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Objectives: The Test of Gross Motor Development-3 (TGMD-3) evaluates fundamental gross motor skills
across two domains: locomotor and ball skills. This study aimed to perform a full psychometric assess-
ment of this test in a large sample of Italian pre- and primary school children.
Design: Cross-sectional and test-retest study design.
Method: Children N=5210; mean age years = 8.38,SD = 1.97; % females = 48 completed three trials, includ-
ing one practice. Only the scores of the two latter ‘formal’ trials were recorded for the evaluation. Factorial
validity and measurement invariance of TGMD-3 across age and gender groups and test-retest reliability
for the overtime measure consistency were tested. Item response theory analysis further tested single
items’ performances.
Results: Explorative and confirmatory factor analyses confirmed the two-factor structure of the TGMD-3.
Multi-group confirmatory factor analyses indicated that there were no significant reductions in model
adjustments between the configural, metric and structural invariance solutions for gender and age groups.
Test-retest results ranged between 0.967 and 0.990 for both skill sets across age groups. Item response
theory analysis using a graded response model showed low standard error and high-test information
levels covering a wide spectrum range of both locomotor and ball skills.
Conclusions: These results highlight the strong construct validity and reliability of the TGMD-3 to measure
gross motor skills in children across gender and age groups. Item response theory analysis evidenced how
the performance criteria included in this test cover a wide range of gross the motor skills spectrum. The
use of TGMD-3 may inform motor development programs and support curricular decisions in schools.
Crown Copyright © 2020 Published by Elsevier Ltd on behalf of Sports Medicine Australia. All rights
reserved.
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Practical implications

e The TGMD-3 is a reliable instrument to assess gross motor skills
in pre- and primary school children.

e This instrument can be simultaneously adopted across boys and
girls with age ranging from 3 to 11 years old.

* Corresponding author.
E-mail address: daniele.magistro@ntu.ac.uk (D. Magistro).

https://doi.org/10.1016/j.jsams.2020.02.014

¢ Some physical ability tasks (hop, run, horizontal jump, strike of
self-bounced ball, kick of a stationary ball and two-hand catch) in
the TGMD-3 are more useful than others to differentiate between
children with different degree of ability in motor skills.

1. Introduction

Gross motor skills are goal-directed movement patterns’
involving large whole-body movements, locomotion, and whole
body stretches.? Fundamental motor skills represent a subset of
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gross motor skills and are the foundation of physical education
curricula worldwide.> These skills can be broadly divided into
two categories: locomotor skills and object control skills. The
former include walking, running, hopping, galloping, jumping, slid-
ing, and leaping; the latter include throwing, catching, striking,
bouncing, and kicking.* An adequate proficiency in gross motor
skills is a prerequisite for performing sport-specific skills and for
successfully participating in organized and unorganized physical
activities.>~” An inadequate motor competency or proficiency in
gross motor skills is often associated to lower levels of perceived
physical competence,® self-esteem and social acceptance in late
childhood®'? and can negatively affect competences and profi-
ciency in physical and motor activities later in life.! 12

The assessment of gross motor developmental status among
children can provide valuable information to identify possible
motor delays and deficits. The appropriate overtime assessment
of proficiency and development of these skills depends on the
use of reliable and valid instruments.'?14 The first version of the
Test of Gross Motor Development (TGMD)!? and its second version
(TGMD-2)'6 have been widely used to identify motor develop-
ment delays in children. The TGMD measures 12 gross motor skills
focused on both locomotor and object control skills (i.e., ball skills
aspects). It is a norm- and criterion-referenced test administered
and scored in a consistent manner against a fixed set of predeter-
mined criteria in children from 3 to 10 years.

The TGMD has been recently revised into its current third edi-
tion (TGMD-3).17:18 Although originally developed for populations
of children aged 3-10/11.1920 Similar to the previous versions, this
instrument is a process-orientated test of gross motor skills dur-
ing childhood and has shown good validity and reliability.!”21-24
However, to the best of the authors’ knowledge, no study exam-
ined the validity and reliability of TGMD-3 using item response
theory analysis (IRT). More specifically, when assessing the psycho-
metric properties of a newly developed instrument in a particular
context we are essentially addressing two main issues: to what
extent assessments based on this instrument, given under the same
conditions, yield the same results (i.e. reliability, namely the con-
sistency with previous studies in difference countries); and how
accurately this instrument measures what it intended to measure2®
(i.e. validity). These evaluations are crucial for the understanding of
any statistical finding based on multiple-item scales, since the sin-
gle items that do not operate consistently fail to provide consistent
outcomes.?” Therefore, an examination of TGMD-3’ items’ perfor-
mance by the means of IRT can not only better inform us about
the validity and reliability of the TGMD-3 but also provide novel
information to improve this instrument; for example, by evidenc-
ing the items that may provide more information across different
levels lower or higher of the entire gross-motor skills spectrum
among pre- and primary school children. The aim of the present
study was thus to conduct a detailed psychometric assessment of
the TGMD-3 in a large sample N=5210 of Italian pre- and primary
school children. Specifically, factorial validity and measurement
invariance of the TGMD-3 was tested across age and gender groups
using multi-group factorial analysis, test-retest reliability and IRT.
In sum, expanding our knowledge on the validity and reliability
of this widely adopted instrument to measure gross motor skills
among children may suggest best practices for practitioners and
professionals for its adoption so to further promote cross-national
comparisons on this topic, but also provide evidence for future test
development in the motor domain.

2. Methods

The study involved 37 schools (14 pre-schools and 23 primary
schools) located in the north west of Italy. A total of 5956 children

from 275 classes were included in the current analysis. Within the
Italian educational system, primary education lasts five years and
is preceded by three years of non-compulsory nursery school (or
kindergarten). Children can start primary school between the age
of 5 (if born between January and March) and 6. Accordingly, in
the current sample we had 745 children from kindergarten, 858
from the first grade of primary school, 941 from grade two, 970
from grade three, 997 from grade four and 1445 from grade five. A
written informed consent was obtained from the parents/guardians
and a verbal assent from the children. The ethical committee of the
University of Turin approved the study (ID 100949).

The TGMD-3 is divided into two sub-scales, the locomotor skill
sub-scale composed of six skills: run, gallop, hop, horizontal jump,
slide (judged on four performance criteria) and skip (judged on
three criteria); and the ball skill sub-scale (previously named object
control skill in the TGMD-2) composed of seven skills: one hand
forehand strike of self-bounced tennis ball, kick a stationary ball,
overhand throw, underhand throw (judged on four criteria), two-
hand strike of a stationary ball (judged on five criteria), one hand
stationary dribble and two hand catch (judged on three criteria).
Compared with its previous versions, three skills were added to
the TGMD-3 (i.e., skip, underhand throw and one-handed forehand
strike) and two were removed (i.e., leap and underhand roll).

In order to develop an Italian translation and edited score sheet
for the TGMD-3 an independent English specialist translated the
original version into Italian while another independent specialist
completed a blinded back translation to English. The translation
included all the elements of the TGMD-3: skills’ name, performance
criteria along with the instructions used for a standardized admin-
istration. Subsequently, the Italian version was checked again and
compared with the original English version by two post-doctoral
researchers and two independent professionals (physical activity
teacher with MSc) within the field of sport science and education.

The TGMD-3 tests were administered in each school’s gym by 16
professionals: 4 sport science researchers, 2 psychologists and 10
physical education professionals. All the examiners participated in
a 2-h session to be instructed about the test protocol. The test was
administered during school hours and with the presence of physi-
cal education teachers. Children’s socio-demographic information
were reported by parents through a questionnaire (see Table S2
in the Supplementary material). To evaluate test-retest reliability
450, children were randomly chosen (50 for each age year from
3 to 11 years old) and re-tested again between 7-10 days from
the first assessment by the same evaluators. The administration
of the TGMD-3 followed original authors’ recommendations'” and
required approximately 20 min per child. Two independent testers,
randomly coupled each time simultaneously observed and scored
in real time each child’s performance. The proportion of agree-
ment between the scores recorded by the two testers was over
95%. Cohen’s k23 was used to determine if there was agreement
between the two observers for all TGMD-3's criteria (values from
0.8 to 1 indicating excellent, almost perfect agreement). Moreover,
the inter-rater reliability for the final score of the TGMD-3 was
determined using a two-way random intraclass correlation (abso-
lute agreement) coefficients (values above 0.90 = excellent). At the
beginning of each test section an accurate verbal description and
demonstration of each skill was carried out by one examiner. Each
child completed three trials, one for practice and then two formal
trials. Only the scores of the two formal trials were recorded for the
evaluation. Performances were observed and evaluated following
the qualitative performance criteria for each TGMD-3 assessment
skill: every criterion was scored based on whether it was fulfilled
(score awarded = 1) or not (score awarded =0).!7 Skill - henceforth
defined as items — were evaluated twice. The total score for each
item is given by the sum of both trials. Items’ sums were used to
calculate the score for the locomotor and ball control skills sub-
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scales as well as for the overall TGMD-3 scores.>!” Accordingly,
the maximum score a participant could obtain for the overall gross
motor performance was 10,046 for the locomotor sub-scale and 54
the for the ball skills sub-scale.

As a preliminary analytical step, data were examined for accu-
racy of data entry, missing values and fit between their distributions
and the assumption of normality. Little’s test was used to determine
whether missing data were randomly distributed throughout the
dataset rather than revealing a systematic pattern. Non-significant
results of this test indicate that the missing values were randomly
distributed. Absolute skewness and kurtosis values lower than 3
and 8 respectively were used to indicate when assumption of nor-
mal distribution was not met.?? Finally, univariate outliers were
detected computing standardized scores. Cases with standardized
scores in excess of 3.29 (p <0.001, two-tailed test) were flagged as
potential outliers.3°

To test the construct validity of the TGMD-3 we used explo-
rative factor analysis (EFA) and confirmatory factor analysis (CFA)
techniques. Initially, the EFA was conducted using principal compo-
nent analysis with promax rotation. Subsequently, a confirmatory
factor analysis (CFA) with maximum likelihood (ML) estimation
method was conducted. The following indexes were adopted to
assess overall model fit: x2 goodness-of-fit, root mean square error
of approximation (RMSEA; values <0.08 considered acceptable),
and comparative fit index (CFI; values >0.90 considered accept-
able). In addition, by the means of a multi-group confirmatory
factor analysis (MGCFA) with ML estimation, we tested the assump-
tion of TGMD-3 measurement invariance across gender and age
groups (3-7, 8-9 and 10-11 years). As pointed out by Brown,?!
although it is possible to test for MGCFA with unequal sample
sizes, it may significantly undermine the power to detect violation
of invariance as the ratio of the sample size between the com-
pared groups increases. Accordingly, we opted for splitting the
sample into age groups of similar sizes. TGMD-3 factorial invari-
ance was tested following a sequence of three hierarchically nested
models, in a similar manner to Valentini et al.?? First, an ini-
tial confirmatory analysis tested the factorial model we obtained
from the previous EFA and CFA steps. Then, the invariance of the
model structure across gender was tested by examining whether
the same parameters existed for both groups (configural invari-
ance). Next, additional constraints were investigated through factor
loadings (metric invariance) and covariance between factors (struc-
tural invariance). Model fit was evaluated using x2 goodness-of-fit,
RMSEA and CFIL. A change of >—0.01 in CFI in addition to a change
of >0.015 in RMSEA indicated non-invariance.>?

Item response theory analysis (IRT) using a graded response
model (GRM) was finally used to test at which levels of each
underlying gross motor skill (i.e. locomotor and ball skills) chil-
dren were most likely to be located when receiving a specific point
along a performance criterion or item. Specifically, recognises that
a participant’s score on a given item is determined by the par-
ticipant’s overall level on the underlying measured trait and by
specific item properties. GRM was chosen given the polytomous
ordered-response nature of the TGMD-3'’s items.>> As an extension
of the two-parameter logistic (2-PL) model, GRM is better suited for
these types of items where increasing scores represent an incre-
ment in the underlying measured trait in comparison with 1-PL
or 3-PL models since it does not include an adjustment for guess-
ing, which is inappropriate for what the TGMD-3 is measuring.>*
Applying GRM we were thus able to estimate the discrimination
item parameters (DIs), representing the extent to which an item
discriminates between different trait levels (higher values indicat-
ing a stronger association with the measured construct), and the
threshold parameters of each scoring level, representing the latent
trait score needed to have a 0.5 probability of scoring on a particular

level or higher. Items information functions and test information
functions along with the conditional standard error were plotted
to graphically assess the fit of the model to the data.

To understand the consistency of the test over time (test-retest
reliability), a two-way mixed intraclass correlation (absolute agree-
ment) coefficients (ICC (3, 2)) were used.> ICC vary between 0 and
1 (below 0.50 = poor; between 0.50 and 0.75 = moderate; between
0.75 and 0.90=good; above 0.90 =excellent).>> A coefficient close
to 1 indicates high similarity between values from the same group
(good reliability) and a coefficient close to zero means that values
from the same group are not similar (poor reliability).

Amos (version 20; SPSS, Inc., Chicago, IL) software was used for
factorial analyses. Descriptive analyses and IRT were carried out
using Stata software (version 15; StataCorp LP, College Station, TX).
SPSS (version 20; SPSS, Inc., Chicago, IL) software was used for the
inter-rater, intra-rater and test-retest reliability.

3. Results

Out of the 5956 participants, data were excluded from 630
because of missing values on any TGMD-3’s item. Little’s test for
data missing completely at random (MCAR) applied to the entire
set of TGMD-3's items was not significant (x2=248.40, df=248,
p=0.499), indicating that these data were MCAR and supporting
listwise deletion. In addition, 106 participants were also deleted
because they did not provide their age, while 10 participants
were not included in the current analyses because they reported
a severe physical disorder that prevented independent mobility
or a severe cognitive disorder that prevented full participation in
the test (Table S1), leaving a total of 5210 cases for the analyses
Mean age = 8.40, SD =1.98, Range =3-11; females =48 %) (Table S2).
Absolute values of skewness and kurtosis ranged respectively from
0.36 to 1.47 and from 1.87 to 4.38 suggesting that scores on all
13 TGMD-3’s items were reasonably normally distributed. No uni-
variate outliers with absolute standardized scores higher than 3.29
were detected. The intra-rater reliability analysis showed results
with high k magnitude, indeed the Cohen’s k was always over
0.8 for each criteria of each skills (Table S3). The inter-rater reli-
ability showed strong positive significant results (p <0.001) within
couples of examiners for the TGMD-3 total scores (0.973; 95% Con-
fidence Interval: Lower Bound = 0.969 and Upper Bound =0.977).

An initial EFA using principal component analysis without rota-
tion yielded two factors with eigenvalues greater than 1 (4.97 and
1.24). The first factor explained 38.29% of variance while the second
factor accounted for 9.59%. With the exception of the item pertain-
ing to the “Kick a stationary ball” skill, all items’ standardized factor
loadings ranged from 0.323 to 0.454. Results from a CFA with ML
estimation method based on these exploratory analyses confirmed
the two-factor structure of TGMD-3: x2 =916.284, df=64, p<0.001,
RMSEA = 0.050 (90% Confidence Intervals: 0.048,0.053), CFI = 0.955.
Factor loadings were all significant at p <0.001 and ranged between
0.583-0.671. Reading from Brown,?! explicit or widely accepted
guidelines to define factor loadings as salient or non-salient do not
exist. Accordingly, in light of the CFA results and given the very
large sample size, we retained the item pertaining to the “Kick a
stationary ball” skill as acceptable despite the low factor loading
exhibited in the EFA. Furthermore, this item had a standardized
factor loading below 0.2 indicating that it was not related to the
locomotor skills factor. Table 1 reports descriptive statistics for all
TGMD-3 tasks as well as the standardized factor loadings for each
skill from the EFA and CFA solutions.

Results from MGCFA indicate that there was no significant
reduction in model adjustments between the configural, met-
ric and structural invariance solutions for both gender (Table
S4) and age (Table S5) groups. Results from the metric invari-
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Table 1
Descriptive statistics and standardized results of explorative and confirmatory factor analyses for all TGMD-3 tasks (N=5210).
Number of Factor 1 locomotor Factor 2 ball
Task performance criteria Range score M SD skills skills
EFA B CFA B EFA B CFA B
Locomotor skills 0-47 34.48 9.13
Run 4 0-8 6.35 2.00 0.323 0.671 - -
Gallop 4 0-8 5.82 222 0.363 0.615 - -
Hop 4 0-8 5.88 2.21 0.405 0.675 - -
Skip 3 0-6 4.10 2.10 0.426 0.584 - -
Horizontal jump 4 0-8 5.98 232 0.426 0.622 - -
Slide 4 0-8 6.35 217 0.454 0.585 - -
Ball skills 0-56 34.99 10.55
Forehand strike of self-bounced ball 4 0-8 4.51 2.54 - - 0.387 0.565
One-hand stationary dribble 3 0-6 3.66 2.15 - - 0.433 0.656
Two-hand catch 3 0-6 4.87 1.61 - - 0.374 0.604
Kick a stationary ball 4 0-8 5.32 2.31 - - 0.244 0.629
Overhand throw 4 0-8 4.95 241 - - 0.421 0.603
Underhand throw 4 0-8 5.48 2.05 - - 0.353 0.589
Two-hand strike of a stationary ball 5 0-10 6.17 2.49 - - 0.376 0.597

Notes: TGMD-3: Test of Gross Motor Development - 3rd edition. EFA = exploratory factor analysis. CFA = confirmatory factor analysis. The explorative factor solution adopted
principal component analysis with promax rotation. The confirmatory solution adopted maximum likelihood estimation method. Factor loadings <0.20 were omitted.

ance model suggested that all factor loadings were invariant for
boys and girls (ARMSEA=-0.001), as well as across age groups
(ARMSEA =0). Finally, results from the structural invariance model,
demonstrated that the two-factor had similar correlations for gen-
der (ARMSEA =0.002) and age groups (ARMSEA =0.006).

Table S6 reports the parameter estimates of the GRM for all
the items of the two TGMD-3’s sub-scales. The item information
functions for the locomotor and ball skills sub-scales are shown
respectively in Figs. S1 and S3. “Hop” (DI=1.714), “Run” (DI=1.632)
and “Horizontal jump” (DI=1.502) best discriminate between chil-
dren with low and high levels of the locomotor skills, thus providing
the highest amount of information. For the ball skills sub-scale,
the highest DI were observed for the items measuring “Forehand
strike of self-bounced ball” (DI=1.650), “Kick a stationary ball”
(DI=1.430) and “Two-hand catch” (DI=1.418).

Fig. 1 reports test information functions along with their condi-
tional standard errors for locomotor and ball skills sub-scales. Both
sets of items exhibit low standard error and high-test information
levels covering a wide range in the spectrum of locomotor and ball
skills. These results support the strong discriminative power and
reliability of the TGMD-3 as a tool to measure gross motor skills
among children. Nevertheless, it is important to underline how
standard error tends to increase at higher skills’ levels. Thus, the
TGMD-3 can better discriminate between performers with low or
moderate scores rather than between performers with high or very
high scores.

The test-retest reliability showed strong positive significant
results between the test and retest for both the sub-scales score
(locomotor sub-scale 0.996; ball sub-scale: 0.997) and the TGMD-3
total scores (0.996). These results were also significant for each age
group from 3 to 11 years of age showing a range between 0.967 to
0.990 (Table 2).

4. Discussion

The aim of the present study was to test the validity and reli-
ability of the TGMD-3 in a sample of Italian children aged 3-11.
Our results highlight the strong construct validity and reliability
of the TGMD-3 to measure gross motor skills across gender and
age groups. These results expand previous validations by adopting
state-of-the-art psychometric techniques such as IRT that evi-
denced how the performance criteria included in this test cover a
wide range of the gross motor skills spectrum. Results of explo-
rative and confirmatory factor analyses confirm the two-factor

model structure proposed by Ulrich since the first version of this
instrument!> and are aligned with previous validity studies in
different countries?43637 and children samples.?3 In particular,
skip, strike with one hand, and underhand throw, the three new
skills included in this third version of the TGMD, were strongly
correlated to their respective sub-scale. Unlike the previous valid-
ity studies, it is important to highlight one main difference of our
results with regarding to ‘the kick a stationary ball’ skill. The EFA
showed a lower factor loading for this skill in comparison to other
ball skills. The reason of this could be related to the specific criteria
used to evaluate this skill: (1) rapid, continuous approach to the
ball; (2) child takes an elongated stride or leap just prior to ball
contact; (3) non-kicking foot placed close to the ball; and (4) kicks
ball with instep or inside of preferred foot (not the toes). The first
two criteria of this skill covers the preparation phase to kick the ball
that can also be considered ‘locomotion’ rather than object control.
Indeed, all other ball skills are evaluated in a stationary situation
where locomotion is not involved. Hence, based on our results, it
is possible to infer that it might be better to reconsider the criteria
used to evaluate the kick a stationary ball skill. Nevertheless, it is
relevant to highlight that the CFA analysis showed an acceptable
factor loading for the kick a stationary ball skill.

The high values of ICCs confirmed the consistency of the TGMD-
3 measurements, highlighting that the differences observed in
the test were mainly due to differences between children. Such
reliability results were similar to previous TGMD-3’s validation
studies in Germany,?* Finland,?? Spain?' and Brazil.?? In addition,
multi-group factorial analyses showed that the proposed TGMD-3’s
theoretical structure is equally valid across gender and age groups.
Only one other study?? tested this same assumption and showed
similar results, albeit in a smaller sample of children. These findings
have important implications for professionals and practitioners,
such as school teachers who are keen to design inclusive assess-
ments of physical abilities in schools. The identification of delayed
gross motor skill development in children might suggest a need
for adaptive interventions to mitigate the limitations which may
prevent lifelong involvement in physical activities.

IRT analyses revealed that hop, run and horizontal jump best
discriminated between children with lower and higher levels of
locomotor skills. Regarding ball skills, strike of self-bounced ball,
kick of a stationary ball, and two-hand catch were the best dis-
criminators. Despite the fact that both TGMD-3’s sub-scales showed
strong discriminative power to measure gross motor skills among
children, IRT results can still help us to evidence where TGMD-3
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Fig. 1. Information graphs showing the TGMD-3's locomotor and ball skills sub-scales: test information function (solid line) and conditional standard error curve (dotted

line) (N=5210).

Table 2
Intraclass correlation coefficients (ICC) and confidence intervals (CI).
e 95% CI
Lower Bound Upper Bound
Locomotor skills sub-scale 0.996 0.996 0.997
Total sample (n=450) Ball skills sub-scale 0.997 0.996 0.997
TGMD-3 total 0.996 0.996 0.997
Locomotor skills sub-scale 0.992 0.986 0.996
3 years old group (n=50) Ball skills sub-scale 0.990 0.983 0.994
TGMD-3 total 0.991 0.984 0.995
Locomotor skills sub-scale 0.994 0.990 0.997
4 years old group (n=50) Ball skills sub-scale 0.991 0.984 0.995
TGMD-3 total 0.993 0.998 0.996
Locomotor skills sub-scale 0.994 0.989 0.996
5 years old group (n=50) Ball skills sub-scale 0.994 0.990 0.997
TGMD-3 total 0.992 0.985 0.995
Locomotor skills sub-scale 0.993 0.987 0.996
6 years old group (n=50) Ball skills sub-scale 0.992 0.986 0.995
TGMD-3 total 0.991 0.983 0.995
Locomotor skills sub-scale 0.983 0.971 0.990
7 years old group (n=50) Ball skills sub-scale 0.989 0.981 0.984
TGMD-3 total 0.979 0.964 0.988
Locomotor skills sub-scale 0.985 0.974 0.992
8 years old group (n=50) Ball skills sub-scale 0.993 0.987 0.996
TGMD-3 total 0.981 0.967 0.989
Locomotor skills sub-scale 0.991 0.985 0.995
9 years old group (n=50) Ball skills sub-scale 0.995 0.991 0.997
TGMD-3 total 0.989 0.980 0.993
Locomotor skills sub-scale 0.990 0.983 0.994
10 years old group (n=50) Ball skills sub-scale 0.996 0.993 0.998
TGMD-3 total 0.993 0.987 0.996
Locomotor skills sub-scale 0.982 0.968 0.990
11 years old group (n=50) Ball skills sub-scale 0.994 0.989 0.996
TGMD-3 total 0.984 0.972 0.991

may be improved and how future assessments should be carried
out. Specifically, we noticed how single skills included in the test
were most helpful in discriminating between children with differ-
ent levels of motor skills proficiency in particular among children
with average or lower levels of both locomotor and ball skills. This
means that when using TGMD-3’s scores, it becomes more diffi-
cult to differentiate two children who are both highly proficient or
skilled. Indeed, since its original version the TGMD was developed
for identifying developmental delays during childhood,'” therefore
including tasks to specifically differentiate low skilled performers.
On a related note, some skills may not add substantial informa-
tion over and above other skills. This was particularly evident when
looking at the performed tasks for the ball skills sub-scale where
different skills overlap providing the same type of information.
Future elaboration of this instrument may thus consider reduc-
ing the number of single skills or substitute some of them with
more difficult tasks. This may in turn improve the ability for the test
to detect children with real developmental delays across a wider

range of locomotor and ball skills and not just at the lower end of
gross motor skills’ spectrum. For example, the six most discrimina-
tive performance tasks observed in the present analyses (i.e. hop,
run, horizontal jump, strike of self-bounced ball, kick of a station-
ary ball and two-hand catch) may be adopted to develop a shorter
screening instrument encompassing both locomotor and ball skills,
similarly to what Valentini et al. showed for the TGMD-2.%? Further
research is nevertheless needed to specifically assess these mea-
surement aspects by the means of further psychometric analyses
such as IRT; for example, focusing on the performance at single
criteria composing each single skill.

There are anumber of limitations than should be discussed. First,
concurrent validity and longitudinal construct stability were not
investigated. Future research should examine both these aspects.
Moreover, to enhance the generalizability of these findings and
create normative data for the TGMD-3, for children living in Italy,
future studies should recruit a larger sample of children from each
age group, ethnicity and geographical areas. Indeed, in the current
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study the number of 3-year-old children was relatively to small
compare to the other age groups. Moreover, the use of more objec-
tive measures/approaches such as video analysis and wearable
sensors, in combination with the direct observation assessment of
the TGMD-3, might improve our ability to evaluate these funda-
mental motor skills in routine assessment. Another limitation is
that the testers of this study were all experts in sport science and
motor development, while practitioners, such as school teachers
and coaches, were not involved. Considering that the varied appli-
cation of TGMD-3 we should evaluate the validity and reliability of
the TGMD-3 when administered by experts and non-experts. Nev-
ertheless, this work confirms that the TGMD-3 is a valid and reliable
measure to appropriately assess gross motor skills in children and
that its assessment scores are statistically related to performance
data.

5. Conclusion

The TGMD-3 is a reliable instrument to assess gross motor skills
in pre- and primary school children. This instrument can be simul-
taneously adopted across boys and girls with age range from 3
to 11 years. The use of TGMD-3 may inform motor development
programs and support curricular decisions in schools. In sum, our
results have significant implications in educational settings where
it is important to verify in a reliable way motor development
among children. This is crucial if we consider how important motor
development is in childhood.! The TGMD-3 may thus be a very use-
ful instrument for researchers and teachers to identify children’s
motor delays and motor competence in gross motor skill develop-
ment.
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