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Abstract

This study investigates the association between participation in
structured multisport activities at different weekly frequencies
and gross motor development in preschool children, aiming to
provide practical evidence for promoting gross motor skills in
early childhood. A total of 63 preschool children were classified
into four groups according to their weekly participation frequency
in structured multisport activities: the low-frequency group (L; up
to 1 session/week, with intermittent participation; n = 16), the me-
dium-frequency group (M; fixed participation in 1 session/week,
with occasional participation in a second session; n = 15), the me-
dium-high-frequency group (MH; fixed participation in 2 ses-
sions/week, with occasional participation in a third session; n =
18), and the high-frequency group (H; fixed participation in > 3
sessions/week; n = 14). All groups participated in a 12-week
structured multisport activity program (60 minutes per session).
Gross motor development was assessed before and after the inter-
vention using the Test of Gross Motor Development-3 (TGMD-
3). A 2 (Time: pre- vs. post-intervention) x 4 (Group:
L/M/MH/H) mixed-design ANOVA was applied to evaluate
changes in each gross motor development outcome within and
between groups. After the 12-week intervention, (1) the total
score of gross motor development showed a significant Time x
Group interaction (p < 0.01, n?p = 0.280). All groups improved
(p <0.01), and H, MH, and M showed greater improvements than
L (p <0.05). (2) The total score of locomotor movements showed
a significant Time x Group interaction (p < 0.01, n2p = 0.205).
All groups improved (p < 0.01), and H and MH showed greater
improvements than L (p < 0.05). For individual locomotor skills,
horizontal jump showed a significant interaction (p < 0.05, n%p =
0.143); all groups improved (p < 0.01), and H and MH showed
greater improvements than L (p < 0.05). (3) The total score of
object control movements showed a significant Time x Group in-
teraction (p < 0.01, n2p = 0.183). All groups improved (p <0.01),
and H and MH showed greater improvements than L (p < 0.05).
For individual object control skills, two-hand strike of a station-
ary ball, one hand stationary dribble and two hand catch showed
significant Time X Group interactions (p < 0.05, n?p = 0.124,
0.128, and 0.163, respectively). For two-hand strike of a station-
ary ball and one hand stationary dribble, H and MH showed
greater improvements than L (p < 0.05), whereas the significant
interaction for two hand catch did not translate into significant
Bonferroni-adjusted between-group differences at either pre-test
or post-test. (4) The L group did not show significant improve-
ments in gallop, skip, and one hand stationary dribble (p > 0.05),
whereas the other groups improved in a wider range of move-
ments (p < 0.05). After three months of intervention, preschool
children participating in structured multisport activities showed
improvements in overall gross motor development. Regular par-
ticipation (once a week or more) was associated with improve-
ment across all assessed gross motor skills. More frequent partic-
ipation (at least twice per week) was associated with greater im-

provements in specific skills, including horizontal jump, two-
hand strike of a stationary ball, and one hand stationary dribble.
Although gross motor development generally tended to improve
as participation frequency increased, no statistically significant
additional advantage of the high-frequency group over the me-
dium-high-frequency group was detected. These findings should
be interpreted cautiously, given the absence of a non-intervention
control group and the relatively limited sample size.

Key words: Preschool children, gross motor development, par-
ticipation frequency, structured multisport activities.

Introduction

Motor competence is widely recognized as a fundamental
component of early childhood development and an im-
portant foundation for children’s participation in physical
activity and continued engagement in movement experi-
ences across the lifespan. During early childhood, gross
motor skills, including locomotor and object control skills,
constitute core dimensions of motor competence and pro-
vide the movement repertoire necessary for participation in
increasingly complex physical activities. From a develop-
mental perspective, motor competence and physical activ-
ity are dynamically related across childhood, with motor
competence potentially supporting more positive trajecto-
ries of physical activity participation, perceived compe-
tence, and health-related physical fitness (Stodden et al.,
2008). Building on this model, subsequent evidence has
further highlighted the importance of motor competence
for positive health-related developmental trajectories
throughout childhood and adolescence (Robinson et al.,
2015).

Early childhood, particularly the period from 3 to 6
years of age, represents a critical window for the acquisi-
tion and refinement of gross motor skills. Gross motor skill
proficiency during this period contributes to children’s
later learning of sports and physical movements (Seefeldt,
1980), develops alongside ongoing neurological develop-
ment and adaptation (Rosenzweig, 2000), and is associated
with physical, social, and psychological development as
well as the establishment of an active lifestyle (Lubans et
al., 2010). Importantly, gross motor development should
not be understood solely as a result of biological matura-
tion. According to Newell’s constraints model, motor de-
velopment emerges from the interaction among individual,
task, and environmental constraints (Newell, 1986). Within
this framework, structured physical activity interventions
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provide preschool children with appropriate movement
tasks, supportive instructional environments, and repeated
opportunities to explore, practice, and refine motor pat-
terns. Previous studies have shown that such interventions
can improve gross motor development in preschool chil-
dren through diverse movement experiences, guided in-
struction, and repeated practice opportunities (Jahagirdar et
al., 2017; Jones et al., 2011; Logan et al., 2012). Accord-
ingly, the frequency of participation in structured multi-
sport activities may be meaningful because it determines
how regularly children receive these practice opportunities.

Exercise dose is commonly described in terms of
frequency, intensity, duration, and type. Frequency, typi-
cally measured as the number of sessions per week, may
influence activity outcomes. Research on school-aged chil-
dren and adolescents has shown that higher participation
frequency is generally associated with better outcomes in
several domains, including mental health (Li et al., 2024),
working memory and cognitive flexibility (Xu et al., 2022),
physical fitness (Shi et al., 2022), and health-related quality
of life (Calzada-Rodriguez et al., 2021; Finne et al., 2013).
However, findings in some areas of youth health have been
mixed. For example, the World Health Organization rec-
ommends that children and adolescents engage in at least
three sessions of vigorous-intensity aerobic activity per
week, alongside muscle- and bone-strengthening activities
(Bull et al., 2020). Some studies indicate that high-fre-
quency physical activity can improve bone density and
bone mass in youth (Christoffersen et al., 2015), whereas
other research suggests that relatively low-frequency but
high-intensity, short-duration physical activity may be
more effective for certain aspects of musculoskeletal health
(Wu et al., 2021). These findings suggest that the effect of
activity frequency may vary according to the outcome ex-
amined, rather than following a simple “more is better” pat-
tern.

Most of these studies focused on school-aged chil-
dren and adolescents. Findings from older populations can-
not be directly generalized to preschool children because
of developmental differences. Evidence regarding inter-
vention frequency in early childhood remains limited. To
date, few studies have explicitly examined the frequency-
related dose-response pattern between structured activity
participation and gross motor development in preschool
children. Several public health guidelines recommend that
young children accumulate a minimum amount of moder-
ate-to-vigorous physical activity each day (Australian
Government Department of Health and Aged Care, 2021;
Tremblay et al., 2017); however, these recommendations
mainly address intensity and total duration, whereas the
frequency of structured activity sessions remains underex-
plored. Identifying whether different weekly participation
frequencies are associated with differences in gross motor
development is therefore relevant for the design of devel-
opmentally appropriate activity programs for young chil-
dren.

For the purposes of this study, structured multisport
activities are defined as structured, game-based sessions
that provide preschool children with opportunities to prac-
tice a variety of gross motor skills. Such activities are a
common form of organized physical activity for preschool

children. Prior research suggests that multidimensional
programs incorporating diverse movement types may be
beneficial for preschool children’s physical development
(Wang et al., 2023). Therefore, the present study investi-
gated the association between different weekly participa-
tion frequencies in structured multisport activities and
gross motor development in preschool children. In this
study, the dose-response relationship refers specifically to
participation frequency, reflected by the number and regu-
larity of weekly sessions attended during the intervention
period. Given the limited existing evidence, the frequency
groups were classified exploratorily according to the chil-
dren’s actual participation patterns. Because this was an
exploratory study, we did not assume a specific pattern of
frequency-related effects. Based on previous evidence, we
hypothesized that children participating at higher weekly
frequencies would show greater improvements in gross
motor development than those participating at a lower fre-
quency.

Methods

Trial design

This study employed a quasi-experimental pretest-posttest
design to compare changes in gross motor development
among preschool children participating in structured mul-
tisport activities at different weekly frequencies. A total of
63 preschool children were recruited for this study. The
participants were categorized into four groups according to
their frequency of participation in structured multisport ac-
tivities: the low-frequency group (L), the medium-fre-
quency group (M), the medium-high-frequency group
(MH), and the high-frequency group (H). Participants were
not randomly assigned to these groups; rather, they were
classified according to their actual weekly participation
frequency during the intervention period. The intervention
lasted 12 weeks. Baseline data were collected one week be-
fore the start of the intervention, and post-intervention data
were collected within one week after completion of the
program. The study was approved by the Ethics Committee
of Beijing Sport University (Approval No. 2024192H) and
was conducted in accordance with the Declaration of Hel-
sinki and relevant guidelines and regulations.

Participants

A priori power analysis using G*Power (version 3.1; F
tests, ANOVA: repeated measures, within-between inter-
action) for a mixed-design ANOVA (four groups x two
time points; medium effect size f = 0.25, a = 0.05, 1-f =
0.80) indicated that a minimum total sample size of 48 par-
ticipants was required. We ultimately enrolled 63 pre-
school children aged 3 - 6 years from an institution offering
structured multisport activities, thereby exceeding the min-
imum required sample size.

Strict inclusion criteria were applied at enrollment
to control potential confounders and enhance between-
group comparability. Eligibility criteria required that par-
ticipants were healthy, with no contraindications to exer-
cise and no hearing or vision impairments or learning dis-
abilities; attended non-sports-focused kindergartens where
physical activity primarily consisted of unstructured free
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Figure 1. Participant flowchart.

play without specialized sports instruction; participated
only in the program’s structured multisport activity ses-
sions during the study and refrained from any additional
off-campus organized sports programs; and had not re-
ceived systematic sports instruction prior to the interven-
tion. Only participants who maintained the weekly partici-
pation frequency required for their respective group
throughout the intervention period were included in the fi-
nal analysis. The participant recruitment, retention, and ex-
clusion process across the intervention period is illustrated
in Figure 1. Informed consent was obtained from guardi-
ans, and permission for the study was granted by the par-
ticipating institution.

Participants were classified into four groups ac-
cording to their weekly frequency of participation in struc-
tured multisport activities: the low-frequency group (L; up
to 1 session/week, with intermittent participation; n = 16),
the medium-frequency group (M; fixed participation in 1
session/week, with occasional participation in a second
session; n = 15), the medium-high-frequency group (MH;
fixed participation in 2 sessions/week, with occasional par-
ticipation in a third session; n = 18), and the high-frequency
group (H; fixed participation in > 3 sessions/week; n = 14).

For children attending two or more sessions/week, at least
one day was required between consecutive sessions to en-
sure adequate recovery.

At baseline, height and weight were measured using
an integrated height-and-weight measurement device, with
one researcher guiding each child through the assessment
and another recording the results. Table 1 presents the
baseline age, height, and weight of the participants in each
group. No significant between-group differences were
found in these variables at baseline. All 63 participants
were included in the final analysis.

Intervention

Children in each group participated, at the prescribed fre-
quencies, in a 12-week program of structured multisport
activity sessions (60 minutes per session). The program
adopted a circuit-based format involving a variety of
gross motor tasks, a format that has also been used
in structured physical activity interventions for preschool
children in China and internationally (Jones et al., 2011;
Wang et al., 2023). This format was designed to reduce
waiting time and provide children with more opportunities
to practice gross motor skills during each session.

Table 1. Basic Information of preschool children participating in structured multisport activities
at different weekly frequencies. Data are means +SD.

Frequency Age (years) Height (cm) Weight (kg) n
H 4.4+0.6 1064 £5 17.7 £ 4.1 14
MH 4.1+0.7 107.3+6.2 18.0+2.3 18

M 43+1.1 106.7 £ 8.5 18.1+3.1 15

L 42+0.9 106.8 + 8.3 17.3+2.8 16

H: high-frequency group; MH: medium-high-frequency group; M: medium-frequency

group; L: low-frequency group.
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the participating institution offered multiple class time
slots each week to accommodate the different groups; how-
ever, the session duration, structure, and planned activity
content were kept consistent across groups. The program
did not include a planned progression in activity load or
task complexity over the 12-week intervention period; in-
stead, a consistent session format was used so that the com-
parison focused on differences in participation frequency.
Each session consisted of approximately 15 minutes of
warm-up games, 40 minutes of basic practice, and 5
minutes of cool-down (see Table 2). The warm-up section
used to running-jump games to prepare children for the
main activities. The basic practice section adopted a cir-
cuit-style challenge format incorporating diverse move-
ment tasks, including crawling, jumping, throwing, bal-
ance-beam walking, and S-shaped shuttle running. Activi-
ties were distributed across movement categories, with lo-
comotor skills and object control skills each accounting for
approximately 40% of the session content, and balance-re-
lated activities accounting for approximately 20%. This ar-
rangement was designed to cover a broad range of gross
motor skills and provide sufficient practice opportunities
for both locomotor and object control skills. The cool-
down section involved static stretching to facilitate recov-
ery. To ensure intervention quality and consistency, each
class was limited to 4 - 8 children and was delivered by one
head coach and one assistant. All instructors held preschool
physical education qualifications and received standard-
ized preparation before the intervention to implement the
curriculum according to the predefined syllabus. Through-
out the intervention, researchers monitored attendance and
session implementation. All groups followed the same cur-
riculum, session duration, class structure, movement con-
tent, and teaching requirements. These procedures were
used to maintain comparable activity demands across
groups and to ensure that the comparison primarily focused

on weekly participation frequency.

Measurements

Gross motor development was assessed before and after the
intervention using the Test of Gross Motor Development-
3 (TGMD-3). The TGMD-3 is designed for children aged
3 - 10 years and comprises two domains: locomotor move-
ments (6 items: run, hop, gallop, skip, horizontal jump, and
slide) and object control movements (7 items: overhand
throw, underhand throw, kick a stationary ball, two hand
catch, two-hand strike of a stationary ball, one hand sta-
tionary dribble, and forehand strike of self-bounced ball).
For each skill, a trained examiner provided a verbal de-
scription and a visual demonstration. Each child then per-
formed two trials, and all performances were video-rec-
orded. Trained raters subsequently scored each trial using
the process-oriented criteria specified in the TGMD-3
manual, evaluating each behavioral component as present
(1) or absent (0). Scores from both trials were summed for
each skill. Ttem scores were summed to obtain the total
scores for locomotor movements and object control move-
ments; these were then summed to yield the overall gross
motor score.

Before data collection, all raters received standard-
ized scoring training. After training, the raters inde-
pendently scored complete video recordings of all TGMD-
3 test items performed by eight children aged 3 - 6 years to
assess inter-rater agreement. Kendall’s coefficients of
concordance (Kendall’s W) were all greater than 0.70, in-
dicating good inter-rater reliability. To ensure scoring con-
sistency, each participant was evaluated by the same rater
across time points. As the children were identifiable during
assessment, complete blinding to group allocation could
not be ensured; standardized rater training and TGMD-3
scoring procedures were therefore applied to maintain
scoring consistency.

Table 2. Content and structure of the structured multisport activity sessions.

Activity Sections

Activity Content and Duration

Warm-up games (15 min), including:

* Running
* Jumping

Preparation Part Crawling

These activities aim to activate the nerves and muscles
in preparation for more intensive movement.

Circuit-based challenge activities (40 min):
* Three circular routes, each with 3 - 4 checkpoints
* Practice includes:

- Crawling
- Jumping
- Throwing
Basic Part - Kicking
- Hitting
- Dodging
- Balance beam walking
- S-shaped running
- Other related movement tasks
* Each route: 10 - 15 min
Static stretching and relaxation (5 min):
Closing Part * Help children relax muscles

* Restore heart rate

* Reduce excitement
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Statistical analysis

Data were entered in Excel 2019 and analyzed using SPSS
26.0. Data screening indicated that there were no missing
values or outliers. Examination of Q-Q plots indicated that
the variables were approximately normally distributed, and
Levene’s test indicated that the assumption of homogeneity
of variances was satisfied. To assess baseline equivalence
across groups, one-way ANOVA was performed on the
pre-test scores for each gross motor development outcome.
A 2 (Time: pre-test vs. post-test) x 4 (Group: L/ M /MH /
H) mixed-design ANOVA was performed for each gross
motor development outcome to examine differences asso-
ciated with participation frequency. The total score of gross
motor development was considered the primary outcome,
whereas the domain scores and individual movement
scores were treated as exploratory outcomes to provide a
more detailed description of the observed changes. When a
significant Time x Group interaction was identified, sim-
ple-effects comparisons were conducted to examine
changes within each group and between-group differences
at each time point. When a significant group main effect
was identified without a significant interaction, post-hoc
pairwise comparisons were conducted. The Bonferroni
correction was applied to pairwise comparisons to control
for Type I error. Effect sizes for baseline comparisons and
for all main and interaction effects in the mixed-design
ANOVA were reported as partial eta squared (n’p). Ac-
cording to Cohen’s guidelines, values of 0.01, 0.06, and
0.14 represent small, medium, and large effects, respec-
tively (Cohen, 2013). Statistical significance was set at p <
0.05 (two-tailed).

Results

Baseline comparisons, pre- and post-test descriptive
statistics, and ANOVA results

Table 3, Table 4 and Table 5 present the baseline compar-
isons, descriptive statistics, and mixed-design ANOVA re-
sults for gross motor development outcomes.

Baseline data comparison

As shown in Table 3, there were no statistically significant
between-group differences in gross motor development
outcomes at baseline (p > 0.05), indicating comparable
baseline scores across the four groups.

Overall gross motor development

The total scores (gross motor) demonstrated a significant
Time x Group interaction (p < 0.01, n?p = 0.280). Within-
group analyses showed significant pre- to post-test im-
provements in all groups (p < 0.01). Between-group anal-
yses showed no differences at pre-test, whereas post-test
scores diverged: H and MH > L (both p <0.01) and M >L
(p <0.05) (Figure 2a, b).

Locomotor movements
The total score of locomotor movements showed a signifi-
cant Time x Group interaction (p < 0.01, n’p = 0.205).
Within-group analyses indicated significant pre- to post-
test improvements in all groups (p < 0.01) (Figure 3a). Be-
tween-group analyses showed no differences at pre-test,
whereas post-test scores diverged: H > L (p < 0.01) and
MH > L (p < 0.05) (Figure 3b).

The horizontal jump score showed a significant
Time x Group interaction (p < 0.05, n2p = 0.143). Within-
group analyses indicated significant pre- to post-test im-
provements in all groups (p < 0.01) (Figure 3c). Between-
group analyses showed no pre-test differences, whereas
post-test scores diverged: H> L (p <0.01) and MH > L (p
<0.05) (Figure 3d). A significant main effect of group was
found for hop and run (p < 0.05), indicating overall be-
tween-group differences. For hop, group-level compari-
sons showed H and MH scored higher than L (p < 0.05;
Figure 3e). For run, MH scored higher than L and M (p <
0.05; Figure 3f). Scores for gallop, slide, hop, run, and skip
showed a significant main effect of time (p < 0.01). For
gallop and skip, M, MH, and H improved significantly (p
< 0.01), whereas L did not (p > 0.05) (Figure 3g, h). For
hop, run, and slide, all groups improved significantly (p <
0.01) (Figure 3i-k).

Table 3. Comparison of baseline gross motor development scores across groups. Data are means £SD.

Test items L MH H F P n2p

Gallop 3.13+£245 3.67+226 2.78+246 3.21+2.19 0.393 0.758 0.020

Slide 438+258 4.00+£2.10 450+1.86 4.07+2.09 0.196 0.899 0.010

Skip 1.75+1.91 1.87+1.96 1.44+£1.92 1.50+£1.22 0.199 0.897 0.010

Hop 1.56 £ 1.63 1.87+1.68 217129 243+1.70 0.865 0.465 0.042

Run 456+1.15 427+£1.10 522+1.06 4.50+1.29 2.162 0.102 0.099

Horizontal Jump 238+193 333+1.88 3.00+1.28 2.86+1.70 0.855 0.470 0.042

Total scores of Locomotor Movements 17.75+8.00 19.00£7.95 19.11+6.28 19.00+6.86 0.126 0.944 0.006
Forehand Strike of Self-bounced Ball 0.50+0.73 0.73 £0.88 0.56 = 0.86 0.93 £0.92 0.787 0.506 0.038
Kick a Stationary Ball 250+126 273+£096 256+1.15 2.71+1.20 0.156 0.925 0.008
Underhand Throw 250+1.86 253+136 2.78+135 321+1.25 0.721 0.544 0.035
Overhand Throw 0.50+0.89 087+1.55 0.78+0.81 1.50+1.22 2.029 0.120 0.094
Two-hand Strike of a Stationary Ball 3.06+1.39 287+1.68 2.78+1.83 3.00 +1.88 0.094 0.963 0.005
Two Hand Catch 2.25+2.08 1.87 +1.77 1.67+1.61 2.86+1.75 1.281 0.289 0.061

One Hand Stationary Dribble 231+1.74 260+140 2.11+1.13 2.50+1.83 0.325 0.807 0.016
Total scores of Object Control Movements 13.63+7.07 13.80+6.73 13.22+5.01 16.71+£6.12 0.970 0.413 0.047
Total scores 31.38+12.72 32.80+13.34 32.33+10.27 35.71+11.51 0.359 0.783 0.018

L: low-frequency group; M: medium-frequency group; MH: medium-high-frequency group; H: high-frequency group.
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Table 4. Pre- and post-test gross motor development scores across frequency groups (mean + SD).

Test items E il H Lil
pre-test post-test pre-test post-test pre-test post-test pre-test) post-test
Gallop 3.13£245 419+248 3.67+£226 633111 278+246 550+186 3.21+2.19 6.29+1.68
Slide 438+2.58 6.56+239 400£2.10 720+126 450+1.86 7.44+092 4.07+2.09 7.07+1.27
Skip 1.75+£191 2.19+£2.07 187196 3.13+207 144+192 311194 1.50+122 3.00+1.96
Hop 1.56+1.63 281+1.68 1.87+1.68 3.80+£094 2.17+£129 439+1.09 243+170 3.93+1.38
Run 456+1.15 694+129 427+1.10 740+1.18 5224106 7.83+038 450+129 7.71+0.73
Horizontal Jump 238+193 431+2.09 333+£1.88 540+235 3.00£128 611211 286+1.70 6.79+1.42
Total scores of 17.75+8.00 27.00+8.89 19.00+7.95 3327459 19.11+628 3439+544 19686  35.14+6.05
Locomotor Movements
Forehand Strike of 5 (73 1884167 0734088 2874181 0564086 272+1.74 093+092 3.07+1.64
Self-bounced Ball
Kick a Stationary Ball 2.50+126 388+1.02 2.73+096 393+0.59 256+1.15 3944094 271+120 4.29+0.61
Underhand Throw 250+1.86 425+214 253+136 513+1.06 278+1.35 55+ 1.5 321+£1.25 5.86=+1.66
Overhand Throw 050+0.89 238+1.59 087+155 227+139 0.78+0.81 2,78+ 1.7 1.50+1.22  3.00=+1.96
Two-hand Strike of 5 oc, 139 4604202 287+1.68 567+£140 2784183 6.11+1.68 3.00+1.88 650+ 1.34
A Stationary Ball
Two Hand Catch 2254208 4.19+156 1.87+£1.77 473+£096 1.67+1.61 478+0.65 286+1.75 4.64+0.84
One H*]‘;‘r‘ibsl:;m“ary 231174 306243 260140 387+181 211+1.13 444172 250+183 4.93+133
Total scores of Objects 3 (3, 707 94314915 1384673 28474566 13224501 3022+487 16714612 31.86+677
Control Movements
Total scores 31.38+12.72 51.31+16.55 32.80+13.34 61.73+£10.22 32.33+£10.27 64.61+9.43 3571 +11.51 67.00+11.82
L: low-frequency group; M: medium-frequency group; MH: medium-high-frequency group; H: high-frequency group.
Table 5. Main and interaction effects for gross motor development outcomes across participation-frequency groups
Test items Time Group Time x Group
F p n’p F p n’p F p n’p
Gallop 54.28 0.000 0479 198 0.127 0.091 1.93 0.134 0.089
Slide 135.81 0.000 0.697 0.315 0.814 0.016 0.84 0.478 0.041
Skip 35.86 0.000 0378 025 0.863 0.012 1.87 0.144 0.087
Hop 68.42 0.000 0.537 2.81 0.047 0.125 1.15 0.336 0.055
Run 321.19 0.000 0.845 2891 0.043 0.128 1.62 0.194 0.076
Horizontal Jump 118.75 0.000 0.668 2.59 0.061 0.116 3.27 0.027 0.143
Total scores of Locomotor Movements 397.41 0.000 0.871 1.80 0.157 0.084 5.06 0.003 0.205
Forehand Strike of Self-bounced Ball 102.24 0.000 0.634 146 0235 0.069 1.02 0.389 0.049
Kick a Stationary Ball 82.20 0.000 0.582 043 0.736 0.021 0.23 0.876 0.012
Underhand Throw 102.82 0.000 0.635 236 0.081 0.107 0.93 0.432 0.045
Overhand Throw 52.12 0.000 0.469 1.58 0.203 0.074 0.39 0.762 0.019
Two-hand Strike of a Stationary Ball 121.82 0.000 0.674 1.13 0.345 0.054 2.80 0.048 0.124
Two Hand Catch 202.95 0.000 0.775 0.55 0.653 0.027 3.84 0.014 0.163
One Hand Stationary Dribble 48.69 0.000 0452 133 0274 0.063 2.89 0.043 0.128
Total scores of Object Control Movements  486.72 0.000 0.892 2.00 0.125 0.092 441 0.007 0.183
Total scores 737.46 0.000 0926 2.10 0.111 0.096 17.63 0.000 0.280

Effect sizes are reported as partial eta squared (n?,). Boldface indicates statistically significant effects. For outcomes with a significant Time x Group
interaction, the interaction effect and subsequent simple-effects comparisons were interpreted rather than the main effects alone.
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Object control movements

The total score of object control movements showed a sig-
nificant Time x Group interaction (p < 0.01, n2p = 0.183).
Within-group analyses indicated significant pre- to post-
test improvements in all groups (p < 0.01) (Figure 4a). Be-
tween-group analyses showed no differences at pre-test,
whereas post-test scores diverged: H > L (p < 0.01) and
MH > L (p < 0.05) (Figure 4b).

For two-hand strike of a stationary ball, a signifi-
cant Time x Group interaction was observed (p < 0.05, n2p
= (.124). Within-group analyses showed significant im-
provements in all groups (p < 0.01) (Figure 4c). Between-
group analyses revealed no pre-test differences; post-test,
H>L (p<0.01) and MH > L (p < 0.05) (Figure 4d). For
two hand catch, the Time x Group interaction was signifi-
cant (p < 0.05, n2p = 0.163). Within-group analyses indi-
cated significant improvements across all groups (p <0.01)
(Figure 4e). However, the Bonferroni-adjusted between-
group comparisons did not identify significant differences
between specific groups at either pre-test or post-test (Fig-
ure 4f). Therefore, although the significant interaction sug-
gests that changes over time varied across groups, this find-
ing does not provide clear evidence of a frequency-related
advantage for two hand catch and should be interpreted
cautiously. For one hand stationary dribble, the Time X
Group interaction was significant (p < 0.05, n2p = 0.128).
Within-group analyses showed significant improvements
in H and MH (both p < 0.01) and in M (p < 0.05) (Figure
4g). Between-group analyses revealed no pre-test differ-
ences; post-test, H> L (p <0.01) and MH > L (p < 0.05)
(Figure 4h). The scores for forehand strike of self-bounced
ball, kick a stationary ball, underhand throw, and overhand
throw showed a significant main effect of time (p < 0.01),
with all groups improving from pre- to post-test (p <0.01)
(Figure 4i-1).

Discussion

Participants in all four frequency groups showed improve-
ments in overall gross motor development after the 12-
week program. A basic premise of motor development is
that children need opportunities to perform and practice
movement tasks in an appropriate environment (Payne et
al., 2008). Structured multisport activities provide such op-
portunities through a variety of movement tasks in a guided
setting. Even intermittent participation may have intro-
duced children to movement experiences that were not reg-
ularly available in their daily lives. However, because pre-
school children also develop rapidly through natural matu-
ration and this study did not include a non-intervention
control group, the pre- to post-test improvements should
not be attributed to the program alone. Future studies in-
cluding a non-intervention group would allow clearer eval-
vation of changes associated with structured multisport ac-
tivities. In the exploratory analyses, the L group did not
show significant improvement in skip, gallop, or one hand
stationary dribble, whereas the groups participating more
regularly showed improvement in a wider range of move-
ments. These findings may be related to the demands of
these skills. Skip and gallop require rhythmic coordination
between the limbs, while one hand stationary dribble re-
quires repeated hand-eye coordination and control of force.
Such skills may require regular practice opportunities be-
fore clear improvements can be observed.

Compared with the L group, the groups participat-
ing at least twice per week showed greater improvements
in horizontal jump, two-hand strike of a stationary ball, and
one hand stationary dribble. Similar patterns were found
for the overall gross motor, locomotor, and object control
total scores. Previous studies have also suggested that more
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frequent opportunities for physical activity or movement
practice may support motor skill development in children
(Lopes et al., 2017; Valentini et al., 2016). Repeated prac-
tice may help children consolidate movement patterns, re-
ceive feedback, and make corrections over time (Moore et
al., 1981; Shi and Feng, 2022). In the present study, more
regular participation may therefore have provided more op-
portunities for children to practice and refine gross motor
skills.

The findings can also be understood through New-
ell’s constraints model, which proposes that motor devel-
opment results from the interaction among the individual,
the task, and the environment (Newell, 1986). In the pre-
sent study, structured multisport activities provided chil-
dren with a consistent practice environment and a range of
movement tasks involving locomotor and object control
skills. Differences in weekly participation frequency there-
fore represented differences in how regularly children in-
teracted with these task and environmental conditions.
More regular participation may have provided children
with more opportunities to adapt their movements, coordi-
nate their actions, and improve their performance in the
tasks assessed. From this perspective, the observed differ-
ences among frequency groups may reflect not only re-
peated practice, but also differences in children’s opportu-
nities to engage with structured movement tasks over time.

Although the H group generally showed high post-
test scores, no statistically significant differences were
found between the MH and H groups in either total scores
or individual movement outcomes. This indicates that the
present study did not detect an additional advantage of the
H participation pattern over the MH pattern. However, be-
cause the H group included children attending three or
more sessions per week, the data do not allow conclusions

about whether gains plateau beyond three sessions per
week. Further studies with clearly defined higher-fre-
quency groups and larger samples are needed to examine
this question.

Overall, this exploratory study examined how dif-
ferent weekly frequencies of participation in structured
multisport activities were associated with gross motor de-
velopment in preschool children. The primary outcome
showed greater improvement in the more regularly partici-
pating groups than in the low-frequency group. Explora-
tory analyses further indicated frequency-related differ-
ences in several specific skills. These results suggest that
regular participation may support gross motor develop-
ment, while the detailed patterns across skill categories re-
quire further study.

For practice, the findings support providing pre-
school children with regular opportunities to participate in
structured multisport activities that include diverse move-
ment tasks. One session per week may still provide mean-
ingful movement experiences, while more frequent partic-
ipation may be associated with greater improvements in
some skills. Because the study was exploratory and did not
include a non-intervention control group, specific fre-
quency recommendations should be examined further in
future studies.

Limitations and future directions: First, participants
were recruited from institutions offering structured multi-
sport activities, and participant attrition resulted in a rela-
tively small final sample. Future studies should recruit
larger samples from different regions, institutions, and kin-
dergartens to improve the generalizability of the findings.
Second, although this study included only children attend-
ing non-sports-focused kindergartens, where physical ac-
tivity primarily consisted of unstructured free play without
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specialized sports instruction, children’s actual physical
activity during kindergarten hours could not be fully con-
trolled or monitored. Differences in daily movement op-
portunities within kindergarten may therefore have influ-
enced the observed between-group differences. Future
studies could monitor children’s whole-day physical activ-
ity to better examine the relationship between participation
in structured multisport activities and gross motor develop-
ment. Third, this study lacked a non-intervention control
group. Therefore, the observed between-group differences
and pre- to post-test improvements cannot be fully sepa-
rated from changes related to natural maturation. Future
studies should include a non-intervention control group to
more clearly evaluate changes associated with the activity
program. Fourth, sex information was unavailable in the
final analytical dataset and could not be reconstructed ret-
rospectively. As a result, this potentially important con-
founding variable could not be controlled or examined in
the analyses, and unequal sex distributions across groups
may have influenced the observed outcomes. Future stud-
ies should ensure the collection and retention of key demo-
graphic information to allow adjustment for potential con-
founding factors. Fifth, participants were classified accord-
ing to their actual participation frequency rather than
through random assignment. Although baseline compari-
sons indicated no significant differences among groups be-
fore the intervention, non-random grouping may still have
introduced selection bias and influenced the observed re-
sults. Future studies should employ randomized allocation
procedures whenever feasible to further strengthen internal
validity. Sixth, complete blinding could not be guaranteed
throughout the study process, which may have influenced
the study findings. Future studies should adopt more rigor-
ous blinding procedures where possible to further reduce
potential sources of bias. Finally, this study examined only
one type of structured preschool activity program: struc-
tured multisport activities organized in a circuit-based for-
mat involving a variety of gross motor tasks. The findings
may not apply to other types of structured activity pro-
grams. Future studies should examine other program types,
such as ball games and dance activities, and further explore
whether participation frequency influences locomotor and
object control skills differently.

Conclusion

After three months of intervention, preschool children par-
ticipating in structured multisport activities showed im-
provements in overall gross motor development. Regular
participation (once a week or more) was associated with
improvement across all assessed gross motor skills. More
frequent participation (at least twice per week) was associ-
ated with greater improvements in specific skills, including
horizontal jump, two-hand strike of a stationary ball, and
one hand stationary dribble. Although gross motor devel-
opment generally tended to improve as participation fre-
quency increased, no statistically significant additional ad-
vantage of the high-frequency group over the medium-
high-frequency group was detected. These findings should
be interpreted cautiously, given the absence of a non-inter-
vention control group and the relatively limited sample
size.
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Key points

* Regular participation in structured multisport activi-
ties (once a week or more) was associated with im-
provements in all assessed gross motor skills.

* Participation in at least two sessions per week was
associated with greater improvements in specific
skills, including horizontal jump, two-hand strike of
a stationary ball, and one hand stationary dribble.

* No statistically significant additional advantage of
the high-frequency group over the medium-high-fre-
quency group was detected.
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