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Objectives: Sufficient gross motor skill proficiency is an essential prerequisite for the successful performance of 
sport-specific skills and physical activities. The Test of Gross Motor Development is the most common tool for 
assessing motor skills in paediatric populations, however, there is a lack of ‘normative’ data available against 
which children’s scores can be compared. Normative data would enable the comparison of an individual’s 
motor development to age-standardised norms. The aim of this study was to develop normative data for the 
Test of Gross Motor Development Third Edition scores for Italian children .
Design: The Test ofGross Motor Development Third Edition scores from >17,000 Italian children (aged 3–11+ years) 
were analysed to develop normative scores and percentiles. 
Methods: Total Test of Gross Motor Development Third Edition scores and locomotor and ball skills subscale scores 
were split by age and sex. Using the LMS method, based on the Box-Cox transformation, percentiles were calculated 
for each sex-specific  age  category  .
Results: 17,026 children were included in the analysis (n = 8262 girls; n = 8766 boys). 
Conclusions: This is the largest sample ever used to develop normative data for the Test of Gross Motor Development 
and the first set of normative data for European children. This normative data can be used to identity insufficient 
motor skill development and aid subsequent modification of activities to nurture sufficient motor skill proficiency. 
This is particularly important for children in the lower percentiles given the strong associations between early child-
hood fundamental motor skill competence and physical activity participation in adolescence and adulthood. 
© 2025 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article 

under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 
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Practical implications 

• The development of this normative data for gross motor skills (by age 
and sex) enables comparison of a child's data with normative/ex-
pected values, and subsequently the identification of children who 
lack proficiency in motor skill development relative to their age and 
sex norms. 

• Identification of children with motor skill incompetency allows for 
timely and appropriate interventions to increase motor skill profi-
ciency. 
ers). 
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• This set of normative data can be used by a vast array of practitioners to 
modify and adapt the activities they deliver in lessons/training sessions 
to nurture sufficient development of and proficiency in motor skills. 

• Early interventions to prevent motor skill incompetence and encourage 
mastery of gross motor skills may ultimately foster the likelihood of life-
long physical activity. 

1. Introduction 

Gross motor skills are described as goal-directed movement patterns 
that involve large whole-body movements, locomotion, and full body 
stretches.1 Sufficient proficiency in gross motor skills is an essential pre-
requisite for the successful performance of sport-specific skills, and for
alia. This is an open access article under the CC BY license (http://creativecommons.org/ 
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participation in an array of physical activities.2,3 Inadequate proficiency 
in gross motor skills has frequently demonstrated associations with re-
duced perceived physical competence,4 lessened self-esteem, and lower 
levels of social acceptance in childhood.5,6 As a consequence of this, poor 
gross motor skill competency is suggested to also negatively affect com-
petencies and proficiency in physical and motor activities later in life.7,8 

Therefore, it is unsurprising that gross motor skill competency and suf-
ficient development of motor skills have been identified as a predictor of 
improved levels of health-related physical fitness, physical activity 
Fig. 1. TGMD-3 total score percenti
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behaviour, and better health outcomes across the lifespan.8–10 Longitu-
dinal and cross-sectional research has also revealed that motor skill 
competency is associated with sustained levels of physical activity and 
health-related fitness over time.11 

Motor skill competency has also been positively associated with en-
joyment of, and perceived competence for, physical activity.12 Consider-
ing the huge importance of proficient motor skill development in 
childhood,13 having a valid and reliable method of assessing gross 
motor skill development in children is crucial. Assessing the proficiency
les for girls aged 3–11+ years.
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and development of gross motor skills in children provides valuable in-
formation which can aid the identification of possible motor skill devel-
opmental delays and deficits. However, for the information acquired 
from these assessments to be valuable and insightful, the assessment 
tool used must be both reliable and valid. Furthermore, the availability 
of normative data for comparison of a child's development relative to 
others is incredibly insightful and useful for the interpretation of data 
from the tests used to assess gross motor performance. 

The Tests of Gross Motor Development (TGMD)14 is the most com-
monly used measurement tool for assessing gross motor skill profi-
ciency in paediatric research. The latest version of the TGMD is the 
TGMD-3 (3rd Edition), which is a process-orientated test of gross 
motor skills designed for children aged 3–11 years. The TGMD-3 is a cri-
terion-based test which includes a comprehensive battery of skills and 
is divided into two subsets: locomotor skills, which includes skills 
such as running, jumping, hopping, galloping, sliding, and skipping; 
and ball skills, which includes skills such as throwing, catching, drib-
bling, kicking, and striking a ball. The TGMD-3 is scored according to 
the presence or absence of the set criterion for each skill. The TGMD-3 
Fig. 2. TGMD-3 total score percenti
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can be used to identify developmental delays in gross motor perfor-
mance, evaluate intervention programmes designed to improve gross 
motor skills, and assess changes that develop with age, experience, in-
struction, or intervention.14 The TGMD-3 has demonstrated good validity 
and reliability for assessing gross motor skills in children.15,16 Webster 
and Ulrich16 demonstrated that test–retest reliability had high intraclass 
correlation coefficient agreements for the locomotor skills (0.97), ball 
skills (0.95), and total TGMD-3 score (0.97), whilst Magistro et al.15 

showed strong inter-rater reliability for TGMD-3 total scores (0.996) 
and for both sub-scales (locomotor skills: 0.996; ball skills: 0.997). 

Although the TGMD-3 has been demonstrated to be a reliable and 
valid tool to assess gross motor skills, there is a lack of ‘normative’ 
data available against which children's scores can be compared. Such 
normative data would be useful for comparing an individual child's per-
formance in the TGMD-3 to those of age-standardised norms; and 
assessing whether a child is developing motor skills typical for their 
age. Therefore, the present study reports TGMD-3 performance in a co-
hort of over 17,000 Italian children (aged 3–11+ years) to develop nor-
mative values (in the form of percentiles) for locomotor skills and ball
les for boys aged 3–11+ years.
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skills subscales and the total score for the TGMD-3. Using this very large 
cohort of European children, this study aimed to produce normative 
values for the TGMD-3 to assess gross motor skills which can be applied 
to European children. This is essential given the current lack of any nor-
mative data for European children and the size of the cohort used to de-
velop these normative values. 

2. Methods 

The study involved 67 primary schools located in the north-west 
area of Italy. A total of 17,028 (51 % boys) children aged 3–11+ years 
completed the TGMD-3. For context, the population of children in pre-
school and primary school in Northern Italy at the start of data collection 
(March 2020) was 928,938.17 To ensure a representative sample for our 
study,18 we calculated the required sample size using the formula for 
simple random sampling. For a population size (N) of 928,938, with a 
95 % confidence interval (CI) and a margin of error (E) of ±1 %, the ad-
justed minimum sample size was estimated to be 9506 participants. 
The TGMD-3 tests were conducted in each school's gymnasium by a 
team of 16 professionals, comprising 4 sport science researchers, 2 
Fig. 3. TGMD-3 total locomotor skills score 
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psychologists, and 10 physical education professionals. Prior to admin-
istering the tests, all examiners participated in a comprehensive 2-
hour session to familiarise themselves with the test protocol. The tests 
were administered during regular school hours. Written informed con-
sent was obtained from the parents/guardians of each child and verbal 
assent was obtained from each child. The ethical committee of the Uni-
versity of Torino approved the study (study ID 100949). 

2.1. The TGMD-3 

The TGMD-3 was divided into two sub-scales: locomotor skills and 
ball skills.15 The locomotor skills sub-scale was made up of six skills: 
run, gallop, hop, horizontal jump, slide (each judged on four perfor-
mance criteria) and skip (judged on three performance criteria). The 
ball skills sub-scale was comprised of seven skills: one handed forehand 
strike of a tennis ball, kick of a football, overarm throw, underarm throw 
of a small ball (each judged on four criteria), two-hand strike of a sta-
tionary ball (judged on five criteria), one hand stationary dribble of a 
basketball, and a two-handed catch of a small ball (each judged on 
three criteria). For each skill the examiner provided a verbal description
percentiles for girls aged 3–11+ years.
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and visual demonstration of each skill prior to the completion of the 
TGMD-3. Each participant had one practice of each skill followed by 
two recorded attempts of each skill. Performances were observed and 
evaluated using the qualitative performance criteria for each TGMD-3 as-
sessment skill, with each performance criterion scored as achieved (score 
awarded = 1) or not (score awarded = 0). The total score for each item 
was calculated by the sum of both trials for each TGMD-3 skill. The loco-
motor skills subscale score was out of 46, the ball skills subscale score was 
out of 54, and the total TGMD-3 score was out of 100. The total score was 
calculated as locomotor skills + ball skills. The total TGMD-3 score, along-
side scores for the locomotor skills and ball skills subscales, was then used 
to create age- and sex-specific percentiles. 

2.2. Data analysis 

Participants were placed into one-year age categories (e.g. 3.00–3.99 
up to 11.00–11.99 years). Participants in each age category were then 
split according to sex. Percentiles were constructed using the LMS method 
based on the Box–Cox transformation.19 This approach utilises three pa-
rameters: Lambda (L), Median (M), and the coefficient of variation (S), 
Fig. 4. TGMD-3 total locomotor skills score 
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which are smoothed across time points t (in years). The smoothness of 
the L(t), M(t), and S(t) curves can be adjusted by calibrating their degrees 
of freedom to achieve an optimal balance between data fit and model 
smoothness.20 The degrees of freedom were estimated to determine the 
optimal model using the Generalised Akaike Information Criterion 
(GAIC). The fit of the optimal model was evaluated through visual inspec-
tion of quantile residuals, density estimates, and Q–Q plots. Separate 
models were developed for boys and girls in relation to locomotor skills, 
ball skills, and the total score of the TGMD-3. From these models, percen-
tiles (1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 99th) were esti-
mated. All analyses were performed using the GAMLSS21 package in R. 

3. Results 

A total of 17,028 children were included in the analysis (n = 8259 
girls; n = 8767 boys [Supplementary Table 1]). Percentiles for the 
total TGMD-3 score for girls (Table 1, Fig. 1) and boys (Table 1, Fig. 2) 
are presented. Percentiles are also presented for the locomotor skills 
subscale (girls [Table 2, Fig. 3]; boys [Table 2, Fig. 4]) and ball skills sub-
scale (girls [Table 3, Fig. 5]; boys [Table 3, Fig. 6]).
percentiles for boys aged 3–11+ years.
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4. Discussion 

This is the first time that age- and sex-specific normative data have 
been produced for the assessment of motor skill development for a 
European based cohort of children using TGMD-3 scores. These norma-
tive scores and percentiles have been produced using TGMD-3 score 
data from over 17,000 Italian children (girls and boys). This is the largest 
sample ever used for normative data for the TGMD-3, much larger than 
the data used to produce the normalised scores during the development 
of the TGMD-2 (n = 1208)22 and the data produced using the TGMD-2 
from USA children (n = 352),23 and, importantly, is also the first-time 
that normative data have been produced for a European-based cohort 
of children. This is of great importance given the vast socio-environ-
mental differences between the USA and Europe. Consequently, 
European specific normative data is essential to allow for accurate 
assessment of motor skill competency for children at different ages. 
Additionally, this very large number in this analysis gives a more repre-
sentative sample. 

The production of these normative data is an imperative develop-
ment because it enables teachers, coaches, and practitioners to identify 
Fig. 5. TGMD-3 total ball skills score per
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an individual child's competence in different motor skills. Consequently, 
this allows the modification and adaptation of physical education les-
sons and physical activity sessions depending on which motor skills a 
child lacks competence in. Identifying any delays in the development 
of motor skills in children is essential to allow for timely and appropri-
ate interventions to subsequently mitigate the negative impact on the 
development of subsequent skills.24 Early identification and interven-
tion are vital because early childhood has been described as a pivotal pe-
riod where children build foundational movement capacities which 
enable the progression to more complex and context-specific physical 
activities in later childhood, adolescence, and adulthood.25 Optimal fun-
damental motor skill development in early childhood is the basis of 
adult health and wellbeing.26 These fundamental motor skills that de-
velop in early childhood have been described as the initial building 
blocks of more complex, coordinated movements27 and, consequently, 
it has been suggested that fundamental motor skills and physical activ-
ity have a reciprocal and dynamic relationship whereby at a young age, 
engagement in physical activity may drive fundamental motor skill 
development which, in turn, drives further engagement in physical 
activity at a later age.8 Sport participation may serve to concomitantly
centiles for girls aged 3–11+ years.
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Fig. 6. TGMD-3 total ball skills score percentiles for boys aged 3–11+ years.
enhance motor skill competence and multiple aspects of health-related 
physical fitness.28 

The development of age and sex-specific normative percentiles to 
assess gross motor skill development for this very large cohort of 
European children is critical to enable the identification of children 
who are below the normative level of development for their age to 
enable timely and effective interventions to promote motor skill 
404
competency. Strong evidence exists for an inverse association between 
motor skill competency and body weight, alongside positive associa-
tions between motor skill competence and cardiorespiratory and mus-
culoskeletal fitness in children and adolescents.29,30 This association is 
suggested to be a consequence of higher engagement in physical activ-
ity by young people with better motor skill development (likely due to 
greater [perceived] competence), which resultantly promote better
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Table 1 
TGMD-3 Total Score Percentiles for Children Aged 3–11+ Years. 

Percentile Gender Age (years) 

3.00–3.99 4.00–4.99 5.00–5.99 6.00–6.99 7.00–7.99 8.00–8.99 9.00–9.99 10.00–10.99 11+ 

1st Boys 0 0 10 31 41 48 54 58 58 
Girls 0 0 7 32 39 44 51 55 58 

5th Boys 0 6 21 41 50 56 61 65 65 
Girls 0 4 18 41 48 52 58 62 65 

10th Boys 4 12 27 46 55 60 65 69 68 
Girls 3 10 24 45 52 56 62 66 68 

25th Boys 14 23 37 55 63 68 72 75 74 
Girls 11 21 34 54 60 63 68 72 74 

50th Boys 26 35 49 65 71 76 79 82 81 
Girls 20 33 45 62 68 71 75 78 80 

75th Boys 38 47 60 74 80 84 87 89 88 
Girls 29 44 55 71 76 79 82 85 86 

90th Boys 48 58 70 83 88 91 94 95 94 
Girls 38 55 65 79 84 86 89 91 92 

95th Boys 55 65 76 88 92 95 98 99 98 
Girls 42 61 71 84 88 90 93 94 96 

99th Boys 67 77 87 98 100 100 100 100 100 
Girls 52 73 82 93 97 98 100 100 100
levels of health-related physical fitness.29 Lack of fundamental motor 
skill competence (the prerequisites of successful performance of sports 
and physical activities) reduces engagement in physical activity & sport 
in later childhood and throughout the lifespan.31,32 Therefore, timely 
and effective identification and subsequent intervention to promote 
motor skill competency are likely to have a beneficial impact on 
health-related physical fitness. 

One key observation of this analysis is that gross motor skills (both 
ball skills and locomotor skills) improve with age. This observation is 
expected in line with normal childhood development and is also consis-
tent with previous literature reporting improved fundamental motor 
skills with age.33–35 Indeed, the findings of the present study demon-
strate that the most rapid acceleration in motor skill development 
appears to be between the ages of 3 and 7 years, in line with previous 
suggestions that the ‘golden age’ for motor development is between 
the ages of three and six years .36 The first six years of childhood is 
devoted to learning and practising fundamental motor skills in an 
exploratory and experimental manner, including locomotor skills, 
object-control skills (ball skills), and posture-control skills.37 A previous 
study of 1046 children found that the average annual improvements in 
locomotor and object-control (ball) skills were highest among children 
aged 4–5  and  3–6 years, respectiv ely.38 In addition to this, there is 
reportedly a plateauing in the increase in motor skill performance 
between the ages 8 and 10,34 which is also in line with the findings of 
Table 2 
TGMD-3 locomotor skills score percentiles for children aged 3–11+ years. 

Percentile Gender Age (years) 

3.00–3.99 4.00–4.99 5.00–5.99 6.00–6

1st Boys 0 0 0 12
Girls 0 0 0 14

5th Boys 0 0 6 17
Girls 0 0 7 20

10th Boys 0 2 10 20
Girls 0 3 11 22

25th Boys 5 9 16 25
Girls 4 10 17 27

50th Boys 12 16 23 31
Girls 10 17 23 33

75th Boys 18 23 30 36
Girls 15 24 30 38

90th Boys 24 29 36 41
Girls 20 31 36 43

95th Boys 27 33 40 44
Girls 23 35 40 46

99th Boys 34 41 46 46
Girls 28 42 46 46
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the present study. The age-related improvement in fundamental 
motor skills (in ages 3–7 years), as demonstrated in the present study, 
has been suggested to likely result from a combination of maturation, 
increased instruction from teachers/coaches/practitioners (alongside 
improved comprehension and ability to follow instructions with age), 
increased quantity and quality of feedback, and more opportunities 
and desire to practice these motor skills (linked to an increase in under-
standing of their importance as a prerequisite for more complex skills) 
as age increases.39,40 

The concept of different motor skills developing at different times is 
demonstrated in the present analysis. The normative percentiles devel-
oped in the current study show that locomotor skills appear to develop 
at an earlier age than ball skills. This is consistent with previous research 
suggesting that children's basic motor development follows the princi-
ple of improving from simple movement to complex movement and 
from low-level skill to high-level skill.36 It has been reported that at 
each respective age (and age range), children exhibit higher levels of lo-
comotor skills compared to object control skills.41 In this aforemen-
tioned study, when children were classified according to TGMD-2 
performance categories, no child exhibited “very superior” levels of ob-
ject control skills and specifically the throw and roll skills (both object 
control skills) were found to be among the least proficient skills across 
all age groups and ranges. This supports the suggestion that due to the 
greater perceptual demand and complexity of object control skill
.99 7.00–7.99 8.00–8.99 9.00–9.99 10.00–10.99 11+ 

16 19 22 24 22 
19 21 23 25 26 
21 24 26 28 27 
23 25 27 29 29 
24 26 29 30 29 
26 28 30 31 31 
29 30 32 34 33 
30 32 33 34 35 
33 35 37 38 37 
35 36 37 38 39 
38 40 41 42 41 
40 40 41 42 42 
43 44 44 45 45 
44 44 45 45 46 
46 46 46 46 46 
46 46 46 46 46 
46 46 46 46 46 
46 46 46 46 46
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Table 3 
TGMD-3 ball skills score percentiles for children aged 3–11+ years. 

Percentile Gender Age (years) 

3.00–3.99 4.00–4.99 5.00–5.99 6.00–6.99 7.00–7.99 8.00–8.99 9.00–9.99 10.00–10.99 11+ 

1st Boys 0 0 3 13 19 23 27 29 30 
Girls 0 0 0 10 14 17 22 25 27 

5th Boys 0 3 10 19 24 28 31 34 34 
Girls 0 0 6 16 20 23 27 29 31 

10th Boys 0 6 13 22 27 31 34 36 36 
Girls 0 3 10 19 23 25 29 32 34 

25th Boys 8 12 19 28 32 36 38 40 40 
Girls 5 9 15 24 28 30 33 36 37 

50th Boys 14 19 26 34 38 41 43 44 44 
Girls 11 16 21 30 33 35 38 40 41 

75th Boys 21 26 33 40 43 46 47 49 48 
Girls 16 22 27 35 39 41 43 45 46 

90th Boys 27 33 38 45 48 50 52 53 52 
Girls 21 28 33 40 44 45 47 49 49 

95th Boys 31 36 42 49 51 53 54 55 54 
Girls 24 31 36 43 46 48 50 51 51 

99th Boys 38 43 49 55 56 56 56 56 56 
Girls 29 38 42 49 52 53 55 55 56
components these skills require greater instruction and practice com-
pared to locomotor skills. It has been suggested that more complicated 
object control skills therefore may develop slower than the (simpler) lo-
comotor skills initially, in the early stages of development,36 but as the 
nervous system matures, the development of object-control skills accel-
erates and may even exceed that of the locomotor skills. These findings 
are supported by our data. 

Visual interpretation of the sex-specific percentiles developed sug-
gests a similar pattern of improvement in motor skill development for 
both boys and girls. Sex differences in the present study were not 
assessed statistically as this was not the aim of this investigation. How-
ever, in studies where sex differences have been analysed, there are 
conflicting findings. Similar to the visual interpretation of the present 
study, some studies report no sex differences in locomotor skill 
acquisition.33,42 It has been suggested that this is, at least in part, due 
to the fact that children of both sexes grow at approximately the same 
rate until the adolescent growth spurt43 ; therefore, physical differences 
are unlikely responsible for any differences in motor skill development 
subsets (locomotor and ball skills). In contrast, other sex-related studies 
report better fundamental motor skill proficiency among boys.34,44 Boys 
have also demonstrated superior object control (ball) skills whilst girls 
have been reported to have more proficient locomotor skills (at the 
same age).13,45 Hardy et al.45 and Barnett et al.13 both reported more 
proficient locomotor skills in girls and higher object control scores in 
boys among Australian children. Wang et al.36 recently added to this 
body of literature by reporting that girls often out-perform boys in loco-
motor skill development in early childhood (up to 5-years of age), 
which was similar to the results of Kit et al.23 Nonetheless, the findings 
of the present study suggest that in a very large cohort the developmen-
tal trajectories of gross motor skills (visually) appear to be similar 
between boys and girls aged 3–11+ years. 

Various social–cultural factors are also suggested to have a substan-
tial impact on motor skill development.46 Biased engagement in certain 
sports, preferring certain physical activities, and certain sex-specific 
roles, expectations, and assumptions are some of the socio-cultural fac-
tors suggested to influence motor skill development.34 Socio-cultural 
factors differ significantly between different cultures, which offers an 
explanation regarding the inconsistent literature on this topic. This is 
therefore why this present study of >17,000 Italian children is so 
crucial, to ensure that children's data is being compared to culturally 
similar normative values. 

One of the key strengths of the present study was the large sample, 
ensuring a representative sample of the population, which is particu-
larly important in studies such as this that provide normative data 
against which comparisons can be made. However, the present study 
406
is also not without limitations. One such limitation is that the present 
study did not statistically analyse aspects such as sex differences and 
motor skill development patterns with age. Whilst these aspects are 
commented upon, the main aim of the present study was to provide 
normative values for TGMD-3 scores using data from a very large 
European cohort. Given the conflicting literature on sex differences in 
motor skill development patterns, this warrants further investigation. 
Another possible limitation of this analysis is that only Italian children 
have been used. However, previous normative data for the TGMD-3 
were from USA cohorts23 ; thus, the present study is important in pro-
viding European norms. Future research should focus on collecting sim-
ilar very large data sets from cohorts in several European countries; not 
only enabling comparisons between these cohorts to assess if there are 
any differences between different European countries, but also creating 
an even larger data bank of TGMD-3 scores. 

5. Conclusion 

Overall, the most important aspect of this investigation is the devel-
opment of age- and sex-specific normative percentiles for TGMD-3 
scores for over 17,000 Italian children aged 3–10+ years. The develop-
ment of this normative data enables the identification of children who 
lack proficiency in motor skill development relative to their age and 
sex norms. Identification subsequently allows for timely and appropri-
ate interventions to increase motor skill proficiency. This set of norma-
tive data can be used by a vast array of practitioners (including, but not 
limited to, healthcare professions, physical education teachers, and 
sports coaches) to identify insufficient motor skill development and 
thus intervene early to prevent motor skill incompetence and encour-
age mastery of each skill and ultimately foster the likelihood of lifelong 
physical activity. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jsams.2024.12.013. 
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