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Abstract

Objectives. The study aimed to compare vertical jump performance across Grades 3-5, examine associations with

body size, and secondarily evaluate arm swing benefits.

Materials and Methods. This cross-sectional school study included 129 pupils from eastern Slovakia (3" grade,

n = 46; 4" grade, n = 50; 5 grade, n = 33). Data on sex, biological maturation, organized sport participation,

and habitual physical activity were unavailable. The best of three valid Chronojump attempts was analyzed for
countermovement jump without arm swing (CMJ), countermovement jump with free arm swing (CMJ FA), and
squat jump (SJ). One-way ANOVA tested grade differences in these primary outcomes. Absolute and relative

arm swing benefits were secondary exploratory outcomes. ANCOVA, joint models including height and mass,
correlations, nonparametric sensitivity analyses, and grade x mass interactions were also examined.

Results. Primary outcomes did not differ by grade (p = 0.19-0.59; eta squared = 0.008-0.026). Secondary exploratory
analyses identified differences in absolute and relative arm swing benefit (both p = 0.002; eta squared is approximately
0.09), with higher values in the 5" grade than in the 3" and 4™ grades; nonparametric analyses supported these
contrasts. Mass-adjusted ANCOVA revealed that mass was significant for all tests, and a grade effect emerged

for CM]J FA (p = 0.013). In joint models, height was positively and mass negatively associated with each primary
outcome, whereas grade effects and grade x mass interactions were nonsignificant.

Conclusions. The findings indicate that primary jump outcomes showed no statistically detectable differences across
adjacent grades. The larger secondary exploratory arm swing benefit in the 5% grade group does not demonstrate
developmental change within pupils and may partly reflect unmeasured sex, maturation, or activity characteristics.
Body size interpretation depended on model specification. School testing should emphasize standardized procedures
and individual feedback rather than diagnostic labeling or ranking by grade.

Keywords: countermovement jump, squat jump, arm swing, body mass, physical education, children.

Introduction

Primary school physical education provides a structured
setting for developing motor competence and fundamental
movement skills. Physical education delivered through the
curriculum and school interventions can improve these
outcomes (Lords, 2020; Yin et al., 2025). Varied movement
opportunities may help offset prolonged sitting, while
appropriately supervised strength activities may support
motor development (Mikulakovd & Andrasc¢ikova, 2008;
Ledn-Reyes et al., 2025).

Jumping is a fundamental locomotor skill requiring
lower limb force, postural control, and coordinated
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segmental action. Jump height and movement patterns vary
substantially among children (Liu et al., 2022; Koren et al,,
2016; Gieysztor et al., 2024), and vertical jump performance
has also been examined in pupils with different sport
specializations (Leiitterova et al., 2019). A school jump score
therefore reflects performance under defined test conditions
rather than overall motor development.

Vertical jump tests are noninvasive, quick, and suitable
for field assessment. Different protocols provide distinct
information on explosive power, strength endurance, and
stretch-shortening cycle performance (Zemkova & Hamar,
2005). Reliability has also been examined in volleyball
(Zapletalovd, 2018), and diagnostic sensitivity varies by
protocol (Hespanhol et al., 2013). Bogataj et al. (2020)
reported reliable assessment of SJ, CMJ, and CM] with free
arms in primary school children. Pueo et al. (2020) reported
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high concurrent validity and reliability of the Chronojump
system in physically active adults.

The SJ, CMJ, and CM]J FA provide related but distinct
information. Muscle morphology and the capacity to
generate force can influence modeled vertical jump
performance (Wong et al., 2016), while empirical work
identifies lower limb strength and rate of force development
as major determinants, with a smaller contribution from
technique (Vanezis & Lees, 2005). Free arm movement can
increase jump height by altering force-time characteristics
and impulse (Vaverka et al., 2016), including in preschool
children despite variable movement efficiency (Petri¢ et
al., 2025). The difference between CM]J FA and CM] within
each pupil may therefore provide a functional index of arm
contribution, but it is not a direct measure of coordination.

Body size also matters. Body mass is the load accelerated
during takeoff, and it affects interpretation of CMJ kinetics in
children (Jones et al., 2020). Associations of body mass status
and BMI with running and jumping vary across samples
and subgroups (Nikolaidis et al., 2015; Ayan, 2018; Branet
et al., 2018). Body mass does not distinguish lean from fat
tissue. Stenevi Lundgren et al. (2011) reported DXA measures
alongside neuromuscular outcomes, whereas Ljubici¢ et al.
(2025) linked higher adiposity with poorer jumping outcomes.

Evidence specific to adjacent primary school grades
is limited. Normative data are available for children aged
10-15 years, whereas some comparisons use sport samples
spanning wider age ranges (Taylor et al., 2010; Nikolaidis,
2014). Specific muscular strength characteristics are
associated with vertical jump performance in adolescent
athletes (Harcarik & Falat Leiitterova, 2024). Sex and
biological maturation may contribute to variation in jump
performance (Ayan, 2018; Hespanhol et al., 2013). Habitual
physical activity, organized sport, and training exposure may
also influence performance (Rajkovic Vuletic et al., 2024;
Wau et al., 2025). These factors complicate interpretation of
cross-sectional differences between grades.

The primary aim was to compare CM]J, CM] FA, and §J
performance among pupils in the 3rd, 4th, and 5th grades
and to examine associations between body size and jump
outcomes. We expected only modest differences between
grades in absolute jump height and a negative association
between body mass and performance. A secondary
exploratory aim was to compare absolute and relative arm
swing benefit across grades; no directional confirmatory
hypothesis was specified for this exploratory analysis.

Materials and Methods

Participants

The analytical sample comprised 129 pupils (3™ grade,
n = 46; 4™ grade, n = 50; 5" grade, n = 33). Body height
and body mass increased descriptively across grades (Table
1). Participants received compulsory physical and sports
education at least twice weekly. Inclusion required enrolment
in a target grade and complete data for body height, body
mass, and jump tests. Archived age summaries for each group
were 9.10 + 0.44 years for the 3rd grade, 10.32 £ 0.53 years
for the 4th grade, and 11.10 + 0.59 years for the 5" grade.
Sex was not recorded in the archived analytical dataset and
therefore could not be included in descriptive or inferential

analyses. Information on organized sport participation
and habitual physical activity outside compulsory physical
education was unavailable. Biological maturation was not
assessed.

Table 1. Participant characteristics by school grade

Grade Age, years Body mass, kg Body height, cm
M+=SD M =SD M=SD
3 grade 46  9.10+0.44 32.40+7.35 138.59 £ 6.49
4" grade 50 10.32+£0.53 37.29%7.79 145.15 £ 6.30
5% grade 33 11.10+0.59  37.42+8.22 146.84 + 8.84
Total 129 NA 35.58 £8.05 143.24 +7.88

Note. Age values are archived summaries for each group. M =
mean; SD = standard deviation.

Study design

This cross-sectional observational study conducted in
schools examined vertical jump performance and somatic
characteristics among pupils in the 3", 4", and 5" grades.
School grade was the grouping variable, and reporting was
guided by the STROBE recommendations (von Elm et al,,
2007). No intervention was administered; the measurements
represented a single assessment point under ordinary school
conditions.

School grade was the grouping variable. The primary
outcomes were CMJ, CMJ FA, and SJ height. Body height
and body mass were prespecified somatic covariates. In
the exploratory analysis, absolute arm swing benefit was
calculated as CMJ FA — CMJ (cm), and relative benefit as
[(CMJ FA — CMJ) / CMJ] x 100 (%).

Procedures and Instruments

Testing was conducted individually under regular
school conditions. Body height (cm) and body mass (kg)
were recorded before jump testing and were used for sample
description and covariate analyses.

Vertical jump height was measured in centimeters
using the Chronojump system (Chronojump Boscosystems,
Barcelona, Spain), whose concurrent validity and reliability
have been demonstrated in physically active adults (Pueo et
al., 2020). After verbal instruction, pupils performed CMJ
without arm swing, CM]J FA, and S] in this fixed order. CMJ
involved a rapid countermovement without arm swing; CMJ
FA permitted free arm movement; SJ began from a static
squat without a preceding countermovement.

Each test included one practice trial followed by three
measured attempts. The best valid jump height from the
three measured attempts was retained for analysis. An
SJ attempt was repeated when a countermovement was
observed. At least one minute of rest separated the three
jump variations. Values from individual trials were not
retained in the analytical file, so reliability within the testing
session could not be estimated.

Statistical analysis

Means, standard deviations, 95% confidence
intervals (CIs), and minima and maxima were calculated.

911



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 5

Distributional assumptions were assessed with Shapiro-
Wilk tests and homogeneity of variance with Levene tests
centered on the median. One-way ANOVA was used to
compare grades across the three primary outcomes and the
two exploratory benefit outcomes. Significant omnibus tests
were followed by Tukey comparisons. Eta squared quantified
omnibus effects. Cohen’s d was used to quantify pairwise
standardized differences (Cohen, 1988). The 95% confidence
intervals were calculated for each Cohen’s d estimate.

Because arm swing benefit distributions departed from
normality in some groups, Kruskal-Wallis tests followed
by Mann-Whitney comparisons adjusted using the Holm
method were used as sensitivity analyses. Separate ANCOVA
models adjusted each primary outcome for body height
and body mass; adjusted means with 95% CI, comparisons
adjusted using the Bonferroni method, and partial eta
squared were reported. Because height and mass were
correlated, models including both covariates were included
in sensitivity analyses, and variance inflation factors were
used to assess collinearity. Interactions between grade
and body mass tested whether the slope of the association
between body mass and performance differed across grades.

Pearson correlations with 95% CI described associations
between body mass and jump outcomes within each grade
and in the total sample. These correlations were treated as
exploratory; Spearman correlations and the Benjamini-
Hochberg adjustment for the false discovery rate were
used as sensitivity checks. Statistical significance was set
at p < 0.05. The available eligible sample determined the
study size; no a priori calculation was performed. With
n = 129 and alpha = 0.05, the design had 80% power to
detect approximately Cohen f = 0.277 (eta squared = 0.071).
Statistical analyses were performed in IBM SPSS Statistics 27
(IBM Corp., Armonk, NY, USA).

Results

Primary Vertical Jump Outcomes

For the three primary outcomes, unadjusted grade
effects were not statistically significant for CM]J, F, 1,5 = 0.69,
p = 0.506, eta squared = 0.011; CMJ FA, F(, 1, = 1.69,
p = 0.189, eta squared = 0.026; or SJ, F(, 156 = 0.52, p = 0.594,
eta squared = 0.008 (Table 2). Estimated grade effects were
small. Mean CM] FA and S] values were descriptively highest
in the 5th grade, whereas CM] remained broadly stable; no
Tukey comparison was significant.

Secondary exploratory arm swing benefit

In the secondary exploratory analyses, absolute arm swing
benefit differed by grade, F, 15 = 6.53, p = 0.002, eta squared =
0.094, as did relative benefit, F, .6 = 6.44, p = 0.002, eta squared
= 0.093 (Table 3). Both outcomes were higher in the 5* grade
than in the 3 and 4™ grades, while the two younger grades
did not differ. For absolute benefit, standardized differences
were d = 0.90 (95% CI 0.43 to 1.37) for the 3 versus 5%
grade and d = 0.63 (0.18 to 1.08) for the 4th versus 5th grade.
Corresponding effects for relative benefit were d = 0.81 (0.35
to 1.28) and d = 0.67 (0.21 to 1.12). Kruskal-Wallis sensitivity
analyses confirmed grade differences for absolute benefit (H(2)
=13.57,p=0.001) and relative benefit (H(2) = 12.16, p = 0.002);

Table 2. Vertical jump performance by grade and one-way
ANOVA

Test 3" grade 4™ grade 5% grade Ags(:l};A
(n = 46) (n=50) (n=33)

Epn’

Cyvy  2002+410  2071£435 1968 %371 F= 82(9)6
[18.81,21.24] [19.47,21.94] [18.37,21.00] P ool

OMj EA 2276401 2374528 2470+ 455 - é ?29

[21.57,23.95] [22.24, 25.24] [23.09, 26.32] P

=0.026

. 19084399 19824434 1992415 - g ;;4
[17.89, 20.26] [18.58,21.05] [18.44, 21.39] p o008

Note. Values are mean + standard deviation with 95% confidence
interval in brackets. CMJ] = countermovement jump without arm
swing; CM]J FA = countermovement jump with free arm swing; SJ
= squat jump; n’ = eta squared.

pairwise results adjusted using the Holm method confirmed
both contrasts involving the 5" grade. Individual distributions
are shown in Figure 1.

Table 3. Exploratory absolute and relative arm swing
benefit

Outcome 3" grade 4™ grade 5% grade A::s?l‘liA
(n=46) (n=50) (n=33)

F;psn®
t?:r?:éltlte 2734255 3.03+349 502+253 pF_=0665032
o [1.98,3.49] [2.04,4.03] [4.12,592] P 009

. F=6.44
Relative  14.98 + 13.85 15.69 + 17.25 26.49 + 14.52 = 0.002
benefit, % [10.86, 19.09] [10.78, 20.59] [21.34,31.63] P, 0.093

Note. Values are mean + standard deviation with 95% confidence
interval in brackets. Comparisons adjusted using the Tukey
method were significant for the 3™ versus 5" grade (absolute

p = 0.003; relative p = 0.004) and the 4™ versus 5" grade (absolute
p = 0.009; relative p = 0.006); the 3™ and 4™ grades did not differ.
Kruskal-Wallis sensitivity analyses were also significant (absolute
H(2) = 13.57, p = 0.001; relative H(2) = 12.16, p = 0.002).
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Fig. 1. Distribution of absolute arm swing benefit by grade. Open
circles represent pupils; boxes show the interquartile range and
median; whiskers extend to 1.5 x IQR; diamonds and error bars

show the mean and approximate 95% confidence interval. The
dashed line indicates no benefit.
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ANCOVA and joint sensitivity models for body size

In ANCOVA containing body height only, neither body
height nor grade was significant for any jump outcome
(Table 4, Panel A). In models containing body mass only,
body mass was significant for CMJ, F, 1,5, = 12.45, p < 0.001;
CM]J FA, F5 = 16.70, p < 0.001; and SJ, F(, 15 = 11.07,
p = 0.001. A grade effect emerged for CM] FA adjusted for
body mass, F, 125 = 4.48, p = 0.013, with a difference between
the 3rd and 5th grades after adjustment using the Bonferroni
method (p = 0.014).

Interpretation changed in sensitivity models that
simultaneously included height and mass. Variance inflation
factors were below 1.8. Body height was positively associated
with CMJ (B=0.174cm per cm, p=0.004), CMJ FA (B=0.208,
p =0.002), and SJ (B = 0.204, p < 0.001), whereas body mass
was negatively associated with CM]J (B = —0.254 cm per kg),
CM]J FA (B = -0.320), and S] (B = —-0.264; all p < 0.001).
Grade effects were not significant in these joint models
(p =0.213-0.713; Supplementary Table S2).

Associations between body mass and jump outcomes

Pearson correlations between body mass and the three pri-
mary outcomes were negative in the total sample and were nu-
merically strongest in the 3* grade (Table 5). Neither absolute
nor relative arm swing benefit was significantly correlated with
body mass. After adjustment for the false discovery rate, the
three correlations in the 3™ grade, the CMJ FA correlation in
the 4™ grade, and all three correlations in the total sample re-
mained significant; however, the CM] FA association in the 4th
grade was not significant in the Spearman sensitivity analysis.
Interactions between grade and body mass were not significant
for CM]J (p =0.302), CM]J FA (p = 0.396), or S] (p = 0.345), pro-
viding no statistical evidence that the slope of the association
between body mass and performance differed by grade.

Discussion

The primary analyses found no statistically detectable
grade differences in CMJ, CM] FA, or SJ, and estimated

Table 4. ANCOVA of jump performance adjusted separately for body height and body mass

Grade effect Covariate effect
Test 3" grade 4" grade 5% grade
& & 5 F (p); np’ F (p)np’
Panel A. Body height as a covariate
CM]J 20.06 20.69 19.65 0.67 (0.513) 0.03 (0.868)
[18.77,21.36] [19.52,21.86] [18.19, 21.12] np’>=0.011 np> = 0.000
CMJ FA 22.75 23.74 24.70 1.38 (0.256) 0.00 (0.997)
[21.28, 24.23] [22.41, 25.07] [23.03, 26.37] np* = 0.022 np* = 0.000
SJ 19.22 19.76 19.80 0.21 (0.814) 0.37 (0.545)
[17.91, 20.54] [18.57, 20.94] [18.31,21.29] np* = 0.003 np* = 0.003
Panel B. Body mass as covariate
CMJ 19.52 20.98 19.98 1.64 (0.198) 12.45 (<0.001)
[18.33, 20.70] [19.87, 22.09] [18.61, 21.34] np* = 0.026 np* = 0.091
CMJ FA 22.10 24.10 25.08 4.48 (0.013) 16.70 (<0.001)
[20.77, 23.42] [22.85, 25.34] [23.56, 26.61] np> = 0.067 np>=0.118
s 18.59 20.08 20.20 1.99 (0.140) 11.07 (0.001)
[17.38, 19.79] [18.94,21.21] [18.81, 21.59] np* = 0.031 np* = 0.081

Note. Adjusted means are estimated marginal means in centimeters with 95% confidence intervals in brackets. np” = partial eta squared.
Pairwise comparisons adjusted using the Bonferroni method were not significant except for CMJ FA adjusted for body mass, where the
3rd and 5th grades differed (p = 0.014). Joint models including height and mass are reported in Supplementary Table S2.

Table 5. Pearson correlations between body mass and primary jump outcomes

Grou n Body mass with CM]J Body mass with CMJ FA Body mass with SJ
P r [95% CIJ; p r [95% CIJ; p r [95% CIJ; p

3" grade 46 —0.442 [-0.649, —0.174]; —0.486 [—0.680, —0.228]; —0.463 [-0.664, —0.199];
p = 0.002 p <0.001 p =0.001

4™ grade 50 ~0.280 [-0.518, —0.002]; -0.351 [-0.573, —0.081]; ~0.199 [-0.452, 0.084];
p =0.049 p=0.012 p=0.166

5t grade 33 —0.146 [—0.466, 0.208]; -0.179 [-0.492, 0.175]; —-0.202 [-0.510, 0.152];
p=0417 p=0319 p =0.260

Total 129 —-0.277 [-0.429, —0.109]; —-0.282 [-0.434, -0.114]; —-0.245 [-0.401, —0.075];
p =0.001 p =0.001 p = 0.005

Note. BM = body mass; CM] = countermovement jump without arm swing; CMJ FA = countermovement jump with free arm swing;
SJ = squat jump. Raw p values are shown; adjustment for the false discovery rate and Spearman sensitivity results are provided in

Supplementary Table S3.
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effects were small. The secondary exploratory analysis
identified a larger CM]J FA — CM] difference in the 5" grade,
also supported by nonparametric analyses. Body mass was
negatively associated with jump height, while conclusions
about height and adjusted grade effects depended on model
specification.

Cross-sectional groups combine pupils with different
body size, strength, movement experience, and task
familiarity. Nonsignificant findings do not establish
equivalence; effects below about eta squared = 0.071 were
not detectable with 80% power. Grade should therefore be
treated as context, not evidence of change within pupils or
motor maturity.

Sex, biological maturation, and physical activity

Sex was not recorded. Sex differences in vertical jump
performance have been reported in this age range (Ayan,
2018; Taylor et al., 2010), so unknown group composition may
have increased variability or confounded grade comparisons.
Biological maturation was also unmeasured. Differences in
body proportions, fat-free mass, and neuromuscular function
may be relevant particularly to the arm swing contrast in
the 5" grade (Hespanhol et al., 2013; Nikolaidis, 2014).
Organized sport participation and habitual physical activity
were unavailable; variation in training exposure and jump
familiarity may therefore have affected performance (Rajkovic
Vuletic et al., 2024; Wu et al., 2025). These unmeasured
characteristics prevent attribution to grade alone.

Arm swing benefit

The largest grade contrast arose in the secondary
exploratory analysis of arm swing benefit. Although CM]
and CM]J FA considered separately did not differ significantly
by grade, their difference within each pupil was larger in the
5th grade. This pattern occurred for both indices and in
nonparametric analyses. The result is therefore hypothesis-
generating rather than confirmatory evidence.

Arm swing can increase jump height by altering impulse
and takeoff strategy (Vaverka et al., 2016). The contrast
in the 5" grade may reflect group differences in arm use,
strength, familiarity, sex, maturation, sport participation,
or activity. It cannot indicate developmental improvement
or directly measure coordination because the design was
cross-sectional and technique was not recorded. The fixed
CM] then CM]J FA order also leaves possible familiarization
effects. Prospective studies should randomize order and
assess technique and participant characteristics.

Body size and performance

Body size results depended on model specification. In
separate ANCOVA models, height was not associated with
performance, while mass was significant for all tests. In joint
models, height was positively and mass negatively associated
with performance, and the grade effect for CMJ FA adjusted
for mass was no longer significant. Collinearity was modest.
These findings may reflect body proportions and load, but
body composition was not measured.

The negative mass associations agree with studies
linking body size, higher BMI, or overweight status to poorer

jumping in some child and youth samples (Jones et al., 2020;
Nikolaidis et al., 2015; Ayan, 2018; Ljubici¢ et al., 2025).
Because body mass combines muscle and adipose tissue, a
plausible mechanical explanation is that force-producing
tissue and nonpropulsive load contribute differently. This
remains inferential.

Correlations were numerically strongest in the 3rd
grade, but interactions between grade and body mass
were nonsignificant. The data therefore do not show that
older pupils compensate for mass more effectively; weaker
estimates in the 5" grade may reflect sampling variation,
limited power, or unmeasured group differences.

Practical implications

For school use, CMJ, CMJ FA, and SJ should be
administered with consistent equipment, instructions,
order, and scoring. Absolute jump height should be
interpreted with body size in mind and preferably compared
within pupils over time. The CMJ FA — CM] difference
may prompt observation of arm use but is not a diagnostic
measure of coordination. The data do not support ranking or
performance thresholds based on grade.

Strengths and limitations

Strengths include three complementary tests, electronic
measurement, arm swing indices within each pupil, effect
size reporting, and sensitivity analyses. Limitations include
the regional three-grade sample and unavailable sex,
maturation, sport participation, and habitual activity data,
leaving potential confounding of grade contrasts. Individual
age, body composition, and jump kinematics were also
unavailable. The cross-sectional design cannot establish
development or causality. Test order was fixed, only one
practice trial was given, and values from individual trials
were unavailable. Selecting the best of three attempts may
increase variability. The arm swing analysis was exploratory,
the relative index was sensitive to extreme ratios, multiple
correlations increased multiplicity, and small grade effects
could not be reliably detected.

Future studies should record these participant
characteristics, retain all attempts, randomize test order, and
assess technique directly. Longitudinal designs are needed to
examine change within pupils, and instructional studies to
test whether practice modifies arm swing benefit.

Conclusions

The primary analyses showed no statistically detectable
grade differences in CMJ, CMJ FA, or SJ across Grades 3-5,
and estimated effects were small. The secondary exploratory
analysis observed greater absolute and relative arm swing
benefit in the 5th grade than in the 3rd and 4th grades,
but this cross-sectional contrast does not demonstrate
developmental change within pupils. Body mass was
negatively associated with jump height, whereas the
independent contributions of body height and the adjusted
grade effect depended on model specification. Use in schools
should emphasize standardized testing, interpretation that
accounts for body size, and feedback for each pupil rather
than diagnostic labeling or ranking by grade.
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Vertical Jump Performance, Arm Swing Benefit, and Body Size in Grades 3-5: A Cross-Sectional Study

Table S1. Distributional diagnostics and robust analyses of arm swing benefit

Outcome Grade n Median [IQR] Min to max Shapiro-Wilk W (p)
Absolute benefit, cm 3rd 46 2.83[1.38, 4.78] -6.18t0 7.43 0.947 (0.036)
4th 50 2.72[0.92, 5.29] -2.15t017.87 0.890 (<0.001)
5th 33 5.00 [3.70, 7.30] 0.50 t0 9.90 0.969 (0.464)
Relative benefit, % 3rd 46 12.84 [7.66, 23.63] —21.59 to 42.34 0.978 (0.513)
4th 50 15.04 [3.76, 24.20] —10.07 to 83.90 0.920 (0.002)
5th 33 24.00 [17.70, 38.27] 2.66 to 55.62 0.967 (0.410)

Absolute benefit: Kruskal-Wallis H(2) = 13.57, p = 0.001. Mann-Whitney p values adjusted using the Holm method: 3rd vs 4th = 0.869,

3rd vs 5th = 0.002, 4th vs 5th = 0.004.

Relative benefit: Kruskal-Wallis H(2) = 12.16, p = 0.002. Mann-Whitney p values adjusted using the Holm method: 3rd vs 4th = 0.985,

3rd vs 5th = 0.005, 4th vs 5th = 0.005.

Table S2. Joint models including body height and body mass

Adjusted mean Adjusted mean

Outcome  for 3" grade for 4™ grade

Adjusted mean
for 5" grade

Grade effect Height B [95%

Mass B [95% CI],p R?

a2
[95% ClI] [95% ClI] [95% ClI] F(2,124), p; np Cll, p
CM] 20.02 20.81 19.53 1.19 0.174 —-0.254 0.158
(18.82,21.22]  [19.73,21.90]  [18.17, 20.89] 0.306 [0.056, 0.292] [~0.362, —0.146]
0.019 0.004 <0.001
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Table S2. Continued

Adjusted mean Adjusted mean Adjusted mean

4 0,
Outcome  for 3" grade for 4" grade for 5" grade F ((Z;rf ;:)eﬂ:?d 2 Helg(l';]B [95% Mass B [95% CI],p R?
[95% CI] [95% CI] [95% CI] A5, P3NP P
CM] FA 22.70 23.89 24.55 1.56 0.208[0.076, 0.339] -0.320 0.204
[21.37,24.04]  [22.68,25.10] [23.03, 26.06] 0213 0.002 [-0.440, —0.199]
0.025 <0.001
SJ 19.18 19.88 19.67 0.34 0.204 -0.264 0.166
[17.97,20.39] [18.78,20.98] [18.30, 21.04] 0.713 [0.084, 0.323] [-0.373, —0.155]
0.005 <0.001 <0.001

Note. Adjusted means are estimated at the total sample mean body height and body mass. B coefficients represent centimeters of jump
height per 1 cm of height or 1 kg of mass difference while holding the other covariate and grade constant. Variance inflation factors were
1.78 for height and 1.70 for mass.

Table S3. Pearson and Spearman sensitivity analyses for body mass correlations

Group Outcome n Pearson r [95% CI] raw /pF‘Ir;lIl{u/eilolm Spearman p (p)
3 CM] 46 —0.442 [-0.649, —0.174] 0.002 / 0.008 / 0.034 —-0.467 (0.001)
3rd CM]J FA 46 -0.486 [-0.680, —0.228] <0.001/0.007 / 0.012 —0.400 (0.006)
3rd SJ 46 —-0.463 [-0.664, —0.199] 0.001/0.007 /7 0.023 —0.466 (0.001)
3 Absolute benefit 46 —0.054 [-0.339, 0.240] 0.721/0.774 / 1.000 —-0.013 (0.931)
3rd Relative benefit 46 0.059 [-0.235, 0.344] 0.696 / 0.774 / 1.000 0.072 (0.633)
4t CM] 50 —-0.280 [-0.518, —0.002] 0.049/0.122/0.634 —-0.177 (0.219)
4t CM] FA 50 -0.351 [-0.573, —0.081] 0.012/0.035/0.173 —-0.272 (0.056)
4t SJ 50 —0.199 [-0.452, 0.084] 0.166 / 0.368 / 1.000 —-0.158 (0.272)
4t Absolute benefit 50 —0.182 [-0.438, 0.101] 0.206 / 0.412/ 1.000 —0.153 (0.288)
4t Relative benefit 50 -0.115[-0.381, 0.169] 0.427 / 0.610 / 1.000 —0.099 (0.494)
5t CM] 33 —0.146 [-0.466, 0.208] 0.417/0.610/ 1.000 —0.321 (0.068)
5t CM]J FA 33 -0.179 [-0.492, 0.175] 0.319/0.532/1.000 —-0.275(0.122)
5t SJ 33 —-0.202 [-0.510, 0.152] 0.260/ 0.472/ 1.000 —0.341 (0.052)
5t Absolute benefit 33 -0.107 [-0.434, 0.246] 0.554/0.693 / 1.000 -0.101 (0.576)
5t Relative benefit 33 -0.061 [-0.396, 0.288] 0.735/0.774 / 1.000 —0.022 (0.903)
Total CM]J 129 —-0.277 [-0.429, —0.109] 0.001/0.007 / 0.025 —-0.279 (0.001)
Total CM] FA 129 —0.282 [-0.434, —0.114] 0.001/0.007 / 0.023 —0.264 (0.002)
Total SJ 129 —0.245 [-0.401, —0.075] 0.005/0.017/0.078 —-0.269 (0.002)
Total  Absolute benefit 129 -0.061 [-0.232, 0.113] 0.489/0.652 / 1.000 -0.025 (0.780)
Total Relative benefit 129 0.003 [-0.170, 0.175] 0.977 /1 0.977 / 1.000 0.042 (0.640)

Note. The Benjamini-Hochberg adjustment for the false discovery rate (FDR) and the Holm correction were applied across the 20
Pearson correlation tests. These analyses were exploratory.

Table S4. Interaction tests between grade and body mass and design sensitivity

Outcome Interaction F(2,123) P
CM]J 1.21 0.302
CM]J FA 0.93 0.396
s 1.07 0.345

At n = 129, alpha = 0.05, and three groups, 80% power corresponded to Cohen f = 0.277 (eta squared = 0.071). Approximate absolute
correlations detectable with 80% power were r = 0.47 at n = 33, 0.40 at n = 46, 0.39 at n = 50, and 0.24 at n = 129.
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Pe3ynbTaTUBHICTb BEPTUKaNbHUX CTPUOKIB,
epeKTUBHICTb MaxXoOBMX PyXiB pyKamu Ta po3mipu
Tina y4HiB 3-5 KnaciB: nonepeyHe gocnigKeHHA

1CD 1ABD

aniena ®anar JloiitrepoBa'4*PF, Tlerep Kauyp'“P, SIpocnas Cyuka

'TIpAmmiBcpKui yHiBEpCUTET

ABTOpCHKNMIT BKIAM: A — [U3aiiH HOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crarrst: 9 ., 5 Tabn., 1 puc., 30 mxeper.

Mera gocmimkeHHs. JJOCTiPKeHHA Malo Ha MeTi MOPIBHATY Pe3y/IbTaTUBHICTh BEPTUKAIBHNUX CTPUOKIB YUHIB 3-5 KIIaciB,
BUBYMTH 3B 530K i3 pO3MIpOM TiJIa, @ TAKOXK OFATKOBO OL[iHNUTU eeKTUBHICTD MaXOBMUX PYXiB pyKaMu.

Marepianu Ta MeTogu. Y 11bOMY IOIEPEYHOMY HIKiIbHOMY JOC/Ii/KeHH] B3smm y4acTb 129 yunis 3i Cxignoi CroBauumnm
(3-11 kiac: n = 46; 4-11 kac: n = 50; 5-11 kaac: n = 33). [lani mopo crari, 6i0/10rivHOro JO3piBaHHS, y4acTi B OpraHisoBaHili ciop-
TUBHI fis/IbHOCTI Ta 3B1M4HOI isnyHoi akTMBHOCTI 6y BincyTHi. IIpoaHamizoBaHO ONTMMAbHY 3 TPHOX Ba/lifHNX CIIPO6 Y C1iC-
temi Chronojump fyist Takux TecTiB: cTpOOK i3 KOHTppyxoM 6e3 maxy pykamu (CKP), cTpu6oxk i3 KOHTPPYXOM 3 BiIbHUM MaxoM
pyxamu (CKP BP) ta Buctpubysanss 3 mpucigy (BII). MixxacoBi BigMiHHOCTI 3a I{IMU IIEPBUHHUMM [TOKA3HIKAMI ITePeBipsIIN
3a JIOIOMOrO0 OZHO(MAKTOPHOTO AMCIEPCIIHOrO aHaidy. AGCOMIOTHA Ta BifHOCHA eheKTUMBHICTh Maxy pyKaMiy BUCTYIIAIN SIK
TOHATKOBI JOCIiAHNIIBKI MOKa3HMKM. Tako>X 3aCTOCOBAHO KOBapialiliHMil aHasIi3, JOCTIIKEHO CIIIbHI MOJeIi 3 ypaxyBaHHAM
TOBXVHU Ta MacH TiNa, KOpeAlLil, HemapaMeTPUYHMIT aHaTi3 Yy TIMBOCTI Ta B3a€EMOJIif0 (aKTOPIB «K/Iac X Maca Tilay.

Pesynpraru. [lepBuHHI TOKAa3HUKY He Biffpi3HsCs 3aexHo Bij kmacy (p = 0.19-0.59; era-kBagpar = 0.008-0.026). [Topar-
KOBUII JOCTITHNIIBKIIT aHAJIi3 BUABMB BiIMIiHHOCTI B aOCOMIOTHII Ta BiffHOCHII epeKTMBHOCTI Maxy pykamu (1 060X MOKa3HM-
KiB p = 0.002; eTa-KBafipaT CTaHOBUTD IPpu6MM3HO 0.09), TPUYOMY BUII 3HAYEHHS CIOCTEPIraancs B y4IHIB 5-T0 K/1acy HOPiBHAHO
3 3-M Ta 4-M K/1lacaMi; HellapaMeTPUYHUII aHali3 MigTBepAnB 1i KoHTpacTu. KoBapianiiinmii aHasis i3 mornpaBKoo Ha Macy Tina
MIOKa3aB, III0 Maca 6yna 3HAYYIVM akTopom m1st BCix TecTis, a iyt CKP BP BusiBiieHo edexr kmacy (p = 0.013). ¥V crinpHUX Mo-
Ie/LsIX JOBKIMHA Ti/la Majia IMO3UTUBHMIL, 2 Maca Tijla — HeraTUBHUIL 3B’ 130K i3 KOXKHUM IIePBIMHHUM ITOKa3HUKOM, TOf sIK epeKTH
K/IaCy Ta B3a€EMOJiS «K/Iac X Maca Tina» Oy HesHadyIIMMUL.

BucnoBku. OTprMaHi pesynbTaTti CBif9aTh IpoO BiICYTHICTb CTATUCTUYHO 3HAYYLIVX BifIMiHHOCTEN Mi>K IEpBUHHUMMU II0-
KasHMKaMy CTpUOKIB y CYMDKHMX Kiacax. Bumia foatkoBa focmigHnipKa eeKTUBHICTD Maxy pyKaMu y Ipymi 5-ro Kmacy He
IEeMOHCTPY€E BHYTPILIHbOIHAMBIAyaIbHI POSBUTKOBI 3MiHI B Y4YHIB i MOXKe 4aCTKOBO Biff0Opa’kaTy HeBpaXoBaHi XapaKTepIuc-
TUKM CTaTi, JO3piBaHHs ab0 pyxoBoi akTMBHOCTI. [HTepIpeTanis po3mipiB Tima sanexana Bif crenudikanii mogeri. HIkinbHe
TECTYBaHHsS Ma€ aKIEHTYBATH yBary Ha CTAaHAAPTI30BAHNUX IIPOLEAYpPax Ta IHAUBIyaIbHOMY 3BOPOTHOMY 3B’513KY, YHUKAIOUN
IIarHOCTMYHOTO APIMKYBaHHA a00 PaH)KyBaHH:A YYHIB 3a KJIaCaMIL.

KnrouoBi croBa: cTpn6ox i3 KOHTppyXoM, BUCTpUOYBAHHS 3 IPUCIAY, MaX pyKami1, Maca Tina, (isidHe BUXOBaHHS, TiTH.
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