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ABSTRACT

Competence in fundamental motor skills (FMS) facilitates physical activity participation and is important
for children’s holistic development. This study aimed to systematically review the FMS levels of children
worldwide, using the Test of Gross Motor Development-2 (TGMD-2). In accordance with PRISMA guide-
lines, studies were identified from searches across 7 databases. Studies were required to: (i) include
typically developing children (3-10 years), (ii) be published in English, (iii) have been published between
2004 and 2019 and, (iv) report =1 TGMD-2 outcome scores. Extracted data were evaluated based on
importance of determinants, strength of evidence, and methodological quality. Data from 64 articles
were included. Weighted mean (and standard deviation) scores were calculated for each FMS outcome
score. Analyses revealed FMS competence increases across age during childhood, with greater profi-
ciency in locomotor skills than object control skills. Additionally, boys exhibit higher object control skill
proficiency than girls. Compared to TGMD-2 normative data, children demonstrate “below average” to
“average” FMS levels. This review highlights the scope for FMS development among children worldwide.
These findings reinforce the necessity for FMS interventions in early educational settings, as FMS
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competence is positively associated with physical activity and other health outcomes.

1 Introduction

Physical activity (PA) is considered an important strategy in
addressing childhood obesity (O'Malley et al., 2017; Steinbeck,
2001). One factor underlying participation in PA contexts is
motor competence (Robinson et al., 2015), which represents
the degree of proficient performance in a range of motor skills
as well as underlying mechanisms such as motor coordination
and control (Utesch & Bardid, 2019). Motor competence can
also be reflected by the ability to execute fundamental motor
skills (FMS) in a proficient manner, especially during childhood
(Utesch & Bardid, 2019). FMS are basic patterns of movement
such as running, jumping and catching (Gallahue & Ozmun,
2006). They are commonly referred to as the “building blocks”
or foundation for more complex, context-specific skills
(Gallahue & Ozmun, 2006). For example, the overarm throw
forms the basis for specialised skills such as baseball throw
and javelin throw (Thomas & French, 1985; Wickstrom, 1983).
FMS are generally divided into three categories: (i) locomotor
skills involving the movement of the body from one location to
another (e.g. running and jumping), (ii) object control skills
involving the manipulation of an object (e.g. throwing and
kicking) and (iii) stability skills involving the acquisition and
ability to maintain balance, both static and dynamic (e.g. bal-
ancing and twisting) (Lubans et al., 2010). These skills are not
acquired naturally (Barnett, Stodden et al.,, 2016; Clark, 2005;
Pang & Fong, 2009); rather, they must be learned and

developed (Pang & Fong, 2009) through quality instruction,
practice opportunities and feedback (Gallahue et al., 2012;
Pang & Fong, 2009; Payne & Isaacs, 2002).

The early years are highlighted as a critical period in devel-
oping and learning FMS; children are expected to have
obtained adequate levels of competency in FMS by the age of
7 as they start to engage in physical activities (e.g. sports and
dance) requiring more specialised skills (Gallahue et al., 2012).
FMS competence is associated with numerous health benefits
and is important for the holistic development of children
including physical, psychological and overall well-being
(Barnett, Stodden et al., 2016). Specifically, FMS competence
has been shown to be positively associated with higher levels
of PA (Holfelder & Schott, 2014), physical fitness (Barnett,
Stodden et al., 2016; Cattuzzo et al.,, 2016; Utesch et al., 2019),
cognitive functioning and academic performance (Haapala,
2013) It has also been found to be inversely associated with
weight status (Barnett, Stodden et al,, 2016; Lubans et al., 2010).
Furthermore, longitudinal data have revealed that FMS compe-
tence tracks through childhood (Branta et al., 1984; Malina,
1990) into adolescence (Barnett et al., 2010; McKenzie et al.,
2002) and is a significant predictor of adolescent PA. (Barnett et
al., 2009). Nonetheless, many studies report low levels of FMS
among children (Bardid et al., 2016; Bellows et al., 2013; Bolger
et al, 2018; O’ Brien et al., 2016; Bryant et al., 2014; Khodaverdi
& Bahram, 2015; Kordi et al, 2012; Mitchell et al., 2013;
Spessato, Gabbard, Valentini et al., 2013).
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As childhood obesity and physical inactivity are serious
global health challenges in the 21" century (World Health
Organization, 2019a; World Health Organization, 2019), motor
competence has received increased interest internationally as a
potential mechanism to combat these global problems
(Holfelder & Schott, 2014). Several systematic reviews have
been conducted reporting (i) the effectiveness of FMS interven-
tions in improving FMS in youth (Morgan et al., 2013), (ii) the
relationship between FMS and PA in children and adolescents
(Holfelder & Schott, 2014) and (iii) the effects of FMS interven-
tions on health outcomes (Tompsett et al., 2017). To date, no
study has attempted to collate the FMS levels of children world-
wide, to provide a global overview. To enable meaningful
comparison of FMS levels between studies, we have selected
the Test of Gross Motor Development-2 (TGMD-2). The TGMD-2
is a standardised assessment tool that covers the critical age
period of FMS development; additionally, it has been widely
used in different countries across the globe (Ulrich, 2000).
Therefore, the aim of the current study was to conduct a
systematic review of FMS levels of typically developing children
worldwide (as measured with the TGMD-2) (Ulrich, 2000).

2 Methods
2.1 Search strategy

This review was conducted and reported in adherence to the
guidelines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) statement
(Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., & PRISMA
Group, 2009). Studies were identified by searching electronic
databases and scanning reference lists of included articles.
Seven electronic databases were searched: Medline [OVID],
Sports Discus, ScienceDirect, ERIC, Scopus, PubMed and
Psychinfo. The search was limited to studies from January
2004 to examine recent and relevant studies (i.e., over the last
15 years). The last search was conducted on June 12, 2019.
Search terms were divided into 3 different categories: (1) fun-
damental movement skill*, motor skill*, motor development,
movement skill*, (2) child*, youth, boy*, girl*, schoolchild* and
(3) TGMD-2, Test of Gross Motor Development. The Boolean
phrase “AND” was used between categories and the associated
phrase “OR” was used within the phrase in each category.

2.2 Eligibility criteria

Studies evaluating FMS competence of typically developing
children aged 3-10 years, using the TGMD-2 assessment tool
(including translated versions), were included. Studies which
scored FMS performances either retrospectively (based on
video recordings) or live on-site were reviewed. Studies were
included if they reported =1 of the following outcome mea-
sures: raw score (either subtest, in =1 skill or total), standard
score (subtest or total), gross motor quotient (GMQ), mean
percentile (subtest or overall), the percentage of the sample
achieving mastery (in =1 skill), the proportion of children clas-
sified into each of the TGMD-2 performance categories, ranging
from very poor to very superior (for locomotor skill, object
control skill or overall FMS competence). Only studies that

provided numerical data/findings were included (i.e. graphs/
charts without numerical labels were not). Study designs
included were randomized controlled trials (RCTs) using experi-
mental and quasi-experimental design, observational/cross-
sectional studies and pre-post trials. In pre-post design studies
and those in which interventions/treatments were adminis-
tered, only baseline findings were included.

Studies were excluded if they met any of the following
criteria: (i) included groups from specific populations (e.g.
those with disabilities/disorders, specific sports groups, etc.),
(i) the included sample were reported to solely consist of
children from disadvantaged areas or low socioeconomic sta-
tus, (iii) only outcome scores post-intervention reported, (iv)
some/all of the data from the sample included were also
reported as part of other included studies, (iv) not published
in a peer-reviewed journal, (iv) not published in English, (v)
published in book chapters, case studies, dissertations, confer-
ence abstracts, review articles, meta-analyses, systematic
reviews, protocol papers or editorials, and (vi) full-text was
not available.

2.3 Outcome measures — TGMD-2

The TGMD-2 is a process-oriented FMS assessment tool.
Normative sample data is provided in the TGMD-2, which was
collected from 1208 children from 10 states in the United States
between 1997 and 1998 (Ulrich, 2000). This facilitates the com-
parison of FMS competence to a standardisation sample.

The TGMD-2 consists of 12 FMS, divided into two subtests of
skills; locomotor and object control skills. The six locomotor
skills consist of running, galloping, sliding, leaping, hopping,
and horizontal jump. The six object control skills are kick, catch,
overhand throw, strike, underhand roll, and dribble (Ulrich,
2000). The TGMD-2 has been found to be valid and reliable
among children aged 3-10 years (Kim et al., 2014; KYA Wong &
Yin Cheung, 2010; Ulrich, 2000; Valentini, 2012). Content valid-
ity was established qualitatively, based on unanimous agree-
ment of three content experts who declare the skills as
representative of those taught to the specified age group and
also quantitatively, using discrimination and item difficulty sta-
tistics. Criterion-prediction validity of the TGMD-2 is reported,
with a strong to moderate correlation between TGMD-2 subt-
ests and criterion variable (ranging from 0.43 to 0.63). Construct
validity has also been established (Ulrich, 2000). Internal con-
sistency among items was found to be good-to-excellent with
Cronbach’s alpha coefficients of 0.85 (locomotor subtest), 0.88
(object control subtest) and 0.91 (GMQ) (Ulrich, 2000). The
TGMD-2 also has high test-retest reliability (ranging from
0.88-0.93) and inter-rater reliability (0.98 for all) across subtests
and GMQ (Ulrich, 2000).

In this assessment tool, children perform one familiarisation
trial and two test trials. Each of the 12 FMS consist of 3-5
behavioural components. If a component is performed cor-
rectly, a score of 1 is awarded. If the behavioural component
is performed incorrectly, a score of 0 is awarded. This procedure
is repeated for each component of a skill across the two test
trials. Scores from both trials are summed to obtain a raw skill
score (Ulrich, 2000). “Mastery” of an FMS is achieved when all



components of a skill are present (i.e. skill performed correctly)
across both test trials.

Locomotor and object control subtest scores are calculated
by summing the raw scores of the individual skills within each
subtest (Locomotor Score Range: 0-48; Object control Score
Range: 0-48). Based on the normative data tables in the
TGMD-2 manual, subtest scores are converted to standard
scores (LMSS and OCSS, range: 1-20) adjusted for age (loco-
motor and object control subtest) and sex (object control
subtest) (Ulrich, 2000). Following, the LMSS and OCSS score
are summed and converted to an overall standard score or
Gross Motor Quotient (GMQ; range: 48-160). LMSS, OCSS and
GMQ can be used to categorise the locomotor, object control
and overall FMS performance of each child into one of seven
categories, ranging from very poor to very superior (Ulrich,
2000).

TGMD-2 data can also be used to derive mean percen-
tiles and age equivalents. Mean percentiles, or percentile
rank, represent the proportion of the normative sample
who achieved a value equal to or below the associated
score. For example, a percentile of 60 means that 60% of
the normative sample scored less than or equal to the
performer’s score. Age equivalents use subtest scores to
provide an estimated developmental age based on a child’s
performance (Ulrich, 2000).

2.4 Study Selection

Following the systematic search, 2 reviewers (LEB and LAB)
independently removed all duplicates and the title and abstract
of the remaining retrieved files were screened. Any disagree-
ments were resolved by reviewing articles together and thor-
ough discussion. Full-text articles were retrieved for the
remaining files and independently screened by both reviewers
for inclusion criteria, using a “yes, no or maybe” approach
(Liberati et al., 2009). Level of agreement was found to be
92%. Conflicting decisions (i.e. files assigned “maybe”) were
jointly reviewed together and discussed until consensus was
reached on all files.

2.4.1 Overview of studies

Figure 1 displays the PRISMA flowchart of studies through the
review process. The search strategy identified 908 records. After
removing duplicates (n = 76) and screening of titles and
abstracts (n = 700), 132 articles were retrieved. Of these, 64
fulfilled the inclusion criteria and were included.

2.5 Quality assessment of included studies

Study quality was independently assessed by two reviewers
(XXX and XXX) using the Study Quality Assessment Tools
developed by the National Heart, Lung and Blood Institute
(NHLBI) (National Health Lung and Blood Institute, 2019).
Three appropriate tools were used: (i) Quality Assessment of
Controlled Intervention Studies, (ii) Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies and (iii)
Quiality Assessment Tool for Before-After (Pre-Post) Studies
With No Control Group (Table S1-S3). Each item on the scale
was coded as ‘1’ (Yes), ‘0’ (No), “CD” (cannot determine), “NR”
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Records identified through database
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(n=908)

|

Records after duplicates removed
(n=832)

l

Records screened
(n=832)
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) (

I 68 Full-text articles excluded:
Incligible populations (n=20)

TGMD-2 not used (n=17)

Incligible age (n=1)

Outcome scores required not reported (n=19)
Combination of testing tools used (n=1)

Data replicated in other included studics (n=9)
Not a journal article (n=1)

Full-text articles assessed
for cligibility
(n=132)

Studies included in review
(n=64)

Studies included in
quantitative analysis
(n=60)

Eligibility

) (

Included

[

Figure 1. PRISMA flowchart of studies through the review process.

(not reported) or “NA” (not applicable). Each item was indivi-
dually considered, as recommended by the PRISMA statement
(Moher & Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA
Group, 2009). Inter-rater reliability between reviewers was
calculated, with >85% agreement established across all 932
items. Following this review process, articles in which dis-
agreements were found were further reviewed by both asses-
sors together and following discussion, consensus was
reached. A quality score (as a percentage of applicable criteria)
was calculated for each study. Studies that scored greater
than 67% were classified as high quality, studies that scored
34-67% were classified as medium quality and those that
scored 33% or less were regarded as low quality. 23 studies
were rated as high quality (Antunes et al., 2016; Aye et al.,
2018; L Barnett et al,, 2013; Bolger et al., 2018; Butterfield et al.,
2012; Capio et al., 2013; Cepicka, 2010; Clark et al., 2018; Cliff et
al., 2009; Crane et al,, 2017; Freitas et al,, 2015; Hardy et al.,
2010; Henrique et al., 2016; LeGear et al., 2012; Liong et al.,
2015; Miklankova, 2018; Miller et al., 2015; Du Plessis et al.,
2015; Robinson, Webster et al., 2012; Da Silva et al., 2017;
Slykerman et al., 2016; Spessato, Gabbard, Robinson et al.,
2013; Yang et al., 2015), 39 were identified as medium quality
(Adamo et al., 2016; AKY Wong & Cheung, 2006; Aye et al.,
2017; Bakhtiar, 2014; Bakhtiari et al., 2011; Balaban, 2018;
Bardid et al., 2016; Barnett et al., 2015; Brian et al., 2017;
Cano-Cappellacci et al., 2015; Chan et al., 2018; Chow &
Chan, 2011; Dos Santos et al., 2016; Field & Temple, 2017;
Grant-Beuttler et al., 2017; Hall et al., 2018; Johnstone et al.,
2017; Khodaverdi et al., 2016; Kim et al., 2014; Kit et al., 2017;
Korbecki et al, 2017; Kordi et al, 2012; KYA Wong & Yin
Cheung, 2010; Lin & Yang, 2015; Logan, Robinson, Getchell
et al., 2011; Logan et al., 2014; De Meester et al., 2016;
Mukherjee et al., 2017; Palmer & Brian, 2016; Pang & Fong,
2009; Pienaar et al., 2015; Rechtik, 2018; Robinson, Wadsworth
et al, 2012; Rudd et al., 2017, 2016; Spessato, Gabbard,
Valentini et al., 2013; Tomaz et al, 2019; Valentini et al,
2016; Zuvela et al., 2011), and two were classified as low
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quality (Cenizo Benjumea et al., 2017; Invernizzi et al., 2019)
(Table S1-S3). All studies were considered for analysis.

2.6 Data extraction

The following data were independently extracted by two
reviewers (XXX and XXX) using an Excel template developed
by both reviewers: (i) author and year of publication, (ii)
research design and setting, (iii) participant characteristics
(including age, sex, country, sample size, specifics of population
group), (iv) the number of FMS assessed and administration
protocol used (i.e. individually or in groups), (v) FMS scoring
protocol (including live/retrospective scoring, inter-/intra-rater
reliability) and (vi) type of outcome measure reported (raw skill/
subtest scores, standard score, GMQ, percentage achieving
mastery in each skill, age equivalent score, mean percentile).
Data extracted independently by both reviewers were com-
pared, with 100% agreement found.

2.7 Data and statistical analyses

Data (excluding actual FMS outcome scores) were first col-
lated and described in a narrative summary. FMS outcome
scores (i.e. FMS levels) from each study were quantitatively
reported (in the form of raw scores, standard scores, age
equivalent, mean percentiles, percentage achieving mastery
in each skill or percentage categorised across TGMD-2
categories.

Mean and standard deviation of each FMS score reported in
each study were included. As evidence reveals older children
tend to exhibit higher levels of FMS than younger children
(Bardid et al., 2016; Bolger et al, 2018; Bryant et al., 2014;
Freitas et al., 2015; Spessato, Gabbard, Valentini et al., 2013),
FMS outcome scores were collated for each individual age
ranging from 3 to 10 years of age and also the following age
ranges: (i) 3-5 years, (ii) 6-8 years, (iii) 9-10 years, and (iv) 3-
10 years. These age ranges represent typical preschool age (3—
5 years), early-middle childhood (6-8 years), and middle child-
hood (9-10 years) (Centers for Disease Control and Prevention.
Child Development, 2020). The 3-10 year age range represents
the ages across which the TGMD-2 has been reported to be
valid and reliable (Ulrich, 2000). In studies including children
between the ages of 3 and 10 years of age as well as older, only
data relating to children between 3-10 years are included in
the analyses.

For each group, weighted mean and standard deviation
scores were calculated for raw FMS scores (skill, subtest and
total), standardised scores (GMQ, SS) and percentile scores
(subtest and overall rank) using the following formulae (NIST,
2001):

Weighted mean (x,,) = B

where w; is the weight of the i*" observation (i.e. sample
size), x; is the mean score of the i*" observation, N’ is the
number of non-zero weights.

The weighted proportion of children achieving mastery and
the proportion of children in each of the TGMD-2 categories
(for LM, OC and overall FMS) were calculated using the follow-
ing equation:

where frequency; is the number of children achieving
mastery (or present in a category) in the i*" observation and
n is the sample size.

3 Results
3.1 Study characteristics

Table 1 presents the selected characteristics of eligible studies
included in this review. Forty-two studies were published
between 2015 and 2019 (Adamo et al., 2016; Antunes et al.,
2016; Aye et al,, 2018, 2017; Balaban, 2018; Bardid et al., 2016;
Barnett et al., 2015; Bolger et al., 2018; Brian et al., 2017; Cano-
Cappellacci et al., 2015; Cenizo Benjumea et al., 2017; Chan et
al., 2018; Clark et al., 2018; Crane et al,, 2017; Dos Santos et al.,
2016; Field & Temple, 2017; Freitas et al., 2015; Grant-Beuttler et
al., 2017; Hall et al., 2018; Henrique et al., 2016; Invernizzi et al.,
2019; Johnstone et al,, 2017; Khodaverdi et al., 2016; Kit et al.,
2017; Korbecki et al,, 2017; Lin & Yang, 2015; Liong et al., 2015;
De Meester et al.,, 2016; Miklankov4, 2018; Miller et al., 2015;
Mukherjee et al., 2017; Palmer & Brian, 2016; Pienaar et al., 2015;
Du Plessis et al., 2015; Rechtik, 2018; Rudd et al., 2017, 2016; Da
Silva et al, 2017; Slykerman et al, 2016; Tomaz et al., 2019;
Valentini et al., 2016; Yang et al., 2015), nineteen between 2010
and 2014 (Bakhtiar, 2014; Bakhtiari et al., 2011; L Barnett et al.,
2013; Butterfield et al., 2012; Capio et al., 2013; Cepicka, 2010;
Chow & Chan, 2011; Hardy et al., 2010; Kim et al., 2014; Kordi et
al, 2012; KYA Wong & Yin Cheung, 2010; LeGear et al., 2012;
Logan, Robinson, Getchell et al., 2011; Logan et al., 2014;
Robinson, Wadsworth et al., 2012; Robinson, Webster et al.,
2012; Spessato, Gabbard, Robinson et al., 2013; Spessato,
Gabbard, Valentini et al., 2013; Zuvela et al., 2011) and three
between 2005 and 2009 (AKY Wong & Cheung, 2006; Cliff et al.,
2009; Pang & Fong, 2009). Studies selected for inclusion were
drawn from 25 different countries across six continents. Ten
studies were carried out in the United States (Brian et al., 2017;
Butterfield et al., 2012; Grant-Beuttler et al., 2017; Kit et al., 2017;
Logan, Robinson, Getchell et al., 2011; Logan et al., 2014; De
Meester et al., 2016; Palmer & Brian, 2016; Robinson,
Wadsworth et al,, 2012; Robinson, Webster et al., 2012), nine
in Australia (L Barnett et al., 2013; Barnett et al., 2015; Cliff et al.,
2009; Hardy et al,, 2010; Liong et al., 2015; Miller et al,, 2015;
Rudd et al., 2017, 2016; Slykerman et al., 2016), six in China (AKY
Wong & Cheung, 2006; Capio et al., 2013; Chan et al, 2018;
Chow & Chan, 2011; KYA Wong & Yin Cheung, 2010; Pang &
Fong, 2009), five in Brazil (Henrique et al,, 2016; Da Silva et al.,
2017; Spessato, Gabbard, Robinson et al., 2013; Spessato,
Gabbard, Valentini et al., 2013; Valentini et al., 2016), four in
Canada (Adamo et al., 2016; Crane et al., 2017; Field & Temple,
2017; LeGear et al., 2012) and the Czech Republic (Balaban,
2018; Cepicka, 2010; Miklankova, 2018; Rechtik, 2018), three in
Portugal (Antunes et al., 2016; Dos Santos et al., 2016; Freitas et
al.,, 2015), Iran (Bakhtiari et al., 2011; Khodaverdi et al., 2016;
Kordi et al., 2012) and South Africa (Pienaar et al., 2015; Du
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Plessis et al., 2015; Tomaz et al., 2019), two in Taiwan (Lin &
Yang, 2015; Yang et al., 2015) and one in Ireland (Bolger et al.,
2018), Belgium (Bardid et al., 2016), Britain (Hall et al., 2018),
Chile (Cano-Cappellacci et al., 2015), Croatia (Zuvela et al,,
2011), Indonesia (Bakhtiar, 2014), Italy (Invernizzi et al., 2019),
Japan (Aye et al, 2017), Myanmar (Aye et al., 2018), Poland
(Korbecki et al., 2017), Scotland (Johnstone et al., 2017), Spain
(Cenizo Benjumea et al., 2017), Singapore (Mukherjee et al.,
2017), South Korea (Kim et al., 2014), and one in the United
Kingdom (Clark et al., 2018). The majority of studies (34 of 64:
53%) involved the evaluation of FMS of children recruited from
a primary school setting (Antunes et al., 2016; Bakhtiar, 2014;
Bakhtiari et al., 2011; Balaban, 2018; Barnett et al., 2015; Bolger
et al., 2018; Butterfield et al., 2012; Cano-Cappellacci et al., 2015;
Capio et al., 2013; Cenizo Benjumea et al.,, 2017; Cepicka, 2010;
Chan et al, 2018; Clark et al., 2018; Crane et al., 2017; Field &
Temple, 2017; Freitas et al, 2015; Invernizzi et al., 2019;
Johnstone et al., 2017; Khodaverdi et al., 2016; Korbecki et al.,
2017; Lin & Yang, 2015; Liong et al.,, 2015; Logan et al., 2014;
Miller et al., 2015; Mukherjee et al., 2017; Pang & Fong, 2009;
Pienaar et al., 2015; Du Plessis et al., 2015; Rudd et al., 2017,
2016; Slykerman et al., 2016; Spessato, Gabbard, Robinson et al.,
2013; Valentini et al., 2016; Zuvela et al., 2011). Twelve studies
recruited from preschools (Chow & Chan, 2011; Cliff et al., 2009;
Hardy et al., 2010; Henrique et al., 2016; Logan, Robinson,
Getchell et al., 2011; Miklankovd, 2018; Palmer & Brian, 2016;
Rechtik, 2018; Robinson, Wadsworth et al, 2012; Robinson,
Webster et al., 2012; Tomaz et al,, 2019; Yang et al, 2015),
three recruited from kindergartens (Aye et al, 2018, 2017;
LeGear et al., 2012), two separate studies outlined that they
recruited from kindergartens and YMCA (AKY Wong & Cheung,
2006; KYA Wong & Yin Cheung, 2010), and two studies
recruited from childcare centres (Adamo et al.,, 2016; Brian et
al., 2017). One study recruited from 51 child settings including
sports clubs, local councils, school and day-care centres (Bardid
et al., 2016). One study recruited from a municipal school (Da
Silva et al., 2017), one from public schools as well as day-care
centres (Spessato, Gabbard, Valentini et al., 2013), one from
schools and preschools (Hall et al, 2018), and one from a
nursery school (Kordi et al., 2012). Another recruited by distri-
buting flyers to the local school district, at professional meet-
ings and given to friends of participants (Grant-Beuttler et al.,
2017). One study included children who completed the CDC/
NHANES National Youth Fitness Survey (Kit et al., 2017), one
recruited children from preschools as well as childcare centres
(L Barnett et al., 2013) while one study recruited children from
an urban school district in Ohio, a rural school in Texas and a
before and after school programme in Michigan (De Meester et
al.,, 2016). The setting from which children were recruited was
not detailed in two studies (Dos Santos et al., 2016; Kim et al.,
2014).

There were 50 cross-sectional design studies (AKY Wong &
Cheung, 2006; Antunes et al., 2016; Aye et al, 2018, 2017;
Bakhtiar, 2014; Balaban, 2018; Bardid et al., 2016; L Barnett et
al.,, 2013; Barnett et al., 2015; Bolger et al., 2018; Butterfield et al.,
2012; Cano-Cappellacci et al., 2015; Cepicka, 2010; Chan et al.,
2018; Chow & Chan, 2011; Clark et al., 2018; Cliff et al., 2009; Dos
Santos et al.,, 2016; Field & Temple, 2017; Freitas et al., 2015;
Grant-Beuttler et al., 2017; Hall et al,, 2018; Hardy et al., 2010;
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Invernizzi et al., 2019; Khodaverdi et al., 2016; Kit et al., 2017;
Korbecki et al., 2017; KYA Wong & Yin Cheung, 2010; LeGear et
al.,, 2012; Lin & Yang, 2015; Liong et al,, 2015; Logan, Robinson,
Getchell et al., 2011; Logan et al., 2014; De Meester et al.,, 2016;
Miklankova, 2018; Mukherjee et al., 2017; Palmer & Brian, 2016;
Pang & Fong, 2009; Pienaar et al., 2015; Du Plessis et al., 2015;
Rechtik, 2018; Robinson, Wadsworth et al., 2012; Rudd et al,,
2016; Da Silva et al.,, 2017; Slykerman et al.,, 2016; Spessato,
Gabbard, Robinson et al., 2013; Spessato, Gabbard, Valentini
et al, 2013; Tomaz et al., 2019; Valentini et al., 2016; Yang et al.,
2015), eight quasi-experimental studies (Bakhtiari et al., 2011;
Brian et al., 2017; Capio et al., 2013; Cenizo Benjumea et al.,
2017; Johnstone et al., 2017; Kordi et al., 2012; Robinson,
Webster et al., 2012; Rudd et al., 2017), two RCTs (Adamo et
al., 2016; Miller et al., 2015), two longitudinal studies (Crane et
al., 2017; Henrique et al., 2016), one validity and reliability study
(Kim et al., 2014), and one study which was a construction and
validation of a new FMS tool (Zuvela et al., 2011). The sample
sizes for the studies ranged from 14 (Robinson, Webster et al.,
2012) to 2674 children (Valentini et al.,, 2016). Nineteen had a
sample size <100 (Adamo et al,, 2016; Aye et al., 2017; Bakhtiar,
2014; Bakhtiari et al., 2011; L Barnett et al., 2013; Brian et al.,
2017; Cano-Cappellacci et al., 2015; Clark et al., 2018; Cliff et al.,
2009; Grant-Beuttler et al., 2017; Korbecki et al., 2017; Logan,
Robinson, Getchell et al., 2011; Logan et al., 2014; Miklankova,
2018; Palmer & Brian, 2016; Robinson, Wadsworth et al., 2012;
Robinson, Webster et al., 2012; Da Silva et al., 2017; Zuvela et al.,
2011). Fourteen studies had a sample size between 100-199
children (Antunes et al.,, 2016; Barnett et al., 2015; Butterfield et
al.,, 2012; Hall et al., 2018; Invernizzi et al., 2019; Johnstone et al.,
2017; Kim et al., 2014; Kordi et al.,, 2012; Liong et al., 2015; Miller
et al,, 2015; Pang & Fong, 2009; Rudd et al., 2016; Slykerman et
al., 2016; Spessato, Gabbard, Robinson et al., 2013) while 31 had
a sample size 2200 (AKY Wong & Cheung, 2006; Aye et al., 2018;
Balaban, 2018; Bardid et al., 2016; Bolger et al., 2018; Capio et
al., 2013; Cenizo Benjumea et al., 2017; Cepicka, 2010; Chan et
al., 2018; Chow & Chan, 2011; Crane et al., 2017; Dos Santos et
al., 2016; Field & Temple, 2017; Freitas et al., 2015; Hardy et al.,
2010; Henrique et al., 2016; Khodaverdi et al., 2016; Kit et al,,
2017; KYA Wong & Yin Cheung, 2010; LeGear et al,, 2012; Lin &
Yang, 2015; De Meester et al., 2016; Mukherjee et al., 2017; Du
Plessis et al., 2015; Rechtik, 2018; Rudd et al., 2017; Spessato,
Gabbard, Valentini et al,, 2013; Tomaz et al., 2019; Valentini et
al.,, 2016; Yang et al,, 2015). Two studies included girls only
(Bakhtiari et al.,, 2011; Khodaverdi et al., 2016), while the remain-
ing studies were co-educational.

3.2 Measurement of FMS

Fifty-five studies tested all 12 skills of the TGMD-2 (Adamo et al.,
2016; AKY Wong & Cheung, 2006; Antunes et al.,, 2016; Aye et
al.,, 2018, 2017; Bakhtiar, 2014; Bakhtiari et al., 2011; Balaban,
2018; Bardid et al., 2016; L Barnett et al., 2013; Bolger et al,,
2018; Cano-Cappellacci et al., 2015; Cenizo Benjumea et al.,
2017; Cepicka, 2010; Chan et al., 2018; Chow & Chan, 2011;
Clark et al., 2018; Cliff et al., 2009; Crane et al., 2017; Field &
Temple, 2017; Freitas et al.,, 2015; Grant-Beuttler et al., 2017; Hall
et al, 2018; Henrique et al., 2016; Invernizzi et al., 2019;
Johnstone et al., 2017; Khodaverdi et al., 2016; Kim et al.,
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2014; Kit et al., 2017; Korbecki et al., 2017; Kordi et al., 2012; KYA
Wong & Yin Cheung, 2010; LeGear et al., 2012; Lin & Yang, 2015;
Liong et al,, 2015; Logan, Robinson, Getchell et al,, 2011; Logan
et al., 2014; De Meester et al, 2016; Miklankova, 2018;
Mukherjee et al.,, 2017; Palmer & Brian, 2016; Pang & Fong,
2009; Rechtik, 2018; Robinson, Wadsworth et al., 2012;
Robinson, Webster et al., 2012; Rudd et al., 2017, 2016; Da
Silva et al., 2017; Slykerman et al., 2016; Spessato, Gabbard,
Robinson et al., 2013; Spessato, Gabbard, Valentini et al., 2013;
Tomaz et al., 2019; Valentini et al,, 2016; Yang et al., 2015;
Zuvela et al., 2011), four studies tested the 6 OC skills only
(Barnett et al., 2015; Brian et al., 2017; Pienaar et al., 2015; Du
Plessis et al.,, 2015), one study examined four OC skills only
(throw, catch, kick, strike) (Butterfield et al., 2012), one study
examined three OC skills (throw, catch, kick) (Miller et al., 2015),
one study examined 8 FMS (run, gallop, hop, jump, strike, catch,
kick, throw) (Hardy et al., 2010), one study solely examined the
throw (Capio et al., 2013) and one study solely examined the
kick (Dos Santos et al., 2016). Twenty-six studies did not report
whether FMS performances were scored/coded live or retro-
spectively using video recordings (Adamo et al., 2016; Antunes
et al., 2016; Bakhtiar, 2014; Bakhtiari et al., 2011; Balaban, 2018;
Brian et al., 2017; Cenizo Benjumea et al., 2017; Cepicka, 2010;
Clark et al., 2018; Dos Santos et al., 2016; Freitas et al., 2015;
Henrique et al., 2016; Invernizzi et al., 2019; Johnstone et al.,
2017; Kit et al.,, 2017; Kordi et al., 2012; Liong et al., 2015; De
Meester et al.,, 2016; Miklankova, 2018; Pienaar et al., 2015; Du
Plessis et al., 2015; Rechtik, 2018; Rudd et al., 2017; Slykerman et
al., 2016; Zuvela et al., 2011). Of the 39 studies which did
specify, 30 coded FMS performances retrospectively only (AKY
Wong & Cheung, 2006; Aye et al., 2018, 2017; Bolger et al., 2018;
Cano-Cappellacci et al.,, 2015; Chow & Chan, 2011; Cliff et al,,
2009; Crane et al., 2017; Field & Temple, 2017; Grant-Beuttler et
al., 2017; Hall et al., 2018; Khodaverdi et al., 2016; Kim et al.,,
2014; LeGear et al,, 2012; Lin & Yang, 2015; Logan, Robinson,
Getchell et al, 2011; Logan et al., 2014; Miller et al., 2015;
Mukherjee et al., 2017; Palmer & Brian, 2016; Pang & Fong,
2009; Robinson, Wadsworth et al., 2012; Robinson, Webster et
al., 2012; Rudd et al, 2016; Da Silva et al., 2017; Spessato,
Gabbard, Robinson et al., 2013; Spessato, Gabbard, Valentini
et al., 2013; Tomaz et al.,, 2019; Valentini et al., 2016; Yang et al.,
2015) while seven coded assessments live on site only (Bardid
et al,, 2016; L Barnett et al., 2013; Barnett et al., 2015; Capio et
al.,, 2013; Chan et al,, 2018; Hardy et al., 2010; Korbecki et al.,
2017). One study coded assessments both live and retrospec-
tively (KYA Wong & Yin Cheung, 2010). The number of indivi-
duals who scored or coded the FMS performances of
participants (i.e. coders) ranged from one (AKY Wong &
Cheung, 2006; Chow & Chan, 2011; Cliff et al.,, 2009; Crane et
al.,, 2017; Field & Temple, 2017; Logan, Robinson, Getchell et al.,
2011; Miller et al, 2015; Pang & Fong, 2009; Robinson,
Wadsworth et al.,, 2012; Robinson, Webster et al., 2012) to
eight (Chan et al., 2018). The use of two coders was the most
commonly reported scoring protocol selected (Adamo et al.,
2016; Barnett et al., 2015; Bolger et al., 2018; Butterfield et al.,
2012; Cano-Cappellacci et al., 2015; Clark et al., 2018; Grant-
Beuttler et al., 2017; Hall et al., 2018; Henrique et al., 2016;
Khodaverdi et al,, 2016; LeGear et al., 2012; Liong et al., 2015;
Logan et al., 2014; Pienaar et al., 2015; Rudd et al., 2017, 2016;

Da Silva et al.,, 2017; Spessato, Gabbard, Valentini et al., 2013;
Tomaz et al., 2019), while seven studies used three coders (Aye et
al., 2018; Brian et al,, 2017; Kim et al., 2014; Korbecki et al., 2017;
Palmer & Brian, 2016; Spessato, Gabbard, Robinson et al., 2013;
Valentini et al., 2016) and five studies used four coders (L Barnett
etal,, 2013; Capio et al.,, 2013; KYA Wong & Yin Cheung, 2010; Lin
&Yang, 2015; Yang et al., 2015). The remaining 22 studies did not
report the number of coders used (Antunes et al., 2016; Aye et al.,
2017; Bakhtiar, 2014; Bakhtiari et al., 2011; Balaban, 2018; Bardid
et al, 2016; Cenizo Benjumea et al., 2017; Cepicka, 2010; Dos
Santos et al., 2016; Freitas et al., 2015; Hardy et al., 2010; Invernizzi
et al,, 2019; Johnstone et al.,, 2017; Kit et al., 2017; Kordi et al.,
2012; De Meester et al., 2016; Miklankova, 2018; Mukherjee et al.,
2017; Du Plessis et al., 2015; Rechtik, 2018; Slykerman et al., 2016;
Zuvela et al, 2011). In ten of the studies, assessments were
conducted individually (Antunes et al., 2016; Aye et al, 2018;
Cliff et al.,, 2009; Grant-Beuttler et al., 2017; Hardy et al., 2010; De
Meester et al, 2016; Da Silva et al., 2017; Spessato, Gabbard,
Robinson et al., 2013; Valentini et al., 2016; Yang et al., 2015).
Thirteen studies conducted the assessments in groups, ranging
from 2-10 children (Aye et al., 2017; Bolger et al,, 2018; Cano-
Cappellacci et al., 2015; Chan et al., 2018; Crane et al., 2017; Field
& Temple, 2017; KYA Wong & Yin Cheung, 2010; LeGear et al.,
2012; Liong et al., 2015; Logan et al., 2014; Rudd et al., 2017, 2016;
Tomaz et al,, 2019), while the majority (n = 41) did not specify
(Adamo et al,, 2016; AKY Wong & Cheung, 2006; Bakhtiar, 2014;
Bakhtiari et al., 2011; Balaban, 2018; Bardid et al., 2016; L Barnett
et al., 2013; Barnett et al., 2015; Brian et al., 2017; Butterfield et al.,
2012; Capio et al., 2013; Cenizo Benjumea et al., 2017; Cepicka,
2010; Clark et al., 2018; Dos Santos et al., 2016; Freitas et al., 2015;
Hall et al., 2018; Henrique et al., 2016; Invernizzi et al., 2019;
Johnstone et al., 2017; Khodaverdi et al., 2016; Kim et al., 2014;
Kit et al., 2017; Korbecki et al., 2017; Kordi et al., 2012; Lin & Yang,
2015; Logan, Robinson, Getchell et al., 2011; Miklankova, 2018;
Miller et al., 2015; Mukherjee et al., 2017; Palmer & Brian, 2016;
Pang & Fong, 2009; Pienaar et al., 2015; Du Plessis et al., 2015;
Rechtik, 2018; Robinson, Wadsworth et al., 2012; Robinson,
Webster et al., 2012; Slykerman et al., 2016; Spessato, Gabbard,
Valentini et al., 2013; Zuvela et al., 2011).

3.3 FMS outcomes

Raw scores (skill scores and subtest scores) were the most
reported type of FMS outcome, with 41 studies reporting OC
subtest score (AKY Wong & Cheung, 2006; Antunes et al., 2016;
Aye et al., 2018, 2017; Bakhtiar, 2014; Balaban, 2018; Bardid et
al.,, 2016; L Barnett et al., 2013; Barnett et al., 2015; Bolger et al.,
2018; Brian et al., 2017; Cano-Cappellacci et al,, 2015; Cenizo
Benjumea et al., 2017; Cepicka, 2010; Chan et al., 2018; Chow &
Chan, 2011; Cliff et al., 2009; Crane et al., 2017; Field & Temple,
2017; Freitas et al., 2015; Hall et al., 2018; Hardy et al., 2010;
Invernizzi et al., 2019; Khodaverdi et al., 2016; Kim et al., 2014;
Kit et al., 2017; Korbecki et al., 2017; Kordi et al., 2012; LeGear et
al.,, 2012; Lin & Yang, 2015; Liong et al., 2015; Mukherjee et al.,
2017; Palmer & Brian, 2016; Pang & Fong, 2009; Rechtik, 2018;
Robinson, Wadsworth et al., 2012; Rudd et al., 2017, 2016;
Slykerman et al,, 2016; Valentini et al,, 2016; Yang et al., 2015),
39 reporting LM subtest score (AKY Wong & Cheung, 2006;
Antunes et al, 2016; Aye et al, 2018, 2017; Bakhtiar, 2014;



Balaban, 2018; Bardid et al., 2016; L Barnett et al., 2013; Bolger
et al., 2018; Cano-Cappellacci et al., 2015; Cenizo Benjumea et
al., 2017; Cepicka, 2010; Chan et al., 2018; Chow & Chan, 2011;
Cliff et al., 2009; Crane et al., 2017; Field & Temple, 2017; Freitas
et al,, 2015; Hall et al., 2018; Hardy et al., 2010; Invernizzi et al.,
2019; Khodaverdi et al., 2016; Kim et al., 2014; Kit et al., 2017;
Korbecki et al., 2017; Kordi et al., 2012; LeGear et al., 2012; Lin &
Yang, 2015; Liong et al., 2015; Mukherjee et al., 2017; Palmer &
Brian, 2016; Pang & Fong, 2009; Rechtik, 2018; Robinson,
Wadsworth et al,, 2012; Rudd et al., 2017, 2016; Slykerman et
al., 2016; Valentini et al,, 2016; Yang et al., 2015), (Table 2) and
18 reporting individual raw skills scores (Antunes et al., 2016;
Aye et al., 2018, 2017; Bardid et al., 2016; Capio et al.,, 2013;
Crane et al.,, 2017; Freitas et al., 2015; Hardy et al., 2010; Kim et
al., 2014; Korbecki et al., 2017; KYA Wong & Yin Cheung, 2010;
Lin & Yang, 2015; Miller et al., 2015; Palmer & Brian, 2016;
Pienaar et al., 2015; Du Plessis et al., 2015; Valentini et al.,
2016; Yang et al., 2015) (Table 3). Raw total FMS score was
less commonly reported, which was included in 12 studies
(Balaban, 2018; Chow & Chan, 2011; Hall et al., 2018; Hardy et
al., 2010; Invernizzi et al., 2019; LeGear et al.,, 2012; Lin & Yang,
2015; Liong et al, 2015; Mukherjee et al., 2017; Spessato,
Gabbard, Robinson et al., 2013; Yang et al., 2015; Zuvela et al.,
2011) (Table 2). Standardised scores based on age and sex,
including GMQ (Adamo et al,, 2016; Aye et al, 2018, 2017;
Balaban, 2018; Bardid et al., 2016; Bolger et al., 2018; Cliff et
al., 2009; Grant-Beuttler et al., 2017; Johnstone et al., 2017;
Khodaverdi et al., 2016; Kordi et al., 2012; Logan et al., 2014;
Miklankova, 2018; Mukherjee et al., 2017; Pang & Fong, 2009;
Rechtik, 2018) and OC SS (Adamo et al., 2016; Aye et al., 2018,
2017; Bakhtiari et al., 2011; Bardid et al., 2016; Brian et al., 2017;
Cliff et al., 2009; Grant-Beuttler et al., 2017; Henrique et al., 2016;
Johnstone et al., 2017; Kit et al., 2017; Kordi et al., 2012; Logan et
al., 2014; Mukherjee et al., 2017; Pang & Fong, 2009; Pienaar et
al., 2015) were reported by 16 studies, while LMSS were
reported by 14 studies (Adamo et al., 2016; Aye et al., 2018,
2017; Bakhtiari et al., 2011; Bardid et al., 2016; Cliff et al., 2009;
Grant-Beuttler et al., 2017; Henrique et al., 2016; Johnstone et
al.,, 2017; Kit et al,, 2017; Kordi et al., 2012; Logan et al., 2014;
Mukherjee et al., 2017; Pang & Fong, 2009) (Table 4). Total SS
(which is subsequently used to calculate GMQ) was reported in
four studies (Aye et al., 2018, 2017; Kordi et al., 2012; Pang &
Fong, 2009) (Table 4).

Ten studies reported GMQ percentile (overall percentile
rank) (Adamo et al., 2016; Bakhtiari et al., 2011; Johnstone et
al., 2017; Logan, Robinson, Getchell et al., 2011; Logan et al.,
2014; De Meester et al,, 2016; Mukherjee et al.,, 2017; Pang &
Fong, 2009; Robinson, Webster et al., 2012; Da Silva et al., 2017)
14 reported mean OC percentile, (Adamo et al.,, 2016; Aye et al.,
2018, 2017; Brian et al., 2017; Cepicka, 2010; Chow & Chan,
2011; Clark et al, 2018; Johnstone et al, 2017; Logan,
Robinson, Getchell et al., 2011; Mukherjee et al., 2017; Pang &
Fong, 2009; Pienaar et al., 2015; Robinson, Webster et al., 2012;
Da Silva et al., 2017), and 12 studies reported mean LM percen-
tile (Adamo et al., 2016; Aye et al,, 2018, 2017; Cepicka, 2010;
Chow & Chan, 2011; Clark et al., 2018; Johnstone et al., 2017;
Logan, Robinson, Getchell et al., 2011; Mukherjee et al., 2017;
Pang & Fong, 2009; Robinson, Webster et al., 2012; Da Silva et
al., 2017). Kordi et al (Kordi et al, 2012), Mukherjee et al
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(Mukherjee et al., 2017), Spessato et al (Spessato, Gabbard,
Valentini et al., 2013), and Pang and Fong (Pang & Fong,
2009) reported age equivalent scores for both LM and OC skills,
while Pineaar et al (Pienaar et al., 2015) reported mean OC
percentile only (Table 4). The proportion of children classified
into the seven TGMD-2 categories was reported in three studies
for LM (Bardid et al., 2016; Kit et al., 2017; Pang & Fong, 2009),
four studies for OC (Bardid et al., 2016; Kit et al., 2017; Pang &
Fong, 2009; Pienaar et al., 2015), and 10 studies for GMQ (Aye et
al.,, 2018, 2017; Balaban, 2018; Bardid et al., 2016; Kordi et al.,
2012; Mukherjee et al., 2017; Pang & Fong, 2009; Rechtik, 2018;
Spessato, Gabbard, Robinson et al., 2013; Tomaz et al,, 2019)
(Table 5). The mastery levels (percentage of children achieving
mastery) in each of the 12 FMS were reported by six studies
(AKY Wong & Cheung, 2006; Bolger et al., 2018; Butterfield et al.,
2012; Dos Santos et al., 2016; Hardy et al., 2010; Mukherjee et
al, 2017) (Table 6).

3.4 Raw subtest and total FMS scores

3.4.1 Age differences

Table 7 presents weighted mean and standard deviation scores
based on all studies that have included raw scores (skill, subt-
est, and total), standardised scores (subtest and GMQ) or mean
percentiles (subtest and GMQ) across the individual age groups
and age ranges. The weighted mean raw LM subtest score
increased with age, with the exception of a lower score
among 9-year-olds compared with both the 7- and 8-year-old
cohorts. Similarly, the weighted mean raw OC subtest score
increased across the age groups with the exception of the 9-
year-old group which had a lower mean OC subtest score than
the preceding age group (see Figure 2). The weighted mean
raw LM subtest score ranged from 20.1 (42% of maximum) for
3-year-olds to 37.1 (77% of maximum possible score) for 10-
year-olds. Raw OC subtest score ranged from 15.6 (33% of
maximum possible score) for 3-year-olds to 35.2 (73% of max-
imum score possible) for 10-year-olds. The weighted mean
raw Total FMS score increased with age (see Figure 3), ranging
from 37.2 (39% of maximum possible score) among 3-year-
olds to 76.5 (80% of maximum possible score) among 10-year-
olds.

Across all studies reporting raw subtest scores (3-10 years),
the weighted mean scores for LM and OC were 32.1 (67% of
maximum possible score) and 27.9 (58%), respectively. All
weighted mean LM subtest scores in each of the age groups
and age ranges were higher than the respective OC subtest
score (see Figure 2).

3.4.2 Sex differences

Table 8 presents weighted mean and standard deviation scores
based on all studies that have included raw scores (skill, subt-
est, and total), standardised scores (subtest and GMQ) or mean
percentiles (subtest and GMQ) for both males and females
across each age range. For LM Score, the weighted mean
difference between boys and girls was less than 1 unit
(weighted mean difference range: 0.7-0.9). Overall, and for
the age ranges 3-5 and 6-8 years, girls achieved a slightly
greater score than their male counterparts (weighted mean
difference range: 0.7-0.8). In contrast, for the 9-10 age range,
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boys achieved a slightly greater LM score (weighted mean
difference: 0.9) than girls of similar age (see Figure 4).

Based on weighted mean OC score, the boys at each age
range (3-5, 6-8, 9-10 years and overall) exhibit higher levels of
OC skills than their female counterparts (weighted mean differ-
ence range: 3.2 among the 3-5year-old group, 4.5 among the
6-8 year-old group, 6.1 among the 9-10-year- old group and
4.1 between boys and girls overall) (see Figure 4).

For overall FMS competence, the boys at each age range (3—-
5 years, 6-8 years and overall) exhibit a slightly higher weighted
mean total FMS score than their female counterparts (weighted
mean difference range: 0.8 among the 3-5-year-old group, 4.3
among the 6-8-year-old group, and 2.3 between boys and girls
overall) (see Figure 4). No included studies reported the total
FMS score stratified by sex for 9 or 10 years of age (9-10 age
range).

3.5 Gross motor quotient and standard scores

3.5.1 Age differences

GMQ, LMSS and OCSS, which are standardised scores based on
age and sex, are a valuable measure of FMS competence as
they allow skill levels to be directly compared across children.
The weighted mean GMQ ranged from 83.0 (9-year-olds) to
104.2 (5-year-olds). According to TGMD-2 descriptive rating
categories (ranging from very poor to very superior), all age

groups from the 3-year-olds up to the 8-year-olds, as well as
both the 3—-year-old age range and overall sample are classi-
fied as “average” (range: 90-110) for overall FMS competence.
Lower FMS competence is evident among both the 9- and 10-
year-olds, as well as the 6-8 and 9-10 year old age ranges with
a weighted mean GMQ score in the “below average” classifica-
tion (range: 80-89) (Table 7).

The weighted mean LMSS ranged from 6.5 (9-year-olds) to
11.5 (5-year-olds) and the weighted mean OCSS ranged from
6.5 (9-year-olds) to 9.4 (5-year-olds). According to the TGMD-2
SS classifications, the weighted mean LMSS of the 9-year-olds
(6.5) as well as the as the 9-10 year old age range (6.5) are
classified as “below average” (range: 6-7), with all remaining
age groups (3y, 4y, 5y, 6y, 7y, 8y) and age ranges classified as
“average” (range: 8-12). For weighted mean OCSS, the indivi-
duals age groups from the 3-year-olds up to and including the
7-year-olds, as well as all age ranges (3-5 years, 6-8 years, 9-
10 years, overall) are categorised as “average” (range: 8-12).
Lower levels of OC skills were observed among both the 8- and
9-year-olds, with weighted mean OCSS for the respective
groups categorised as “below average” (range: 6-7). No
included studies reported LMSS or OCSS among 10-year-olds.

3.5.2 Sex differences
Among both the 3-5-year-old age range and the overall cohort
of children (3-10 years), both the boys and girls are classified as

Table 2. Summary of the results of studies that reported raw subtest and total scores based on the TGMD-2.

Raw
Author Age n Group LM ocC Total
Antunes et al. (2016) 6 (6.72 £0.2) 27 Boys 32.0(5.8) 30.7 (5.2)
6 (6.64 £ 0.2) 23 Girls 30.8 (7.2)
7(7.58 £0.2) 28 Girls 357 (3.7)
7(7.62%0.2) 29 Boys 354 (5.1) 32.8 (5.7)
8 (8.59 £ 0.3) 27 Boys 37.6 (4.1) 35.9(3.9)
8 (8.68 + 0.3) 24 Girls 37.7 (4.1)
Aye et al. (2018) 5 (M:5.43 £ 0.35) 237 Boys 38.8 (7.66) 31.8 (7.53)
5 (M: 5.39 + 0.33) 235 Girls 38.6 (7.07) 27.8 (7.30)
5 (M: 5.41 + 0.34) 472 38.7 (7.36) 29.8 (7.67)
Aye et al. (2017) 5 (M: 5.70 + 0.31) 60 38.5 (5.71) 36.4 (6.57)
5 (M: 5.66 + 0.30) 34 Boys 36.6 (6.40) 37.8 (6.24)
5 (M: 5.76 + 0.32) 26 Girls 41.0 (3.36) 34.5 (6.62)
Bakhtiar (2014) 6.08-6.92 28 Boys 39.21 (5.28) 37.57 (7.48)
6.08-6.92 39 Girls 35.92 (8.17) 35.59 (6.29)
Balaban (2018) 8-11.99 108 Boys 46.29 (3.19) 42.64 (5.38) 89.06 (6.90)
8-11.99 93 Girls 46.68 (1.69) 39.58 (5.38) 86.09 (6.47)
8-11.99 (M: 9.22 + 1.04) 201 46.47 (2.90) 41.22 (5.47) 87.68 (6.85)
Bardid et al. (2016) 3 113 Girls 20.4 (8.0) 14.1 (5.3)
3 121 Boys 19.7 (7.7) 17.5 (6.3)
3 234 20.0 (7.8) 15.9 (6.0)
4 159 Girls 29.7 (6.9) 18.1(5.3)
4 215 Boys 28.0 (8.1) 22.3 (6.0)
4 374 28.7 (7.6) 20.5 (6.1)
5 149 Girls 34.4 (6.0) 23.3 (5.6)
5 181 Boys 33.6 (6.3) 27.4 (6.4)
5 330 34.0 (6.2) 25.6 (6.4)
6 164 Girls 37.1 (5.6) 26.5 (5.8)
6 159 Boys 36.5 (5.6) 33.1 (6.4)
6 323 36.8 (5.6) 29.8 (7.0)
7 107 Girls 38.5 (4.9) 29.7 (6.1)
7 103 Boys 38.1 (4.8) 36.4 (5.6)
7 210 38.3 (4.9) 33.0 (6.7)
8 81 Girls 38.4 (4.2) 324 (5.2)
8 62 Boys 39.6 (5.3) 38.1 (4.6)
8 143 38.9 (4.7) 34.9 (5.7)

(Continued)
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Table 2. (Continued).

Raw
Author Age n Group LM 0oC Total
Barnett et al. (2015) 4-8 (M: 6.3 + 0.92) 102 31.4 (7.5)
4-8 57 Boys 33.8 (7.0)
4-8 45 Girls 284 (6.9)
Barnett et al. (2013) 3-6 (M:4.1 + 0.68) 76 29.51 (7.65) 26.03 (8.38)
Cenizo Benjumea et al. (2017) 6-7 40 EXP 1: Boys 39.84 (5.46) 38.8 (6.88)
8-9 38 EXP 1: Boys 41.82 (5.62) 42.48 (5.40)
6-7 33 EXP 1: Girls 40.48 (5.61) 34.55 (7.67)
8-9 44 EXP 1: Girls 42.18 (4.43) 40.18 (5.32)
6-7 81 EXP 2: Boys 35.11 (5.51) 34.41 (6.07)
8-9 61 EXP 2: Boys 40.75 (5.20) 39.83 (5.83)
6-7 87 EXP 2: Girls 35.51 (4.59) 32.14 (5.85)
8-9 55 EXP 2: Girls 40.41 (5.39) 36.97 (7.09)
6-7 99 EXP 3: Boys 34.90 (4.33) 37.1 (4.53)
8-9 87 EXP 3: Boys 37.79 (5.24) 36.61 (6.57)
6-7 101 EXP 3: Girls 32.42 (6.31) 32.97 (5.48)
8-9 94 EXP 3: Girls 37.59 (5.11) 35.36 (5.72)
6-7 38 CON: Boys 34.82 (8.28) 31.74 (8.19)
8-9 57 CON: Boys 41.74 (6.28) 40.65 (7.76)
6-7 34 CON: Girls 36.26 (7.96) 29.44 (9.37)
8-9 57 CON: Girls 40.79 (7.28) 36.11 (7.93)
Bolger et al. (2018) 6 (M:59 +0.9) 52 Boys 376 (4.2) 32.0 (4.9)
6 (M: 6.0 +0.4) 50 Girls 40.3 (3.8) 26.0 (4.8)
10 (M: 10.0 + 0.4) 58 Boys 41.2 (3.5) 403 (3.5)
10 (M: 9.8 + 0.4) 43 Girls 41.9 (4.0) 374 (43)
Brian et al. (2017) 3-6 (M: 4.39) 26 EXP 16 (1.1)
3-6 (M: 4.39) 31 CON 18 (1.4)
Cepicka (2010) 7.0+03 163 Girls 37.18 (4.82) 27.29 (5.86)
71+03 152 Boys 33.19 (5.26) 32.81 (5.39)
Chow & Chan (2011) 3-3.9 53 22.34 (7.6) 18.83 (6.51) 41.17 (11.73)
4-49 68 25.65 (6.63) 22.38 (5.95) 48.03 (10.53)
5-5.9 80 34.03 (6.75) 28.86 (8.6) 62.89 (13.56)
6 38 33.61 (6.17) 28.79 (7.56) 62.39 (10.89)
Cano-Cappellacci et al. (2015) 5 16 57.8 (10.1)
6 15 65.2 (7.7)
7 13 64.6 (8.2)
8 17 68.9 (8.8)
9 23 68.2 (5.9)
10 8 65.5 (6.4)
5-10 36 Girls 61.2 (9.1)
5-10 56 Boys 68.2 (7.1)
5-10 (7.5 £ 1.6) 92 347 (4.7) 33.1 (4.2) 65.5 (8.6)
Chan et al. (2018) 6-9 114 Grade 1-3: Boys 35.8 (6.4) 35.8 (6.8)
6-9 164 Grade 1-3: Girls 38.6 (5.4) 33.5(7.5)
10-12 115 Grade 4-6: Boys 39.9 (5.6) 42.6 (4.4)
10-12 175 Grade 4-6: Girls 40.2 (5.1) 38.3 (5.8)
Cliff et al. (2009) 3-5 25 Boys 20.24 (7.72) 20.60 (6.14)
3-5 21 Girls 26.38 (7.5) 22.0 (6.8)
Crane et al. (2017) 5-6 124 Boys 25.8 (7.1) 23.6 (8.0)
5-6 126 Girls 26.9 (6.8) 19.8 (6.5)
Field & Temple (2017) 9.5 195 Boys 32.6 (4.5) 35.6 (5.5)
9.5 205 Girls 33.3 (4.5) 286 (5.8)
Freitas et al. (2015) 7(75£03) 48 Boys 34.7 (5.1) 31.7 (5.8)
7(75%03) 45 Girls 36.0 (4.1) 28.6 (6.2)
8(85+0.3) 51 Boys 37.5(3.8) 35.9 (4.1)
8(85+0.3) 41 Girls 37.8 (4.0) 29.0 (5.3)
9(9.5+£03) 45 Boys 39.2 (5.6) 37.0 (5.8)
9(9.4%03) 52 Girls 38.2 (3.9) 323 (4.7)
10 (10.6 £ 0.3) 69 Boys 39.3 (4.7) 39.9 (4.6)
10 (10.6 £ 0.3) 78 Girls 40.0 (4.1) 34.7 (5.8)
Hall et al. (2018) 3-5(M:4.28 £ 0.74) 166 26.80 (7.60) 18.93 (8.30) 45.73 (12.07)
3-5 91 Boys 26.10 (8.01) 19.53 (9.04) 45.73 (13.01)
3-5 75 Girls 27.80 (6.95) 18.08 (7.13) 45.88 (10.75)
Invernezzi et al. (2019) 10.5+ 0.5 62 INT 40.1 (0.9) 35.5(1.2) 75.6 (14.5)
105 £ 0.5 59 CON 41.0 (1.1) 37.9(1.3) 79.0 (2.2)
Khodaverdi et al. (2016) 8-9 (8.78 £ 0.32) 352 Girls 41.92 (6.57) 34.34 (5.51)
Kim et al. (2014) 3-10 (6.8 = 1.9) 139 36.82 (9.08) 31.33 (9.63)
Kit et al. (2017) 3-5 330 28.2 (0.5) 21.0(0.3)
3-5 167 Boys 26.8 (0.9) 22.8 (0.6)
3-5 163 Girls 29.7 (0.6) 19.2 (0.6)
3 100 20.5(1.2) 15.7 (0.7)
4 112 29.7 (0.7) 20.4 (0.7)
5 118 33.6 (0.8) 26.6 (0.9)

(Continued)
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Table 2. (Continued).

Raw
Author Age n Group LM 0oC Total
Korbecki et al. (2017) 6 64 31.55 (5.85) 27.22 (6.95)
6 29 Girls 30.14 (5.93) 23.21 (5.47)
6 35 Boys 32.69 (5.61) 30.54 (6.30)
7 34 33.41 (6.00) 31.24 (5.20)
7 14 Girls 34.07 (5.88) 29.07 (4.39)
7 20 Boys 32.95 (6.19) 32.75 (5.28)
Kordi et al. (2012) 4-6 (4.95 £ 0.83) 147 29.7 (11.2) 25.4 (9.4)
4-6 75 Boys 29.5 (11.1) 26.0 (9.3)
4-6 72 Girls 30 0(11.5) 24.8 (9.5)
3 Boys 8 (12.5) 22.0 (12.8)
3 Girls 3.0 (1.4) 12.0 (5.7)
4 Boys 21.5(13.2) 24.2 (8.9)
4 Girls 28.3 (13.0) 24.6 (11.1)
5 Boys 31.4 (10.1) 26.2 (9.5)
5 Girls 31.8 (10.0) 26.4 (9.5)
6 Boys 33.7 (6.5) 27.5 (8.7)
6 Girls 31.9 (8.5) 234 (6.4)
LeGear et al. (2012) 5.75 135 Boys 25.07 (7.38) 22.53 (7.98) 47.60 (13.86)
5.75 125 Girls 26.87 (7.24) 19.25 (6.06) 46.12 (11.11)
Lin & Yang (2015) 6-7 92 23.49 (5.41) 27.41 (6.52) 50.90 (9.02)
7-8 197 25.34 (5.12) 28.25 (6.15) 53.59 (8.50)
8-9 196 26.74 (5.32) 30.77 (5.82) 57.52 (8.85)
6-9 244 Boys 25.36 (5.57) 31.48 (5.67) 56.84 (8.70)
6-9 241 Girls 25.76 (5.19) 26.71 (5.88) 52.47 (8.95)
Liong et al. (2015) 5-8 66 Girls 322 (5.3) 26.7 (6.5) 58.9 (10.5)
5-8 69 Boys 30.2 (5.7) 323 (8.1) 62.4 (11.3)
5-8 (6.5 £ 1.1) 135 31.2 (5.6) 29.6 (7.8) 60.7 (11.0)
Miklankova (2018) 58+0.38 62 43.23 (6.34) 31.89 (8.73)
Mukherjee et al. (2017) 6-0 to 6-5 (6.34 = 0.07) 13 Girls 34.00 (4.20) 19.31 (4.33)
6-0 to 6-5 (6.32 = 0.07) 12 Boys 35.33 (5.43) 25.08 (6.35)
6-6 to 6-11 (6.70 = 0.14) 38 Boys 35.18 (5.84) 26.87 (6.01)
6-6 to 6-11 (6.71 £ 0.15) 32 Girls 34.97 (4.98) 24.16 (4.97)
7-0 to 7-5 (7.04 £ 0.06) 15 Girls 35.07 (6.04) 22.07 (4.80)
7-0 to 7-5 (7.04 £ 0.05) 10 Boys 36.10 (4.53) 24.80 (5.22)
8-0to 8-11 (8.79 = 0.09) 14 Girls 37.86 (4.83) 29.43 (4.57)
8-0to 8-11(8.79 = 0.10) 21 Boys 37.14 (5.31) 33.81 (4.90)
9-0 to 9-11 (9.30 £ 0.21) 51 Boys 37.86 (4.88) 33.61 (3.81)
9-0 to 9-11 (9.29 + 0.21) 38 Girls 38.68 (4.59) 30.16 (5.11)
Palmer & Brian (2016) 4.88 +0.28 43 Expert Coder 19 15.5
4.88 +0.28 43 Novice Coders 28.12 226
Pang & Fong (2009) 6-0 to 6-5 15 Boys 43.8 (2.5) 38.6 (4.7)
6-0 to 6-5 9 Girls 44.1 (3.5) 35.7 (6.1)
6-6 to 6-11 12 Boys 434 (2.5) 41.3 (4.3)
6-6 to 6-11 10 Girls 439 (1.8) 37.8 (6.3)
7-0 to 7-5 15 Boys 44.6 (2.5) 43.2 (4.0)
7-0to 7-5 21 Girls 43.6 (1.8) 38.9 (3.6)
7-6 to 7-11 13 Boys 447 (2.7) 445 (2.7)
7-6 to 7-11 8 Girls 435 (2.0) 41.0 (4.9)
8-0to 8-11 28 Boys 449 (2.5) 44.6 (2.1)
8-0 to 8-11 28 Girls 45.0 (2.6) 42.5 (3.0)
9-0 to 9-11 8 Boys 45.5 (2.6) 44.0 (3.3)
Rechtik (2018) 59+ 1.63 132 34.03 (10.03) 30.60 (9.41)
5.9+ 1.63 102 Boys 33.33 (9.57) 30.89 (9.83)
59+ 1.63 130 Girls 34.57 (10.38) 30.37 (9.10)
Robinson et al. 475 +0.53 34 30.20 (7.43) 32.82 (8.54)
4.77 = 0.66 12 Boys 31.66 (9.91) 37.58 (9.90)
474 £ 0.46 22 Girls 29.4 (5.79) 30.22 (6.58)
Rudd et al. (2016) 6-8 24 Boys 329 (5.3) 34.2 (5.9)
6-8 21 Girls 35.9 (4.7) 303 (4.7)
8-10 31 Boys 35.8 (3.8) 37.3 (4.6)
8-10 26 Girls 37.3 (4.6) 35.0 (3.9)
10-12 31 Boys 36.4 (5.3) 413 (4.3)
10-12 25 Girls 35.4 (4.3) 35.2 (4.7)
6-12 (9.5 £ 2.2) 86 Boys 35.2 (5.0 37.9 (5.6)
6-12 (9.5 £2.2) 72 Girls 35.1 (4.4) 33.7 (4.9)
Rudd et al. (2017) 6-10 (M: 8.1 = 1.1) 69 INT: Boys 28.3 (6.3) 30.0 (8.5)
6-10 (M: 8.1 + 1.1) 66 INT: Girls 31.0 (6.1) 27.0 (7.0)
6-10 (M: 8.1 = 1.1) 102 CON: Boys 28.0 (7.2) 32.0(7.8)
6-10 (M: 8.1 + 1.1) 96 CON: Girls 30.4 (5.9) 26.6 (7.4)
Slykerman et al. (2016) 5-8 (6.5 £ 1.0) 109 31.2 (5.6) 29.5 (8.1)
5-8 (6.5 £ 1.0) 59 Boys 30.4 (5.4) 32.1(8.3)
5-8 (6.5 £ 1.0) 50 Girls 32.0 (5.8) 26.4 (6.7)

(Continued)
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Raw
Author Age n Group LM 0oC Total
Spessato et al. (2013) 4 48 35.50 (12.37)
5 58 43.81 (6.73)
6 40 50.00 (9.44)
7 32 59.62 (9.02)
4-7 (536 £ 1.0) 178 45.80 (12.56)
Valentini (2016) 3 42 Girls 18.3 (6.91) 13.69 (4.04)
3 52 Boys 18.60 (7.5) 15.88 (4.89)
4 62 Girls 23.47 (6.88) 17.24 (4.88)
4 61 Boys 23.61 (6.53) 21.90 (5.64)
5 112 Girls 26.20 (7.16) 17.78 (7.16)
5 108 Boys 28.10 (6.83) 24.94 (8.17)
6 186 Girls 28.07 (6.57) 20.76 (7.49)
6 173 Boys 29.09 (6.83) 27.58 (7.73)
7 190 Girls 29.51 (7.45) 24.11 (7.18)
7 222 Boys 31.13 (7.76) 31.97 (7.35)
8 292 Girls 29.23 (6.69) 26.75 (5.90)
8 285 Boys 31.32 (6.69) 34.42 (6.28)
9 271 Girls 30.31 (6.62) 28.44 (5.90)
9 266 Boys 30.88 (6.85) 35.25 (6.07)
10 167 Girls 31.16 (6.35) 29.67 (6.10)
10 185 Boys 31.99 (6.74) 36.82 (6.24)
3-10 1322 Girls 28.70 (7.25) 24.62 (7.68)
3-10 1352 Boys 29.91 (7.54) 31.60 (8.50)
3-10 (7.56 £ 1.91) 2674 29.48 (6.13) 27.00 (8.02) 56.49 (12.42)
Wong & Cheung (2006) 3 50 Boys 20.58 (6.78) 12.94 (6.45)
3 65 Girls 23.65 (5.89) 12.28 (6.45)
4 134 Boys 28.90 (9.43) 17.54 (6.27)
4 111 Girls 27.63 (8.78) 14.72 (5.07)
5 152 Boys 33.59 (6.48) 22.97 (7.61)
5 118 Girls 34.05 (6.09) 17.99 (5.45)
6 88 Boys 36.02 (5.05) 27.44 (6.71)
6 79 Girls 36.80 (6.32) 22.63 (6.23)
7 58 Boys 41.05 (4.35) 30.45 (5.69)
7 69 Girls 41.10 (4.06) 27.22 (5.64)
8 51 Boys 42.00 (2.95) 36.29 (5.36)
8 38 Girls 42.34 (3.06) 28.39 (6.66)
9 68 Boys 43.43 (3.18) 35.54 (6.65)
9 40 Girls 42.63 (3.69) 30.10 (5.23)
10 74 Boys 43.78 (2.48) 34.51 (8.75)
10 33 Girls 4297 (3.31) 29.03 (5.22)
Yang et al. (2015) 3-7 (5.1 £0.83) 516 Boys 22.08 (5.99) 22.60 (6.36) 42.68 (10.68)
3-7 (5.1 £0.83) 613 Girls 22.45 (5.77) 20.29 (5.74) 42.75 (9.79)
3-4 104 18.00 (5.98) 17.22 (4.50) 35.22 (8.54)
4-5 331 20.76 (5.70) 19.44 (5.25) 40.20 (9.23)
5-6 357 23.64 (5.45) 22.58 (5.56) 46.23 (9.22)
6-7 237 24.17 (5.23) 24.41 (6.87) 48.57 (9.97)
Zuvela et al. (2011) 8 (M:8.1+0.3) 95 59.45 (15.25)
LM: Locomotor; OC: Object Control
M: Mean

INT: Intervention group; EXP: Experimental group; CON: Control group

“average” (GMQ range: 90-110) for overall FMS competence
(Table 8). Similarly, among the 9-10-year-old cohort, both the
boys and girls are classified in the same category, “below
average” (range: 80-89). In contrast, among the 6-8-year-old
age range, boys are classified as “average” (GMQ: 92.9), while
the girls are classified as ‘below average (GMQ: 86.5).

Among the 3-5-year-old and 6-8-yearold age ranges as
well as the overall cohort of children, the weighted mean
LMSS indicate that both the boys and girls have “average”
levels of LM skills (range: 8-12). Among the 9-10-year-old
age range, the weighted mean LMSS indicate that the
cohort of both the boys and girls demonstrate similar loco-
motor ability, classified as “below average” (range: 6-7).
Based on OCSS, both the boys" and the girls’ cohorts at
each of the respective age ranges are classified as “average”
(range: 8-12).

3.6 TGMD-2 performance categories

Children were individually classified across the TGMD-2 descrip-
tive ratings for LMSS, OCSS and GMQ (ranging from very poor to
superior) in 14 studies (Table 5). The weighted proportion across
each category (Table 9) indicated that the greatest proportion of
children (within each of the age ranges: 3-5 years, 6-8 years, 9-
10 years, and overall) were classified as “average” for LMSS (57—
64%), OCSS (51-69%) and GMQ (34-49%), respectively. For
LMSS, OCSS, and GMQ, the smallest proportion of children
were categorised at either end of the continuum with <5% of
children classified as either “very poor” and “very superior”, with
the exception of the 6-8 year old age range in which 6.3% were
categorised as “very poor” for OCSS. Interestingly, for OCSS
across all age ranges, no children were categorised as “very
superior”. When compared with the TGMD-2 normative sample
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Table 6. Summary of the results of studies that reported mastery levels based on the TGMD-2.

Mastery Levels (% achieving mastery)

Age n Group Run Gallop Hop Leap Jump Slide Strike Dribble Catch Kick Throw Roll
Bolger et al. (2018) 6&10 110  Boys 71.8 48.2 245 518 11.8  40.0 18.2 22.7 255 773 418 12.7
6&10 93  Girls 871 581 323 656 129 484 215 28.0 183 409 183 1.1
6 102 6y 804  43.1 19.6 549 10.8 382 18.6 0.0 59 392 16.7 1.0
10 101 10y 772 624 366 614 139 495 208 50.5 386 822 455 139
Butterfield et al. (2012)  6-13 (M: 10.0 + 2.4) 96 Boys 61.5 771 674  66.7
6-13 (M: 9.1 £25) 75 Girls 40.0 600 480 320
dos Santos et al. (2016) 4 85 2.0
5 107 4.0
6 113 1.0
7 103 2.0
8 102 2.0
9 104 4.0
10 167 240
Hardy et al. (2010) 4.0-4.9 159  Girls 69.0 360 29.0 23.0 6.0 180 220 9.0
4.0-4.9 171 Boys 76.0 28.0 21.0 21.0 20.0 220 440 230
4.0-4.9 330 73.0 310 250 22.0 14.0 200 350 16.0
Mukherjee et al. (2017) 6-10 244 783 783 156 426 29 393 11.5 9.0 19.3 8.2 8.6 7.8
6 95 779 726 168 40.0 21 274 42 1.1 6.3 5.3 42 53
7 25 80.0 84.0 40 440 40 320 4.0 0.0 00 120 8.0 8.0
8 35 74.3 77.1 171 374 86 486 143 20.0 314 143 5.7 8.6
9 89 79.8 83.1 169 472 1.1 506  20.2 15.7 23.7 7.9 14.6 10.1
Wong & Cheung (2006) 3 115 17 0.0 00 6.1 5.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 245 355 241 41 351 339 131 24 37 0.0 1.8 0.8 0.0
5 270 70.7 31.9 00 415 437 230 74 5.2 1.5 422 22 1.5
6 167 73.1 37.7 1.2 491 599 377 7.2 18.0 54 635 1.8 12.0
7 127 843 772 7.1 488 748 591 339 38.6 126 339 3.1 39
8 89 96.6 775 9.0 427 787 742 371 46.1 18.0 36.0 13.5 34
9 108 889 741 120 722 806 676 389 47.2 102 593 74 1438
10 107 91.6 77.6 93 832 860 60.7 467 62.6 140 598 14.0 17.8

M: Mean; y: years
TGMD-2: Test of Gross Motor Development-2

(US reference sample), despite a larger proportion of the current
sample classified as “average” for both LMSS and OCSS, a lower
proportion are classified into the categories on the right of the
continuum (i.e. in the “above average”, “superior” and “very
superior” categories). Furthermore, a larger proportion of the
current sample are classified as “poor” and “below average” for
OCSS compared with the normative sample (Figure 5). The
proportion of children classified into each of the TGMD-2 cate-
gories based on GMQ score are similar among the current sam-
ple and the US reference sample, with the exceptions of a higher
proportion of the current sample classified as “poor” and a lower
proportion classified as “above average” (Fig. 5).

3.7 Mastery levels

The proportion of children achieving mastery (i.e. mastery
levels) in each of the skills assessed were reported in six studies
(Table 6). The weighted frequencies of mastery levels (%) based
on the assessment of 405-2786 children (when sample data
from all six studies were combined together) are presented in
Table 10.

The skill with the highest proportion of children achieving
mastery was the run, across all age ranges (ranging from 54% of
the 3-5-year olds to 85% of 9-10-year olds). Another locomotor
skill, the gallop, was the 2"® most proficient skill for all age
ranges (range: 47-74%) with the exception of the 3-5-year-old
age range in which it was the 4™ most proficient (26%) after the
run, leap, and jump. The leap was also among the top 3 most
proficient skills across all age ranges (range: 33-67%). The skill
with the lowest proportion achieving mastery was the roll

across all age ranges (range: 1-14%). Another object control
skill, the throw, was among the three least proficient skills
across all age categories, ranging from 6 to 7% among the 3-
5-year-old and 6-8-year-old age ranges to 20% among the 9-
10-year-old age range. The hop was the least proficient loco-
motor skill across all the age ranges (range: 10-19%). It was also
among the three least proficient skills across the 6-8, 9-10, and
3-10-year-old age ranges.

4 Discussion

This systematic review has examined the FMS levels of children
worldwide using the TGMD-2. It provides a collation of FMS
levels of over 21,000 children, from 25 countries and six con-
tinents. Analysis produced mean scores (raw scores, standard
scores, GMQ and percentiles) across all relevant studies repre-
senting the FMS levels of each respective age group (3-
10 years) as well as representing the levels of children of pre-
school age (3-5 years), early-middle childhood (6-8 years), mid-
dle childhood (9-10 years) and for the age range across which
the TGMD-2 assessment tool is valid and reliable (3-10 years).

Both age and sex have been found to influence FMS profi-
ciency among children (Barnett, Lai et al, 2016; Thomas &
French, 1985). Existing trends revealed in the current review
highlight that children’s FMS levels tend to be higher among
older children in comparison to the younger ages. This may
result from a combination of maturation and additional quality
FMS instruction, feedback as well as practice opportunities,
during the additional life years (Charlesworth, 2016). At each
respective age (and age range), children exhibited higher levels
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Table 7. Weighted mean (+ standard deviation) of the TGMD-2 scores for all age groups.

Age Group Age Range

3y 4y 5y 6y 7y 8y 9y 10y 3-5y 6-8y 9-10y 3-10y
RAW SCORE
LM 20.1(1.7) 257(33.9) 314(58) 329(52) 339(52) 363(58 337(43) 371(51) 282(6.0) 345(54) 351(48 32.1(6.1)
n 700 1296 2627 2153 1527 2084 1239 828 5076 6087 2067 14,195
ocC 156 (1.8) 193 (2.2) 25.0(4.5 288(49) 30.0(40) 340(43) 323(3.6) 352(3.8) 220(50)0 31.2(49) 335(38) 279(6.1)
n 700 1296 2611 2130 1499 2060 1239 828 5133 6012 2067 14,279
Total 37.2(40) 409(41) 482(58) 51.0(53) 550(3.8) 587(3.2) 682(0.0) 765(40) 44.7(6.1) 545(52) 753(49) 53.1(7.6)
n 157 447 77 422 242 308 23 129 1541 972 152 5574
Run 47(14) 63(1.00 64(0.7) 6.4 (0.3) 6.8 (0.3) 7.1 (0.4) 71(03) 74(0.1) 62(1.0) 6.7 (0.4) 7.2(0.2) 6.4 (0.7)
n 338 1078 1469 743 563 458 97 147 2885 1764 244 8420
Gallop  34(15) 4.0(14) 51(1.8 4.5(1.7) 5.2 (1.5) 5.1 (2.5) 75(0.1) 75(0.1) 45(1.7) 49 (1.7) 7.5(0.1) 5.0 (1.4)
n 338 1078 1469 739 562 455 97 147 2885 1756 244 8412
Hop 24(02) 49(1.1) 6.6(1.9) 6.5 (1.6) 6.5 (1.9) 6.3 (1.8) 75(0.2) 82(03) 55(2.1) 6.5 (1.7) 7.9 (0.4) 5.7 (1.5)
n 338 1078 1469 743 563 458 97 147 2885 1764 244 8420
Leap 3.1(05) 38(04) 4.0(0.7) 4.4 (0.5) 4.0 (1.1) 43(1.2) 27(0.1) 29(0.2) 38(0.6) 43 (0.8) 2.8(0.2) 4.0 (0.6)
n 338 748 1469 743 563 458 97 147 2555 1764 244 8090
Jump 35(1.0) 4.0(1.0) 44(.1) 44(13) 5.1(0.8) 5.1(1.0) 6.0(02) 58(0.2) 4.1(1.0) 48(1.1) 5.9 (0.2) 42(1.2)
n 338 1078 1469 716 534 431 97 147 2885 1681 244 8337
Slide 22(1.0) 32(19 52(.2) 4.2(2.7) 5.1(2.9) 53 (3.0 79(0.1) 79(0.0) 42(22) 4.8 (2.6) 7.9 (0.0) 5.0(1.9)
n 338 748 1469 716 534 431 97 147 2555 1681 244 8007
Strike 40(0.7) 5104 6.1(1.2 6.3 (0.9) 6.3 (0.9) 6.4 (0.8) 84(08) 73(13) 55(14) 6.3 (0.9) 8.3 (1.0) 6.1(1.2)
n 338 1078 1469 1539 555 444 940 172 2885 2538 1112 10,062
Dribble 0.7 (03) 1.5(03) 25(0.9) 4.0 (0.4) 5.0 (0.8) 5.7 (1.1) 6.9(0.1) 72(0.2) 20(0.9) 4.5(0.9) 7.0 (0.2) 3.9 (1.6)
n 338 748 1469 1549 563 458 923 147 2555 2570 1070 9722
Catch 20(02) 3.0(08) 33(03) 4.2 (0.7) 4.1 (0.5) 4.4 (0.4) 57(03) 56(02) 3.0(0.7) 4.2 (0.6) 5.7 (0.2) 3.9 (1.0)
n 338 1078 1469 1539 555 444 940 172 2885 2538 1112 10,062
Kick 43(14) 52(1.0 59(.1) 5.9 (0.3) 5.5(0.8) 5.8 (1.1) 7.1(09)  58(.1) 55(1.2) 5.8 (0.6) 6.9 (1.0) 5.4 (1.1)
n 338 1078 1469 1566 584 471 940 172 2885 2621 1112 10,145
Throw  24(04) 3.1(0.5 41(1.2) 3.5(0.7) 5.0 (0.5) 5.5 (0.6) 6.2(0.7) 58(1.00 35(1.1) 4.1(1.1) 6.1(0.7) 41(1.2)
n 338 1078 1469 1539 555 444 940 172 2885 2538 1112 10,062
Roll 29(08) 34(09)  4.1(08) 4.4 (0.6) 4.9 (0.9) 5.0 (1.1) 6.2(0.1) 65(0.6) 3.8(0.9 4.6 (0.8) 6.2 (0.2) 43(1.0)
n 338 748 1469 1522 534 431 923 147 2555 2487 1070 9639
STANDARD SCORE
LM 9.4 (0.0) 10409 115(1.4) 9.7 (1.4) 9.4 (1.4) 8.9 (1.8) 6.5 (2.5) 105(1.4)  93(1.6) 6.5 (2.5) 9.9 (1.7)
n 334 504 989 473 301 243 146 2408 1062 146 3729
ocC 88(02) 86(1.0) 94(.2) 8.0 (1.5) 8.1 (2.0) 7.9 (2.3) 6.5 (1.7) 9.1 (0.9) 8.0 (1.7) 8.8 (1.3) 8.7 (1.3)
n 334 504 989 473 301 243 146 2465 1062 972 4612
Total 23.0(04) 178(5.0)0 19985 19.0(57) 13.7(27) 219(25) 187(51) 137(27) 202 (4.2)
n 532 141 82 91 97 679 314 97 1090
GMQ
Score  94.9(0.0) 97.4(6.7) 1042(6.7) 94.1(8.0) 925(10.1) 90.5(12.2) 83.0(10.5) 89.5(3.4) 100.1(7.0) 88.7(10.7) 86.2(8.2) 94.3(10.3)
n 234 392 1065 575 301 243 106 101 1980 1516 207 3816
PERCENTILE
LM 55.3(0.9) 71.0(2.1) 487 (243) 350(17.2) 51.4(25.6) 255 (14.4) 60.0 (13.7) 40.4 (20.6) 255 (14.4) 49.6 (20.3)
n 72 532 141 397 91 97 964 629 97 1871
ocC 44.6 (1.0) 51.9(8.5) 29.4(25.0) 275(17.1) 43.4(31.6) 144(11.8) 47.5(10.1) 30.2 (21.1) 38.8(10.3) 39.9(15.2)
n 72 532 141 397 91 97 1021 629 923 2754
Rank 55.8 (3.9) 37.0(29.7) 523(32.1) 47.2(33.3) 304 (29.3) 44.5(12.7) 43.9(30.1) 30.4(29.3) 36.2(24.5)
n 72 141 82 91 137 193 314 137 832

TGMD-2: Test of Gross Motor Development-2.
y: years
LM: Locomotor; OC: Object Control; GMQ: Gross Motor Quotient

of LM skills compared to OC skills. When classified according to
TGMD-2 performance categories, no child exhibited “very
superior” levels of OC skills. Furthermore, the throw and roll
(both object control skills) were found to be among the least
proficient skills across all age groups and ranges. This supports
the suggestion that greater instruction and practice are needed
for object control skills than locomotor skills due to the greater
perceptual demand and complexity of the object control skill
components (Morgan et al., 2013).

Developed in the US, the TGMD-2 includes skills such as
strike and throw which may be more relevant in a US sports
context than other countries (as these skills are associated with
baseball, basketball and American football which are among

the most popular sports in the US).'® Cultural differences may
therefore have an influential role on FMS competence among
children. As illustrated in Fig. S1, 3-5 year-old children from
non-US samples seem to score lower on OC skills compared to
the US reference sample (but similar on LM skills). However, this
is not the case for older age groups as 6-10-year-old children
from non-US samples seem to score lower on both OC and LM
skills (Fig. S1). These lower FMS levels relative to the TGMD-2
normative data (based on data collected from a sample of 1208
US children in 1997-1998) may then also be due to a secular
downward trend in FMS competence and physical activity.'®
More research adopting recent norms is needed to distinguish
the impact of cultural differences from secular trends.
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Table 8. Weighted mean (+ standard deviation) for subtest, total and individual skill scores based on the TGMD-2, stratified by sex and age ranges.

3-5y 6-8y 9-10y 3-10y

Boys Girls Boys Girls Boys Girls Boys Girls
RAW SCORES
LM 29.0 (5.6) 29.9 (5.5) 345 (4.8) 353 (54) 35.2 (5.1) 343 (4.7) 31.7 (6.0) 324 (6.2)
n 2076 1926 2717 3145 1019 943 6658 6865
oC 239 (5.3) 20.7 (5.4) 33.8(3.8) 29.3 (5.0 36.2 (1.9) 30.1 (2.6) 30.2 (6.1) 26.1 (5.9)
n 2076 1926 2717 3070 1019 943 6715 6835
Total 46.8 (1.3) 46.0 (0.2) 56.8 (0.0) 52.5(0.0) 49.1 (8.7) 46.8 (6.0)
n 226 200 244 24 111 1156
Run 6.1(1.2) 5.9(1.2) 6.7 (0.5) 6.6 (0.5) 7.3 (0.0) 7.2 (0.3) 6.3 (0.8) 6.4 (0.8)
n 1083 967 805 722 114 146 2518 2432
Gallop 5.0 (1.1) 5.7 (1.1) 5.1(1.6) 5.3(1.5) 7.5 (0.1) 7.5(0.1) 46 (1.7) 49 (1.8)
n 1083 967 722 797 114 146 2435 2507
Hop 5.8(2.2) 6.5 (2.0) 6.6 (1.7) 6.8 (1.8) 7.9(0.2) 8.0 (0.7) 5.6 (2.0) 6.1 (1.9)
n 1083 967 805 722 114 146 2518 2432
Leap 3.7 (0.5 3.5(0.6) 4.0 (1.0) 43(0.7) 2.9(0.3) 2.8 (0.1) 3.9 (0.8) 3.9(0.7)
n 912 808 805 722 114 146 2347 2273
Jump 4.7 (0.7) 4.7 (0.7) 5.0 (0.9) 5.1(0.9) 5.8 (0.4) 5.9 (0.0) 4.5(1.1) 44(1.1)
n 1083 967 722 722 114 146 2435 2432
Slide 5.4(1.5) 55(1.7) 53(24) 5.3 (2.5) 7.9 (0.1) 7.9 (0.0 47 (24) 4.5 (2.5)
n 912 808 722 722 114 146 2264 2273
Strike 6.5 (1.1) 5.7 (1.0) 7.0 (0.7) 5.8 (0.9) 8.7 (0.7) 7.8(1.2) 6.5 (1.5) 5.7 (1.5)
n 1083 967 746 749 570 558 2915 2871
Dribble 2.2(1.1) 1.7 (1.1) 54(1.1) 43 (1.0) 7.2 (0.2) 6.8 (0.2) 4.1 (2.2) 34 (2.1)
n 912 808 805 722 547 539 2780 2666
Catch 3.2 (0.7) 3.0 (0.8) 4.3 (0.5) 4.0 (0.5) 5.7 (0.2) 5.7 (0.3) 3.8(1.1) 3.7(1.2)
n 1083 967 746 749 570 558 2915 2871
Kick 5.7 (1.3) 49 (1.4) 6.0 (0.7) 5.2 (0.9) 7.3 (0.8) 6.5(1.2) 6.1 (1.0) 54(1.2)
n 1083 967 829 749 570 558 2998 2871
Throw 41(1.2) 3.2(1.2) 5.6 (0.4) 4.2 (0.6) 6.5 (0.3) 5.7 (0.8) 4.8(1.3) 3.9(1.3)
n 1083 967 746 749 570 558 2915 2871
Roll 4.4 (0.8) 4.1 (0.6) 5.3(0.7) 4.6 (0.9) 6.4 (0.3) 6.0 (0.0) 4.8(1.3) 42(1.2)
n 912 808 722 722 547 539 2697 2666
STANDARD SCORES
LM 10.5 (1.4) 109 (1.1) 9.5 (1.5) 94 (1.4 7.6 (1.9) 7.8(1.7) 9.8 (1.4) 10.1 (1.5)
n 1185 1010 502 515 63 43 2659 1673
0oC 9.2 (0.8) 9.1 (1.1) 8.0 (1.7) 8.0 (2.0 8.6 (1.0) 9.4 (1.5) 8.7 (0.8) 8.9 (1.4)
n 1185 1010 502 515 496 436 3092 2066
Total 229 (0.1) 23.0 (1.0 184 (5.2) 19.0 (5.3) 14.1 (3.8) 12.9 (0.0) 19.9 (43) 20.5 (4.2)
n 271 261 164 150 59 38 569 521
GMQ
Score 99.7 (7.1) 101.0 (7.1) 92.9(9.1) 86.5 (11.3) 85.5 (7.9) 87.1 (10.0) 949 (7.3) 925 (11.4)
n 861 712 554 917 121 86 2445 1820
PERCENTILES
LM 66.7 (8.8) 69.8 (6.8) 37.9(23.7) 429 (17.8) 26.6 (21.2) 23.8 (0.0) 51.0 (23.8) 54.4 (19.9)
n 343 300 316 313 59 38 723 697
oC 49.7 (6.7) 51.6 (8.4) 28.4 (20.0) 32.1 (23.0) 35.0 (9.8) 43.2 (14.7) 38.2 (15.3) 42.8 (16.4)
n 343 300 316 313 492 431 1156 1090
Rank 529(7.7) 53.3 (0.0 42.9 (30.3) 45.1 (31.7) 17.2 (22.2) 11.8 (0.0) 38.9 (27.7) 40.5 (28.0)
n 72 39 164 150 59 38 271 244

TGMD-2: Test of Gross Motor Development-2.
y: years

LM: Locomotor; OC: Object Control; GMQ: Gross Motor Quotient
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Figure 4. Weighted mean raw subtest and total FMS score (+ standard deviation) by sex, for each age range.

This review also found sex-related differences in FMS levels.
While similar competence levels in LM skills appear to exist
between boys and girls, boys tend to outperform their female
counterparts in object-control skills. Similar to the present find-
ings, the systematic review and meta-analysis of Barnett et al.
(Barnett, Lai et al., 2016) found sex to be a strong correlate of

OC skills (with boys being more competent) but not of stability
or LM skills. These differences could be considered from a
biological viewpoint although boys and girls tend to possess
similar physical characteristics such as body type, strength and
limb lengths prior to puberty (Malina et al., 2004). It is then
likely that sex differences are explained by the type of activities
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that children participate in. Previous research has suggested
that the activities that boys and girls engage in are largely
influenced by social and environmental factors such as the
influence of family, peers, teachers, and the physical environ-
ment (Booth et al., 1999; Hardy et al., 2010; Thomas & French,
1985), with boys participating more in ball sports (object-con-
trol related activities) while girls participate more in dance and
gymnastics (locomotor related activities) (Bardid et al., 2016;
Booth et al., 2004, 1999; Hardy et al., 2010). This highlights the
need for increased attention on developing girls’ OC skills,
especially as object-control skill competence during childhood
is positively linked with PA during adolescence (Barnett et al.,
2009). A recent family-based intervention study by Morgan et
al.'® has shown that preadolescent girls’ proficiency in OC skills
can be improved and sustained.

According to TGMD-2 classifications (Ulrich, 2000), overall
standardised FMS performance based on age and sex
(weighted GMQ) indicates that 3-5-year-old children world-
wide demonstrate “average” FMS levels while 6-8 and 9-10-
year-old children demonstrate “below average” FMS levels. As
GMQ is derived based on age (and sex), and while the youngest
age range (3-5-year-olds) exhibited “average” FMS levels, chil-
dren from 6 to 10-years old may not have received the quality
instruction and feedback or opportunities for FMS practice to
improve their FMS levels, relative to the increase in age. The
secular decline in PA among children worldwide in recent times
(Aubert et al.,, 2018; Dollman et al., 2005; Tremblay et al., 2016)
must also be considered as a contributing factor to the FMS
levels among children. The findings revealed in this review
highlight the large potential for FMS development among
children of all ages.

To improve FMS levels among children, (i) quality instruc-
tion in teaching the skills (Mitchell et al., 2013; Morgan &
Hansen, 2008), (ii) practice time undertaken by children and
(iii) feedback are all essential elements. (Gallahue & Ozmun,
2006). Both the age and sex differences highlighted within this
review highlight the need for these elements to be provided
for children to develop skills from both sub categories (loco-
motor and object-control) during PE, extra-curricular activity,
and free play from teachers, parents, and peers (Bolger et al.,
2018; Spessato, Gabbard, Valentini et al., 2013). Recent sys-
tematic reviews on the effectiveness of FMS interventions
among youth populations revealed that such intervention
programmes have the potential to significantly improve FMS
levels in this cohort (Logan, Robinson, Wilson et al., 2011;
Morgan et al,, 2013). A large effect size for overall FMS (1.42)
and locomotor skill (1.42) competence were reported follow-
ing such interventions, with a medium effect size (0.63)
reported for object-control skill competence (Morgan et al.,
2013). As children have the potential to master FMS by the age
of 5-7 (Gallahue & Ozmun, 2006), and have been shown to
improve FMS greatly at a young age (Mitchell et al., 2013), it is
important that all proposed interventions are introduced as
early as possible. Thus, based on the current worldwide levels
which indicate the potential scope for improvement, FMS
interventions that have been found to improve FMS greatly
at a young age (Mitchell et al., 2013) should be implemented
in early education settings, including primary schools, to
enhance the FMS levels of children.

Table 9. Weighted frequency of the proportion of children in each TGMD-2 performance category, for all age groups.

GMQ Categories

OC Categories

LM Categories

'S

AA

BA

VP

VS

AA

BA

VP

VS

AA

BA

VP

5.4
1132

134
1132

8.1
287

20.0
1132

21.7
287

46.4
1132

343
287

7.9
1132

15.8
287

16.0

47
287

1132

2.2

1132
35

287

0.0

330
0.0

287

14

330
12

287

3.2
330

12.8
287

61.0
330

50.7
287

249
330

14.8
287

73
330

14.3
287

2.2
330

6.3
287

33
330
0.0

287

4.0
330

7.2
287

133
330

23.0
287

57.0

54.8
287

330

10.0

15.8
287

330

7.6

330
2.4

287

13

330
0.4

287

3-5y

n
6-8y

287

0.0
826

438 17.9 69.1 6.8 1.2
826 826 826 826

826

0.2
826
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3335
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3335
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3335 3335 3335
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0.7
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43
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1.0 23
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3.1
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2355
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TGMD-2: Test of Gross Motor Development-2.
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LM: Locomotor; OC: Object Control; GMQ: Gross Motor Quotient

VP: Very Poor, P: Poor, BA: Below Average, A: Average, AA: Above Average, S: Superior, VS: Very Superior
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Figure 5. A comparison of the proportion of children classified into each of the TGMD-2 descriptive rating categories with the TGMD-2 US reference sample, for LMSS,
0CSS, and GMQ.

Table 10. Weight frequencies of mastery levels based on the TGMD-2 for all age groups.

Mastery Levels (% achieving mastery)

Run Gallop Hop Leap Jump Slide Strike Dribble Catch Kick Throw Roll
3-5y 54.2 25.8 9.6 325 29.1 15.0 75 3.7 73 20.8 6.3 0.6
n 960 960 960 630 960 630 960 630 960 1152 960 630
6-8y 80.8 61.1 9.7 46.9 441 459 18.3 20.0 10.0 25.0 6.9 6.1
n 640 640 640 640 640 640 640 640 640 958 640 640
9-10y 84.7 74.1 18.5 66.9 479 57.5 323 45.2 21.3 38.8 20.2 14.3
n 405 405 405 405 405 405 405 405 405 676 405 405
3-10y 68.9 46.8 114 46.3 37.7 371 16.0 20.0 11.0 26.6 9.3 5.7
n 2005 2005 2005 1675 2005 1675 2005 1675 2005 2786 2005 1782

y: years



32 (& L EBOLGERETAL.

The school setting offers an ideal opportunity for the
development of FMS, with physical education identified as
one of the most influential factors (Gabbard, 2011). During
the primary school years, children spend approximately 40%
of their waking day in the school setting, throughout the
academic year. In addition, primary schools often possess the
necessary resources (including teachers but also facilities and
equipment), scope within the physical education curriculum
and access to all attending children to facilitate FMS devel-
opment (Lander et al., 2017; Wiart & Darrah, 2001). As quality
instruction, practice opportunities and feedback are essential
elements for FMS development, FMS knowledge and educa-
tion are imperative for the teachers, club coaches, parents
and significant others, with research indicating extensive FMS
training and support for teachers/coaches can positively
impact FMS levels of children (McKenzie et al, 1998;
Mitchell et al,, 2013).

It is reported that motor skill interventions most consis-
tently associated with improvements in FMS include those
adopting a multi-disciplinary approach, of long duration
(>6 months), providing multiple sessions per week, delivered
by trained individuals (e.g. physical education specialist) and
supported by parental involvement (e.g. “at home” practice
assisted or supervised by parents, parent evenings) (Tompsett
et al,, 2017). The introduction of after-school (or alternatively
lunchtime or before school) multi-skills clubs has also been
found to be effective in improving FMS (Logan, Robinson,
Wilson et al., 2011) in addition to those involving community
engagement (Bardid et al., 2017; Cohen et al., 2015). Based
on the evidence presented in this review that highlights the
substantial scope for improvement in FMS competence
levels, interventions incorporating these aforementioned
approaches may be required to develop these motor skills.
It should be noted that, whilst motor skill interventions may
have long-term effects on children’s FMS (Zask et al., 2012),
there is currently limited evidence on the sustained impact of
such interventions (Lai et al., 2014). Therefore, future inter-
vention research should include long-term follow-up evalua-
tions, in order to better understand if and how programmes
are achieving sustained effects on FMS.

Given the existent reciprocal relationship between FMS
and PA (Stodden et al., 2008) and the associated health
benefits (physical, psychological and social) (Barnett,
Stodden et al., 2016), this review serves to provide a valu-
able insight, and may guide education and health autho-
rities, in developing policies and strategies to improve PA
and sport participation levels as well as the overall health
and well-being of children. With physical inactivity identi-
fied as the fourth leading risk factor for global mortality
(World Health Organization, 2019b), any improvement in
the FMS levels of children may help increase PA levels and
thus ease the global physical inactivity crisis (Active
Healthy Kids Global Alliance, 2019). An increase in FMS
competence may also combat the rise in overweight/obe-
sity levels worldwide, which have dramatically increased
from 4% in 1975 to over 18% (340 million) in 2016
among children and adolescents (World Health
Organization, 2020).

4.1 Future recommendations

For all future research, it is recommended that standardised
scores (subtest and GMQ) and raw skill scores must be reported
when FMS levels using the TGMD-2 are presented to allow
comparisons across studies. As is evident in the current review,
studies that did not report some or all of the respective scores
could not be used for comparison with studies that did. The
reporting of standardised scores are recommended as per the
guidelines of Ulrich (Ulrich, 2000); they provide the clearest
indication of FMS competence (locomotor, object control or
overall), accounting for age and sex. However, norm tables
(based on 1997-1998 sample) can be considered outdated or
skewed to some cultures. Thus, the development of more up-
to-date norm tables based on a larger sample across a wider
geographical area is also recommended. It should be noted
that a third version of the Test of Gross Motor Development
(TGMD-3) has been developed with new norms (Ulrich, 2019).
The reporting of raw scores (subtest and skill) are also impor-
tant as they provide information relating to proficiency in each
of the individual skills, which may highlight specific skills that
may require specific attention. Specifically, raw scores allow us
to support boys and girls in developing the most proficient
patterns of performance for both LM and OC skills.

A further recommendation is the introduction of periodical
formal assessment of FMS competence among children of all
preschool and primary school ages to monitor the develop-
ment of children’s motor skills. This will further assist teachers
as well as education and health authorities in the attempt to
facilitate the holistic development of each child. Furthermore, it
will add to the existing body of cross-cultural research on
motor competence'® (Bardid et al., 2015; Laukkanen et al.,
2020; Luz et al.,, 2019) and provide accurate comparisons of
FMS levels to be made across different ages and countries.
Contextual factors should also be considered to better under-
stand and support FMS levels of children. One such factor is
socioeconomic status, which is shown to be positively asso-
ciated with FMS levels (Barnett, Lai et al, 2016). Moreover,
children from disadvantaged backgrounds may be more at
risk for delays in FMS due to limited opportunities to PA parti-
cipation, and may therefore benefit from targeted motor skill
interventions (Goodway et al., 2018; Hardy et al., 2012). Finally,
longitudinal research and long-term follow-up studies are
recommended to establish trends and patterns in FMS devel-
opment and inform policy and practice.

4.2 Strengths and limitations

Strengths of this review include: (i) the use of a comprehensive
search strategy across several databases, (ii) an extensive study
detail extraction, (iii) an alignment with the PRISMA statement
and (iv) the inclusion of FMS levels across 25 different countries.
Limitations include: (i) focus on studies that used the TGMD-2
as a measurement tool, (ii) only studies published in English
were included, (iii) studies including participants from low SES,
as well as from special populations (e.g. children with disabil-
ities/disorders, volleyball players) were not included and (iv) a
relatively small sample size was used in the calculation of



several weighted mean scores due to the limited number of
studies reporting the respective scores. While the current sys-
tematic literature review collated data from children world-
wide, further research is needed to examine differences in
FMS competence within and between specific countries and
continents.

5 Conclusion

Raw scores (weighted mean scores) indicate that fundamental
motor skill levels are greater among older children than
younger children. Based on standardised scores, SS and GMQ
(weighted mean scores), children of preschool age worldwide
(3-5 years) demonstrate “average” FMS levels, while children
aged 6-10 years demonstrate “below average” FMS levels
when compared with normative data collected in 1997-1998,
presented in the TGMD-2 manual (Ulrich, 2000). Evidently, chil-
dren worldwide are not achieving proficiency in these basic
motor skills, despite the expectation that they should achieve
adequate competence levels by the age of 7 to participate
successfully in sports, games and other physical activity forms
that require more context-specific skills. Evidence reveals the
large opportunity and scope for improvement in all FMS,
among all age groups, remains.
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