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Abstract Objectives Preschoolers 3-5 years of age are in a
crucial stage of motor skill competence. While preschoolers
develop their motor skill competence through engagement in
physical activity, a majority of them fail to meet guideline-
recommended physical activity level. This study reviews sci-
entific evidence on the relationship between motor skill com-
petence and physical activity among preschoolers. Methods
This systematic review followed the PRISMA framework.
Keyword and reference search were conducted in PubMed,
Cochrane Library, PsycINFO, Web of Science, and Google
Scholar. Inclusion criteria included—age: 3-5 years of age;
setting: preschool environment (e.g., preschool, childcare,
head start); main outcomes: motor skill competence and
physical activity; study design: cross-sectional study, case—
control study, retrospective cohort study, prospective cohort
study, or randomized controlled trial; language: English; and
article type: peer-reviewed publication. Results Eleven studies
met the inclusion criteria, including 6 randomized controlled
trials and 5 cross-sectional studies. Studies were conducted in 5
countries: United States (5), United Kingdom (2), Australia
(2), Switzerland (1), and Finland (1). Eight out of the 11 studies
included in the review reported a significant relationship
between motor skill competence and physical activity. The
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specific pattern and strength of the relationship tend to differ by
gender, physical activity intensity, motor skill type, and day of
the week (weekdays versus weekends). Conclusions An
association has been consistently documented between motor
skill competence and physical activity. Future research is
warranted to elucidate the underlining causal link, examine
potential heterogeneity, and determine the role of environment
in the relationship between motor skill competence and
physical activity among preschoolers.

Keywords Physical activity - Motor skill competence -
Preschooler - Systematic review

Significance

Preschoolers 3-5 years of age are in a crucial stage of
motor skill competence. While preschoolers develop their
motor skill competence through engagement in physical
activity, a majority of them fail to meet guideline-recom-
mended physical activity level. This study adds to the lit-
erature by systematically reviewing scientific evidence on
the relationship between motor skill competence and
physical activity among preschoolers 3-5 years of age. It
has a focus on the diverse measures adopted to assess
motor skill competence and physical activity, and considers
the potential heterogeneities in the relationship between
motor skill competence and physical activity.

Introduction
According to D’Hondt et al. (2009), motor skill compe-

tence can be defined as a person’s movement coordination
quality when performing different motor skills, ranging on


http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-016-2102-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-016-2102-1&amp;domain=pdf

Matern Child Health J (2017) 21:136-146

137

a continuum from gross to fine motor skills. The preschool
years (3-5 years of age) are known as the “golden age” of
motor skill competence as many of the fundamental motor
skills such as running, jumping, throwing, and catching are
developed during this phase of life (Shenouda et al. 2011).
Preschoolers develop their motor skill competence through
engagement in physical activity. Preschoolers are recom-
mended to engage in at least 60 min of structured physical
activity and 60 min of unstructured physical activity on a
daily basis (NASPE 2002, 2009). However, a majority of
preschoolers fail to meet this guideline recommendation
(Beets et al. 2011).

The relationship between motor skill competence and
physical activity is likely to be reciprocal (Barnett et al.
2011; Hume et al. 2008; Kambas et al. 2012; Stodden et al.
2008). Children with greater motor skill competence were
observed to spend more time in moderate-to-vigorous
physical activity (Williams et al. 2008), whereas those with
less developed motor skill competence appeared less
physically active earlier in life (Shenouda et al. 2011).
Intervention studies in youth found that greater motor skill
competence increase physical activity participation, and
increased structured physical activity may lead to greater
motor skill competence (Barnett et al. 2011; Jaakkola and
Washington 2013; Logan et al. 2011). Moreover, consid-
erable variations in the relationship between physical
activity and motor skill competence may exist across
gender, age, type of physical activity involvement, and
stage of human development (Azevedo et al. 2007; Jaak-
kola and Washington 2013; Junaid and Fellowes 2006;
Logan et al. 2011; Thomas and French 1985; Trost et al.
2002; Williams and Monsma 2006).

Measures of physical activity and motor skill compe-
tence are complex. Physical activity can be examined
qualitatively (e.g., types of exercises) or quantitatively (e.g.
frequency, duration, and intensity), and in the form of self-
report (e.g. questionnaires and diaries) or objective scale
(e.g. pedometer, accelerometer, heart rate monitor) (War-
ren et al. 2010). Motor skill competence can be assessed
qualitatively by process-based measures (e.g., how the
body is positioned, which limbs are moved, and how they
move) or quantitatively by product-based measures (e.g.,
the time to run 100 m, the number of shuttle runs com-
pleted, and the distance a ball is thrown) (Williams and
Monsma 2006).

A few review articles pertain to the present study.
Hinkley et al. (2008) reviewed correlates of preschoolers’
physical activity but found inconclusive evidence linking
motor skill competence to physical activity level. Tucker
(2008) reviewed methodological issues on measuring
physical activity in preschoolers, but did not examine the
relationship between physical activity and motor skill
competence in particular. Timmons et al. (2012)

reviewed 4 studies that examined physical activity in
relation to motor skill competence in children 4 years of
age and younger. One of them was a randomized con-
trolled trial (RCT) targeting infants, whereas the other 3
(2 RCTs and 1 observational study) focused on
preschoolers. Timmons et al. (2012) found that the three
studies focusing on preschoolers improved motor skill
competence through physical activity programming; one
of which had a bi-weekly dance classes component
(Venetsanou and Kambas 2004). Another review study
finds a positive association between motor skill compe-
tence and physical activity, but the magnitude of these
associations remains unclear (Lubans et al. 2010). Hol-
felder and Schott (2014) reviewed the relationship
between fundamental motor skills and physical activity in
children and adolescents 3—18 years of age. A positive
relationship between motor skill competence and orga-
nized physical activities was evident in cross-sectional
studies, whereas a causal link remains to be demon-
strated due to limited experimental data. Most recently, a
systematic review Logan et al. (2015) have found con-
sistent correlations between motor skill competence and
physical activity in 12 studies. Robinson and colleagues’
comprehensive review about relationships between motor
skill competence and physical activity confirm these
previously highlighted findings (Robinson et al. 2015).

This study adds to the literature by systematically
reviewing scientific evidence on the relationship between
motor skill competence and physical activity among
preschoolers 3-5 years of age. It has a focus on the diverse
measures adopted to assess motor skill competence and
physical activity, and considers the potential hetero-
geneities in the relationship between motor skill compe-
tence and physical activity.

Methods
Study Selection Criteria

This systematic review followed the PRISMA framework
(PRISMA 2009). Studies that met the following inclusion
criteria were included in the review—age: 3-5 years of
age; setting: preschool environment (e.g., preschool,
childcare, head start); main outcomes: motor skill compe-
tence and physical activity; study design: cross-sectional
study, case—control study, retrospective cohort study,
prospective cohort study, or randomized controlled trial;
language: English; and article type: peer-reviewed publi-
cation. Studies targeting participants with specific health
conditions (e.g., children with motor disabilities) and
studies that used neither product- nor process-based
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A 4

Articles included in qualitative synthesis
(n=11)

Fig. 1 Study selection flowchart using PRISMA flowchart framework (Moher et al. 2009)

instruments to assess motor skill
excluded.

competence were

Search Strategy

Keyword search was conducted in PubMed, Cochrane
Library, PsycINFO, Web of Science, and Google Scholar.
The search algorithm included all possible combinations of
keywords from the following 3 groups: (1) “motor com-
petence”, “motor development”, “motor ability”, “motor
performance”, “fundamental motor skills”, “motor skills”,
or “motor coordination”; (2) “physical activity”, “physi-
cal education”, “activity level”, “play”, or “recreation”;
and (3) “preschool children”, “preschoolers”, “young
children”, or “early childhood”. Titles and abstracts of the
articles identified through keyword search were screened
against the study selection criteria. Potentially relevant
articles were retrieved for evaluation of the full text.

A reference list search (backward reference search) and
a cited reference search (forward reference search) were
performed based on full-text articles identified from key-
word search that met the study selection criteria. Articles
identified through backward/forward reference search were
further screened and evaluated using the same study
selection criteria. We repeated backward/forward reference

@ Springer

search on all newly identified articles until no additional
relevant articles were found. The entire search was com-
pleted on March 31st, 2015. Additionally, other sources
identified three articles that pertained relevant to this
review. Those were added to the pooled of identified arti-
cles and were given the same screening procedures as the
rest (Fig. 1).

Data Extraction and Synthesis

A standardized data extraction form was used to collect the
following methodological and outcome variables from
each included study: author(s), publication year, country
where a study was conducted, study design, setting, sample
size, measure(s) on motor skill competence, measure(s) on
physical activity, statistical approach, and main finding(s).

Analysis was limited to a narrative synthesis of the
included studies with general themes summarized. A meta-
analysis was not pursued for the purposes of this study due
to unexplained heterogeneity (Anderson et al. 2011).

Study Quality Assessment

The quality of each study included in the review was
assessed by the presence or absence of 7 dichotomous
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criteria rooted in current methodological discussions from
both fields (i.e., physical activity and motor skill compe-
tence) (Williams and Monsma 2006; Stodden et al. 2008;
Robinson et al. 2015). (1) Was the study a randomized
control trial? (2) Did the study employ a sample of at least
100 preschoolers 3-5 years of age? (3) Was physical
activity measured by accelerometer? (4) Was motor skill
competence measured by a product-based instrument? (5)
Was the relationship between motor skill competence and
physical activity adequately explained in the study? (6) Did
the study explore potential heterogeneity in the relationship
between motor skill competence and physical activity by
gender? (7) Did the study explore potential heterogeneity
in the relationship between motor skill competence and
physical activity by age group? A total study quality score
ranging from O to 7 was obtained for each study by sum-
ming up these criteria. Quality score helped measure the
strength of the study evidence but was not used to deter-
mine the inclusion of studies.

Results
Study Selection

A total of 3345 articles were identified in the keyword and
backward/forward reference search, among which 3293
were excluded in title/abstract screening. The remaining 52
articles were further evaluated in full text against the study
selection criteria. Among them, 41 articles were excluded
due to one or more of the following reasons: age ineligi-
bility, studies that did not measure motor skill competence
or physical activity, review articles rather than original
research, and program evaluation or randomized controlled
trial follow-up studies that did not examine the relationship
between motor skill competence and physical activity.
Excluding the above articles yielded a final pool of 11
studies (Table 1).

Basic Characteristics of the Included Studies

Table 1 summarizes the 11 studies included in the review,
including 6 RCTs (Alhassan et al. 2012; Bellows et al.
2013; Bonvin et al. 2013; Fisher et al. 2005; Jones et al.
2011; Robinson et al. 2012) and 5 cross-sectional studies
(Cliff et al. 2009; Foweather et al. 2014; O’Neill et al.
2014; Siidkslahti et al. 1999; Williams et al. 2008). Studies
were conducted in 5 countries: United States (5) (Alhassan
et al. 2012; Bellows et al. 2013; O’Neill et al. 2014;
Robinson et al. 2012; Williams et al. 2008), United
Kingdom (2) (Fisher et al. 2005; Foweather et al. 2014),
Australia (2) (CIiff et al. 2009; Jones et al. 2011),
Switzerland (Bonvin et al. 2013) and Finland (1)

(Sadkslahti et al. 1999). Studies included in the review
represent relatively recent work published between 1999
and 2014. Six studies were conducted in preschools (Al-
hassan et al. 2012; Bellows et al. 2013; CIiff et al. 2009;
Foweather et al. 2014; O’Neill et al. 2014; Williams et al.
2008), 3 studies were conducted in childcare centers
(Bonvin et al. 2013; Jones et al. 2011; Robinson et al.
2012), whereas the other 2 did not specify study settings
(Fisher et al. 2005; Saikslahti et al. 1999).

The 11 studies included in the review had an average
sample size of 196 preschoolers aged between 3 and
5 years. Sample size in individual studies ranged from 34
(Robinson et al. 2012) to 648 (Bonvin et al. 2013). Boys
and girls were largely equally represented in study samples,
and 5 of the 11 studies included in the review provided
gender-specific estimates (Bellows et al. 2013; CIiff et al.
2009; Robinson et al. 2012; Saidkslahti et al. 1999; Wil-
liams et al. 2008).

Physical activity was measured by accelerometer in 7
studies (Alhassan et al. 2012; Bonvin et al. 2013; CIiff
et al. 2009; Fisher et al. 2005; Foweather et al. 2014; Jones
et al. 2011; Williams et al. 2008), and by pedometer
(Bellows et al. 2013; Robinson et al. 2012), diary (Siidk-
slahti et al. 1999), and observation method (O’Neill et al.
2014) in the other 4 studies. Among the 7 studies that
assessed physical activity using accelerometer, 6 used
ActiGraph® products (Alhassan et al. 2012; Bonvin et al.
2013; CIiff et al. 2009; Foweather et al. 2014; Jones et al.
2011; Williams et al. 2008). Motor skill competence was
measured by the Test of Gross Motor Development Second
Edition (TGMD-2) in 6 studies (Alhassan et al. 2012; Cliff
et al. 2009; Foweather et al. 2014; Jones et al. 2011;
O’Neill et al. 2014; Robinson et al. 2012), and by the APM
Inventory (Séékslahti et al. 1999), the CHAMPS Motor
Skill Protocol (CMSP) (Williams et al. 2008), the Move-
ment Assessment Battery (Fisher et al. 2005), Zurich
Neuromotor Assessment (ZNA) (Bonvin et al. 2013) and
the Peabody Developmental Motor Scales Second Edition
(PDMS-2) (Bellows et al. 2013) in the other 5 studies.

Relationship Between Motor Skill Competence
and Physical Activity

Eight out of the 11 studies included in the review reported a
statistically significant relationship between motor skill
competence and physical activity. The only study that
reported a null finding was a head start center-based
intervention that aimed to enhance preschoolers’ gross
motor skill competence (Bellows et al. 2013). This null
finding was likely due to low intervention intensity, as the
authors concluded that “[t]he intervention dose was ade-
quate for enhancing gross motor skill performance but not
for increasing physical activity levels...” Also, the

@ Springer
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government-led child care center physical activity inter-
vention aiming at improving motor skill competence found
non-significant results (Bonvin et al. 2013).

The nature and strength of the relationship between
motor skill competence and physical activity in
preschoolers may differ by physical activity intensity and/
or type of motor skills. Fisher et al. (2005) found total
movement skill score to be significantly associated with
percent time spent in moderate-to-vigorous physical
activity but not light-intensity physical activity. Sadkslahti
et al. (1999) found physical activity in children 3—4 years
of age to be related to motor skill competence but highly
dependent on gender. O’Neill et al. (2014) found that
preschoolers in the highest locomotor tertile engaged in
more dancing than children in the lowest tertile; whereas
children in the highest object-control tertile engaged in
throwing more frequently than children in lower tertiles.

The relationship between motor skill competence and
physical activity in preschoolers tends to differ by gender.
Cliff et al. (2009) found motor skill competence to be
positively associated with objectively measured habitual
physical activity in preschool boys but negatively associ-
ated with that in preschool girls. Moreover, object-control
skill competence had stronger positive associations with
physical activity than locomotor skill competence among
boys; whereas locomotor skill competence had stronger
negative associations with habitual physical activity than
object-control skill competence among girls. Williams
et al. (2008) found that girls in the low and intermediate
tertiles of motor skill competence had greater percent time
spent in vigorous physical activity, whereas boys in the
highest tertile of motor skill competence spent significantly
more percent time in vigorous physical activity. Sadkslahti
et al. (1999) found that preschool boys had greater gross
motor skill competence by playing with parents, whereas
preschool girls benefited the most from playing
independently.

Table 2 Study quality assessment

There is some preliminary evidence that the relation-
ship between motor skill competence and physical activity
in preschoolers differed between weekends and weekdays.
Foweather et al. (2014) found that total motor skill score
was positively associated with weekend moderate-to-vig-
orous physical activity but not weekday physical activity
categories. Moreover, object-control skill competence
were positively associated with light-intensity physical
activity on weekdays and with both light-intensity and
moderate-to-vigorous physical activity at weekends;
whereas locomotor skill competence were positively
associated with moderate-to-vigorous physical activity on
weekdays and light-intensity physical activity at
weekends.

Study Quality

Table 2 reports the results of study quality assessment.
Studies included in the review on average met 3.6 out of
7 quality criteria, but the distribution in quality score
differed substantially across criteria. All but one studies
explained the relationship between motor skill compe-
tence and physical activity in some detail, and 6 studies
employed a sample of at least 100 preschoolers
3-5 years of age (Bellows et al. 2013; Bonvin et al.
2013; Fisher et al. 2005; O’Neill et al. 2014; S&dikslahti
et al. 1999; Williams et al. 2008) or used accelerometer
to measure physical activity (Alhassan et al. 2012;
Bonvin et al. 2013; CIiff et al. 2009; Fisher et al. 2005;
Foweather et al. 2014; Jones et al. 2011; Williams et al.
2008). In contrast, only 2 studies used a product-based
assessment tool to measure motor skill competence
(Bellows et al. 2013; Fisher et al. 2005) or examined
potential heterogeneity in the relationship between motor
skill competence and physical activity by age group
(CIiff et al. 2009; Williams et al. 2008).

Item Criterion of study quality

Percent that met criteria/

mean
1 Was the study a randomized control trial? 45 %
2 Did the study employ a sample of at least 100 preschoolers 3-5 years of age? 55 %
3 Was physical activity measured by accelerometer? 64 %
4 Did a product-based instrument measure motor skill competence? 18 %
5 Was the relationship between physical activity and motor competence adequately explained in the study? 91 %
6 Did the study explore potential heterogeneity in the relationship between motor skill competence and physical 64 %
activity by gender?
7 Did the study explore potential heterogeneity in the relationship between motor skill competence and physical 27 %
activity by age group?
8 Overall study quality score by summing up Item 1 through 7 3.63

Item 1 through 7 are all dichotomous variables
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Discussion

This study reviewed existing scientific evidence on the
relationship between motor skill competence and physical
activity among preschoolers 3—5 years of age. A total of 11
studies that met the inclusion criteria were identified
through keyword and reference research. Eight of them
documented a significant association between motor skill
competence and physical activity. The nature and strength
of the relationship between motor skill competence and
physical activity in preschoolers tends to differ by gender,
physical activity intensity, motor skill type, and day of the
week (weekdays versus weekends).

The studies included in the review have limitations
regarding measures on physical activity and motor skill
competence. Accelerometry is long considered as the “gold
standard” for measuring physical activity level in adults
and children, including preschoolers (Bornstein et al.
2011). Among the 11 studies included in the review, 7 used
accelerometer while the other 4 adopted other measures,
including pedometer (Bellows et al. 2013; Robinson et al.
2012), parental self-report questionnaire (Séddkslahti et al.
1999), and observational tool (O’Neill et al. 2014). Com-
pared to process-based motor skill measures, product-based
measures facilitates better the comparison of a child’s
performance to their chronological peers (Williams and
Monsma 2006). However, only 2 studies assessed motor
skill competence in preschoolers using a product-based
measure (Bellows et al. 2013; Fisher et al. 2005). Future
research is warranted to design developmentally appropri-
ate product-based measures of motor skill competence and
integrate them with process-based measures to compre-
hensively capture the multifaceted motor skill competence
pattern and trajectory among preschoolers.

The relationship between motor skill competence and
physical activity documented in the studies included in the
review is largely cross-sectional and observational. It
remains to demonstrate a causal link between these 2
outcomes of interest independent of potential confounders.
Alhassan et al. (2012) found the implementation of a tea-
cher-taught, locomotor skill-based intervention to reduce
sedentary time of preschoolers. However, an intervention
targeting gross motor skills was not found to increase
physical activity levels (Bellows et al. 2013). This null
finding could be due to insufficient intervention intensity as
indicated by the authors, but might also reflect the lack of a
true relationship. Stodden et al. (2008) suggested that
physical activity in early childhood influenced motor skill
competence but not vice versa.

Although the presence of gender differences in the rela-
tionship between motor skill competence and physical
activity has been largely agreed upon (Cliff et al. 2009;
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Hume et al. 2008; Jaakkola and Washington 2013; Junaid
and Fellowes 2006; Okely et al. 2001), to date not much
consensus could be reached regarding the exact roles of
gender as a key moderator in determining and modifying the
relationship in physical activity and motor skill competence.
Moreover, the specific trajectory of motor skill competence
in preschoolers and its interaction with the environment
where children live, study, and play are poorly understood.
Nationwide nearly 12.5 million preschoolers participate in
center- or home-based childcare (U.S. Census Bureau 2013).
Childcare setting has been considered an essential predictor
of physical activity level (Finn et al. 2002). However, among
the 11 studies included in the review, only 3 were conducted
in childcare setting (Bonvin et al. 2013; Jones et al. 2011;
Robinson et al. 2012). Future studies should reach out to
center- or home-based childcare in an effort to examine the
role of early childhood environment in the relationship
between motor skill competence and physical activity.

In conclusion, this study reviewed existing scientific
evidence on motor skill competence in relation to physical
activity among preschoolers 3-5 years of age. A significant
positive association between motor skill competence and
physical activity was consistently documented. The speci-
fic pattern and strength of the relationship may differ by
gender, measurement of the variable, physical activity
intensity, motor skill type, and day of the week. Implica-
tions of the findings would include further exploration of
whether preschool children as part of these types of studies
are given opportunities to meet physical activity guideline
recommendations and its effect in the relationship between
motor skill competence and physical activity. Future
studies are also warranted to examine these heterogeneities,
elucidate the underlining causal link of physical activity on
motor skill competence in early childhood, and determine
the role of environment in the relationship between motor
skill competence and physical activity. In order to have
future success in examining this relationship, it is also
warranted to set standard criteria in conducting such
studies, in order to determine causal link and timely
effective interventions.

Compliance with Ethical standards

Conflict of interest No conflict of interest was declared.

References

Alhassan, S., Nwaokelemeh, O., Ghazarian, M., Roberts, J., Mendoza,
A., & Shitole, S. (2012). Effects of locomotor skill program on
minority preschoolers’ physical activity levels. Pediatric Exer-
cise Science, 24, 435-449.

Anderson, L. M., Petticrew, M., Rehfuess, E., Armstrong, R., Ueffing,
E., Baker, P., et al. (2011). Using logic models to capture



Matern Child Health J (2017) 21:136-146

145

complexity in systematic reviews. Research synthesis Methods,
2(1), 33-42.

Azevedo, M. R., Aragjo, C. L. P, Reichert, F. F., Siqueira, F. V., da
Silva, M. C., & Hallal, P. C. (2007). Gender differences in
leisure-time physical activity. International Journal of Public
Health, 52(1), 8-15.

Barnett, L. M., Morgan, P. J., van Beurden, E., Ball, K., & Lubans, D.
R. (2011). A reverse pathway? Actual and perceived skill
proficiency and physical activity. Medicine and Science in Sports
and Exercise, 43(5), 898-904.

Beets, M. W., Bornstein, D., Dowda, M., & Pate, R. R. (2011).
Compliance with national guidelines for physical activity in US
preschoolers: Measurement and interpretation. Pediatrics,
127(4), 658-664.

Bellows, L. L., Davies, P. L., Anderson, J., & Kennedy, C. (2013).
Effectiveness of a physical activity intervention for Head Start
preschoolers: A randomized intervention study. The American
Journal of Occupational Therapy, 67(1), 28.

Bonvin, A., Barral, J., Kakebeeke, T. H., Kriemler, S., Longchamp,
A., Schindler, C., et al. (2013). Effect of a governmentally-led
physical activity program on motor skills in young children
attending child care centers: A cluster randomized controlled
trial. International Journal of Behavioral Nutrition and Physical
Activity, 10(1), 90.

Bornstein, D. B., Beets, M. W., Byun, W., & Mclver, K. (2011).
Accelerometer-derived physical activity levels of preschoolers:
A meta-analysis. Journal of Science and Medicine in Sport,
14(6), 504-511.

Cliff, D. P.,, Okely, A. D., Smith, L., & McKeen, K. (2009).
Relationships between fundamental movement skills and objec-
tively measured physical activity in pre-school children. Pedi-
atric Exercise Science, 21(4), 436-449.

D’Hondt, E., Deforche, B., De Bourdeaudhuij, I., & Lenoir, M.
(2009). Relationship between motor skill and body mass index in
5-to 10-year-old children. Adapted Physical Activity Quarterly,
26(1), 21-37.

Finn, K., Johannsen, N., & Specker, B. (2002). Factors associated
with physical activity in preschool children. The Journal of
Pediatrics, 140(1), 81-85.

Fisher, A., Reilly, J. J., Kelly, L. A., Montgomery, C., Williamson,
A., Paton, J. Y., et al. (2005). Fundamental movement skills and
habitual physical activity in young children. Medicine and
Science in Sports and Exercise, 37, 684—688.

Foweather, L., Knowles, Z., Ridgers, N. D., O’Dwyer, M. V.,
Foulkes, J. D., & Stratton, G. (2014). Fundamental movement
skills in relation to weekday and weekend physical activity in
preschool children. Journal of Science and Medicine in Sport.
doi:10.1016/j.jsams.2014.09.014.

Hinkley, T., Crawford, D., Salmon, J., Okely, A. D., & Hesketh, K.
(2008). Preschool children and physical activity: A review of
correlates. American Journal of Preventive Medicine, 34(5),
435-441.

Holfelder, B., & Schott, N. (2014). Relationship of fundamental
movement skills and physical activity in children and adoles-
cents: A systematic review. Psychology of Sport and Exercise,
15(4), 382-391.

Hume, C., Okely, A., Bagley, S., Telford, A., Booth, M., Crawford,
D., et al. (2008). Does weight status influence associations
between children’s fundamental movement skills and physical
activity? Research Quarterly for Exercise and Sport, 79(2),
158-165.

Jaakkola, T., & Washington, T. (2013). The relationship between
fundamental movement skills and self-reported physical activity
during Finnish junior high school. Physical Education and Sport
Pedagogy, 18(5), 492-505.

Jones, R. A., Riethmuller, A., Hesketh, K., Trezise, J., Batterham, M.,
& Okely, A. D. (2011). Promoting fundamental movement skill
development and physical activity in early childhood settings: A
cluster randomized controlled trial. Pediatric exercise science,
23(4), 600-615.

Junaid, K. A., & Fellowes, S. (2006). Gender differences in the
attainment of motor skills on the movement assessment battery
for children. Physical & Occupational Therapy in Pediatrics,
26(1-2), 5-11.

Kambas, A., Michalopoulou, M., Fatouros, 1. G., Christoforidis, C.,
Manthou, E., Giannakidou, D., et al. (2012). The relationship
between motor proficiency and pedometer-determined physical
activity in young children. Pediatric Exercise Science, 24, 34—44.

Logan, S. W., Robinson, L. E., Wilson, A. E., & Lucas, W. A. (2011).
Getting the fundamentals of movement: A meta-analysis of the
effectiveness of motor skill interventions in children. Child:
Care, Health and Development, 38(3), 305-315.

Logan, S. W., Webster, E. K., Robinson, L. E., Getchell, N., &
Pfieffer, K. A. (2015). The relationship between motor compe-
tence and physical activity engagement during childhood: A
systematic review. Kinesiology Review, 4, 416—426.

Lubans, D. R., Morgan, P. J., Cliff, D. P., Barnett, L. M., & Okely, A.
D. (2010). Fundamental movement skills in children and
adolescents. Sports Medicine, 40(12), 1019-1035.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA
Group. (2009). Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. PLoS Medicine,
6(6), €1000097. doi:10.1371/journal.pmed1000097.

National Association for Sport and Physical Education. (2002). Active
start: A statement of physical activity guidelines for children
birth to five years (pp. 5-11). Reston, VA: NASPE.

National Association for Sport and Physical Education. (2009). Active
start: A statement of physical activity guidelines for children
birth to five. Reston, VA: NASPE Publications.

Okely, A. D., Booth, M. L., & Patterson, J. W. (2001). Relationship of
physical activity to fundamental movement skills among
adolescents. Medicine and Science in Sports and Exercise,
33(11), 1899-1904.

O’Neill, J. R., Williams, H. G., Pfeiffer, K. A., Dowda, M., Mclver,
K. L., Brown, W. H,, et al. (2014). Young children’s motor skill
performance: Relationships with activity types and parent
perception of athletic competence. Journal of Science and
Medicine in Sport, 17(6), 607-610.

Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA). (2009). http://prisma-statement.org/2.1.2%
20-%20PRISMA %202009%20Checklist.pdf. Accessed March
16, 2015.

Robinson, L. E., Stodden, D. F., Barnett, L. M., Lopes, V. P., Logan,
S. W., D’Hondt, E., et al. (2015). Motor competence and its
effect on positive developmental trajectories of health. Sports
Medicine, 45(9), 1273-1284.

Robinson, L. E., Wadsworth, D. D., & Peoples, C. M. (2012).
Correlates of school-day physical activity in preschool students.
Research Quarterly for Exercise and Sport, 83(1), 20-26.

Sddkslahti, A., Numminen, P., Niinikoski, H., Rask-Nissild, L.,
Viikari, J., Tuominen, J., et al. (1999). Is physical activity related
to body size, fundamental motor skills, and CHD risk factors in
early childhood? Pediatric Exercise Science, 11, 327-340.

Shenouda, L., Gabel, L., & Timmons, B. W. (2011). Preschoolers
focus: Physical activity & motor skill development. Child Health
& Exercise Medicine Program, 1, 1-2.

Stodden, D. F., Goodway, J. D., Langendorfer, S. J., Roberton, M. A.,
Rudisill, M. E., Garcia, C., et al. (2008). A developmental
perspective on the role of motor skill competence in physical
activity: An emergent relationship. Quest, 60(2), 290-306.

@ Springer


http://dx.doi.org/10.1016/j.jsams.2014.09.014
http://dx.doi.org/10.1371/journal.pmed1000097
http://prisma-statement.org/2.1.2%2520-%2520PRISMA%25202009%2520Checklist.pdf
http://prisma-statement.org/2.1.2%2520-%2520PRISMA%25202009%2520Checklist.pdf

146

Matern Child Health J (2017) 21:136-146

Thomas, J. R., & French, K. E. (1985). Gender differences across age
in motor performance: A meta-analysis. Psychological Bulletin,
98(2), 260.

Timmons, B. W., Leblanc, A. G., Carson, V., Connor, G. S., Dillman,
C., Janssen, I., et al. (2012). Systematic review of physical
activity and health in the early years (aged 0—4 years). Applied
Physiology, Nutrition and Metabolism, 4, 773-792.

Trost, S. G., Pate, R. R., Sallis, J. F., Freedson, P. S., Taylor, W. C.,
Dowda, M., et al. (2002). Age and gender differences in
objectively measured physical activity in youth. Medicine and
Science in Sports and Exercise, 34(2), 350-355.

Tucker, P. (2008). The physical activity levels of preschool-aged
children: A systematic review. Early Childhood Research
Quarterly, 23(4), 547-558.

U.S. Census Bureau. (2013). Child Care an Important Part of
American Life. http://www.census.gov/library/infographics/
child_care.html. Accessed June 12, 2015.

Venetsanou, F., & Kambas, A. (2004). How can a traditional Greek
dances programme affect the motor proficiency of pre-school

@ Springer

children? Research in Dance Education, 5(2), 127-138. doi:10.
1080/14617890500064019.

Warren, J. M., Ekelund, U., Besson, H., Mezzani, A., Geladas, N., &
Vanhees, L. (2010). Assessment of physical activity: A review of
methodologies with reference to epidemiological research: A
report of the exercise physiology section of the European
Association of Cardiovascular Prevention and Rehabilitation.
European Journal of Cardiovascular Prevention & Rehabilita-
tion, 17(2), 127-139.

Williams, H. G., & Monsma, E. V. (2006). Assessment of gross motor
development. http://www.ed.sc.edu/personnel/monsma/8a9e555
517ec8322acee77454347828a.pdf. Accessed April 8, 2015.

Williams, H. G., Pfeiffer, K. A., O’Neill, J. R., Dowda, M., Mclver,
K. L., Brown, W. H., et al. (2008). Motor skill performance and
physical activity in preschool children. Journal of Obesity, 16(6),
1421-1426.


http://www.census.gov/library/infographics/child_care.html
http://www.census.gov/library/infographics/child_care.html
http://dx.doi.org/10.1080/14617890500064019
http://dx.doi.org/10.1080/14617890500064019
http://www.ed.sc.edu/personnel/monsma/8a9e555517ec8322acee77454347828a.pdf
http://www.ed.sc.edu/personnel/monsma/8a9e555517ec8322acee77454347828a.pdf

	Motor Skill Competence and Physical Activity in Preschoolers: A Review
	Abstract
	Significance
	Introduction
	Methods
	Study Selection Criteria
	Search Strategy
	Data Extraction and Synthesis
	Study Quality Assessment

	Results
	Study Selection
	Basic Characteristics of the Included Studies
	Relationship Between Motor Skill Competence and Physical Activity
	Study Quality

	Discussion
	References




