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Abstract
Background  Regular participation in physical activity (PA) benefits children’s health and well-being and protects 
against the development of unhealthy body weight. A key factor in children’s PA participation is their motor 
competence (MC). The comprehensive school physical activity program (CSPAP) framework offers a way to classify 
existing PA interventions that have included children’s MC development and understand the potential avenues for 
supporting children’s MC. However, there have been no systematic reviews or meta-analyses of PA interventions and 
their effects on the MC of elementary school children (aged 5–12 years) from a CSPAP perspective.

Methods  This study was conducted in accordance with the Preferred Reporting Items for Systematic Review 
and Meta-Analysis (PRISMA) statement. We searched seven electronic databases (PubMed/Medline, Embase, ERIC, 
SPORTDiscus, CINAHL, Web of Science, and PsycINFO) for articles on 29 November 2021. The CSPAP framework 
was used to categorize the different intervention approaches. This review was registered with PROSPERO 
(CRD42020179866).

Results  Twenty-seven studies were included in the review, and twenty-six studies were included in the meta-
analysis. A wide range of PA intervention approaches (e.g., single component or multicomponent) within the context 
of the CSPAP framework appear to be promising pathways in enhancing children’s MC. The results of the aggregate 
meta-analysis presented that effect sizes for the development of MC from pre-and post- intervention ranged from 
moderate to large (Hedges’ g = 0.41−0.79). The analysis revealed that the predicted moderators, including study 
length, delivery agent, and study design, did not result in statistically significant moderate variations in MC outcomes. 
There was, however, considerable heterogeneity in study design, instruments, and study context, and studies were 
implemented in over 11 countries across diverse settings.
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Background
It is well established that physical activity (PA) is crucial 
for the healthy growth and development of children [1, 
2]; however, many children are not sufficiently active. 
Globally, over 85% of children and adolescents are not 
meeting the World Health Organization’s (WHO) recom-
mended PA guidelines [3]. These guidelines suggest that 
children and adolescents should engage in at least 60 min 
of moderate-to-vigorous (MV) PA daily [3]. This level 
of activity is considered essential for maintaining physi-
cal health, supporting development, and fostering over-
all well-being in young individuals. Motor competence 
(MC) plays a major role in children’s PA participation [4–
8]. MC can be defined as the capability to perform a wide 
range of motor acts or skills and involves both locomotor 
(e.g., running, jumping, and skipping) and object projec-
tion (e.g., throwing, catching, and kicking) skills [9]. The 
development of MC during childhood is crucial for a 
healthy life since it allow individuals to successfully par-
ticipate in lifetime physical activities [4, 7, 8]. According 
to Stodden et al. [7], the attainment of adequate PA and 
MC levels should be viewed using a developmental per-
spective. In other words, children with greater MC were 
observed to spend more time in moderate-to-vigorous 
PA [10], whereas those with less developed MC appeared 
less physically active [4, 6]. Longitudinal evidence sug-
gests that having higher levels of MC during childhood 
is associated with being more physically active later in life 
[11–13]. Conversely, low MC is hypothesized to result 
in decreased participation in PA in middle to late child-
hood, thus leading to a negative spiral of disengagement 
from an active lifestyle [7, 8].

Developing children’s and adolescents’ MC is a pri-
mary goal of physical education (PE) and is considered 
foundational to promoting lifetime participation in PA 
[14, 15]. Particularly during the elementary school years, 
establishing a robust foundation in MC is crucial as it 
facilitates the transition to more specialized movement 
forms in organized games and sports [16, 17]. This foun-
dational stage involves the development of fundamen-
tal movement skills (FMS), which encompass a variety 
of basic movement patterns including locomotor skills, 

objective control skills, and stability skills [18]. These 
skills are essential building blocks for more complex and 
specialized motor skills acquired later in life [9]. Regu-
lar involvement in context-specific and developmentally 
appropriate PA experiences is critical [18–20]. The devel-
opment of MC does not occur “naturally” and requires 
sufficient practice and experiences to successfully apply 
essential skills in the various PA activities that require 
their application [20, 21]. However, focused program-
ming to support children’s MC development is decreas-
ing for school-aged children, in tandem with a downward 
trend in the prevalence of PE [22]. It therefore becomes 
vital to explore and learn from innovations in school-
based programming, which can not only counteract the 
declining provision of PE but also present expanded 
opportunities for children to develop their motor skills.

Recently, there has been increased interest in what 
the Institute of Medicine in the United States called a 
“whole-of-school” approach to PA promotion in children 
and adolescents, in which PA opportunities are provided 
before, during, and after school through the support of 
school staff, families, and community partners [23]. The 
International Society for Physical Activity and Health 
(ISPAH) named whole-of-school PA one of eight invest-
ments that work for increasing PA [24]. McMullen et al. 
[25] provide an insightful analysis of whole-of-school 
PA initiatives undertaken in Finland, Ireland, Poland, 
and the United States. Common to these initiatives is a 
focus on multiple PA opportunities, contexts, and pro-
motion agents that coalesce around a strong PE program 
and build upon it with additional PA. While much of the 
attention given to whole-of-school PA centers on the 
extent to which such an approach can support children’s 
attainment of 60  min of PA each day (in line with cur-
rent guidelines) [26–29], the contribution of expanded 
PA opportunities to the development of children’s MC 
also warrants investigation. If designed appropriately, PA 
opportunities beyond PE may allow children to apply and 
practice what they learn in PE and continue to develop 
their motor skills [30].

A plethora of review studies have substantiated 
the beneficial impact of PA interventions on the 

Conclusions  This study uniquely contributes to the literature through its primary focus on the effectiveness of PA 
interventions on elementary children’s MC. This review emphasizes the importance of customizing CSPAP to fit the 
specific characteristics of each school setting, including its environmental, demographic, and resource attributes. 
The effectiveness of CSPAP, particularly its physical education (PE) component, is significantly enhanced when these 
programs are adapted to address the unique needs of each school. This adaptation can be effectively achieved 
through targeted professional teacher training, ensuring that PE programs are not only contextually relevant but also 
optimized for maximum impact in diverse educational environments. Researchers and practitioners should pursue 
how to effectively translate the evidence into practice to better conceptualize CSPAPs designed for children’s MC 
development.
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enhancement of MC among children and adolescents, as 
evidenced by research such as Lorås [31] and Zeng et al. 
[32]. Notably, Barnett et al. [33] undertook a systematic 
review of longitudinal data pertaining to MC and health, 
elucidating the interplay between MC and health out-
comes (e.g., weight status, health-related fitness). Com-
plementing this, Han et al. [34] and Hassan et al. [35] 
independently deduced that exercise and PA interven-
tions markedly improved FMS and motor coordination in 
children and adolescents, with aerobic activities showing 
pronounced efficacy in augmenting object control and 
gross motor skills. Ruggeri et al. [36] further corroborate 
this viewpoint, demonstrating that interventions focus-
ing on motor skills and PA fostered enhanced participa-
tion, activity, and improvements in body structure and 
function in children diagnosed with autism spectrum 
disorder. Conversely, Jones et al. [37] present a caveat, 
highlighting that despite the established positive correla-
tion between PA and motor skills in early childhood, the 
exact causative directionality of this relationship remains 
an area of ambiguity.

Overall, there is substantial evidence supporting an 
association between PA and MC, but less is known 
about the development of children’s MC in the context of 
whole-of-school PA approaches. The current review aims 
to bridge this existing knowledge gap by synthesizing and 
evaluating the collective impact of PA interventions while 
considering how these interventions align with whole-of-
school PA promotion. For the purposes of this review, we 
have adopted the comprehensive school physical activity 
program (CSPAP) model as a representative whole-of-
school PA framework. In the United States, the Centers 
for Disease Control and Prevention (CDC) named the 
CSPAP model as the national framework for school-
based PE and PA [1]. The model includes five compo-
nents: (a) quality PE, (b) PA during school (DS), (c) PA 
before and after school (BAS), (d) staff involvement (SI), 
and (e) family and community engagement (FCE) [1, 38]. 
This study will dissect the nuances of how various PA 
interventions, categorized under CSPAP components, 
distinctly influence MC outcomes in elementary school 
children. The purpose of this study, therefore, is to con-
duct a systematic review and meta-analysis, based on 
CSPAP framework, of the effectiveness of PA interven-
tions in increasing the MC of elementary school children 
(5–12 years). By doing so, it endeavors to offer a refined 
perspective on PA’s role in enhancing MC, thereby set-
ting the stage for more effective, tailored CSPAP program 
implementations in the future. Ultimately, this systematic 
review and meta-analysis seeks not only to consolidate 
the existing research but to push the boundaries further 
in understanding and optimizing the role of PA in the 
development of children’s MC.

Methods
Registration and protocol
This study followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [39] with additional recommendations for sys-
tematic meta-reviews [40] and was registered with the 
International Prospective Register of Systematic Reviews 
at https://www.crd.york.ac.uk/prospero/ (registration 
number CRD42020179866).

Inclusion/eligibility criteria
Studies with the following characteristics were included 
in our review:

1.	 Participants were aged 5–12 years (primary/
elementary school);

2.	 PA interventions primarily focused on improving 
and assessing MC/FMS components;

3.	 Type of interventions: Any school-, home-, or 
community-based interventions for children with 
clear intent to improve MC/FMS proficiency;

4.	 Type of studies: Employed a Cluster-Randomized 
Controlled Trials (C-RCTs) design, RCTs, or 
rigorous (matched or statistically controlled) quasi-
experimental design.

Exclusion criteria
Studies with the following characteristics were excluded 
from the review:

1.	 Studies that reported on a population of focus 
outside of the age range defined above; or 
participants who were not ‘typically developing’ (i.e., 
had a clinically diagnosed physical or intellectual 
disability or condition affecting movement, e.g., 
autism, visual impairment, cerebral palsy, traumatic 
brain injury/concussion);

2.	 Studies that did not aim to improve and assess at 
least one of MC/FMS components outcomes were 
excluded;

3.	 Studies reported as abstracts, theses/dissertations 
and unpublished literature were excluded.

It should be mentioned that our search was not limited 
by the CSPAP framework, since the framework incor-
porates all conceivable circumstances and opportuni-
ties for PA promotion for children. Additionally, we 
aimed to include all relevant PA interventions regard-
less of whether the researchers used the CSPAP frame-
work explicitly in their published publications. Thus, we 
did not perform our search using the phrase “CSPAP” or 
variants of the terms (e.g., comprehensive PA, whole-of-
school PA).

https://www.crd.york.ac.uk/prospero/
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Search strategy and terms
The studies were obtained on November 29, 2021 using 
seven electronic databases: PubMed/Medline, Embase, 
ERIC, SPORTDiscus, CINAHL, Web of Science, and Psy-
cINFO. The search strategy consisted of four elements: 
study population (e.g., elementary school student), study 
design, intervention (e.g., PA and exercise), and out-
come measures (e.g., MC; see detailed search strategy in 
Supplementary Table 1). The search was limited to peer-
reviewed academic journal articles published in English 
in all available years.

Data extraction/collection process
Data were imported into Endnote X9.3 (The Thomson 
Corporation Corp, Stanford,

CT, USA) and duplicates were removed. The selected 
references were imported to a web-based software plat-
form that streamlines the production of systematic 
reviews (Covidence systematic review software, Veri-
tas Health Innovation, Melbourne, Australia, available 
at www.covidence.org). This first level of screening, two 
independent reviewers (CAE and CBM) screened the 
titles and abstracts of retrieved records for possible inclu-
sion. Of the records identified as possibly eligible, the 
full texts were obtained, and two independent reviewers 
(LF and LR) assessed the records for inclusion. For each 
included study, two reviewers (CAE and LF) extracted 
data into a pre-defined Microsoft Excel (Microsoft Cor-
poration, Redmond, WA, USA) data collection form. 
Data were extracted on the following: type of study 
design; the intervention approach, based on the CSPAP 
framework; the sample size; the intervention character-
istics including session duration, frequency, length, deliv-
ery, and the name of programs; the types and methods 
of measured outcomes including the specific instrument; 
the fidelity of implementation measure; and the main 
results. For all steps in the screening process and data 
extraction, a third reviewer (JM or CAW) checked the 
data for errors, and discrepancies were resolved through 
discussion and consensus of judgement. If data were 
missing, authors were contacted.

Qualitative data synthesis
Extracted results showed information including the arti-
cle reference, study design, intervention approach (i.e., 
CSPAP components used), study characteristics (coun-
try, school setting, school level, name of the interven-
tion program, participants, intervention deliverer, and 
MC outcomes), dose, main results, and implementation 
fidelity reporting. Results were organized into three sec-
tions by: (1) study design (i.e., C-RCT/RCT and N-RCT), 
(2) interventions addressing a single CSPAP component 
(i.e., PE, PADS, PABAS, and FCE) and (3) interventions 

addressing multiple CSPAP components (e.g., PE + 1 
additional component and PABAS + FCE).

Quantitative data synthesis
Effect sizes were calculated for the intervention group 
relative to the comparison group for each study. When 
the necessary data were not available in the original arti-
cle, we requested it from the authors. If data could still 
not be obtained, we extracted the data from the graphs 
when available. If that was not possible, we excluded the 
study from the quantitative analysis. A meta-analysis for 
a given MC outcome was conducted if at least three stud-
ies reported interventions addressing the same CSPAP 
components and provided sufficient data for the calcula-
tion of effect size.

Pre- and post-intervention mean ± standard deviation 
(SD) for a given MC outcome, and sample size from each 
study were converted to Hedges’ g effect size [41]. Specif-
ically, we calculated standardized mean differences both 
for outcome scores at the end of the intervention period 
(post-intervention) and change-from-baseline (pre-inter-
vention) outcomes. Scores post-intervention effect sizes 
refer to intervention group results compared with com-
parison or control group results after interventions. We 
did not include follow-up assessment data. In all analy-
ses, we used the random-effects model to account for 
differences between studies that might impact the treat-
ment effect [42, 43]. The effect size values are presented 
alongside their respective 95% Confidence Intervals 
(CIs). Calculated effect sizes were interpreted using the 
following scale: small (g < 0.40), moderate (g = 0.40−0.70), 
and large (g > 0.70), according to the Cochrane Handbook 
[44]. Heterogeneity (i.e., between studies variability) was 
evaluated using the I-squared (I2) statistic. I2 values of 
< 25%, 25−75%, and > 75% were considered to represent 
low, moderate, and high levels of heterogeneity, respec-
tively [45]. The risk of bias was explored using the visual 
inspection of funnel plots and Egger’s regression test [46]. 
Publication bias was not produced as the meta-analyses 
included < 10 studies/interventions [47].

A series of models were analyzed to address the follow-
ing: (1) the pooled effect of PA interventions across all 
studies on elementary school age-children’s MC (overall 
and by measurement), (2) the pooled effect of interven-
tions using only PE compared to the pooled effects of 
other single-component interventions that did not use PE 
(PADS only, PABAS only, and PADS + PABAS + FCE) on 
children’s MC, and (3) the pooled effects of interventions 
using PE plus additional CSPAP components (PE + 1 and 
PE + 2) on children’s MC. In addition, moderation anal-
yses were performed to explore the impact of potential 
explanatory variables and moderators (intervention dura-
tion [< 6 months vs. ≥ 6 months], delivery agent [research 
team vs. school-based team vs. combined], and study 

http://www.covidence.org
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design [C-RCT/RCT vs. N-RCT]) on the effect sizes with 
meta-regressions when sufficient data were available (i.e., 
at least ten studies for each explanatory variable) [44]. 
The results were expressed as regression coefficients esti-
mates, 95% CIs and the p-value. All analyses were carried 
out using the Comprehensive Meta-Analysis program 
(version 3.3.070; Biostat, Englewood, NJ, USA). The sta-
tistical significance threshold was set at p <.05.

Risk of bias assessment
Risk of bias in the included studies was assessed by two 
reviewers (JM and CAW) independently through dis-
cussion using the Cochrane Risk of Bias Tool (RoB 2.0) 
with additional considerations for C-RCTs and RCTs 
[48], which consists of five domains and an overall judg-
ment [40]. The five domains are: (1) bias arising from the 
randomization process; (2) bias due to deviations from 
the intended interventions; (3) bias due to missing out-
come data; (4) bias in measurement of the outcome; and 
(5) bias in selection of the reported result. Based on the 
answers (yes, probably yes, probably no, no, not appli-
cable, no information) to a series of signaling questions 
in the guidance document, the judgment options within 
each domain consist of “low risk of bias,” “some con-
cerns”, or “high risk of bias” [48].

The N-RCT (i.e., quasi-experimental) studies were 
assessed with the Risk of Bias in Non-randomized Stud-
ies of Interventions (ROBINS-I) tool [49], which consists 
of seven domains and an overall judgement. The seven 
domains are: (1) bias due to confounding; (2) bias in 
selection of participants into the study; (3) bias in clas-
sification of interventions; (4) bias due to deviations from 
intended intervention; (5) bias due to missing data; (6) 
bias in measurement of outcomes and (7) bias in selec-
tion of the reported result [49]. Domain-specific risk of 
bias assessment was used to judge the overall risk of bias 
for each study. Disagreements between reviewers were 
resolved through discussion and consensus by a third 
evaluator (CAE). Before correcting for observed differ-
ences, the agreement between reviewers was assessed 
using a Kappa correlation for risk of bias (κ > 0.8). A risk 
of bias graph was made via the robvis R package [50].

Results
A total of 6,064 search records were initially identi-
fied. The authors screened 3,804 records after removing 
duplicate records. This first level of screening, separated 
by title and abstract, identified 439 full-text articles to 
be reviewed for eligibility. Ultimately, of the remaining 
286 articles, 27 studies were included in the qualitative 
synthesis and 26 studies were included in quantitative 
synthesis. The process of literature identification and 
selection is outlined in the PRISMA flowchart (Fig.  1). 
The quality assessment for C-RCTs or RCTs revealed five 

studies as low risk in quality, four studies as having some 
concerns in quality, and one study as high risk (Supple-
mentary Fig. S1). For N-RCTs, nine studies were evalu-
ated as low risk of bias, six studies as moderate quality, 
and two studies as serious risk of bias (Supplementary 
Fig. S2). Generally, the studies included a lack of clear 
description of randomization procedures and lack of 
clarity regarding drop-out rates. There are some stud-
ies that did not assess the fidelity of the interventions to 
determine if they were implemented as intended. Addi-
tionally, most of the studies had some concerns due to 
deviations from the intended interventions.

Characteristics of the included studies
Across the 27 studies, there were a total of 13,281 par-
ticipants (49% female, 51% male) from 306 classes and 
191 schools. The sample size ranged from 13 [51] to 4,234 
participants [52] with the age of intervention children 
ranging from five to 12 years. Ten studies were conducted 
in North America (i.e., Canada and United States), seven 
in Europe (i.e., Finland, Germany, Ireland, Netherlands, 
Poland, and United Kingdom), eight in Australia, one in 
Asia (i.e., China), and one in South America (i.e., Brazil). 
Additionally, four studies were conducted in urban set-
tings, one in rural and urban settings, one in a rural set-
ting, and two in a suburban setting. The setting was not 
specified in 19 of the studies. The detailed characteristic 
of all of the included studies in Supplementary Appendix 
Fig. S1.

Descriptions of CSPAP components
Study design
Eight C-RCTs (30%), two RCTs (7%), and 17  N-RCT 
studies (63%) were included in this review.

C-RCT/RCT
Ten studies were C-RCTs or RCTs [53–63], with the aver-
age number of schools and classes across all studies being 
14 (range 1–91) and 33 (range 2–157), respectively [57, 
58]. The average sample size was 369 students (range 
28–1,736), [57, 63] and the total number of students was 
3,054 (48% Female, 52% Male). The average interven-
tion duration, frequency, and length was 30 weeks (range 
5–96) [58, 59], two times per week, and 55 min per ses-
sion (range 15–120) [54, 63], respectively. For measure-
ment of children’s MC, five studies of ten (50%) used Test 
for Gross Motor Development (TGMD-2nd Edition or 
-3rd Edition) [53, 54, 58, 61, 62], one study (10%) used 
Körper-koordinationtest Für Kinder (KTK) [55], two 
studies used other measurements (e.g., Dordel-Koch-Test 
[DKT]; 20%) [57, 63], and two studies (11%) did not spec-
ify a measurement tool [59, 60].
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Fig. 1  PRISMA flow chart of the search process of screened, included, and excluded articles
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N-RCT
17 studies were N-RCTs (i.e., quasi-experimental), with 
the average number of schools and classes across all stud-
ies being four (range 1–9) [52, 64–66] and six (range 
2–20) [65, 67, 68], respectively. The average sample size 
was 564 students (range 13–1,460) [51, 69], and the total 
number of students was 3,686 (49% Female, 51% Male). 
The average intervention duration, frequency, and length 
was 30 weeks (range 4–176) [70, 71], two times per week 
(range 1–5) [51, 52, 67, 72], and 59 min per session (range 
25–120) [51, 67, 70, 73], respectively. For measurement of 
children’s MC, 11 studies (64%) used TGMD-2 or -3 [64, 
65, 67–69, 72–77], four studies (24%) used KTK [51, 65, 
66, 71], two studies used other measurements (e.g., PE 
Metrics; 11%) [62, 78], and one study (5%) did not specify 
a measurement tool [70]. Two studies used TGMD-2 and 
KTK [65, 67].

Single CSPAP component interventions
Considering the CSPAP framework, nine studies out of 
18 (50%) used only PE for the intervention [52, 53, 58, 62, 
65, 67, 71, 73, 78], three studies (17%) used only PADS 
[57, 70, 75], four studies (22%) used only PABAS [60, 64, 
72, 76], and two studies (11%) used only FCE [55, 63]. No 
study used only SI for the intervention.

PE
For the studies that used only PE as the intervention 
approach, the average number of schools and classes 
across all studies were four (range 1–9) [52, 58, 65] and 
seven (range 2–20) [58, 65, 67], respectively. The average 
sample size was 691 students (range 42–4,234) [52, 58], 
and the total number of students was 3,054 (50% Female, 
50% Male). The average intervention duration, frequency, 
and length was 20 weeks (range 4–96) [52, 71], two times 
per week, and 57 min per session (range 25–120) [67, 73], 
respectively.

PE interventions involved PE lessons that incorpo-
rated revised FMS activities [73]; movement activities 
related to specific motor skills [53]; a PE curriculum that 
included motor skill themes and physical fitness activi-
ties [52]; goal-directed learning [71, 78]; a movement 
program (Brain Gym) involving a series of simple-to-
challenging FMS intended to enhance cognitive process-
ing, psychomotor and whole-brain learning [58]; the 
Professional Learning for Understanding Games Educa-
tion (PLUNGE) program, which aimed to increase the 
complexity of challenges experienced through gameplay-
situated learning for the improvement of FMS [62]; and 
a gymnastics curriculum developed by Gymnastics Aus-
tralia, which aimed to develop stability, locomotor and 
object control skills, and general body coordination [65, 
67]. The intervention deliverer varied across interven-
tions. One study (11%) was delivered by a research team 

[58], seven studies (78%) by a school-based team (i.e., 
Trained PE teachers, classroom teachers and students) 
[52, 53, 65, 67, 71, 73, 78] and one study (11%) by a com-
bined team (e.g., research team, school-based team, and 
parents) [62]. Additionally, four studies (44%) reported 
fidelity of intervention using observation and/or check-
lists [52, 53, 62, 67].

PADS
For the studies that used PADS as the single intervention 
component [57, 70, 75], the average number of schools 
and classes across all studies being 35 (range 7–91) and 
84 (range 11–157, respectively [57, 75]. The average sam-
ple size was 826 students (range 336–1,736) [57, 75], and 
the total number of students was 2,479 (55% Female, 45% 
Male). The average intervention duration, frequency, and 
length was 81 weeks (range 20–176) [57, 62, 70, 75], two 
times per week, and 33  min per session (range 15–60) 
[57, 75], respectively.

PADS interventions involved structured games to 
increase children’s FMS [75]; short daily classroom 
exercises [57]; and a whole-of-school health promotion 
approach aimed to develop children’s FMS by modify-
ing the physical and social environment [70]. Two studies 
(75%) were delivered by a school-based team [70, 75] and 
one study (25%) by a combined team [57]. None of the 
studies reported fidelity of intervention.

PABAS
For studies that used only PABAS as an intervention 
approach, the average number of schools and classes 
across all studies was seven (range 1–16) [60, 64] and 
three [76], respectively. The average sample size was 63 
students (range 31–146) [60, 64], and the total number 
of students was 252 (60% Female, 40% Male). The aver-
age intervention duration, frequency, and length was 13 
weeks (range 8–26) [60, 64], three times per week (range 
2–5) [60, 72], and 60 min per session, respectively.

The PABAS interventions involved outdoor low-orga-
nized games and indoor sports-based activities including 
swimming, floor hockey, and soccer as after school activ-
ities [72]; an after school program aiming to teach chil-
dren the 12 basic motor skills from the TGMD-2 criteria 
[64, 76]; and an after school club program that included 
multi-games activities, which focused on FMS develop-
ment by using offering numerous opportunities for prac-
tice with learning cues [60]. Three studies (75%) were 
delivered by a research team [60, 64, 76] and one study 
(25%) by an after school-based team (i.e., after school 
program leaders) [72]. Two studies (50%) reported fidel-
ity of intervention (using field observations) [64, 76].
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FCE
For studies that used FCE as the single intervention com-
ponent, the average number of schools and classes across 
studies was one and two, respectively [55, 63]. The aver-
age sample size was 193 students, and the total number 
of students was 385 (49% Female, 51% Male). The aver-
age intervention duration, frequency, and length was 27 
weeks (range 6–48), two times per week, and 60 min per 
session, respectively [55, 63].

The FCE interventions involved family involvement by 
providing tailored counseling [55], structured PA home-
work/materials, educating parents to an increase chil-
dren’s MC, and goal-setting [55, 63]. One study (50%) was 
delivered by a research team (i.e., coaches and research 
assistants) [55] and one study (50%) by a combined team 
(i.e., research team and parents) [63]. Both studies (100%) 
reported fidelity of intervention using observation and 
checklists.

Multiple CSPAP components interventions
A total of nine studies (33%) used intervention 
approaches that could be mapped onto multiple compo-
nents within the CSPAP framework [51, 54, 59, 61, 66, 
68, 69, 74, 77]. The most commonly used components 
in multicomponent approaches were PE (n = 8) followed 
by SI (n = 7) and PADS (n = 5). PABAS (n = 3) and FCE 
(n = 3) were included in less than half of the multicom-
ponent studies. One multicomponent intervention did 
not include a PE component. No study included all five 
CSPAP components.

PE + 1 additional CSPAP component
Three of the studies (33%) reported an intervention that 
included PE + 1 additional CSPAP component. Two stud-
ies included SI and one study included PABAS. The aver-
age number of schools and classes across all studies were 
three (range 1–7) [59, 61] and 21 (range 2–56) [59, 68], 
respectively. The average sample size was 202 students 
(range 31–467) [59, 68], and the total number of students 
was 605 (29% Female, 71% Male). The average inter-
vention duration, frequency, and length was 50 weeks 
(range 6–96) [59, 61], three times per week (range 1–4) 
[61, 68], and 45 min per session (range 30–60) [59, 61], 
respectively.

PE + 1 interventions involved the Professional Learn-
ing for Understanding Games Education (PLUNGE) pro-
gram that aimed to improve children’s FMS in PE lessons 
through a professional learning process involving class-
room teacher education and mentoring [61]; a Sports, 
Play, and Active Recreation for Kids (SPARK) based PE 
program designed to enhance children’s motor skills 
through a classroom teacher professional development 
program [61]; and PE lessons combined with an extracur-
ricular after school program (From Fun To Sport) with 

an emphasis on the development of children’s FMS [68]. 
All three interventions were delivered by a school-based 
team (i.e., PE teachers and trained classroom teachers). 
Only one study (33%) reported fidelity of intervention 
using lesson observations [61].

PE + 2 additional CSPAP components
Three studies (33%) reported interventions that included 
PE + 2 additional CSPAP components. Two studies 
included the combination of SI and PADS with PE [69, 
77], and one study included SI and FCE with PE [66]. The 
average number of schools and classes across all studies 
was two and three, respectively. The average sample size 
was 664 students (range 174–1460) [69, 77] and the total 
number of students was 1991 (50% Female, 50% Male). 
The average intervention duration, frequency, and length 
was 11 weeks (range 10–12), two times per week, and 
50  min per session (range 30–60), respectively [66, 69, 
77].

The PE + 2 interventions involved a CSPAP-based gross 
motor skill development program including the Dynamic 
PE for Elementary School Children curriculum dur-
ing PE lessons, PA engagement opportunities through-
out the school day during recess and regular classroom 
time (during which teachers integrated PA into aca-
demic lessons and classroom activity breaks via stretch-
ing, walking, jumping, or relaxation activities), and SI 
that provided teacher professional training to increase 
the quality of PE [69]; the Great Leaders Active StudentS 
(GLASS) program that included trained students who 
instructed their peers to improve FMS during PE lessons 
and classroom settings, and trained teachers supporting 
their peers’ instruction, which contributed an SI compo-
nent to the program [77]; and physical exercise sessions 
during PE lessons (e.g., circuit training, aerobic/sports 
activities, and recreational games), parent support to 
promote PA during after school classes, and nutritional 
education sessions (e.g., goal setting and dietary counsel-
ling with parents) [66]. One study (25%) was delivered by 
a school-based team (i.e., PE teachers, classroom teach-
ers, and students) [77] and two studies (75%) by a com-
bined team (i.e., PE teachers, classroom teachers, medical 
or healthcare staff, parents, PA leaders, and the research 
team) [66, 69]. Only one study (33%) reported fidelity of 
intervention using observations and a checklist [77].

PE + 3 additional CSPAP components
Two studies (22%) reported interventions that included 
PE + 3 additional CSPAP components. One study 
included the combination of SI, PADS, and FCE with PE 
and one study included SI, PADS, and PABAS with PE. 
The average number of schools and classes across all 
studies was seven and 25, respectively [54, 74]. The aver-
age sample size was 667 students (range 357–976) and 
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the total number of students was 1333 (44% Female, 56% 
Male) [54, 74]. The average intervention duration, fre-
quency, and length was 42 weeks (range 36–48), three 
times per week (range 1–5), and 98  min per session 
(range 75–120), respectively [54, 74].

One PE + 3 intervention involved a CSPAP-based 
program that aimed to optimize the quality of PE. The 
intervention provided PA opportunities before and after 
school as well as during recess/lunch time, which cre-
ated a number of opportunities for children to engage 
in free play or semi-structured PA by applying skills 
learned during PE lessons. Additionally, PA was inte-
grated into academic lessons and classroom activities, 
and SI was addressed with continuous teacher training 
and assistance throughout the intervention [74]. The 
other PE + 3 intervention involved the implementation 
of six PA policies to support the promotion of PA and 
FMS competency within the PE lessons in combination 
with SI and PADS through teacher professional learning, 
student leadership workshops, and PA promotion tasks 
to achieve awards during recess and lunch. In addition, 
the intervention incorporated FCE via school–com-
munity connections (e.g., inviting local sporting organi-
zations to assist with school sport programs) as well as 
a range of approaches targeting the home environment 
(e.g., newsletters, parent evening, and FMS homework) 
[54]. Both studies were delivered by a combined team 
(i.e., PE teachers, classroom teachers, principals, parents, 
PA leaders, and community leaders) and both reported 
the fidelity of the intervention using observations and a 
checklist [54, 74].

Multicomponent interventions without PE
One study (11%) included the combination of PABAS 
and FCE with no PE component [51]. The total number 
of students was 13 (62% Female, 38% Male). The inter-
vention duration, frequency, and length were ten weeks, 
one time per week, and 120 min per session, respectively 
[51]. The intervention program involved a community-
based program with an additional home-based PA motor 
development program using goal-setting and parental 
motivation strategies [51]. The intervention was delivered 
by a combined team (i.e., researchers and parents) [51]. 
The study did not report fidelity of intervention.

Meta-analysis
Effectiveness across all interventions
The meta-analysis for total 26 studies indicated a statis-
tically significant and large pooled intervention effect on 
children’s total MC (Hedges’ g = 0.71; 95% CI = 0.60–0.81; 
p <.001; I2 = 78.4%; Supplementary Fig. S3). The relative 
weight of each study in the analysis ranged from 1.40 to 
6.22%. For all included studies, Egger’s regression test 
for asymmetry of the funnel plot was not significant 

(β = 0.32, p =.17), indicating no evidence of publication 
bias (Supplementary Fig. S4). Results from the meta-
regression found that intervention duration (β = -0.04; 
95% CI = -0.29–0.19; p =.69), delivery agent (β = -0.22; 
95% CI = -0.65–0.21; p =.31), and study design (β = 0.13; 
95% CI = -0.10–0.36; p =.28) were not found to be a sta-
tistically significant moderator variables/factors affecting 
overall study effect sizes (i.e., children’s total MC).

In a subsequent analysis, the studies adopting the 
TGMD − 2 or -3 tests were compared to studies includ-
ing other types of assessments. The latter analysis was 
conducted as a proxy for effects of types of MC mea-
surements. 17 studies measured children’s MC using the 
TGMD-2 or -3 tool. The meta-analysis for studies indi-
cated a statistically significant and large pooled inter-
vention effect on children’s total MC (Hedges’ g = 0.79; 
95% CI = 0.63–0.95; p <.001; I2 = 38.2%; Supplementary 
Fig. S5). The relative weight of each study in the analy-
sis ranged from 3.88 to 9.30%. Additionally, 11 studies 
measured children’s MC using other measurement tools 
(e.g., KTK, PE Metrics, and DKT). The meta-analysis for 
these studies indicated a statistically significant and mod-
erate pooled intervention effect on children’s total MC 
(Hedges’ g = 0.57; 95% CI = 0.42–0.72; p <.001; I2 = 64.1%; 
Supplementary Fig. S6). The relative weight of each study 
in the analysis ranged from 3.77 to 12.62%. Specifically, 
five studies measured children’s MC using KTK tool. 
The meta-analysis for studies indicated a statistically 
significant and moderate pooled intervention effect on 
children’s total MC (Hedges’ g = 0.41; 95% CI = 0.28–0.57; 
p <.001; I2 = 86.7%; Supplementary Fig. S7). The relative 
weight of each study in the analysis ranged from 4.04 to 
12.82%.

Effectiveness of PE only vs. other single component 
interventions
Nine studies used only PE as the intervention approach. 
The meta-analysis for these studies indicated a statisti-
cally significant and large pooled intervention effect on 
children’s total MC (Hedges’ g = 0.79; 95% CI = 0.55–1.04; 
p <.001; I2 = 66.7%; Supplementary Fig. S8). The relative 
weight of each study in the analysis ranged from 7.40 to 
13.30%. Eight other studies used non-PE single compo-
nent intervention approaches (i.e., PADS + PABAS + FCE). 
The meta-analysis for these studies indicated a statisti-
cally significant and moderate pooled intervention effect 
on children’s total MC (Hedges’ g = 0.48; 95% CI = 0.29–
0.68; p <.001; I2 = 85.0%; Supplementary Fig. S9). The 
relative weight of each study in the analysis ranged from 
10.81 to 24.62%.

In a subsequent analysis, the studies that used non-PE 
single component interventions were analyzed. Specifi-
cally, three studies used only PADS as the intervention 
approach. The meta-analysis for these studies indicated 
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a statistically significant and moderate pooled interven-
tion effect on children’s total MC (Hedges’ g = 0.48; 95% 
CI = 0.27–0.69; p <.001; I2 = 76.5%; Supplementary Fig. 
S10). The relative weight of each study in the analysis 
ranged from 14.20 to 45.38%. Additionally, three stud-
ies used only PABAS as the intervention approach. The 
meta-analysis for these studies indicated a statistically 
significant and moderate pooled intervention effect on 
children’s total MC (Hedges’ g = 0.50; 95% CI = 0.13–0.89; 
p <.05; I2 = 0.0%; Supplementary Fig. S11). The relative 
weight of each study in the analysis ranged from 25.28 to 
46.18%.

Effectiveness of interventions addressing multiple CSPAP 
components
Three studies reported intervention approaches that 
used PE and one additional CSPAP component (PE + 1) 
to increase children’s MC. The meta-analysis for these 
studies indicated a statistically significant and moder-
ate pooled intervention effect on children’s total MC 
(Hedges’ g = 0.64; 95% CI = 0.33–0.95; p <.001; I2 = 48.2%; 
Supplementary Fig. S12). The relative weight of each 
study in the analysis ranged from 13.25 to 18.30%. Addi-
tionally, three studies reported intervention approaches 
that used PE and two additional CSPAP components 
(PE + 2) to increase children’s MC. The meta-analysis for 
these studies indicated a statistically significant and mod-
erate pooled intervention effect on children’s total MC 
(Hedges’ g = 0.55; 95% CI = 0.27–0.82; p <.001; I2 = 52.9%; 
Supplementary Fig. S13). The relative weight of each 
study in the analysis ranged from 12.98 to 32.75%.

Discussion
The purpose of this systematic review and meta-analysis 
was to use the CSPAP framework to synthesize the evi-
dence of the effectiveness of PA interventions in increas-
ing MC as a primary outcome of children aged 5–12. 
Twenty-seven studies met the inclusion criteria and 
were included in the qualitative analysis and twenty-six 
studies were included in the quantitative analysis. The 
results of the aggregate meta-analysis indicate that effect 
sizes for the development of MC from pre-post inter-
vention ranged from moderate to large. In light of our 
results, a wide range of CSPAP-aligned PA intervention 
approaches appear to be promising avenues in enhancing 
children’s MC. However, there is considerable variation in 
study design, sample size, delivery agent, and study con-
text, and studies were implemented in over 11 countries 
across diverse settings. Additionally, the results do not 
show clear evidence that increased PA duration or fre-
quency (i.e., dose) has a detrimental effect on the devel-
opment of children’s MC, which aligns with McDonough 
et al. [79].

Results of this review indicated that the majority of 
studies included PE as a component of either a single 
(33%) or multicomponent (30%) approach and showed 
beneficial effects on the development of children’s MC. 
Specifically, PE commonly included the integration of 
movement activities with cognitively challenging PA 
learning experiences related to FMS and implementa-
tion of an established curriculum (e.g., SPARK) with pro-
fessional teacher training [52, 59, 61]. Especially in PA 
interventions that employ complex, challenging learning 
tasks, how such activities are delivered and implemented 
may crucially affect learning outcomes [80]. Jiménez-Díaz 
et al. [81] in a review of 36 articles, present that naturally 
occurring PE classes were less effective at increasing chil-
dren’s MC than a research specialist-led motor interven-
tion, based on PE teachers’ lack of expertise for designing 
and implementing developmentally appropriate move-
ment activities. However, our results showed that school-
based teams (i.e. PE teachers and classroom teachers) can 
play a crucial role in increasing children’s MC with pro-
fessional training and structured curriculum. Likewise, 
ongoing teacher training and support appears to be a key 
element of effective PE curriculums and successful inter-
ventions by enhancing the unique features of qualitative 
enrichment [82–84].

The PE-based programs often evaluated outcomes 
related to PA, fitness, and body composition [85]. Con-
versely, most of the included studies focused on the 
development of MC beyond PA opportunities. These 
results are consistent with those of a previous systematic 
review, which found that FMS-based intervention pro-
grams appeared to have larger effects than interventions 
focused strictly on increasing PA [86]. Further, when it 
comes to curriculum, research has demonstrated and 
noted the importance of structure when promoting chil-
dren’s motor skill development [20, 87]. In this review, a 
number of the PE components within the CSPAP frame-
work assessed an enhanced PE curriculum with a focus 
on optimal MC development as compared to traditional 
PE or free play [53, 62], some simply tested the benefit of 
an additional time allotment of PE [68], and some com-
pared both modified PE and time spent in PE lessons 
[71, 78]. Overall, implementing a purposefully designed 
intervention approach with PE lessons had a positive 
effect on the development of MC. Further, of those stud-
ies that compared PE intervention programs versus typi-
cal PE [70], results support the importance of the quality 
of instructional approaches that enable students to have 
developmentally appropriate tasks/activities with learn-
ing cues, multiple opportunities for individual prac-
tices in a mastery climate, and individualized feedback 
[88–91]. These results were quite similar to those dem-
onstrated by Morgan et al. [92], who highlighted the 
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benefits of using a pedagogical approach to develop chil-
dren’s FMS in PE.

In this review, we considered dose (i.e., as the amount 
of time/duration devoted to motor skill instruction and 
practice) [93], specifically < 6 months vs. ≥ 6months, as 
a possible moderating factor in the effectiveness of PA 
interventions on MC development in children. Based 
on the results, however, the intervention dosage needed 
to obtain MC proficiency is unclear. For instance, some 
studies report significant improvements in children’s MC 
after a 550 min dose over 13 weeks [53], 1,400 min dose 
over 8 weeks [64], 1,400 min dose over 12 months [66], 
and 2400  min dose over 20 weeks [75], whereas other 
studies fail to see significant effects after a 480 [58] or 
3600-min dose [55] at five weeks and 12 months, respec-
tively. Similarly, previous literature demonstrates incon-
sistencies regarding the amount of intervention needed 
to produce positive developmental changes in MC. Wick 
et al. [94], found interventions conducted from one 
to five-months had a larger effect on FMS than inter-
ventions lasting over six months. In addition, a recent 
meta-analysis study indicated that children aged 3–5 
need to practice their FMS with a teacher-led interven-
tion regularly (i.e., 3 times per week for ≤ 6 months) to 
achieve significant improvement in MC [95]. Specifically, 
Van Capelle et al. [96], suggested that interventions for 
increasing FMS must be implemented more than three 
times per week and that sessions should last longer than 
30 min. However, the meta-analysis by Logan et al. [20], 
reported a nonsignificant relationship between effect 
sizes of FMS improvements and intervention duration 
with a dosage between 500 and 1,400  min. A possible 
explanation for the results is that there was heterogeneity 
in study length (4 to 192 weeks), frequency of program 
delivery (1 to 5 times per week), and duration of program 
sessions (15 to 120  min) across the included studies. 
Another possible explanation is that there may have been 
a “ceiling effect” in which children had already achieved 
better performance in the early stages of the interven-
tion. As a result, more time (quantitative aspect) may 
not necessarily translate to better performance (quality 
aspect). Robinson et al. [93], presented that as little as 
600 min of high-quality instruction during the interven-
tion program can significantly improve children’s MC. 
Thus, future research is warranted. It would be beneficial 
to examine the impact that different intervention dosages 
(e.g., duration and frequency) would have on children’s 
MC development under similar PA intervention condi-
tions. Additionally, most studies did not report the dose 
received (i.e., on-task time in the tasks/activities), which 
is an important area for future research because motor 
skill development theory shows that one of the key fac-
tors is the number of correct practice trials a child com-
pletes [97]. Ultimately, understanding patterns of change 

resulting from different ranges of intervention dosages 
could illustrate how only minimal amounts of time could 
lead to positive developmental changes in MC and help 
establish recommendations and policies for practitioners 
implementing CSPAPs.

Interestingly, studies involving multiple component 
interventions mainly addressed the FCE and SI CSPAP 
components [51, 54, 59, 61, 66, 69, 74, 77]. The multi-
component interventions were collaboratively delivered 
by a variety of facilitators, such as PE teachers, classroom 
teachers, administrators, coaches, community leaders, 
parents, and medical or healthcare staff. The results of 
this review parallel previous interventions that involved 
parents as promoters for PA and MC in their own chil-
dren [98, 99]. Overall, it seems reasonable to assert that 
the FCE and SI components of the CSPAP framework 
function as important elements in the support system 
for PA program implementation in schools [26], and can 
help to enhance children’s MC. However, there is insuf-
ficient evidence specific to each component (FCE or SI) 
to make conclusions about the its specific contribution to 
MC, and further research is needed to determine which 
strategies are most effective for optimizing FCE and SI to 
support the development of MC in children.

Overall, there has been a lack of variety in theories 
used to guide intervention development. The studies 
in this review used the socio-ecological model [54, 66], 
motivation theory [51, 78], and social cognitive theory 
[55]. However, other theoretical perspectives should be 
considered, as well. For example, interventions could 
incorporate strategies such as encouraging teachers to 
provide positive feedback and emphasizing mastery of 
skills rather than competition. These practical strategies 
reflect constructs related to motivation theories such as 
Self-Determination Theory [100] and Achievement Goal 
Theory [101]. Moreover, there is a lack of strong process 
evaluation across studies. While intervention programs 
demonstrated improvements in children’s MC, multiple 
components were typically implemented simultaneously. 
Nearly half of the studies did not measure interven-
tion implementation elements (e.g., fidelity and selec-
tion of participants). Additionally, some studies did not 
describe their instructional strategies in detail. As such, 
it is unclear how these variables affected study findings. 
It is important to show the study context and resources to 
improve the interpretation of research findings.

The meta-analysis results indicated that the pooled 
effect sizes of all interventions to increase children’s 
overall MC were statistically significant, with 11 studies 
(42%) reporting large effect sizes. However, there was a 
small number of heterogeneous studies included in the 
meta-analysis. Subsequently, a subgroup comparison 
between measurements was performed. Studies were 
separated by measurement tool (i.e., TGMD-2 or-3 vs. 
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other measurements); the studies that used TGMD-2 or 
-3 had a large effect on MC [64, 75, 76], whereas other 
assessments had a moderate effect on MC (Hedges’ 
g = 0.79 vs. 0.57). Thus, not all PA intervention programs 
have the same effect on the development of MC. For 
example, Rudd et al. [65, 67], which assessed changes in 
both TGMD-2 and KTK, reported different effect sizes 
(Hedges’ g = 0.79 vs. 0.41) in the development of MC in 
their gymnastics intervention group. Since studies using 
TGMD-2 or -3 often show large effect sizes, they could 
thus be an effective way to assess the development of 
children’s MC (as opposed to other measurements). 
Although these measurements are commonly used for 
assessing children’s MC, the variety in scoring criteria 
protocol might provide different aspects of MC across 
the different movement dimensions evaluated [20, 67]. 
Research has also shown that there is a low-to-moder-
ate correlation between TGMD-2 and KTK in children 
[102]. Therefore, further studies on the effect of PA inter-
ventions on MC should carefully consider the types of 
assessments (i.e., process measure or outcome of prod-
uct) and their associations with intervention outcomes.

The current meta-analysis found that single PE compo-
nent interventions had a larger effect on MC than other 
single-component approaches. A common misconcep-
tion is that MC development is a naturally occurring phe-
nomenon; however, literature suggests that it must “be 
practiced, taught, and reinforced through developmen-
tally appropriate movement programs” [87]. A large num-
ber of previous studies using the CSPAP framework focus 
mainly on the potential of PE to provide enough amounts 
of PA, that is, its contribution to the achievement of daily 
PA recommendations [26]. The main results of the meta-
analysis showed that the PE component is foundational 
to learning and developing MC in children [26, 103]. 
Previous research found that PE contributed to improv-
ing elementary school students’ manipulative skills [52] 
and motor skill competence [103]. In a meta-analysis 
study, Dudley et al. [104], also presented that PE can be 
efficacious in improving MC in primary school children. 
Moreover, the quality of instruction and time spent in 
practice are of utmost importance in improving MC [16]. 
However, limited research is devoted to studying the 
unique potential of PE within the CSPAP framework to 
develop MC in schoolchildren aged 5–12 and its impact 
on long-term PA trajectories [7]. Additionally, our results 
suggest that given the limited PE curriculum time in ele-
mentary schools, strategies to engage classroom teachers 
and/or parents in both school-based lessons and to sup-
port practice opportunities outside of PE class and school 
may be a worthwhile target for future interventions. That 
is, implementing a PA program using other single com-
ponents in the CSPAP framework has the potential to 
support PE’s goal of developing children’s MC.

There was minimal effectiveness of adding other 
CSPAP components to PE for the development of chil-
dren’s MC. Many of the interventions included in the 
current review were multicomponent interventions. 
We expected that multiple components being used to 
increase MC may be a more effective approach than 
the single PE component approach. Unfortunately, the 
results suggest multicomponent interventions (add-
ing other components to PE) have had minimal impact 
on the development of children’s MC as indicated by the 
effect size values. A possible explanation for our results is 
that the quality of PA programs might be more important 
than the quantity of CSPAP components used to increase 
children’s MC. More research, therefore, is warranted 
to examine how the quality of PA experiences provided 
through each CSPAP component can impact the MC of 
school-age children.

In this review, moderation analyses were performed to 
explore the effectiveness of potential moderators (study 
length, delivery agent, and study design) on the effect 
size of MC with meta-regression [40]. In general, our 
findings suggest that the effects of potential moderator 
variables had no significance on children’s MC. In line 
with the present results, Loras [31] also showed that par-
ticipants’ ages, the total amount of time for intervention, 
and the type of MC measurement were not statistically 
significant moderators of effect size. However, a handful 
of studies had insignificant heterogeneity, indicating sub-
stantial differences in study contexts and characteristics. 
Additionally, there was limited information available for 
some moderator variable analyses. Thus, further stud-
ies should collect and report more complete data so that 
potential moderators can be examined to help us better 
understand the effects of potential moderator variables 
on the development of MC.

Strengths and limitations
To the best of our knowledge, this is the first review to 
examine PA intervention effects on the MC of children 
aged 5–12 years from a CSPAP perspective. Although 
previous meta-analyses on this topic have been con-
ducted, they were limited to FMS in the early childhood 
age band [37, 94–96]. In this review, we included elemen-
tary school age and, not only FMS, but also motor coor-
dination and motor proficiency, representing a broader 
range of MC outcomes. Additionally, our review pro-
vided insight into different intervention approaches to 
change children’s MC within the context of the CSPAP 
framework, highlighting the quality of PE as a particu-
larly effective foundational component. Another strength 
of this review was that we used a sensitive search strategy 
to ensure relevant studies were not missed. In addition, 
a rigorous review methodology, including independent, 
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duplicate reviews of selected studies, ensured most stud-
ies were captured [40].

This study also has several limitations. First, for practi-
cal reasons, we only included peer-reviewed studies pub-
lished in English; non-English publications, and therefore 
further comparative evidence, may have been available 
on the topic. Second, there was noticeable heterogene-
ity of study approaches and assessment tools used to test 
children’s MC across studies, which makes it difficult to 
compare findings across the studies. Nevertheless, vali-
dated testing instruments were utilized across included 
studies which minimized a major domain of bias and 
further strengthened the overall evidence of this review. 
Third, the review included small sample sizes and some 
articles were feasibility studies or pilot trials. Finally, 
this review potentially excludes studies published after 
November 2021.

Conclusions
The current review provides a unique contribution to the 
literature through its primary focus on considering the 
effectiveness of PA interventions on children’s MC from 
a CSPAP perspective. In light of our results, single and/
or multi component intervention approaches within the 
CSPAP framework appear to be a promising avenue to 
promote MC in school-aged children (5–12 years old). 
This review also highlights that CSPAP-aligned PA pro-
grams should be tailored to the context within which 
they are delivered, most notably the PE component which 
can be best adapted to the context through professional 
teacher training. Also, combining different PA interven-
tion strategies (e.g., goal setting and reinforcement) with 
the SI/FCE components should be considered to improve 
MC through increased engagement and motivation.

Beyond these findings, this study identified avenues 
for future research. To increase intervention engagement 
and efficacy, future studies should examine the impact 
of a greater emphasis on children’s MC. It is important 
to improve our understanding of which CSPAP-aligned 
PA intervention approaches are more effective than oth-
ers by stratifying for the target groups, the setting, and 
the characteristics of the interventions. In other words, 
we need to identify and investigate well-designed inter-
ventions, including tailored types of PA programs. 
Additionally, future research should use stronger meth-
odological approaches and consider expanding the theo-
retical ground for this research. Specifically, in order to 
make intervention studies more robust, research using 
high-standard randomization procedures to investi-
gate the ability of CSPAPs to improve children’s MC is 
needed. Ultimately, we should pursue how to effectively 
translate the evidence into practice to better conceptual-
ize CSPAPs designed for children’s MC development.
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