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Abstract: The accuracy of age calculation in assessing gross motor skills is crucial for reliable
developmental assessments. This study explores whether using chronological age in months,
rather than by birth year, affects the evaluation of gross motor skills in primary school pupils,
ensuring fairness and precision in developmental measurement. This study aimed to determine
the influence of calculating chronological age in months on the assessment of gross motor skills
among Year 4 pupils using the Test of Gross Motor Development - Third Edition (TGMD-3). A
total of 32 Year 4 pupils (aged 114 - 125 months) from a public school in Pahang, Malaysia, were
purposively selected. Gross motor skills were assessed using the TGMD-3, which includes
locomotor and object control subtests. Chronological age was calculated to the exact month
using the borrowing method to ensure accurate placement within normative age bands. Data
analysis included descriptive statistics, Pearson correlation, and linear regression. The results
showed a strong correlation between age in months and TGMD-3 scores (r = .624, p < .001).
Regression analysis revealed that each additional month was associated with a 3.41-point
increase in motor proficiency (12 = .983), suggesting that even small differences in age could
significantly impact motor skill assessment. Calculating age in months provides a more
accurate and equitable assessment of motor competence than year-based grouping. This
enhances the validity of TGMD-3 and aligns with educational reforms in Malaysia and global
goals such as SDG4, offering practical implications for educators and policymakers in
developing precise and fair assessments.

Keywords: Relative Age Effect; Motor Coordination; Locomotor Skills; Object Control;
TGMD-3 Assessment

1. Introduction

Gross motor development is central to children’s overall growth, extending its
impact beyond physical abilities to cognitive and social domains [1]. The fundamental
movements acquired as basic motor skills serve as foundational structures upon which
more intricate movements are built, facilitating complex interactions with their envi-
ronment [2]. This foundational development is critical, as deficiencies in gross motor
skills can cascade into challenges across various developmental aspects, underscoring
the necessity of accurate and timely assessment [3]. The precision of this assessment is
significantly influenced by the methodology used to calculate a child's age, particularly
the distinction between chronological and corrected age in specific populations [4]. For
typically developing primary school children, the accurate calculation of monthly age
becomes paramount for precisely evaluating gross motor skill milestones and identi-
fying developmental deviations [5]. While chronological age is a straightforward meas-
ure, accounting for monthly increments offers a more granular perspective on devel-
opmental trajectories, aligning assessment outcomes more closely with specific devel-
opmental windows [6].
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Foundational movements such as crawling, walking, and jumping establish
healthy habits early in life. The World Health Organization identifies these skills as
fundamental developmental indicators, while the Centers for Disease Control and Pre-
vention highlights their role in the early detection of potential delays. Holistic evalua-
tion of gross motor skills is therefore essential in both education and the design of
timely interventions [7]-[9]. In light of this, the present study aims to elucidate the crit-
ical significance of monthly age calculation in refining the assessment of gross motor
skills among primary school pupils, thereby enhancing the precision of developmental
monitoring and intervention strategies. This meticulous approach ensures that age-
normed comparisons are genuinely reflective of a child's developmental stage, thereby
improving the sensitivity of screening instruments. The importance of movement, of-
ten underestimated due to its natural integration into daily life, is crucial for compre-
hensive physical, cognitive, and social development [10]. The accurate measurement
of monthly age allows for the identification of subtle developmental variations that
might be overlooked by broader age categorizations, enabling early intervention for
motor developmental delays [11], [12]. This precision is particularly vital given the rec-
ognized variability in infant motor development and the need for robust methods to
track neurodevelopmental progress [13]. Moreover, fine-grained age assessment sup-
ports individualized educational planning and targeted interventions for children with
identified motor difficulties [14].

However, the accurate determination of chronological age in months is frequently
overlooked in both research and educational assessments. Even relatively small age
gaps up to a year among pupils within the same grade can lead to skewed interpreta-
tions of developmental outcomes [15]-[17]. This oversight can lead to the misclassifi-
cation of children’s motor skill proficiency, either overestimating or underestimating
their true developmental status. Consequently, a rigorous approach to age calculation,
particularly in monthly increments, is indispensable for achieving valid and reliable
assessments of gross motor proficiency in this demographic. Accurate age calculation
is critical for studies of growth and performance in children and youth, particularly in
contexts like physical activity and sports where age verification, talent identification,
and injury risk assessment depend on precise age data [18], [19]. This is especially per-
tinent in early childhood, where even slight differences in age can represent significant
maturational disparities, necessitating age correction for accurate developmental as-
sessments, particularly in premature infants where developmental stage can be signif-
icantly different from chronological age [20], [21]. The ability to precisely measure mo-
tor development is critical for early identification of potential delays, allowing for
timely intervention and improved developmental outcomes [22], [23]. This meticulous
attention to monthly age calculation not only refines the diagnostic accuracy of motor
skill assessments but also supports the implementation of age-appropriate interven-
tions tailored to individual developmental trajectories, thereby maximizing their effi-
cacy [24], [25]. This paper argues that a precise, monthly age calculation method is cru-
cial for obtaining valid and reliable data in gross motor skill assessments, allowing for
more sensitive detection of developmental variations. This refined approach provides
a more nuanced understanding of developmental progress, fostering the early identi-
fication of children who may benefit from targeted interventions. The impact of
monthly age calculation on gross motor skill assessment extends to its utility in differ-
entiating between normal developmental variations and actual delays, thereby influ-
encing the specificity of intervention strategies [26].

A child’s capacity to execute physical activities effectively is largely shaped by
their level of development in locomotor and object control skills, both of which are
highly dependent on their physiological maturity [27]-[31]. These factors make age-
specific accuracy especially important in evaluating gross motor skills. This empha-
sizes the need for a standardized approach to age calculation, ensuring consistency and
comparability across various studies and clinical settings. Indeed, an imprecise age cal-
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culation may misrepresent a child's gross motor competence, potentially leading to in-
appropriate educational or therapeutic interventions [32]. Furthermore, the adoption
of a monthly age calculation paradigm enables a more precise comparison of an indi-
vidual child's motor skill development against age-normed expectations, thereby mit-
igating the risk of misclassification and ensuring that interventions are both timely and
appropriately tailored [33]. This precision is particularly salient given the emerging
evidence linking early motor proficiency to cognitive and executive function develop-
ment, underscoring the broader implications of accurate assessment [34], [35]. Such
accurate assessments are foundational for designing targeted interventions that ad-
dress specific developmental needs, ultimately fostering optimal physical and cogni-
tive trajectories [35], [36]. This methodological rigor is particularly important in under-
standing developmental trajectories, as gross motor function improves significantly
until approximately seven years of age, after which it tends to plateau, especially in
populations with neurological conditions like cerebral palsy [37]. The intricacies of mo-
tor development, particularly in children with neurodevelopmental disorders, neces-
sitate fine-grained assessments to track progress and evaluate intervention effective-
ness [38]. This detailed approach to age calculation can also discern subtle shifts in
motor performance following therapeutic interventions, providing objective data for
efficacy evaluations [39].

Age-related effects on motor coordination are well documented. Improvements
in reaching tasks linked to advanced neuromotor control in older children have been
reported [40], while age has been identified as a key factor for balance, reaction time,
and coordination [41]. Motor development is also non-linear, with minimal progress
in manipulative skills observed among Year One pupils despite locomotor gains [7]. In
the Orang Asli community, a decline in Gross Motor Development Quotient (GMDQ)
with age has been observed, highlighting developmental diversity [42]. These patterns
align with Dynamic Systems Theory, which attributes motor outcomes to the interplay
of personal, task, and environmental factors [43], [44]. This theoretical framework un-
derscores the importance of considering the individual's maturational stage, assessed
through precise age calculation, to accurately interpret motor skill acquisition and per-
formance within diverse developmental contexts.

This multi-faceted understanding necessitates that research and clinical practice
adopt a standardized and meticulous approach to age calculation to ensure the validity
and reliability of gross motor skill assessments, particularly in early childhood where
developmental trajectories are most rapid and dynamic. The developmental period of
early childhood, characterized by significant brain plasticity and rapid skill acquisi-
tion, presents a critical window for assessing gross motor skills, as the foundation for
later complex movements is established during this time [45]. Indeed, the precise cal-
culation of monthly age offers a critical lens through which to observe the nuanced
progression of motor milestones, providing a more robust basis for identifying atypical
development [46]. This level of granularity in age assessment is paramount for research
studies aiming to delineate the precise timing and sequence of motor skill emergence
in normative populations, and for establishing accurate developmental norms against
which individual performance can be reliably compared [47]. Conversely, inaccuracies
in age calculation can obscure significant developmental variations, potentially delay-
ing crucial interventions for children with motor skill deficits [48].

Educational systems often overlook subtle developmental differences among pu-
pils. When students are grouped solely based on birth year, those born earlier in the
academic calendar tend to have developmental advantages, a pattern known as the
Relative Age Effect (RAE) [49]. This approach contradicts the intent of Malaysia’s Ku-
rikulum Standard Pendidikan Jasmani (KSPJ) and Professional Circular No. 4/1992,
which encourage age-appropriate assessments. Both the Malaysian Education Blue-
print (2013-2025) and the National Sports Policy also emphasise structured early eval-
uations. Supporting this, it has been found that infants born in certain months, partic-
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ularly summer, showed delayed motor milestones [50]. Against this backdrop, the pre-
sent study explores whether assessing age in months offers a more accurate reflection
of gross motor competence. It is hypothesised that pupils with higher monthly ages
will perform better in TGMD-3 assessments [28]-[30].

1. Methods

2.1 Participants

This study involved thirty-two Grade 4 students from an elementary school in
Pahang, Malaysia, aged 114 to 125 months. Participants were purposively selected
based on predetermined health and developmental criteria. All participants were in
good physical health and did not have any special needs or significant developmental
disabilities. Participant selection was conducted to ensure that the study results were
not influenced by external factors, such as health conditions or special needs, that could
affect their gross motor development. The participating students represented a rele-
vant age group for measuring gross motor skills in the context of primary education.
By selecting participants who met the health and developmental criteria, this study
aimed to obtain accurate and reliable data to evaluate the relationship between age and
students' gross motor skills.

2.2 Study Organization

Gross motor skills were assessed using the Test of Gross Motor Development —
Third Edition (TGMD-3), which measures two main skill categories: locomotor skills
and object control skills. The locomotor skills tested included running, jumping, and
high jumping, while object control skills included hitting, catching, and throwing. Each
skill was tested twice to ensure accuracy and minimize variability in assessments. The
raw scores obtained from each skill test were then converted into standard scores, age-
equivalent scores, and Gross Motor Quotient (GMQ) according to the norms estab-
lished in the TGMD-3. Furthermore, participants' chronological age was calculated
precisely down to the year, month, and day using the borrowing method. This method
was used to ensure that each student was placed in the normative age group appropri-
ate to the assessment standards, thus ensuring more accurate and objective motor as-
sessment results.

2.3 Statistical Analysis

In this study, statistical analysis was conducted to identify the relationship be-
tween age in months and students' gross motor performance. Descriptive statistics
were used to summarize the age and TGMD-3 score data, providing an overview of
the distribution of participants' ages and motor skills. To examine the relationship be-
tween age in months and gross motor performance, a Pearson correlation test was con-
ducted, which aims to measure the extent to which the two variables are related. The
results of this correlation test will provide further understanding of the influence of
age on the development of gross motor skills. In addition, a simple linear regression
analysis was used to assess the predictive effect of age on TGMD-3 scores, thus deter-
mining whether age, measured in months, significantly impacts students’ motor skills.
All statistical analyses were performed using IBM SPSS Statistics v27.0, with a signifi-
cance level set at p < 0.05 to ensure reliable and statistically valid results.

2. Results

TGMD-3 scores ranged from 76 to 118 (M = 98.13, SD = 12.27), with pupils aged
114-125 months (M = 119.4 months, SD = 3.65). Pearson correlation showed a moderate
positive relationship (r = 0.624, p < .001), while regression analysis indicated each ad-
ditional month predicted a 3.41-point increase in TGMD-3 score (r? = 0.983). This high-
lights the developmental sensitivity of month-specific assessment.
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Table 1. Descriptive Statistics for Age and TGMD-3 Score (N = 32)

Statistics Age (months) Age (decimal years) TGMD-3 Score
Minimum 114 9.50 76
Maximum 125 10.42 118

Mean (Average) 119.4 9.95 98.13
Standard Deviation 3.65 0.30 12.27

This study involved 32 Year 4 pupils aged 114-125 months (9.50-10.42 years), with
a mean age of 119.4 months (9.95 years) and a standard deviation of 3.65 months, indi-
cating a relatively homogenous age group. TGMD-3 scores ranged from 76 to 118, with
amean of 98.13 (SD = 12.27), reflecting moderate variability in motor competence. Most
pupils fell within the moderate-to-high performance range, suggesting the sample is
appropriate for norm-referenced interpretation and supports the application of infer-
ential statistical analysis.

Based on Figure 1, the skewness values for age (-0.164) and TGMD-3 scores
(-0.076) fall within the acceptable range, indicating approximately symmetrical distri-
butions suitable for descriptive and inferential analysis. The boxplot for chronological
age shows a tightly clustered, outlier-free distribution, reflecting a homogeneous sam-
ple appropriate for TGMD-3 administration and age-related comparisons. In contrast,
the TGMD-3 scores display a slightly wider spread, suggesting moderate variability in
motor performance, though all scores remain within normative limits. These visual in-
dicators confirm the dataset’s suitability for norm-referenced interpretation and fol-
low-up developmental assessments.

Descriptive analysis showed that students had an average age of 119.4 months
(SD = 3.65) and a mean TGMD-3 score of 98.13 (SD = 12.27), indicating relatively uni-
form distributions. Pearson correlation analysis revealed a moderate, statistically sig-
nificant positive relationship between age in months and TGMD-3 scores (r = 0.624, p
<.001), suggesting that gross motor performance improves with age. These findings
highlight the value of using age in months rather than years for more accurate, equita-
ble, and developmentally appropriate assessments of motor proficiency.

Table 2. Regression Analysis between Chronological Age (in months) and TGMD-3 Score (N =
32)

Independent Dependent Regression 2 p- Standard Interpretation
Variable Variable Equation Value Error P
The positive re-
TGMD-3 Y =-312.34 + lationship is
Age (months) Score 341X 0992 0983 0.000 0.081 moderate and

significant

A simple linear regression analysis was conducted to explore the relationship be-
tween students’ chronological age (in months) and their TGMD-3 scores. The results
revealed a very strong and statistically significant positive association, as indicated by
the regression equation Y = -312.34 + 3.41X, suggesting that each additional month in
age corresponds to an expected increase of 3.41 points in the TGMD-3 score. The cor-
relation coefficient of r = 0.992 reflects an almost perfect linear relationship, while the
coefficient of determination (r? = 0.983) indicates that 98.3% of the variance in gross
motor scores can be explained by differences in age. The p-value of <.001 confirms the
statistical significance of this relationship, ruling out the likelihood of it occurring by
chance. Taken together, these findings underscore the critical importance of calculating
age precisely in months when assessing gross motor development, and support the
recommendation for this method to be adopted as a standard practice in primary
school Physical Education assessments to ensure fairness, accuracy, and developmen-
tal relevance.
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3. Discussion

The calculation of chronological age in months represents more than a methodo-
logical refinement; it is a pedagogical necessity. Recognising subtle age differences en-
ables assessments that are fairer, developmentally appropriate, and globally relevant.
Evidence from studies demonstrating significant six-month band differences in Turk-
ish children assessed with TGMD-2 underscores the importance of this practice [51].
While the relatively small, single-school sample and the exclusion of children with de-
velopmental challenges limit the generalisability of the present findings, larger and
more diverse samples are essential to confirm and extend the evidence.

Future research should test the generalisability of this approach across broader
age ranges and different regions [52], while also exploring interventions for pupils dis-
advantaged by relative age. Additional factors such as school infrastructure, parental
involvement, and children’s physical literacy warrant closer examination. Cross-cul-
tural studies, including those involving indigenous and special-needs populations,
may further strengthen the global applicability of TGMD-3 [53].

Globally, the adoption of month-based assessment aligns with UNESCO’s Educa-
tion 2030 Framework and Sustainable Development Goal 4, which call for inclusive
and high-quality education. Countries such as Brazil and Australia, where TGMD-3
has been widely utilised, highlight the importance of methodological rigour and sen-
sitivity to age-related differences [40], [41]. Institutionalising monthly age calculation
reduces the risk of misclassification and promotes a more equitable evaluation of mo-
tor competence across diverse populations.

In the Malaysian context, age grouping strictly by birth year perpetuates the Rel-
ative Age Effect (RAE), granting advantages to relatively older pupils while disad-
vantaging their younger peers. This disparity is compounded by socioeconomic ine-
quality, uneven access to structured physical activity, and gaps in physical literacy,
echoing early findings [49]. The outcomes resonate with national policy priorities, such
as the Physical Education Standard Curriculum (KSPJ) and the Malaysia Education
Blueprint (2013-2025), which emphasise data-driven and developmentally attuned as-
sessments. Implementing monthly age calculation within the TGMD-3 framework not
only enhances validity but also supports fairer evaluation, enabling more equitable in-
terventions in school-based physical education.

At the same time, prior studies reinforce the value of month-based age calculation.
Research demonstrated that neuromotor refinement peaks around the age of ten, un-
derscoring the need for fine-grained age tracking to avoid misclassification [54], [55].
Findings from Zhang and others further confirm that motor competence is shaped by
a combination of biological, familial, and environmental factors, which cannot be fully
captured by year-based age categorization [28].

Nevertheless, the present study has limitations. Motor competence was assessed
solely in relation to chronological age, without incorporating biological maturation
markers such as bone age, pubertal status, anthropometric measures, or physiological
indicators. This restricts the ability to separate the influence of natural physiological
growth from the effects of pedagogical practices, training exposure, and environmental
opportunities. Consequently, observed performance differences may not exclusively
reflect “age effects” but could also be explained by variations in motor experience and
access to physical activity. International evidence supports this concern. Socioeco-
nomic background and opportunities for physical activity strongly influence motor de-
velopment [41] and also the family environment contributes to disparities in motor
competence among children of the same chronological age [56].

This study highlights the importance of calculating chronological age in months
as a precise and developmentally sensitive method for assessing gross motor skills in
school-aged children. Drawing on Thelen’s Dynamic Systems Theory, motor develop-
ment is understood as the continuous interaction between individual characteristics,
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environmental contexts, and task demands. Even small differences in age can signifi-
cantly affect motor proficiency during middle childhood, yet these subtle variations
are often obscured when age is grouped by calendar year alone.

4. Conclusions

This study concludes that calculating chronological age in months provides a
more accurate and developmentally appropriate measure of gross motor skills in pri-
mary school pupils. The findings highlight the need for education systems to imple-
ment structured, individualised motor assessments that reflect true developmental
readiness. Incorporating month-specific age in Physical Education enhances the valid-
ity of motor evaluations and supports broader goals of equity, inclusion, and holistic
development. Future research should examine the scalability of this approach across
diverse age groups, regions, and socio-cultural contexts. Longitudinal studies are also
recommended to assess the long-term impact of age-specific interventions, particularly
for underrepresented or developmentally vulnerable populations. Such work will
strengthen our understanding of age-performance dynamics and inform more inclu-
sive, evidence-based education policies.

Author Contributions: Conceptualization, KM., SH.B.A., and N.B.A.R.,; methodology, K.M.;
software, K.M., and E.P.; validation, S.H.B.A., and N.B.A.R; formal analysis, K.M.; investigation,
KM, S H.B.A,, and N.B.A.R; resources, K.M.; data curation, E.P.; writing—original draft prep-
aration, K.M.; writing—review and editing, K.M., and E.P.; visualization, E.P., and K.M.; super-
vision, S.H.B.A., and N.B.A.R; project administration, K.M., and E.P. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The corresponding author can provide all data collected and ana-
lyzed in the present study upon reasonable request.

Acknowledgments: The author's thanks to all research respondents.

Ethical Clearance: This research has complied with all applicable ethical standards, as stated in
the (UPSI/PPPI/PYK/ETIKA (M)/]1d. 21(78)) guidelines, to ensure integrity, honesty, and respect
for participants' rights as well as compliance with existing regulations in scientific research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. You, M, Jiang, W., Liu, K, & Karim, Z. A. (2024). The Current Status of Gross Motor Skills Among Children Aged 3-6 Years
Old in Poverty-Stricken Areas Based on TGMD3. Fitness, Performance & Health Journal, 3(2), 16-22.
https://doi.org/10.53797/fphj.v3i2.2.2024

2. Hurtado-Almonacid, J., Reyes-Amigo, T., Yanez-Sepulveda, R., Cortés-Roco, G., Ofiate-Navarrete, C., Olivares-Arancibia,
J., & Paez-Herrera, ]. (2024). Development of Basic Motor Skills from 3 to 10 Years of Age: Comparison by Sex and Age Range
in Chilean Children. Children, 11(6), 715. https://doi.org/10.3390/children11060715

3. Rachman, H. A., Yudanto, Sujarwo, & Sudardiyono. (2018). Intervention Model of Perceptual Motor Development in Pre-
school Children Movement Development. Proceedings of the 2nd Yogyakarta International Seminar on Health, Physical
Education, and Sport Science (YISHPESS 2018) and 1st Conference on Interdisciplinary Approach in Sports (ColS 2018).
https://doi.org/10.2991/yishpess-cois-18.2018.15

4. Restiffe, A. P., & Gherpellj, J. L. D. (2006). Comparison of chronological and corrected ages in the gross motor assessment of
low-risk preterm infants during the first year of life. Arquivos de Neuro-Psiquiatria, 64(2b), 418-425.
https://doi.org/10.1590/S0004-282X2006000300013

5. Rosenbaum, P. (2003). Cerebral palsy: what parents and doctors want to know. BM]J, 326(7396), 970-974.
https://doi.org/10.1136/bmj.326.7396.970

6. Gidion, H. (2020). The Importance of Measuring Fine Motor Skill in Early Children’s Education. Proceedings of the 3rd
International Conference on Vocational Higher Education (ICVHE 2018). https://doi.org/10.2991/assehr.k.200331.160



Balneo and PRM Research Journal 2025, 16, 3 8 of 10

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wang, X., & Zhou, B. (2024). Motor development-focused exercise training enhances gross motor skills more effectively than
ordinary physical activity in healthy preschool children: an updated meta-analysis. Frontiers in Public Health, 12.
https://doi.org/10.3389/fpubh.2024.1414152

Li, K., Chen, S., Ma, J., Martins, C., Duncan, M., Sheng, X,, Liu, S., & Cai, Y. (2023). The relative age effect on fundamental
movement skills in Chinese children aged 3-5 years. BMC Pediatrics, 23(1), 150. https://doi.org/10.1186/s12887-023-03967-6
Purnomo, E., Jermaina, N., Marheni, E., Gumilar, A., Widarsa, A. H., Elpatsa, A., & Abidin, N. E. Z. (2024). Enhancing Prob-
lem-Solving Skills Through Physical Education Learning: A Comprehensive Analysis Mejora de las habilidades para re-
solver problemas mediante el aprendizaje de educacién fisica: un analisis integral. Retos, 58, 435-444.
https://doi.org/10.47197/retos.v58.106838

Ardern, C. L., Glasgow, P., Schneiders, A., Witvrouw, E., Clarsen, B., Cools, A., Gojanovic, B., Griffin, S., Khan, K. M., Mok-
snes, H., Mutch, S. A,, Phillips, N., Reurink, G., Sadler, R., Silbernagel, K. G., Thorborg, K., Wangensteen, A., Wilk, K. E., &
Bizzini, M. (2016). 2016 Consensus statement on return to sport from the First World Congress in Sports Physical Therapy,
Bern. British Journal of Sports Medicine, 50(14), 853-864. https://doi.org/10.1136/bjsports-2016-096278

Card, M. R, Raine, L., Zimmerman, E., Schott, N., & Hillman, C. H. (2024). Early motor developmental milestones and health
outcomes in preadolescent children. Frontiers in Developmental Psychology, 2. https://doi.org/10.3389/fdpys.2024.1509327
Husaini, M. A., Bahari, A. B., Husaini, J. K., Widodo, Y., Harahap, H., Suwarti, S., Purnomosari, D., & Hadis, F. A. (2016).
Normal motor milestone development for use to promote child care. Paediatrica Indonesiana, 50(6), 340.
https://doi.org/10.14238/pi50.6.2010.340-6

Airaksinen, M., Taylor, E., Gallen, A., Ilén, E., Saari, A., Sankilampi, U., Résénen, O., Haataja, L. M., & Vanhatalo, S. (2023).
Charting infants” motor development at home using a wearable system: validation and comparison to physical growth
charts. EBioMedicine, 92, 104591. https://doi.org/10.1016/j.ebiom.2023.104591

Wahyudi, M. D, Sin, 1., & Fauzana, E. (2018). Developing Children Gross Motor Skills through Combination of Explicit
Instruction Model, Role Playing Model and Jump Rope Game in Kindergarten. Journal of K6, Education, and Management,
1(1), 7-14. https://doi.org/10.11594/jk6em.01.01.02

Jermaina, N., Kusmaedi, N., Ma’'mun, A., Gaffar, V., Purnomo, E., & Marheni, E. (2022). Effects of Relaxation Exercises to
Reduce Anxiety in Beginner Athletes. International Journal of Human Movement and Sports Sciences, 10(6), 1275-1283.
https://doi.org/10.13189/saj.2022.100618

Logan, Samuel W., Robinson, L. E., Rudisill, M. E., Wadsworth, D. D., & Morera, M. (2014). The comparison of school-age
children’s performance on two motor assessments: The Test of Gross Motor Development and the Movement Assessment
Battery for Children. Physical Education and Sport Pedagogy, 19(1), 48-59. https://doi.org/10.1080/17408989.2012.726979
Haywood, K. M., & Getchell, N. (2005). Lifespan Motor Development (Issue May). Human Kinetics.

Purnomo, E., Aisyah, S., Hadjarati, H., Cerah Kurnia Azis, A., Kadek Suardika, I, Jermaina, N., & Gumilar, A. (2024). The
Coach’s Role in Understanding the Athletes” Condition: Maximizing Communication Functions El papel del entrenador en
la comprensiéon de la condicién de los deportistas: maximizar las funciones de comunicaciéon. Retos, 55, 543-551.
https://doi.org/10.47197/retos.v55.105991

Shi, L., Jiang, F., Ouyang, F., Zhang, J., & Shen, X. (2017). Using physical examinations to estimate age in elementary school
children: A Chinese population-based study. Journal of Sport and Health Science, 6(3), 352-358.
https://doi.org/10.1016/j.jshs.2017.03.005

Akbar, A., Purnomo, E., Mahayunan, G. R., Karim, Z. A,, Irta, A. Z., Santoso, 1., Oktarisa, F., Lusiria, D., & Yonghong, G.
(2024). Individual psychological characteristics of under-17 football players in Indonesia and Malaysia: sport psychology
approach. Retos, 58, 368-376. https://doi.org/10.47197/retos.v58.107674

Matilainen, R. (1987). The value of correction for age in the assessment of prematurely born children. Early Human Devel-
opment, 15(5), 257-264. https://doi.org/10.1016/0378-3782(87)90048-X

Noritz, G. H., Murphy, N. A., Murphy, N. A,, Hagan, J. F., Lipkin, P. H., Macias, M. M., Navsaria, D., Noritz, G. H., Peacock,
G., Rosenbaum, P. L., Saal, H. M., Sarwark, J. F., Swanson, M. E., Wiznitzer, M., & Yeargin-Allsopp, M. (2013). Motor Delays:
Early Identification and Evaluation. Pediatrics, 131(6), e2016-€2027. https://doi.org/10.1542/peds.2013-1056

Gallahue, D. L. (1982). Assessing motor development in young children. Studies in Educational Evaluation, 8(3), 247-252.
https://doi.org/10.1016/0191-491X(82)90028-1

Gajewska, E., Sobieska, M., Kaczmarek, E., Suwalska, A., & Steinborn, B. (2013). Achieving Motor Development Milestones
at the Age of Three Months May Determine, but Does Not Guarantee, Proper Further Development. The Scientific World
Journal, 2013(1). https://doi.org/10.1155/2013/354218

Olivares, L. A. F., De Ledn, L. G., & Fragoso, M. I. (2020). Skeletal age prediction model from percentage of adult height in
children and adolescents. Scientific Reports, 10(1), 15768. https://doi.org/10.1038/s41598-020-72835-5

Omar, W. N. B. W,, & Hamzah, M. 1. (2015). Motor Trend in Gross Among Students Preschool Special Education Program
Integration of Learning Problems. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.2629009

Niechwiej-Szwedo, E., Brin, T. A., Thompson, B., & Christian, L. W. T. (2024). Kinematic Assessment of Fine Motor Skills in
Children: Comparison of a Kinematic Approach and a Standardized Test. Vision, 8(1), 6. https://doi.org/10.3390/vi-
sion8010006

Zhang, X., Ennequin, G., Blazevich, A. ], & Ratel, S. (2025). Effect of Relative Age on Gross Motor Coordination Develop-
ment, Considering Biological Maturity and Sex. Children, 12(5), 619. https://doi.org/10.3390/children12050619



Balneo

29

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

and PRM Research Journal 2025, 16, 3 9 of 10

. Kryeziu, A. R, Begu, B., Badau, D., & Iseni, A. (2025). Relative Age Effect (RAE) According to Norm Values on Anthropo-
metric Performance and Physical Fitness in 9-11-Year-Old Children. Journal of Functional Morphology and Kinesiology,
10(1), 32. https://doi.org/10.3390/jfmk10010032

Mori, T., Aoki, T., Oishi, K., Harada, T., Tanaka, C., Tanaka, S., Tanaka, H., Fukuda, K., Kamikawa, Y., Tsuji, N., Komura,
K., Kokudo, S., Morita, N., Suzuki, K., Watanabe, M., Kasanami, R., Hara, T., Miyazaki, R., Abe, T., ... Ishii, K. (2024). Relative
age effect on the physical activity and sedentary behavior in children and adolescents aged 10 to 18 years old: a cross-sec-
tional study in Japan. BMC Public Health, 24(1), 3273. https://doi.org/10.1186/s12889-024-20659-7

Marheni, E., Purnomo, E., Okilanda, A., Oktavianus, I, Hambali, B., Burstiando, R., Cahyani, F. I., & Jermaina, N. (2023).
Development of mental education through sports to enhance adolescent personal resilience. Journal of Human Sport and
Exercise, 19(2), 536-549. https://doi.org/10.14198/jhse.2024.192.09

Washburn, R., & Kolen, A. (2018). Children’s Self-Perceived and Actual Motor Competence in Relation to Their Peers. Chil-
dren, 5(6), 72. https://doi.org/10.3390/children5060072

.1, S, &S, S. (2023). Comprehensive Evaluation of Fundamental Motor Skills: Insights From the Test of Gross Motor Devel-
opment-3. Cureus. https://doi.org/10.7759/cureus.46381

MacDonald, M., & McIntyre, L. L. (2019). The relationship of age, early motor skills and observable child behaviors in young
children  with developmental delays. Research in  Developmental Disabilities, 93, 103445.
https://doi.org/10.1016/j.ridd.2019.103445

Hudson, K. N., Ballou, H. M., & Willoughby, M. T. (2021). Short report: Improving motor competence skills in early child-
hood has corollary benefits for executive function and numeracy skills. Developmental Science, 24(4).
https://doi.org/10.1111/desc.13071

Frikha, M., & Alharbi, R. S. (2023). Optimizing Fine Motor Coordination, Selective Attention and Reaction Time in Children:
Effect of Combined Accuracy Exercises and Visual Art Activities. Children, 10(5), 786. https://doi.org/10.3390/chil-
dren10050786

Ngai, S. P.C.,, Wong, L. Y., Poon, V. W. K., Poon, C. Y. C,, Yiu, B. P. H.,, Wong, T. P. S., & Chow, C. P. (2023). Translation and
validation of Cerebral Palsy Quality of Life Questionnaire-Teen in Hong Kong Chinese population [CP QoL-Teen (HK)].
European Journal of Pediatrics, 182(4), 1719-1730. https://doi.org/10.1007/s00431-023-04845-0

Lucas, B. R, Elliott, E. J., Coggan, S., Pinto, R. Z,, Jirikowic, T., McCoy, S. W., & Latimer, J. (2016). Interventions to improve
gross motor performance in children with neurodevelopmental disorders: a meta-analysis. BMC Pediatrics, 16(1), 193.
https://doi.org/10.1186/s12887-016-0731-6

Vargus-Adames, J. (2009). Understanding Function and Other Outcomes in Cerebral Palsy. Physical Medicine and Rehabili-
tation Clinics of North America, 20(3), 567-575. https://doi.org/10.1016/j.pmr.2009.04.002

Ziccardi, S., Timanus, S., Ashrafzadehkian, G., Guy, S.]., & Hawe, R. L. (2024). Characterization of bilateral reaching devel-
opment using augmented reality games. Human Movement Science, 96, 103254. https://doi.org/10.1016/j.humov.2024.103254
Barnett, L. M., Webster, E. K., Hulteen, R. M., De Meester, A., Valentini, N. C., Lenoir, M., Pesce, C., Getchell, N., Lopes, V.
P., Robinson, L. E., Brian, A., & Rodrigues, L. P. (2022). Through the Looking Glass: A Systematic Review of Longitudinal
Evidence, Providing New Insight for Motor Competence and Health. Sports Medicine, 52(4), 875-920.
https://doi.org/10.1007/s40279-021-01516-8

Ariff, A., & Ibrahim, H. (2017). Perkembangan motor kasar di kalangan murid orang asli berumur tujuh, lapan dan sembilan
tahun di daerah Gua Gusang Kelantan. Movement, Health & Exercise, 6(2). https://doi.org/10.15282/mohe.v6i2.150

Thelen, E. (2000). Motor development as foundation and future of developmental psychology. International Journal of Be-
havioral Development, 24(4), 385-397. https://doi.org/10.1080/016502500750037937

Afrizal, S., Purnomo, E., Marheni, E., Jermaina, N., Cahyani, F. I., Saputra, D., Ikhlas, A., & Helmi, R. F. (2024). Integration
of Life Skills in Football Training Programs in the Context of Positive Youth Development. International Journal of Disabil-
ities Sports and Health Sciences, 7(1), 29-36. https://doi.org/10.33438/ijdshs.1368983

Miehlbradt, J., Cuturi, L. F., Zanchi, S., Gori, M., & Micera, S. (2021). Immersive virtual reality interferes with default head-
trunk coordination strategies in young children. Scientific Reports, 11(1), 17959. https://doi.org/10.1038/s41598-021-96866-8
Bowler, A., Arichi, T., Austerberry, C., Fearon, P., & Ronald, A. (2024). A systematic review and meta-analysis of the associ-
ations between motor milestone timing and motor development in neurodevelopmental conditions. Neuroscience & Biobe-
havioral Reviews, 167, 105825. https://doi.org/10.1016/j.neubiorev.2024.105825

Lejarraga, H., Pascucci, M. C., Krupitzky, S., Kelmansky, D., Bianco, A., Martinez, E., Tibaldi, F., & Cameron, N. (2002).
Psychomotor development in Argentinean children aged 0-5 years. Paediatric and Perinatal Epidemiology, 16(1), 47-60.
https://doi.org/10.1046/j.1365-3016.2002.00388.x

Roebers, C. M., & Kauer, M. (2009). Motor and cognitive control in a normative sample of 7-year-olds. Developmental Sci-
ence, 12(1), 175-181. https://doi.org/10.1111/j.1467-7687.2008.00755.x

Musch, J., & Grondin, S. (2001). Unequal Competition as an Impediment to Personal Development: A Review of the Relative
Age Effect in Sport. Developmental Review, 21(2), 147-167. https://doi.org/10.1006/drev.2000.0516

Yasumitsu-Lovell, K., Thompson, L., Fernell, E., Eitoku, M., Suganuma, N., & Gillberg, C. (2021). Birth month and infant
gross motor development: Results from the Japan Environment and Children’s Study (JECS). PLOS ONE, 16(5), e0251581.
https://doi.org/10.1371/journal.pone.0251581



Balneo and PRM Research Journal 2025, 16, 3 10 of 10

51.

52.

53.

54.

55.

56.

Imamoglu, M., & Ziyagil, M. A. (2017). The role of relative age effect on fundamental movement skills in boys and girls.
New Trends and Issues Proceedings on Humanities and Social Sciences, 4(5), 84-89.
https://doi.org/10.18844/prosoc.v4i5.2680

Alghadier, M., & Alhusayni, A. I. (2024). Evaluating the Efficacy of Gross-Motor-Based Interventions for Children with De-
velopmental Coordination Disorder: A Systematic Review. Journal of Clinical Medicine, 13(16), 4609.
https://doi.org/10.3390/jcm13164609

Robertson, C. M. T., Khademioureh, S., Dinu, I. A., Sorenson, J. A., & Joffe, A. R. (2024). Differences in gross motor and fine
motor outcomes for toddlers after early complex cardiac surgery. Cardiology in the Young, 34(8), 1653-1661.
https://doi.org/10.1017/51047951124000428

Copetti, F., Valentini, N. C.,, Deslandes, A. C., & Webster, E. K. (2022). Pedagogical support for the Test of Gross Motor
Development — 3 for children with neurotypical development and with Autism Spectrum Disorder: validity for an animated
mobile application. Physical Education and Sport Pedagogy, 27(5), 483-501. https://doi.org/10.1080/17408989.2021.1906218
Logan, S. W., Robinson, L. E., Wilson, A. E., & Lucas, W. A. (2012). Getting the fundamentals of movement: a meta-analysis
of the effectiveness of motor skill interventions in children. Child: Care, Health and Development, 38(3), 305-315.
https://doi.org/10.1111/j.1365-2214.2011.01307.x

He, Y., Zhou, L., Liang, W,, Liu, Q., Liu, W., & Wang, S. (2024). Individual, family, and environmental correlates of funda-
mental motor skills among school-aged children: a cross-sectional study in China. BMC Public Health, 24(1), 208.
https://doi.org/10.1186/s12889-024-17728-2.



