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Highlights 

What are the main findings? 

• Class-level factor explained 23.4% of total variance in motor competence, with 52% of classes 
deviating significantly from the population mean. 

• Balance was the strongest and manual dexterity the weakest motor domain, with boys 
outperforming girls on aiming-catching. 

What are the implications of the main findings? 

• School-based interventions should address between-class heterogeneity in physical education 
quality; longitudinal studies with contextual covariates are needed to identify the mechanisms 
driving class-level variation in motor profiles. 

• Manual dexterity is a priority target for curriculum enrichment in Greek primary physical 
education; domain-level assessment is essential to identify children at developmental risk. 

Abstract 

Background/Objectives: Motor competence is a multidimensional indicator of developmental 
health, yet most studies treat it as a single composite outcome and ignore the contextual class-level 
structure of school-based data. This cross-sectional study examined motor competence across three 
domains, manual dexterity, aiming-catching, and balance, in 312 Greek primary school children aged 
6–12 years (156 girls) using the Movement Assessment Battery for Children–Second Edition (MABC-
2). Methods: Standard scores were analyzed using a linear mixed-effects model with correlated 
domain-specific random slopes at both the class and student levels, partitioning inter-individual 
variability in overall motor level, intra-individual variability in domain profiles, and contextual class-
level contributions. Post-hoc power analysis via parametric bootstrap confirmed adequate power for 
the primary outcome and indicated that non-significant age and sex main effects were negligibly 
small rather than undetected. Results: Balance yielded the highest standard scores, followed by 
aiming-catching and manual dexterity, with all three domains differing significantly. Neither age nor 
sex produced significant main effects. A significant component × sex interaction revealed domain-
specific sex differences: boys outperformed girls on aiming-catching, while balance exceeded aiming-
catching among girls but not boys. However, the observed interaction effect fell below the minimum 
detectable effect size threshold, suggesting potential upward bias and warranting cautious 
interpretation pending replication in larger samples. Approximately 13% of children were classified 
as at risk and 9% showed scores consistent with severe coordination difficulties. Contextual class-
level sources accounted for 23.4% of total variance, with 52% of classes deviating significantly from 
the population mean. Conclusions: These findings highlight manual dexterity as a curricular priority 
in Greek primary physical education and underscore the importance of contextually sensitive, 
domain-specific approaches to motor competence monitoring and intervention. 
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1. Introduction 

Motor competence, defined as the capacity to combine and scale fundamental movement skills 
to task and environmental demands with adequate proficiency, is a core indicator of developmental 
health in childhood [1,2]. Early proficiency in fundamental movement skills establishes the 
foundation for the specialized movement phase. Insufficient mastery during the fundamental 
movement phase constrains this developmental progression and is associated with lower physical 
activity participation, reduced psychosocial well-being, and poorer health outcomes across the 
lifespan [3–5]. These properties have positioned motor competence centrally within global 
developmental frameworks. SDG Indicator 4.2.1 identifies motor competence as a primary index of 
childrenʹs developmental readiness, while UNESCO and UNICEF designate it as a foundational 
component of health and well-being education [6–8]. 

Motor competence is a latent construct [1]. Standardized assessments distinguish at minimum 
three functionally distinct domains – manual dexterity, object control, and balance – that recruit 
partially dissociable neural substrates and show non-parallel developmental trajectories [1,9–11]. 
Chronological age is the strongest overall correlate of motor competence during the elementary 
school years, yet substantial inter-individual variability in motor competence scores reflects diverse 
developmental trajectories that are neither uniform across children nor equivalent across domains 
[1,10,12]. This inter-individual variability arises from interactions among genetic, epigenetic, cultural, 
and contextual factors, and is compounded by intra-individual variability in domain-specific profiles, 
i.e., children who excel in one motor domain do not necessarily show comparable proficiency in 
others [2,13,14]. Sex differences in motor competence may also be domain-specific, although current 
evidence is inconclusive. Some studies report advantages for boys in object control tasks and for girls 
in tasks requiring balance, but these patterns vary across samples and may reflect non-linear 
developmental changes across childhood rather than stable sex-specific effects [10,15–17]. Analyses 
that treat motor competence as a single composite score obscure domain-specific variation and may 
lead to misleading conclusions about developmental risk profiles. 

Beyond biological factors, children’s school environments may shape motor competence 
through differential access to physical education, equipment, instructional quality, and curriculum 
emphasis [18,19]. These contextual influences are unlikely to operate uniformly across motor 
domains [17]. A teacher with a specific sports background may produce stronger object control 
outcomes, while another teacher may produce more homogeneous profiles across domains. Children 
within the same class or school therefore share not only an overall motor environment but potentially 
a domain-specific instructional context, making class and school membership a theoretically 
motivated source of both inter-individual and intra-individual profile variation in motor competence. 
Ignoring this contextual structure inflates the apparent precision of individual-level estimates and 
risks misattributing class-level compositional effects to developmental or biological predictors 
[20,21]. Evidence from Greek primary schools underscores the relevance of these contextual 
considerations. Greek children show below-average motor competence relative to peers in countries 
with dissimilar school-based physical education provision, with domain-specific sex differences and 
age-related trajectories that vary across studies and settings [22–26]. 

The present study assessed motor competence across the three domains of manual dexterity, 
aiming-catching, and balance in Greek primary school children aged 6–12 years. To account for the 
nested data structure and the theoretically motivated expectation that contextual class-level 
influences operate differentially across motor domains, a linear mixed-effects model was employed, 
with correlated domain-specific random slopes at both the class and student levels, enabling 
unbiased estimation of fixed effects and explicit quantification of contextual class-level contributions 
to motor competence profiles [20,27–29]. Domain-specific random slopes at the student level further 
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captured intra-individual variability in motor profiles (i.e., the degree to which individual childrenʹs 
relative strengths and weaknesses across domains deviate from the population average), while 
student-level random intercepts captured inter-individual variability in overall motor competence. 
Three hypotheses were tested: (a) motor competence profiles differ across the three domains and this 
pattern varies by sex; (b) age is associated with motor competence but its effect is not uniform across 
domains; and (c) the contextual class environment contributes meaningfully and differentially to 
motor competence profiles across domains, reflecting heterogeneity in instructional emphasis across 
classrooms. 

2. Materials and Methods 

This cross–sectional, comparative study recruited children using a stratified convenience 
sampling approach by age and gender from 14 elementary schools in western and central Macedonia, 
Greece. Initially, five regions of Macedonia were randomly selected. Within each region, five 
elementary schools in urban areas (population > 30K) and five in semi–urban areas (population < 
10K) were randomly chosen, resulting in a preliminary list of 50 schools. Schools were required to 
have at least six classes and a minimum of 100 enrolled students to ensure sufficient sample size and 
classroom diversity. Some schools declined to participate, resulting in a final sample of 14 schools 
that met all criteria. These schools represented both urban and semi–urban areas, capturing 
geographical and social diversity. 

Within each participating class, four boys and four girls were randomly selected using a 
computer–generated random number list applied to the class register. Each student was assigned a 
unique identifier, and random numbers corresponding to eligible students were generated to select 
participants. Classes that could not provide the full quota of participants were excluded from the 
sampling frame to preserve intended stratification. This process ensures objectivity, reduces selection 
bias, and maintains proportional representation of both sexes. Eligible participants were children 
aged six to 12 years with no diagnosed intellectual, neurological, sensory, or developmental 
disorders, specific learning difficulties, attention deficit hyperactivity disorder, or chronic illnesses. 
Children referred to clinical assessment by their schoolteachers were excluded, regardless of formal 
diagnosis. Written informed consent was obtained from parents or guardians prior to participation. 
The final sample comprised 312 children (156 girls). The target sample of eight children per class (four 
boys, four girls) was determined by conventional sample size considerations for multilevel designs, 
with a minimum of 30 higher-level units (classes) recommended to obtain stable variance component 
estimates [21]. The final sample of 312 children across 31 classes met this criterion. Post-hoc minimum 
detectable effect sizes at 80% power, estimated via full parametric bootstrap accounting for the two-
level random effects structure, confirmed adequate power for the primary outcome (MDES η²p = .058 
for the component main effect) and indicated that non-significant effects were negligibly small rather 
than undetected (see Statistical Analysis). The study was approved by the Aristotle University of 
Thessaloniki Research Ethics Committee and conducted in accordance with the Declaration of 
Helsinki. Procedures adhered to STROBE guidelines. 

Motor competence was assessed by four trained members of the Adapted Physical Education 
Laboratory using the Greek adaptation of the Movement Assessment Battery for Children—Second 
Edition (MABC–2) to identify children performing significantly below age–matched peers [30,31]. 
The MABC–2 is a norm–referenced test for children aged 3–16 years, comprising eight tasks per age 
band (3–6, 7–10, 11–16 years), organized into three domains: manual dexterity (three items), aiming–
catching (two items), and balance (three items assessing static and dynamic balance). Consistent with 
the study hypotheses, a product–oriented assessment of both fine and motor movement skills was 
employed rather than a process–oriented test to provide descriptive profiles of developmental 
changes in motor competence among typically developing children [32]. Compared to other product–
oriented tests, the MABC–2 offers the advantage of clearly defined age bands, allowing age–
appropriate assessment and interpretation of fine and gross motor competence. Raw scores were 
converted into age–adjusted standard scores, and percentiles were calculated for each domain and 
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for the total score. Pre–established cut–offs were used: standard scores above the 15th percentile were 
classified as typical performance (green zone); scores between the 6th and 15th percentiles were 
classified as “at risk” (amber zone); and scores at or below the 5th percentile were classified as 
significant motor difficulties (red zone). United Kingdom norms of the test as reported in the 
published manual were used for the purposes of the present study. Assessments followed the 
MABC–2 manual and were administered in the school setting. Interrater reliability among the four 
assessors was monitored using an intraclass correlation coefficient, which for the total score was 0.83 
indicating good agreement across raters (ICC; thresholds: < 0.50 poor, < 0.75 moderate, < 0.90 good, > 
0.90 excellent) [33]. The MABC–2 seems to be a reliable instrument [30,31,34,35]. Regarding its 
validity and according to the manual, the MABC–2 covers enough of the validity conditions. 
Moreover, the manual supports the view that the motor test is “culture free” [31]. Its cross–cultural 
validity has also been supported by many studies, showing that the MABC–2 is considered a reliable 
and useful tool in identifying children with motor deficiencies [36]. 

Standard scores from the MABC-2 were analyzed using a linear mixed-effects model fitted by 
Restricted Maximum Likelihood (REML), implemented in the nlme package [37]. The model 
accounted for the hierarchical structure of the data: component scores (Level 1) nested within 
students (Level 2), nested within classes (Level 3), comprising 936 observations from 312 students 
across 31 classes. Fixed effects included component (manual dexterity, aiming-catching, balance), 
grand mean-centering age, sex, and the component × sex interaction; categorical predictors were sum-
coded to support Type III inference. Model selection proceeded sequentially via likelihood ratio 
testing using maximum likelihood (ML) refits: a model with class-level domain-specific random 
slopes fitted significantly better than one with class-level random intercepts only (LRT χ²(5) = 112.04, 
p < .001); a school-level random intercept did not improve fit (LRT χ²(1) = 0.03, p = .859) and was 
excluded; the three-way component × age × sex interaction and non-significant two-way terms were 
dropped without significant loss of fit (LRT χ²(3) = 1.57, p = .667); and the component × age interaction 
was subsequently excluded (LRT χ²(2) = 4.26, p = .119). The final parsimonious model retained 
component, age, sex, and component × sex as fixed effects. 

To capture intra-individual variability in domain-specific motor profiles, correlated domain-
specific random slopes were modelled at the student level under a general positive-definite 
covariance structure (Log-Cholesky parametrization), allowing students to differ both in overall 
motor competence (random intercept) and in the shape of their domain profiles across aiming-
catching and balance (random slopes). To capture contextual variability at the class level, correlated 
domain-specific random slopes were similarly modelled at the class level, allowing classes to differ 
both in overall motor level and in their domain-specific profiles, reflecting heterogeneity in the 
instructional emphasis of individual classrooms. This two-level random slope structure, at both the 
student and class levels, was supported by likelihood ratio testing and by the theoretical expectation 
that contextual class-level effects operate differentially across motor domains. 

Residual homoscedasticity was confirmed using the Breusch-Pagan test (p = .892; performance 
package), and multicollinearity was assessed via generalized Variance Inflation Factors, with all 
values ≤ 1.02, indicating negligible collinearity among predictors. Fixed effects were tested using 
Type III Wald F-tests (α = .05). Effect sizes were quantified as partial η² (η²p), computed via the 
effectsize package and interpreted per Cohen’s benchmarks [38]. Post-hoc pairwise contrasts were 
conducted as general linear hypotheses via the multcomp package, with familywise error rate 
controlled using the Westfall correction [39]. Effect sizes for pairwise contrasts were expressed as 
Cohenʹs d, standardized against the model residual standard deviation (σ = 0.96). Post-hoc power 
analysis was conducted via full parametric bootstrap (200 iterations per effect size) using custom 
simulation code. At each iteration, new response data were generated from the fitted model by 
sampling class-level and student-level random effects from their estimated multivariate normal 
distributions (3×3 covariance matrices at each level), computing the fixed-effect prediction under a 
specified effect size, and adding residual noise. The model was refit and the p-value and η²p extracted 
at each iteration. This procedure was repeated across a range of fixed-effect coefficient values to 
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generate power curves for each fixed effect, from which the minimum detectable effect size (MDES) 
at 80% power was interpolated as the median η²p across significant iterations at the 80% power 
threshold. This procedure additionally served as a sensitivity analysis for statistical power: by 
comparing observed effect sizes against their MDES, it was possible to determine whether non-
significant findings reflected genuine negligible effects or insufficient power to detect effects of 
meaningful magnitude, and whether significant findings exceeded or fell below the detectable 
threshold, indicating possible upward bias. No missing data were present in the dataset analyzed. 
All 312 enrolled participants contributed complete data across all three MABC-2 component scores, 
age, and sex, yielding 936 observations for analysis. All analyses were performed in R version 4.5.2 
[40]. Anthropic’s Claude AI Sonnet 4.6 has been used in this paper to assist in code generation and 
result interpretation. 

3. Results 

All 312 enrolled participants provided complete data; no missing values were present for any 
study variable. For the whole sample, approximately 13% were classified as “at risk” for movement 
difficulties (≤ 16th percentile), with 9% at or below the 5th percentile indicating severe motor 
coordination difficulties. The percentages of boys and girls across MABC-2 percentile ranges for 
manual dexterity, aiming-catching, balance, and total scores are presented in Figure 1. Overall, 10.3% 
of boys and 15.4% of girls were classified as “at risk” (amber zone), while 11.5% of boys and 7.1% of 
girls were classified in the red zone (at or below the 5th percentile), reflecting marked inter-individual 
variability in motor competence risk profiles across sex. Figure 2 shows percentile distributions for 
manual dexterity, aiming-catching, and balance across ages six to 12 years. Descriptively, manual 
dexterity showed the lowest percentile scores across all age groups. Figure 3A shows age-specific 
mastery in none, one, two, or all three MABC-2 components. The proportion of children achieving 
competence in all three components was 38.5% at age six and 34.6% at age eight. Conversely, the 
proportion failing to achieve competence in any component was 5.1% at age seven, 7.7% at age eight, 
1.7% at age nine, and 3.9% at age eleven, reflecting substantial inter-individual variability in overall 
motor competence across the age range. Figure 3B shows the distribution of boys and girls achieving 
competence in none, one, two, or all three MABC-2 components. Table 1 shows mean MABC-2 scores 
and component scores across sex and age.  

 
Figure 1. Percentage of boys and girls classified by MABC-2 percentile ranges across domains (manual dexterity, 
aiming–catching, balance) and total score. Percentile ranges shown correspond to typical performance (>15th 
percentile; green), at risk (6th–15th percentile; amber), and severe (≤5th percentile; red). 

Component scores differed substantially across manual dexterity, aiming-catching, and balance 
(F(2, 620) = 48.86, p < .001, η²p = .14 [.09, .19], MDES = .058), confirming adequate power for the 
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primary outcome. Neither age (F(1, 279) = 0.015, p = .901, η²p < .001) nor sex (F(1, 279) = 0.183, p = .669, 
η²p < .001) produced significant main effects, with observed effects far below their respective MDES 
thresholds (age: observed η²p < .001 vs MDES η²p = .037; sex: observed η²p < .001 vs MDES η²p = .026), 
indicating that global age and sex effects on motor competence, if present, are negligibly small in this 
population rather than undetected due to insufficient power. A significant component × sex 
interaction was found (F(2, 620) = 9.47, p < .001, η²p = .03 [.01, .06], MDES = .094), indicating that sex 
differences in motor competence were domain-specific. However, the observed effect fell 3.2 times 
below its MDES threshold, suggesting upward bias in this estimate (Type M error [41]) and 
warranting cautious interpretation pending replication in larger samples. The component × age 
interaction was not retained in the final model (LRT χ²(2) = 4.26, p = .119). Once contextual class-level 
component profiles were properly accounted for, differential age trajectories across domains were no 
longer statistically supported, suggesting the apparent interaction in simpler model specifications 
reflected contextual class-level compositional variation rather than genuine intra-individual 
developmental differentiation across domains. Hypothesis (b) was therefore not supported: age was 
not significantly associated with motor competence, and domain-specific age trajectories could not 
be distinguished from contextual class-level effects. 
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Figure 2. Age-specific percentile distributions for manual dexterity, aiming–catching, and balance (ages 6–12). 
Percentiles are plotted on the y-axis; sample counts per age are shown in the figure inset. 

Pairwise comparisons of component estimated marginal means, collapsed across sex, confirmed 
that all three components differed significantly (all padj ≤ .044), with balance yielding the highest 
scores, followed by aiming-catching and manual dexterity. The contrasts involving manual dexterity 
were very large in magnitude (balance vs manual dexterity: d = 3.74; aiming-catching vs manual 
dexterity: d = 3.06), while balance exceeded aiming-catching by a smaller but significant margin (d = 
0.67, padj = .044). Stratified by sex at mean age, the balance superiority over manual dexterity was 
preserved for both boys (d = 3.87) and girls (d = 3.60), as was the aiming-catching superiority over 
manual dexterity (boys: d = 3.80; girls: d = 2.33), all very large effects consistent with the overall inter-
individual ordering of domains. One critical sex-specific difference emerged in the inter-individual 
profile: balance and aiming-catching did not differ among boys (t(620) = 0.18, padj = .860, d = 0.07 
[−0.68, 0.81]) but differed substantially among girls (t(620) = 3.35, padj = .001, d = 1.27 [0.53, 2.02]), with 
girls showing balance superiority over aiming-catching that was absent in boys. Examining sex 
differences within each component at mean age revealed that inter-individual sex differences were 
domain-specific: boys scored significantly higher than girls only on aiming-catching (t(279) = 3.16, 
padj = .002, d = 0.99 [0.37, 1.60]), a large effect. No significant sex differences emerged for balance 
(t(279) = −0.72, padj = .473, d = −0.22 [−0.83, 0.39]) or manual dexterity (t(279) = −1.83, padj = .068, d = 
−0.49 [−1.02, 0.04]). Hypothesis (a) was partially supported: boys’ advantage on aiming-catching was 
confirmed, while the predicted female advantage on manual dexterity did not reach significance (padj 
= .068), consistent with the non-significant sex main effect (η²p < .001). Given that the omnibus 
component × sex interaction fell below its MDES threshold (η²p = .03, MDES = .094), all component × 
sex contrasts should be interpreted cautiously as potentially subject to upward bias (Type M error). 

 

Figure 3. (A) Proportion of children achieving competence in none, one, two, or all three MABC–2 components 
by age. (B) Distribution of boys and girls achieving competence in none, one, two, or all three components. 

The progressive model comparison confirmed that both the class-level random intercept and 
class-level domain-specific random slopes were statistically justified (Table 2). Adding a class-level 
random intercept to a student-only model significantly improved fit (LRT χ²(1) = 28.02, p < .001), and 
further allowing classes to differ in their domain-specific profiles improved fit substantially beyond 
a class intercept-only specification (LRT χ²(5) = 112.04, p < .001), confirming that contextual class-level 
influences shape not only the overall level of motor competence but its domain-specific structure. The 
overall model fitted significantly better than a null model with the same random effects structure 
(LRT χ²(6) = 63.37, p < .001, Nagelkerke pseudo-R² = .07), where the modest Nagelkerke value reflects 
the incremental contribution of fixed effects over and above the domain-specific profiles already 
captured by the random effects. Fixed effects alone explained 23% of total variance (R²marginal = .23), 
while the full model accounted for 92% (R²conditional = .92) [42], with the difference (~69%) 
attributable to systematic inter-individual and contextual between-class variability in domain-
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specific motor profiles. The variance partition coefficient at the grand mean was .22, indicating that 
22% of the variability in motor competence scores was attributable to contextual class membership 
net of fixed effects. Across all variance components, contextual class-level sources collectively 
accounted for 23.4% of total variance, comprising between-class differences in overall motor level 
(9.3%), aiming-catching profiles (7.8%), and balance profiles (6.3%). The dominant source of variance 
was inter-individual variability at the student level (68.7%), reflecting large differences in overall 
motor performance (25.5%), aiming-catching profiles (21.0%), and balance profiles (22.2%), with 
residual within-student variance contributing 7.8% (σ = 0.96). The substantial intra-individual 
variability in domain-specific profiles – reflected in the large student-level slope variances – confirms 
that individual childrenʹs relative strengths and weaknesses across motor domains vary considerably 
around the population average. Empirical Bayes (BLUP) class-level estimates revealed that 16 of 31 
classes (52%) deviated significantly from the grand mean on the overall motor intercept (|intercept| 
> 1.96 × SE), underscoring the extent of contextual between-class heterogeneity. 

Class intercept deviations ranged from −1.72 to +1.79 standard score points (Figure 4). 
Contextual domain-specific slope deviations at the class level ranged from −1.63 to +1.80 for aiming-
catching and from −1.57 to +2.31 for balance, indicating substantial heterogeneity in domain profiles 
across classrooms beyond what was explained by fixed effects. Class-level intercepts were positively 
correlated with both domain slopes (aiming-catching: r = .44; balance: r = .42), indicating that 
contextually higher-performing classes tended to show uniformly elevated profiles across all 
domains. A mild negative correlation between domain slopes (r = −.26) suggested a weak contextual 
trade-off between aiming-catching and balance emphasis at the class level. At the student level, a 
strong negative correlation between domain slopes (r = −.60) reflected pronounced intra-individual 
specialization: students with stronger aiming-catching profiles consistently showed comparatively 
flatter balance profiles, a pattern substantially more pronounced than the corresponding contextual 
class-level trade-off (r = −.26), suggesting that intra-individual domain specialization operates 
primarily within rather than across classrooms. Collectively, these findings supported hypothesis (c): 
the contextual class environment contributed meaningfully and differentially to motor competence 
profiles, with classes differing in both overall motor level and domain-specific profiles. 

 

Figure 4. Caterpillar plot of the random effects. Horizontal lines indicate 95% prediction intervals for classes. 
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Table 1. Mean (standard deviation, SD) MABC–2 total and component standardized scores by age and gender. 

  6 years 7 years 8 years 9 years 10 years 11 years 12 years 
  n = 26 n = 39 n = 52 n = 60 n = 59 n = 51 n = 25 
  M±SD Md CI M±SD Md CI M±SD Md CI M±SD Md CI M±SD Md CI M±SD Md CI M±SD Md CI 

C1 
B 11.7±1.9 11 10.5-12.5 12.6±4.7 16 10.5-16 9.4±4.1 9 8-11 10.8±2.7 11 10-11.5 11.0±2.7 12 11-12.5 12.2±2.7 14 11-14 10.6±2.9 10 8.5-12.5 
G 11.9±2.9 14 10-14 11.9±4.1 12 9.5-14 10.0±2.7 10 8.5-11 12.5±2.0 14 11.5-14 10.8±3.4 12 9.5-12.5 11.6±2.8 12 10.5-12.5 11.3±2.2 10 10-12 

C2 
B 10.3±3.5 11 8-12.5 11.1±3.5 12 9.5-13 9.7±3.5 10 8.5-11 11.3±2.2 11 10.5-12 11.4±3.2 12 10-13 12.5±2.9 13 11.5-13.5 11.8±2.4 12 10–13.5 
G 9.7±3.1 10 8-11.5 10.5±2.0 11 9-12 8.2±3.2 9 7-10 10.9±2.3 11 10-12 10.0±2.1 10 9-10.5 11.0±4.0 10 9-13 11.3±3.9 11 9-13.5 

C3 
B 8.0±2.5 7 6.5-10 7.1±2.4 8 6-8 6.9±2.2 7 6-8 7.4±2.7 8 6.5-8.5 7.7±2.6 8 6.5-8.5 7.3±2.5 7 6.5-8.5 7.1±2.9 8 5-9 
G 7.8±2.5 8 6-9 7.8±2.7 8 6.5-9 6.9±2.2 7 6-8 8.4±1.7 9 7.5-9 8.0±2.3 8 7-9 7.5±2.6 7 6.5-8.5 7.9±2.1 8 6.5-9 

Note. Effect sizes (η²p, Cohen’s d) and degrees of freedom are reported in–text. C1: Balance; C2: Aiming-catching; C3: Manual dexterity. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 March 2026 doi:10.20944/preprints202603.0598.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0598.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 16 

 

Table 2. Random effects models comparison. 

 df    AIC       BIC     logLik    Test    L.Ratio p-value 
Model 1      14 4574.8 4642.6 -2273.4         
Model 2     15 4548.8 4621.4 -2259.4 1 vs 2   28.02   <.0001 
Model 3      20 4446.8 4543.6 -2203.4 2 vs 3 112.04   <.0001 

1 nlme structure: Model 1: random = list(students = ~ components); Model 2: random = list(class = ~ 1, students = 
~ components); Model 3: random = list(class = ~ components, students = ~ components); df = degrees of freedom; 
AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; logLik = Log-likelihood; L.Ratio = 
Log-Likelihood Ratio. 

4. Discussion 

The present cross-sectional study examined motor competence across the three functionally 
distinct domains of manual dexterity, aiming-catching, and balance, in Greek primary school 
children aged 6–12 years, using a linear mixed-effects model that explicitly partitioned inter-
individual and contextual class-level sources of variability. Three principal findings emerged. First, 
motor competence profiles were domain-specific, with balance yielding the highest standard scores, 
followed by aiming-catching and manual dexterity, a pattern that held across both sexes and all age 
groups. Second, sex differences were domain-specific rather than global, confined to aiming-catching, 
where boys outperformed girls by a large margin, while no significant overall sex or age effects were 
detected. Third, the contextual class environment accounted for 23.4% of total variance in motor 
competence, with classes differing not only in overall motor level but in their domain-specific 
profiles, confirming that motor competence is meaningfully shaped by the educational context in 
which children develop. 

The finding that balance yielded the highest standard scores and manual dexterity the lowest, 
with all three domains differing significantly, is consistent with the multidimensional structure of 
motor competence as assessed by the MABC-2 [31] and with evidence that the three domains recruit 
partially dissociable neural substrates and show non-parallel developmental trajectories. The relative 
weakness in manual dexterity observed in this sample is notable. Approximately 13% of children 
were classified as “at risk” (≤16th percentile) and 9% showed scores consistent with severe 
coordination difficulties (≤5th percentile), proportions broadly comparable to international 
prevalence estimates for developmental coordination disorder of 5–8% [43] but elevated above those 
reported in some European contexts. Greek children’s performance on combined fine and gross 
motor assessments has previously been found to be lower than Norwegian peers, with reduced 
physical education exposure proposed as a contributing contextual factor [23]. The present findings 
extend this literature by demonstrating that within-sample domain differences are large (the contrast 
between balance and manual dexterity was very large (d = 3.74)) and that manual dexterity 
specifically emerges as the most consistently low-performing domain across the sample. From a 
public health perspective, this pattern is directly relevant to SDG Indicator 4.2.1: children performing 
below age expectations on fine motor tasks may face constraints not only in sport and physical 
activity but in the acquisition of academic skills dependent on fine motor precision, including writing 
and tool use [44]. 

Hypothesis (a) was partially supported. Boys showed a significantly higher aiming-catching 
performance than girls (d = 0.99), a large effect consistent with the well-established sex-by-domain 
interaction in motor competence literature, where boys reliably outperform girls on object control 
tasks [10,16]. This sex difference in aiming-catching is typically attributed to differential exposure to 
ball-sport activities during leisure time and physical education, as well as to sociocultural 
expectations that differentially channel boys and girls toward object control versus rhythmic or 
balance-focused activities [45,46]. The predicted female advantage on manual dexterity did not reach 
statistical significance (padj = .068, d = −0.49), consistent with the non-significant sex main effect (η²p 
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< .001), suggesting that any female advantage in fine motor performance in this population, if present, 
was too small to detect with the current sample size or was obscured by the large inter-individual 
variability in manual dexterity scores within both sexes. 

A particularly informative finding was the sex-specific pattern within the balance vs. aiming-
catching contrast: balance substantially exceeded aiming-catching among girls (d = 1.27) but not 
among boys (d = 0.07), indicating that the domain ordering of scores differed qualitatively by sex. 
Girls showed the theoretically expected balance superiority over aiming-catching that reflects girls’ 
relative advantage in dynamic balance tasks and relative disadvantage in object control [10], whereas 
boys’ balance and aiming-catching performance were statistically indistinguishable. This finding 
suggests that the intra-individual motor profile is sex-differentiated in ways that aggregate 
comparisons of overall motor competence would conceal. These results reinforce the methodological 
importance of analyzing motor competence at the domain level rather than as a single composite. 
However, because the component × sex interaction fell below its MDES threshold it should be 
interpreted as preliminary patterns requiring replication in larger samples before informing targeted 
sex-specific interventions. The absence of a significant sex main effect indicates that global sex 
differences in overall motor competence were negligibly small in this population. This finding is 
consistent with studies emphasizing that sex differences in motor competence are domain-specific 
rather than reflecting a generalized advantage for either sex [10,16] and argues against educational 
practices that treat boys and girls as categorically different in overall motor ability. 

Hypothesis (c) was fully supported. The class context accounted for 23.4% of total variance in 
motor competence, with the class-level random intercept and domain-specific random slopes both 
statistically justified by likelihood ratio testing. This finding is consistent with ecological systems 
theory [47] and with multilevel evidence from educational research demonstrating that the 
classroom, as a proximal contextual environment, exerts meaningful and specific influences on 
developmental outcomes beyond individual-level biological and sociodemographic factors [20,28]. 
Critically, classes differed not only in overall motor level (class intercept variance = 9.3% of total) but 
in their domain-specific profiles, i.e., the relative emphasis on aiming-catching vs. balance varied 
substantially across classrooms (class slope variance = 7.8% and 6.3% respectively). The positive 
correlation between class-level intercepts and domain slopes (aiming-catching: r = .44; balance: r = 
.42) indicates that contextually higher-performing classes tended to show uniformly elevated profiles 
across all domains, suggesting that the contextual factors that promote overall motor competence, 
such as experienced teachers, adequate facilities, and structured physical education time, may 
operate relatively domain-generically at the class level. In contrast, the negative correlation between 
domain slopes at the class level (r = −.26), though modest, suggests that some contextual specialization 
in instructional emphasis may also exist, with classes showing relatively stronger aiming-catching 
profiles tending toward comparatively flatter balance profiles and vice versa. 

The finding that 16 of 31 classes (52%) deviated significantly from the grand mean on the overall 
motor intercept underscores the practical significance of contextual between-class heterogeneity: a 
childʹs motor competence is meaningfully associated with which class they attend, above and beyond 
their individual biological characteristics. This has direct implications for school-based motor 
competence screening and intervention. In contexts where class-level clustering of low performance 
is substantial (e.g., classes 01 and 02, which deviated by more than 1.5 standard score points below 
the grand mean) whole-class or school-level interventions targeting physical education quality and 
exposure may be warranted alongside individually targeted support. Consistent with UNESCO and 
UNICEF guidelines designating physical education as a foundational component of health and well-
being education [7,8], the present findings suggest that contextual investment in the quality and 
domain-breadth of physical education across classrooms may reduce between-class heterogeneity in 
motor competence profiles and support more equitable developmental trajectories. 

The dominant source of variance in motor competence was inter-individual variability at the 
student level (68.7%), comprising large individual differences in overall motor level (25.5%), aiming-
catching profiles (21.0%), and balance profiles (22.2%). These magnitudes are consistent with 
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dynamical systems accounts of motor development, which emphasize that motor competence 
emerges and stabilizes through exploration, practice, and the continuous interaction of organismic, 
environmental, and task constraints rather than as a hardwired neuromaturational outcome [48,49]. 
From this perspective, the large inter-individual variability in overall motor level reflects 
heterogeneous developmental histories (i.e., differences in prior movement experience, practice 
opportunities, and exposure to action-scaled affordances) rather than fixed biological endowment 
[13,14]. The large intra-individual variability in domain-specific profiles (reflected in the student-level 
slope variances for aiming-catching (21.0%) and balance (22.2%) and their strong negative correlation 
(r = −.60)) further indicates that individual children’s relative strengths and weaknesses across motor 
domains vary considerably around the population average. This strong negative intra-individual 
correlation between aiming-catching and balance slopes suggests a domain specialization pattern: 
children who perform relatively well on aiming-catching relative to their own overall motor level 
tend to show comparatively flatter balance profiles, and vice versa. This specialization was 
substantially more pronounced at the individual level (r = −.60) than at the class level (r = −.26), 
suggesting it reflects individual-level developmental history and practice exposure rather than 
contextual instructional emphasis. A dynamical systems interpretation is that children’s motor 
competence profiles represent attractor states that emerge from the specific constellation of 
affordances, practice opportunities, and task demands they have encountered [48,50]. Children with 
greater exposure to object control activities may develop more stable aiming–catching coordination 
patterns, whereas children with greater exposure to postural or locomotor tasks may show stronger 
balance profiles.  

The proportion of children failing to achieve competence in any of the three MABC-2 
components ranged from 1.7% to 7.7% across age groups, while between 34.6% and 38.5% achieved 
competence in all three at ages six and eight, respectively, reflecting the substantial inter-individual 
variability in overall developmental readiness within each age cohort. These figures are relevant to 
SDG Indicator 4.2.1 monitoring, as they indicate that a meaningful minority of children in Greek 
primary schools are not developmentally on track in the health domain of motor competence, with 
potential downstream implications for physical activity participation and health-related outcomes 
across the lifespan [5]. 

Several limitations constrain the interpretation of these findings. The cross-sectional design 
prevents causal inference and precludes tracking of intra-individual developmental trajectories 
across the elementary school years; the observed domain profiles and between-class differences 
reflect a single time point and may not generalize to other cohorts or contexts. To the extent that 
selection bias was introduced by excluding classes unable to provide the full quota of eight children, 
this would most plausibly affect the class-level variance estimates: if excluded classes were 
systematically lower-performing or more homogeneous, for example because they had fewer 
enrolled students, the observed between-class heterogeneity (.22) may be a conservative 
underestimate of true contextual variability in the population. Conversely, if excluded classes were 
atypically high-performing, the prevalence of at-risk classification (13%) could be overestimated. The 
direction of this bias cannot be determined without data from excluded classes and should be 
acknowledged when interpreting the class-level findings. The absence of contextual covariates, 
including socioeconomic status, school resources, physical education curriculum content, teacher 
qualifications, and detailed urban-rural classification, means that the mechanisms underlying the 
observed class-level heterogeneity cannot be identified; the variance attributed to the class level 
represents the net effect of all unmeasured contextual factors that classes share, and residual 
confounding by these factors cannot be excluded. To the extent that unmeasured socioeconomic or 
resource variables are associated with both class assignment and motor competence, the fixed effects 
for age and sex may be subject to omitted variable bias. However, given that both effects were 
negligibly small (η²p < .001) and far below their MDES thresholds, this is unlikely to alter the 
substantive conclusion that global age and sex effects are negligible in this population. Interrater 
reliability was reported as an overall agreement metric (ICC = .83). Future work should report 
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domain-specific reliability using weighted Kappa or absolute ICC with confidence intervals to 
determine whether reliability varies across motor domains. Finally, MABC-2 standard scores are 
referenced against United Kingdom norms, which may not fully reflect the developmental 
expectations of the Greek educational context; any systematic cultural difference in normative 
performance would shift prevalence estimates uniformly across the sample without affecting the 
relative domain ordering or variance partition results. 

5. Conclusions 

In a cross-sectional sample of Greek primary school children, motor competence profiles were 
domain-specific, with balance exceeding aiming-catching and manual dexterity emerging as the 
weakest domain. Sex differences were confined to aiming-catching, with boys outperforming girls, 
while no significant overall sex or age effects were detected. The contextual class environment 
accounted for 23.4% of total variance and shaped not only the overall level but the domain-specific 
structure of childrenʹs motor competence profiles, with 52% of classes deviating significantly from 
the population average. These findings highlight manual dexterity as a potential curricular target in 
Greek primary school physical education, underscore the importance of modelling motor 
competence at the domain level rather than as a single composite, and emphasize the need for 
contextually sensitive school-based interventions that address between-class heterogeneity in 
physical education quality and domain-breadth. Longitudinal designs incorporating contextual 
covariates are required to distinguish transient low performance from persistent developmental 
motor difficulties and to clarify the mechanisms underlying the observed class-level specialization in 
domain profiles. 
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