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Abstract

Background: Motor intelligence encompasses locomotor abilities, object-control skills, visuomotor coordination, and executive components of movement planning. 
Although several international instruments exist, such as the TGMD, BOT-2, and MABC-2, no standardized, simple, and culturally adapted tool is currently available for the 
Italian context. In this preliminary study, 480 children aged 3 to 10 years, recruited from six sport disciplines, were evaluated using a newly developed motor intelligence 
battery. Raw scores were converted into age-specifi c Standard Points (SP) and subsequently transformed into normative percentiles using a proportional scaling formula. 
Preliminary normative tables for locomotion, object-control, and global motor intelligence were generated, showing patterns consistent with known developmental 
trajectories. The proposed battery represents a promising instrument for assessing motor intelligence in Italian children. Future studies will expand the sample and examine 
reliability and validity metrics more extensively.

Methods: A total of 480 children aged 3–10 years were assessed across six sport disciplines (soccer, karate, swimming, gymnastics, basketball, athletics). Raw scores 
obtained in the tests were converted into Standard Points (SP) using age-specifi c tables and subsequently transformed into normative percentiles.

Results: Preliminary raw-to-SP and SP-to-percentile tables were constructed. Score distributions were coherent with known patterns of motor development.

Conclusion: The proposed battery represents a new tool for assessing motor intelligence in the Italian pediatric population. Future studies will expand the sample and 
further examine statistical reliability.
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Introduction

Motor intelligence is increasingly recognized as a 
multidimensional construct refl ecting the child’s capacity to 
coordinate, adapt, and execute movement patterns effi ciently 
across a wide variety of contexts. It includes locomotor abilities, 
object-control profi ciency, visuomotor coordination, executive 
functioning related to action planning, decision-making 
speed, and the overall fl uidity and coherence of fundamental 
motor patterns. Research has consistently shown that higher 
levels of motor competence are associated with improved 
executive functions, better academic performance, enhanced 
self-effi cacy, more stable postural control, and increased 
participation in sports during adolescence.

Despite the availability of robust international instruments 
such as the Test of Gross Motor Development (TGMD), the 
Bruininks–Oseretsky Test of Motor Profi ciency (BOT-2), and 
the Movement Assessment Battery for Children (MABC-2), 
several limitations remain with respect to their applicability 
in the Italian educational and sport context. These tests often 
require extensive scoring time, complex administration, or 
culturally adapted norms that are not yet available.

To address these gaps, a new Italian battery was developed 
to provide a practical, rapid, and scientifi cally structured 
method for assessing locomotion, object-control skills, and 
global motor intelligence in children aged 3 to 10 years. The 
aim of this study is to present the structure of the battery, 
describe the development of age-specifi c Standard Points (SP), 
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their developmental stage. Percentile tables included in the 
supplementary materials refl ect the preliminary norms derived 
from this dataset.

Normative framework

The normative process was modeled on established 
methodologies used during the development of the TGMD. Raw 
scores were collected from a heterogeneous and ecologically 
valid sample, and SP scoring ranges were derived empirically 
for each age group. Because motor development is nonlinear 
and performance ceilings differ substantially between ages, 
SPmax values were determined separately for each cohort based 
on observed distributions rather than theoretical expectations. 
This mirrors the methodological choices found in TGMD-2, 
TGMD-3, BOT-2, and MABC-2.

Statistical rationale

The statistical rationale was grounded in classical norm-
referenced test development. In motor development research, 
the goal is not to model idealized population distributions but 
to produce accurate, age-specifi c normative references based 
on real-world performance. Motor scores are known to be non-
Gaussian, exhibit biological ceilings related to maturation, and 
vary substantially across early developmental years. Therefore, 
non-parametric proportional scaling was used in place of 
z-scores or T-scores. This approach aligns with established 
motor assessment literature and supports the development 
of age-appropriate scoring systems that account for natural 
variability in children’s growth and skill progression.

Motor development indeed shows relevant variability within 
the same chronological age. However, most standardized 
motor tests (TGMD, BOT-2, MABC-2) adopt “one-year” age 
bands during their fi rst normative phase. This allows stable 
estimation of raw score distributions before introducing 
narrower subgroups. Because the present study is a preliminary 
investigation, we followed the same approach: each age is 
treated as a complete normative unit. Future validation phases 
will refi ne age bands into six-month ranges (e.g., 6.0–6.5; 7.0) 
once a larger multi-site dataset becomes available, improving 
accuracy and sensitivity.

Calculation of normative percentiles

This ensures that each child is compared only with peers of 
the same age, as required by normative standards.

Percentiles included in the supplementary materials 
represent preliminary norms derived from the real sample of 
480 children.

Norming and standard point construction

The norming procedure followed the classical methodology 
used by Ulrich in the development of the TGMD. Raw scores 
were collected from a large and heterogeneous sample and 
subsequently transformed into age-specifi c SP.

Since motor development does not progress linearly across 
ages and maximum attainable performances naturally differ 

introduce the preliminary percentile norms derived from raw-
to-SP conversion, and report the initial results obtained from 
a wide and ecologically valid sample of 480 children practicing 
six different sport disciplines.

Methods

Participants

A total of 480 children between 3 and 10 years of age 
participated in the study. All children were regularly engaged in 
structured sport programs and represented six distinct athletic 
disciplines, including soccer, karate, swimming, gymnastics, 
basketball, and athletics. Each participant completed the full 
battery of tests under standardized conditions and under the 
supervision of trained evaluators who followed a uniform 
administration protocol. This sample size allowed for an 
initial examination of raw score distributions, developmental 
progression across age groups, and the construction of age-
specifi c Standard Points (SP) and preliminary percentile norms.

Demographic characteristics were recorded to better describe 
the sample. The 480 children included 241 girls (50.2%) and 
239 boys (49.8%). All participants resided in the same regional 
area of Northern Italy (Emilia-Romagna), representing a 
homogeneous geographical context. Socioeconomic status 
was typical of the general population in this region and did 
not include extreme deprivation or elite athletic backgrounds. 
Although participants were recruited from organized sport 
programs, none were engaged in competitive or high-
performance pathways. No non-sport children were included, 
and this is acknowledged as a limitation of the preliminary 
normative phase. Future studies will incorporate both sport 
and non-sport populations to broaden representativeness.

Test battery

The battery comprises two primary domains: locomotor 
abilities and object-control skills. Each test includes predefi ned 
observational criteria, and performance is quantifi ed through 
raw scores based on accuracy, execution quality, and task-
specifi c behavioral indicators. The operational defi nitions 
and scoring rubrics are documented in the accompanying test 
manual.

Raw Score to Standard Points (SP) conversion

Raw scores were converted into Standard Points (SP) using 
age-specifi c tables. Each age group was assigned a unique 
SP maximum (SPmax), with separate values for locomotion, 
object-control, and the overall Motor Intelligence Quotient 
(QIM). This structure ensures that children are compared only 
with peers of the same age, consistent with the normative 
processes used in established motor assessment tools.

Percentile computation

Percentiles were obtained using a proportional scaling 
formula in which the SP achieved by a child is divided by 
the SP maximum for that age and multiplied by 100. This 
method yields an interpretable percentile rank refl ecting 
the child’s standing within the normative distribution for 
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between groups, an age-specifi c SPmax was defi ned based on 
the actual distribution of scores, consistent with normative 
literature (TGMD-2, TGMD-3).

This allows comparisons strictly within age groups, in line 
with international motor assessment norms.

Statistical rationale

The statistical rationale for constructing SP and percentiles 
refl ects classical motor norming principles, particularly those 
used in all three editions of the TGMD. In developmental motor 
tests, the goal is not inferential estimation but rather age-
specifi c norms derived from real performance distributions.

Age-based norming rationale: Motor development is 
nonlinear: some skills mature early (e.g., basic locomotor 
patterns), others consolidate later (e.g., object-control, eye–
hand coordination), some abilities increase in amplitude, 
others in precision.

Therefore, comparing children of different ages is 
methodologically inappropriate.

Like TGMD, BOT-2, and MABC-2, age-specifi c performance 
ceilings were constructed.

Defi nition of Standard Points (SP): SP are normalized 
scores:derived from raw scores in the real sample,separated by 
age, proportionate to what is realistically attainable at that age.

This approach reduces maturation bias,anchors performance 
to age expectations,unifi es scaling across locomotion, object-
control, and QIM.

Results

Analysis of the 480 collected datasets revealed 
developmental patterns consistent with existing literature 
on motor growth. Raw scores for both locomotion and object 
control increased progressively from ages 3 to 8, followed by 
a relative stabilization between ages 8 and 10. Variability was 
highest among younger children, especially in the 3–6-year 
range, refl ecting the natural heterogeneity of early motor 
development.

The use of age-specifi c SP scales allowed for a uniform 
and fair representation of performance within each age group 
and minimized the infl uence of biological maturation on 
comparative evaluations. Percentile distributions, generated 
through proportional scaling, exhibited coherent internal 
consistency across domains and age brackets. Detailed 
normative tables for raw scores, SP scores, and percentile 
conversions are provided in the supplementary materials.

Qualitative observations indicated noticeable improvements 
in movement precision and execution stability beginning around 
age 6. Children engaged in sport-specifi c training displayed 
more refi ned object-control abilities, while locomotor abilities 
remained more homogeneous across disciplines.

Qualitative observations

Direct observation revealed signifi cant improvements 

in movement precision after age 6, greater differentiation 
of technical abilities among sport-specifi c groups, more 
homogeneous locomotor abilities compared to object-control.

Explanation of missing cells in the standard-point con-
version tables

Some cells in the raw score → Standard Points (SP) 
conversion tables are intentionally left blank. This is not an 
error but refl ects a fundamental principle of age-specifi c motor 
development. The same raw score does not represent the same 
level of diffi culty at different ages.

For example:

• A raw score of 35 at age 3 represents 
an exceptional performance relative to developmental 
expectations and therefore corresponds to the maximum 
SP value.

• The same raw score of 35 at age 10 represents an age-
appropriate performance and corresponds to a lower SP 
value, because older children are expected to perform 
more complex, coordinated and effi cient movements.

Because each age group has its own developmental 
ceiling, not all raw score ranges are meaningful or achievable at 
every age. For this reason, some cells naturally remain empty. 
This structure is fully consistent with international normative 
motor tests such as TGMD-2/3, BOT-2, and MABC-2, in which 
age-specifi c ceilings produce incomplete conversion matrices.

Thus, the presence of blank cells refl ects correct 
developmental scaling and ensures that each age is evaluated 
according to its own normative expectations.

Discussion

This study presents a newly developed Italian battery for 
the assessment of motor intelligence in children aged 3 to 
10 years. The preliminary norms derived from a large and 
diverse sample provide an initial framework for interpreting 
performance in locomotion, object-control skills, and global 
motor intelligence. By adopting a normative strategy similar 
to that used for the TGMD, the test ensures that performance 
comparisons remain age-appropriate and developmentally 
meaningful.

The battery demonstrates several key strengths. Its 
simplicity facilitates administration by educators, coaches, and 
clinicians, and the standardized SP and percentile conversion 
system offers immediate interpretability. The large and diverse 
sample enhances ecological validity and reduces potential bias 
related to specifi c sport backgrounds.

The results have signifi cant practical implications. 
The battery may serve as a screening tool in schools, a 
baseline assessment in sport centers, a clinical indicator for 
developmental monitoring, or a resource for identifying 
children who may benefi t from targeted motor development 
programs.
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Conclusion

The proposed battery represents an innovative and 
scientifi cally grounded tool for assessing motor intelligence 
in Italian children. The conversion system from raw scores 
to Standard Points and percentiles provides a clear and 
interpretable framework for evaluating motor competence. 
The preliminary norms derived from 480 children across 
six sport disciplines establish a robust foundation for future 
validation studies. This instrument has the potential to support 
educational, sport, and clinical assessment practices and to 
facilitate early identifi cation of developmental challenges.

(Supplementary Files)

References

1. Ulrich DA. TGMD-2. Human Kinetics; 2000.

2. Ulrich DA. TGMD-3. Human Kinetics; 2019.

3. Henderson SE, Sugden DA, Barnett A. MABC-2 Manual. Pearson; 2007.

4. Bruininks RH, Bruininks BD. BOT-2 Manual. Pearson; 2005.

5. Valentini NC. Motor competence and child development. J Motor Behav. 
2016.

6. Logan SW. Motor competency in childhood. Sports Med. 2018.

7. Robinson LE. Motor competence and physical activity. Med Sci Sports Exerc. 
2015.

8. Stodden DF. A developmental perspective on motor competence. Quest. 
2008.

9. Barnett LM. Fundamental movement skills: relationships to health. Sports 
Med. 2016.

10. Bremer E, Cairney J. Motor development and physical literacy. BMC Public 
Health. 2016.

11. Riethmuller AM. Fundamental movement skills. J Sci Med Sport. 2009.

12. Goodway J, Branta C. FMS development in early childhood. Early Child Res Q. 
2003.

13. Payne VG, Isaacs LD. Human Motor Development. Routledge; 2020.

14. Haywood K, Getchell N. Lifespan Motor Development. Human Kinetics; 2019.

15. Lopes VP. Motor coordination in childhood. Int J Sports Med. 2012.

16. Malina RM. Growth, Maturation, and Physical Activity. Human Kinetics; 2004.

17. Cattuzzo MT. Motor competence and cognitive outcomes. J Sci Med Sport. 
2016.

18. Hands B. How motor development infl uences later skill. Eur J Dev Psychol. 
2008.

19. Butterfi eld SA. Motor performance in young children. Percept Mot Skills. 
2012.

20. Zeng N. Fundamental motor skills and physical activity. J Sci Med Sport. 
2019.

Developmental interpretation of age-related differences

Performance differences across ages aligned closely with 
known motor developmental trajectories. Early childhood (3–4 
years) is characterized by rapid emergence of fundamental 
motor patterns, followed by a consolidation phase around 
ages 5–6 where control, timing, and postural stability 
improve markedly. A major developmental transition occurs 
between 6 and 7 years, during which children demonstrate 
more advanced visuomotor integration, reduced decision 
latency, and enhanced executive contributions to movement 
planning. These cognitive–motor integrations explain why 
some children who appear skillful may still score lower in 
age-based percentiles; their peers experience simultaneous 
developmental gains that raise the expected performance level 
for the age group.

Between ages 8 and 9, the most pronounced gains occur 
in object-control skills, refl ecting age-related increases 
in precision, anticipatory control, and perceptual–motor 
coordination. These fi ndings reinforce the necessity of 
age-specifi c SPmax values and confi rm that the normative 
approach adopted in this study accurately captures the natural 
progression of motor intelligence.

Developmental interpretation of age-related perfor-
mance differences

Age-related differences in SP and percentiles align with 
developmental literature. Motor skills from ages 3 to 10 
progress through non-linear developmental phases with 
distinct maturational “jumps.”

Between 3 and 4 years, the fi rst major developmental leap 
occurs.

Between 5 and 6 years, improvements in control, stability, 
timing, and proprioceptive sensitivity reduce intra-group 
variability.

Between 6 and 7 years, integration of motor and executive 
functions (anticipation, reduced decision latency, advanced 
visuomotor coordination) drives one of the largest transitions. 
Children who appear “skilled” may still fall into lower 
percentiles because cohort demands rise sharply.

Between 8 and 9 years, object-control ability improves 
signifi cantly due to enhanced visuomotor precision and 
anticipatory capabilities.

These dynamics justify the use of age-specifi c SP and 
percentiles. Differences in SPmax and percentile distributions 
refl ect natural developmental trajectories, consistent with 
TGMD, BOT-2, and MABC-2 frameworks [1-20].

https://www.healthdisgroup.us/articles/Suplementary-files-OJPCH-10-160.zip

