indeed, given the amount of time children spend at
school and the structured schedules within these settings, it
is well-documented that schools have the greatest influence
on children’s PA behaviors [55] and school-based PA has
been observed as a strong predictor of children’s total daily
and weekly PA [56] and is positively associated with higher
levels of daily moderate-to-vigorous intensity PA [57]. That
said, we are not surprised that motor skill development was
not significantly enhanced in childcare or home-based set-
tings given there is less PA-related structure and study adher-
ence (PA participation in this case) is less controlled [58].
Indeed, one study reported dropout of intervention partici-
pants [40], and the other noted the complexity of conducting
PA interventions outside of a study setting and how interven-
tion fidelity suffered as a result [41]. Additionally, these two

interventions were long-term (9-12 months) and without
structure, and participants likely lost interest in the interven-
tion within the timeframe and PA participation (and motor
skill development) likely suffered because of this. Notably, 2
studies which were conducted outside of a school setting
observed significant results (1 laboratory-based [51] and 1
sports setting [52])—settings which also have more structure
and control of participants’ adherence and fidelity outcomes.
Indeed, previous research has demonstrated and noted the
importance of structure when aiming at promoting chil-
dren’s motor skill development [59-62].

Another possible mediating factor in the relationship
between PA and motor skill development in children is PA
dose (i.e., the frequency and amount of time devoted to the
instruction and practice of motor skills [63]). Indeed, there
was distinct homogeneity in intervention length across the
included studies which ranged from 4 weeks to 12 months.
Specifically, of the 5 studies which did not observe significant
intervention effects on children’s motor skill development,
heterogeneity was also present as intervention length ranged
from 6 weeks to 12 months, making it difficult to assess
whether PA dose was responsible for the mixed findings.
Taken together, previous research has demonstrated incon-
sistencies with regard to PA dose on children’s motor skill
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proficiency. For example, similar to the findings of this
review, individual studies have demonstrated significant
effects on children’s motor skills after a 540-minute PA dose
[59-61] whereas other studies observed statistically nonsig-
nificant findings after 400- and 3600-minute PA doses [53,
64]. One study [63] directly examined the dose-response
relationship between PA dose using the same intervention
and young children’s motor skill development (tested using
the TGMD-2) and divided the participants into 1 of 4 groups
based on PA dose: (1) 660 minutes, (2) 720 minutes, (3) 900
minutes, and (4) control. Interestingly, the researchers found
that all 3 dosages resulted in significantly greater improve-
ments in motor skill performance compared to control, with
no significant differences between PA dosages. However, this
study was conducted in preschool-aged children and it
remains unclear how PA dose affects motor skill develop-
ment in children.

To the best of our knowledge, this is the first systematic
review to examine the causal relationship of traditional and
exergaming-based PA RCT interventions on children’s
motor skill development. We applied strict inclusion criteria
and only included high-quality RCT's among a homogenous
sample of healthy children. Additionally, we identified par-
ticipant retention as a potential major risk of bias across stud-
ies and 100% of the included studies sufficiently discussed
intervention fidelity and participant retention and all studies
were able to retain >78% of participants, thereby strengthen-
ing the cumulative evidence of this review. However, this
review is not without limitations, and accordingly, educators
and other health practitioners should interpret the results
with caution. First, for logistical reasons, we only included
peer-reviewed studies published in English when non-
English publications, and therefore further comparative evi-
dence, may have been available on the topic. However, lan-
guage restriction does not consistently bias the results of
narrative or quantitative syntheses [65]. Second, there was
noticeable heterogeneity of measurement protocols and
assessment tools used to test children’s motor skills across
studies. Nevertheless, validated testing instruments were
used across all studies which minimized a major domain of
bias and further strengthened the overall evidence of this
review. Third, likewise, there was some heterogeneity in the
dose of PA administered across studies such that some were
acute interventions and some were long-term interventions
and some only intervened 1 day per week whereas others
intervened 5 days per week. In addition, individual studies
and the review as a whole did not assess possible moderating
effects of PA on children’s motor skill development. For
example, study setting (e.g., home- vs. school-based) or PA
intervention type (e.g., exergaming vs. traditional PA) may
have moderated the effectiveness of the PA interventions on
children’s motor skill development. Lastly, 2 major sources
of within-study risk of bias were lack of a power analysis
and lack of long-term follow-up testing. In detail, we
observed over half of the included studies to be of low qual-
ity/high risk of bias due to a lack of power analysis to deter-
mine appropriate sample sizes and a lack of follow-up
observations to track the long-term effectiveness of the
employed interventions. Thus, we suggest future RCT's in this
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field of inquiry to address these gaps in study design to
strengthen the quality of available evidence and to better
establish the long-term effectiveness of PA promotion inter-
ventions on children’s motor skill development.

5. Conclusions

Overall, findings suggested a causal relationship between
increased PA and improved motor skill development in chil-
dren, especially when interventions were conducted in a
school setting [66]. Although traditional PA intervention
strategies have been examined in the literature more than
exergaming-based PA intervention strategies, exergaming
interventions showed similar effectiveness relative to the
number of available trials, and given their enjoyable and
innovative nature and ability to leverage children’s interest
in videogame play, they hold promise for future motor
development in this population. These findings have impor-
tant public health implications as they help to inform
educators and other health practitioners that regardless of
the employed PA promotion strategy (traditional or
exergaming-based PA), simply getting older children to
move more can enhance their motor skill development
which, in turn, may help establish healthy PA behaviors
which track into adulthood [7] and, ultimately, help attenu-
ate the grand challenge of adult overweight and obesity in
the U.S. [67].

Therefore, if school funding allows, we recommend
teachers and/or physical educators implement exergaming
stations within the school to allow students to engage in
enjoyable PA before, during, and/or after school to increase
PA output and, ultimately, motor sill development. If school
funding is not available, other free and creative PA promo-
tion strategies should be used, such as intermittent learning
breaks wherein short bouts of PA are integrated throughout
the day during class. Likewise, parents should consider
implementing exergames in their homes to help encourage
PA participation outside of the school setting and/or encour-
age their children to play traditional games that require PA.
Nevertheless, our study shows that whether in the school set-
ting or outside of the school setting and whether traditional
or technology-based PA, simply getting children to move
more and engage in PA is beneficial to improving motor skill
development which may lead to greater PA-related self-
confidence and healthy PA behaviors that track throughout
the lifespan.
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