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Abstract

This study investigated the dose—response relationship between
structured physical activity frequency and improvements in phys-
ical fitness in preschool children. Sixty-three children (3 - 6 years)
were divided according to weekly participation frequency in a 12-
week structured physical training program (60 min/session): low
frequency (L, <1 session/week), moderate frequency (M, 1 - 2
sessions/week), moderate-to-high frequency (MH, 2 - 3 ses-
sions/week), and high frequency (H, >3 sessions/week). Physical
fitness was assessed before and after the intervention using six
standardized motor tests. These tests included walking the bal-
ance beam, 10 m x 2 shuttle run, tennis throwing, continuous
jumping with both feet, standing long jump, and sit-and-reach. A
2 (Time: pre- vs post-intervention) x 4 (Group: L/M/MH/H) re-
peated-measures ANOVA was used to analyze changes within
and between groups.Significant time X group interactions were
found for walking the balance beam, 10 m x 2 shuttle run, tennis
throwing, continuous jumping with both feet, and standing long
jump (p < 0.05), but not for sit-and-reach flexibility. Post-hoc
analyses revealed that the H group performed better than L across
all five indicators and outperformed M in the 10 m x 2 shuttle run,
tennis throwing, and standing long jump (p < 0.05). The MH
group demonstrated better performance than the L group in the
balance beam walk, 10 m x 2 shuttle run, and tennis throwing.
However, no significant differences were observed between the
MH and H groups at post-test. These findings indicate that partic-
ipating in structured physical activity fewer than two sessions per
week is insufficient to enhance preschool children’s physical fit-
ness. In contrast, engagement at least twice per week significantly
improves key indicators of strength, coordination, and agility.
However, performance reach a performance plateau when fre-
quency exceeds three sessions per week, suggesting diminishing
marginal returns. Incorporating moderate-to-high frequency
structured physical activity into preschool curricula may thus be
an efficient strategy for optimizing fitness development in early
childhood. Taken together, these findings emphasize the need for
at least two weekly sessions of structured physical activity to ef-
fectively enhance physical fitness in preschool children.

Key words: Preschool children, Physical fitness, Frequency,
Physical training activities.

Introduction

Early childhood is a critical period for physical, cognitive,
and social development. Physical fitness serves as a key
indicator of children's overall health and developmental
status (Ortega et al., 2008). Good physical fitness contrib-
utes to prevent health problems such as obesity (Latorre
Roman et al., 2017) and improves children's subjective

health-related quality of life (Gu et al., 2016). It is also as-
sociated with cognitive development (Latorre-Romén et
al., 2016) and contributes to better academic performance
in adolescence (Garcia-Hermoso et al., 2021). The ages of
3 - 6 years constitute a critical period of childhood growth
and development, during which elements of physical fit-
ness such as speed, strength, endurance, flexibility, coordi-
nation, and balance develop rapidly, laying the foundation
for lifelong health (Fernandez, 2014). A key question in
pediatric exercise science is how to effectively promote im-
provements in preschool children's physical fitness during
this sensitive period, given the lack of evidence on optimal
intervention strategies.

Studies have shown that physical activity interven-
tions can effectively improve preschool children's physical
fitness (Hui et al., 2024; Wang et al., 2023). The FITT prin-
ciple of exercise (Frequency, Intensity, Time, and Type)
provides a theoretical framework for designing effective
exercise interventions. Among these factors, exercise fre-
quency is one of the key determinants of intervention effi-
cacy. Research on exercise frequency in adolescents has
shown positive effects on mental health (Li et al., 2024),
working memory and cognitive flexibility (Xu et al., 2022),
physical fitness and health status (Shi et al., 2022), and
health-related quality of life (Calzada- Rodriguez et al.,
2021; Finne et al., 2013). Generally, a higher frequency of
exercise leads to better outcomes. However, in the pre-
school population, systematic evidence on how different
activity frequencies affect physical fitness is still lacking
(Carson et al., 2017). Although some public health guide-
lines recommend that preschool children engage in at least
a certain amount of moderate-to-vigorous physical activity
every day (Tremblay et al., 2017), these recommendations
are mainly based on total activity volume and lack specific
guidance on the independent role of frequency of activity.
Therefore, it is necessary to investigate the independent ef-
fect of activity frequency in early childhood, to provide a
basis for developing more refined exercise prescriptions
for preschool children.

Among various physical activities to improve pre-
school children's physical fitness, structured physical ac-
tivity is an important proactive intervention due to its orga-
nized and goal-oriented nature. Structured physical activity
refers to goal-oriented, organized exercise conducted under
adult (teacher) guidance. Compared with unstructured free
play, organized exercise programs more effectively en-
hance preschoolers’ fundamental movement skills and key
physical fitness components—such as strength, agility,
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balance, and cardiorespiratory endurance (Wang et al.,
2023). For example, previous studies have shown that well-
designed exercise programs produce greater improvements
in preschool children’s physical fitness than free play(Tan
et al., 2017; Wick et al., 2021). In addition, structured ex-
ercise training interventions have been found to more ef-
fectively enhance preschool children's motor skills and
physical fitness levels compared to routine physical activ-
ity controls (Quan et al., 2024). Teacher-led programs in
kindergarten have also been confirmed to have positive
health effects in preschoolers (Kobel et al., 2020). This ev-
idence suggests that, relative to unstructured play, struc-
tured physical activities have clear advantages in boosting
preschool children's physical fitness and can be considered
an effective means of intervention.

In preschool physical education, "physical training"
activities are a typical form of structured physical activity.
Physical training activities refer to structured physical ac-
tivity involving a variety of basic movement exercises.
These include running, jumping, throwing, climbing, and
balancing, all of which aim to develop children’s overall
physical fitness and fundamental motor skills. Research
has found that compared to exercise programs focusing on
a single activity or movement, a comprehensive physical
training program composed of diverse movements is more
beneficial for improving the overall physical fitness of pre-
schoolers (Wang et al., 2023). Physical training activities
have well-defined instructional goals and a systematic cur-
riculum, making them a fundamental component of struc-
tured physical activity for preschool children. They serve
as an ideal model for studying the effect of exercise fre-
quency on preschoolers' physical fitness.

Given the current lack of empirical evidence on the
dose—response relationship between the frequency of struc-
tured physical activity and improvements in preschool chil-
dren's physical fitness, this study aimed to examine this re-
lationship by comparing changes in physical fitness indi-
cators before and after 12 weeks of physical training inter-
ventions conducted at different frequencies.

This study included multiple frequency groups
(low, moderate, moderately high, and high), allowing for a
more nuanced analysis compared to the commonly used in-
tervention-versus-control group designs in previous re-
search. The findings of this research will provide a theoret-
ical basis for determining appropriate frequencies of struc-
tured physical activity for preschool children, and offer
practical guidance for preschools and child exercise pro-
grams to optimize their curriculum—thereby more effec-
tively promoting the development of physical fitness and
healthy growth in preschool children.

Methods

Trial design

This study employed a 12-week intervention with four par-
allel groups of different exercise frequencies. Physical
fitness testing was conducted one week before the inter-
vention and immediately after the 12-week intervention, to
evaluate the effects of different intervention frequencies on
preschoolers' physical fitness development. The study pro-

tocol was approved by the Ethics Committee of Beijing
Sport University (Approval No. 2024192H) and con-
formed to the requirements of the Declaration of Helsinki.
In addition, informed consent for their children’s participa-
tion was obtained from all parents or legal guardians.

Participants

An a priori power analysis was performed using G¥*Power
(version 3.1) for a repeated-measures ANOVA with four
groups and two time points. Assuming a medium effect
size (f=0.25), a = 0.05, and statistical power (1-f) = 0.80,
the analysis indicated that at least 48 participants would be
required.

Strict eligibility criteria were applied to reduce po-
tential confounding and enhance comparability across
groups. Children were included if they were 3 - 6 years old,
physically healthy, enrolled in non-sports-specialized kin-
dergartens where physical activity primarily consisted of
unstructured free play, and had not received structured
sports training prior to the study. Children were excluded
if they had medical conditions contraindicating physical
activity (e.g., chronic illness, musculoskeletal problems),
sensory or cognitive impairments (e.g., vision, hearing, or
learning disabilities), or were concurrently engaged in
other structured extracurricular sports programs during the
study period, as participation in additional organized activ-
ities would make it difficult to determine whether improve-
ments in physical fitness were attributable to the frequency
of the intervention or to other exercise exposure.

Preschool children who met these criteria were re-
cruited through open enrollment at an integrated sports
training institution in Shenzhen, China, with parents vol-
untarily registering their children after receiving detailed
information about the study's objectives and procedures. A
total of 76 children expressed interest in participation. Af-
ter screening against the eligibility criteria, 5 were ex-
cluded because they were concurrently engaged in other
structured sports programs at different institutions. Thus,
71 children were formally enrolled in the study. During the
12-week intervention, 8 children withdrew due to illness,
family emergencies, or other personal reasons, leaving 63
participants who completed the intervention and were in-
cluded in the final analysis, meeting the required sample
size to achieve adequate statistical power (0.80). The par-
ticipant flow is summarized in Figure 1.

Prior to the intervention, the study objectives and
the basic procedures of the training courses were explained
in detail to parents and legal guardians. Informed consent
was subsequently obtained, and permission was granted by
the training institution. Participants were allocated to four
groups according to weekly training frequency: L (at most
1 session/week, intermittent participation; n = 16), M
(fixed 1 session/week, occasionally 2; n = 15), MH (fixed
2 sessions/week, occasionally 3; n = 18), and H (fixed > 3
sessions/week; n = 14). For children attending >1 ses-
sion/week, at least one day was required between consecu-
tive sessions to ensure adequate recovery. Baseline demo-
graphic and anthropometric characteristics are presented in
Table 1.
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Figurel. Participant flow diagram.

Table 1. Basic information of preschool children participating
in physical training activities at different frequencies (Mean
+ SD).

Group Age (years) Height (cm) Weight (kg) n

H 44+0.6 106.4+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 4.2+0.9 106.8 + 8.3 17.3+2.8 16
Intervention

Each group of children participated in a 12-week program
of structured physical training classes at their designated
weekly frequency. Each session lasted 60 minutes.
Throughout the study period, the training center offered
multiple class time slots each week for the different groups
to attend as scheduled, but the content and intensity of all
classes were kept identical. Exercise intensity was stand-
ardized through instructor supervision, unified pacing and
movement demonstrations, and monitoring children’s ob-
servable exertion levels to maintain a consistent moderate-
intensity workload across all sessions. Each session con-
sisted of approximately 15 minutes of warm-up games, 40
minutes of basic skill practice, and 5 minutes of cool-down
and relaxation (see Table 2 for details). Both the warm-up
and cool-down phases followed fixed, predefined activity
sequences that were identical across all sessions. Session
duration was strictly maintained at 60 minutes with no

deviations permitted. The warm-up phase involved games
incorporating running and jumping to activate the chil-
dren's neuromuscular system. The basic practice phase pri-
marily used a series of circuit challenges, with several ac-
tivity circuits set up that included movements such as
crawling, jumping, throwing, walking the balance beam,
and running along an S-shaped path. The circuit challenges
used fixed station arrangements, and the order of move-
ment tasks was not randomized, ensuring equal exposure
and training load across groups. These activities were de-
signed to develop the children's strength, speed, agility, and
coordination in a comprehensive way. Specifically,
strength was developed through jumping and throwing
tasks; speed was trained through running segments embed-
ded within the activities; agility was enhanced through
rapid directional changes such as S-shaped running; coor-
dination was promoted through crawling tasks and various
combined movement sequences requiring upper— and
lower—limb integration; balance was trained through walk-
ing on the balance beam; and flexibility was addressed in
the closing phase through a standardized static stretching
routine. The closing phase involved static stretching to help
the children relax their muscles and recover. The stretching
routine also followed a standardized sequence across all
groups. To ensure intervention quality and consistency,
each class was a standardized sequence across all groups.
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Table 2. Settings of the content of preschool children's physical training activities.

Activity Sections Activity Content and Duration

Warm-up games (15 min), including:

* Running
* Jumping
* Crawling

Preparation Part

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

Circular challenge activities (40 min):

* Three circular routes, each with 3—4 checkpoints

* Practice includes:
- Crawling
- Jumping
- Throwing
- Kicking
- Hitting
- Dodging
- Balance beam walking
- S-shaped running
* Each route: 10-15 min

Basic Part

Static stretching and relaxation (5 min):

* Help children relax muscles
* Restore heart rate
» Reduce excitement

Closing Part

To ensure intervention quality and consistency,
each class was limited to 4 - 8 children and led by one head
coach with one assistant instructor. The same instructors
remained assigned to each group throughout the 12-week
intervention to minimize instructor-related variability. All
teachers held qualifications in early childhood physical ed-
ucation and underwent standardized training before the in-
tervention to ensure the curriculum was delivered accord-
ing to the predefined lesson plans. During the intervention,
researchers closely monitored each group's attendance and
class implementation to ensure that, aside from the in-
tended variation in weekly session frequency, all other as-
pects—including program content, activity order, session
duration, instructor assignment, and intensity—were
strictly standardized across groups. This ensured that phys-
ical activity frequency functioned as the only independent
variable.

Each child underwent a physical fitness test battery
once in the week before the intervention and once immedi-
ately after completing the 12-week intervention. The test
indices were selected from the National Physical Fitness
Measurement Standards Handbook for Preschool Children
(Zhang et al., 2017)(Appendix A), and included walking
the balance beam, 10 mx2 shuttle run, tennis throwing,
continuous jumping with both feet, standing long jump,
and sit-and-reach. Each test was administered by two
trained testers following standard protocols: one tester
guided the child through the movements while the other
recorded the performance. All tests were administered in a
fixed order for every participant, and all testing sessions for
both pre- and post-intervention were conducted at the same
time of day to minimize diurnal variation. To improve ac-
curacy, each test was performed twice with a standardized
rest interval between attempts, and the best result was used
for analysis. All pre- and post-tests were conducted by the
same team of testers to further reduce procedural variabil-
ity and minimize human error.

Statistical analysis
Data were entered into Excel 2019, double-checked by a

second researcher to ensure accuracy, and subsequently an-
alyzed in SPSS 26.0 and visualized in Prism 10.0. Data are
presented as mean =+ standard deviation (M + SD). Prelim-
inary checks indicated no missing values or outliers. Nor-
mality was assessed with Q - Q plots and homogeneity of
variances with Levene's and Brown—Forsythe tests. Base-
line equivalence among groups was tested using one-way
ANOVA on pre-test scores. On this basis, a 2 (Time: pre
vs. post) X 4 (Group: L/M/MH/ H) repeated-measures
ANOVA was conducted for each physical fitness measure
to examine the effect of intervention frequency. When a
significant interaction effect was observed, simple effect
analyses were performed using LSD-adjusted pairwise
comparisons to examine both group differences at each
time point and within-group changes across time. Effect
sizes for interactions were reported as partial n2. According
to Cohen's guidelines, values of 0.01, 0.06, and 0.14 repre-
sent small, medium, and large effects, respectively (Cohen,
2013). The significance level a was set at 0.05 (two-tailed).
In the results, p < 0.05 was considered statistically signifi-
cant, and p < 0.01 was considered highly significant.

Results

Data summary, baseline comparisons, and ANOVA re-
sults

Basic descriptive statistics of preschool children's physical
fitness test results before and after intervention for each
group are shown in Table 3; a comparison of baseline phys-
ical fitness test results is shown in Table 4; the results of
the repeated-measures ANOVA are shown in Table 5.

Baseline data comparison

As shown in Table 4, no significant differences were ob-
served among the four groups in any of the baseline phys-
ical fitness indicators (p > 0.05). This suggests that the
groups were comparable prior to the intervention, thereby
reducing potential bias attributable to pre-existing dispari-
ties in physical fitness levels and ensuring that subsequent
changes can be more confidently attributed to the interven-
tion.
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Table 3. Descriptive statistics (Mean + SD) for physical fitness test results by group and time.
Test items L il LALE] H
pre-test post-test pre-test post-test pre-test post-test pre-test post-test
Walkingthe 747, 134 9794101 859139 651+1.05 1141+£126 539096 10.50+143  5.59+1.08
balance beam(s)
= “‘r’;znz‘)““le 858+ 164 827+178 836127 795+1.08 875+121 741+108 842+127  7.00+0.65
Te““‘s(::l‘)“’wmg 394+ 147 413+1.60 451+142 496+1.57 3.64+1.01 562+150 441+1.67 636+1.73
Continuous
jumping with 7.94 +3.25 7.19+2.81 6.50 £ 1.35 592 +1.46 8.44 £3.47 592+ 1.66 7.76 £2.74 527+1.25
both feet (s)

Sgi‘ﬁ;“i:ﬁ;‘g 89.69 £ 2435 94.81 £24.65 87.53+18.57 9540+ 1643 77.50+ 1581 101.72 % 16.46 81.50 = 12.98 111.07 + 13.75

Sit-and-reach

(am) 7.41+£4.05 7.21+442 833+496 925+477 8.36+3.84 8.68+3.56 8.64+4.13 8.79+4.73
Table 4. Comparison of baseline physical fitness test results across groups.
Test Items L M MH H Baseline comparison
(mean = SD) (mean + SD) (mean + SD) (mean + SD) F P
Walking the balance beam(s) 11.11+1.34 8.59+1.39 1141+1.26 10.50 + 1.43 0.88 0.459
10 mx2 shuttle run(s) 8.58 £ 1.64 8.36+1.27 8.75+£1.21 8.42+1.27 0.27 0.844
Tennis throwing (m) 3.94+147 4.51+1.42 3.64 +1.01 441+ 1.67 1.41 0.250
Continuous jumping with both feet (s) 7.94+£3.25 6.50 £1.35 8.44 +3.47 7.76 +£2.74 1.32 0.278
Standing long jump (cm) 89.69 £24.35 87.53+18.57 77.50+15.81 81.50+12.98 1.51 0.220
Sit-and-reach (cm) 7.41 +4.05 8.33£4.96 8.36 £3.84 8.64 £4.13 0.25 0.864
Table 5. Main effects and interaction effects of physical fitness test indicators among different groups of preschool.
Test items Time Group Time x Group
F P F P F P 7%
Walking the balance beam(s) 87.56 0.000 1.31 0.302 10.49 0.000 0.329
10 mx2 shuttle run(s) 71.29 0.000 0.86 0.469 8.17 0.000 0.293
Tennis throwing (m) 89.78 0.000 2.27 0.090 16.05 0.000 0.449
Continuous jumping with both feet (s) 42.83 0.000 1.18 0.325 4.88 0.004 0.199
Standing long jump (cm) 560.16 0.000 0.36 0.779 71.33 0.000 0.784
Sit-and-reach (cm) 0.91 0.343 0.44 0.723 0.55 0.651

Bold values indicate statistically significant differences in the corresponding physical fitness indicators.

Overall changes in physical fitness after interventions
of different frequencies

A repeated-measures ANOVA was conducted on the phys-
ical fitness test data to examine changes over time and dif-
ferences between frequency groups. The results showed
that after 12 weeks of intervention, five of the six test indi-
cators — walking the balance beam, 10 mx2 shuttle run,
tennis throwing, continuous jumping with both feet, and
standing long jump — demonstrated a significant Time X
Group interaction effect (p <0.05; see Tables 5). Based on
the significant interactions, we further analyzed simple ef-
fects for each group. The sit-and-reach flexibility test
showed no significant effects for time or group, so results
for that measure are not described further.

Effects of Different-Frequency Training on Each
Physical Fitness Indicator

Walking the balance beam

There was a significant interaction effect for walking the
balance beam performance (£330 = 10.49, p < 0.001, 3, =
0.329; Table 5). The M, MH, and H groups all improved
their balance beam walking times significantly from pre-
to post-test (p < 0.01; Figure 2a). At baseline, there were
no significant differences among the groups. By the post-
test, the H and MH groups performed significantly better

(faster times) than the L group (p <0.01), and the M group
was significantly better than the L group (p < 0.05; Figure
2b).

10 mx2 shuttle run

The 10 mx2 shuttle run also showed a significant interac-
tion effect (F359 = 8.17, p < 0.001, 3, = 0.293; Table 5).
The MH and H groups significantly improved their shuttle
run times (p <0.01; Figure 3a). There were no significant
group differences at pre-test. At post-test, the H group was
significantly faster than the L group (» <0.01) and M group
(p <0.05), the MH group was faster than the L group (p <
0.05; Figure 3b).

Tennis throwing

For the tennis throwing test, a significant interaction effect
was found (F350 = 16.05, p < 0.001, 5%, = 0.449; Table 5).
The MH and H groups showed highly significant improve-
ments in tennis ball throw distance (p < 0.01; Figure 4a).
There were no significant group differences at pre-test. By
post-test, the H group's throwing distance was significantly
greater than those of the M and L groups (p < 0.01), and
the MH group's was significantly greater than that of the L
group (p <0.01; Figure 4b).
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Figure 4. Interaction analysis for the tennis throwing performance ( * indicates p < 0.05, ** indicates p < 0.01).

Standing long jump

Standing long jump performance also exhibited a signifi-
cant interaction (F3s9 = 71.33, p <0.001, 5%, = 0.784; Table
5). All frequency groups, including L, showed highly sig-
nificant improvements in standing long jump distance from
pre- to post-test (p < 0.01; Figure 5a). There were no dif-
ferences among groups at pre-test; at post-test, the H group
jumped significantly farther than the L and M group (p <
0.05; Figure 5b).

Continuous jumping with both feet

The continuous jumping with both feet test showed a sig-
nificant interaction effect (Fss9 = 4.88, p = 0.004, 53, =
0.199; Table 5). The MH and H groups demonstrated sig-
nificant improvements in preschool children's performance
on the continuous jumping with both feet test (p < 0.01;
Figure 6a). There were no baseline differences among

groups; at post-test, the H group performed significantly
better than the L group (p < 0.01; Figure 6b).

Discussion

This study, using physical training activities as an example,
explored the effects of different frequencies of structured
physical activity on the physical fitness of preschool
children. We found that when the frequency of structured
physical activity was at a lower level, improvements in the
preschool children's physical fitness were quite limited.
With structured physical training less than twice a week,
preschoolers showed little progress in speed, agility,
coordination, and upper-body strength; the low-frequency
(L) group only improved in the standing long jump, and the
medium-frequency (M) group improved in balance (beam
walking) and standing long jump. In contrast, when the
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frequency reached two or more sessions per week, all as-
pects of physical fitness except flexibility showed im-
provement.

Firstly, from the perspective of physiological load
and adaptation, a higher training frequency can provide fre-
quent stimuli to children's muscles, bones, and cardi-
orespiratory system, leading to positive physiological ad-
aptations (Ara et al., 2004). Regularly applied exercise
stimuli help increase bone density and strength (Bailey et
al., 1999), promote muscle growth and strength gains
(Detter et al., 2014), and repeated aerobic activity gradu-
ally improves children's cardiorespiratory endurance and
circulatory function (Bjelica et al., 2020; Xia et al., 2024).
Conversely, with low-frequency exercise (fewer than two
sessions per week), the stimulus may be insufficient to
elicit notable physiological changes. The child might al-
most fully revert to baseline between sessions, resulting in
limited cumulative effects.

Secondly, high-frequency structured activity has
greater advantages for comprehensive improvements in
physical fitness through neuromuscular adaptation and
fundamental motor skill development. Frequent practice
helps strengthen preschool children's neuromuscular path-
ways and increases the excitability and responsiveness of
the motor nervous system(Buzescu et al., 2021). Early
childhood is a critical period for the development of the
nervous system. Sustained high-frequency physical activ-
ity can optimize neural signal transmission between the
brain and muscles, facilitating the effective recruitment of

additional motor units. This process enhances motor coor-
dination and reaction speed, thereby improving key physi-
cal attributes in preschool children such as coordination
and agility. Research has shown that children who engage
in more frequent physical activity exhibit faster responses
in both simple and complex reaction time tests, reflecting
improved neural processing speed(Reigal et al., 2019). In
contrast, with low-frequency training, the long intervals
between practice sessions make it difficult to retain the
neural adaptations gained from the previous session; chil-
dren struggle to consolidate improvements in coordination
and agility. Additionally, a high frequency of targeted
structured activities provides children with repeated oppor-
tunities to practice fundamental motor skills, allowing
them to correct their movements promptly and reinforce
motor memory, thereby more effectively improving gross
motor skill proficiency (Wang and Zhou, 2024). Preschool
children’s fundamental motor skill levels are closely re-
lated to their physical fitness development (Vlahov et al.,
2014). This linkage is not merely correlative but reflects an
underlying developmental interdependence: enhanced
FMS competence facilitates more efficient neuromuscular
recruitment, energy expenditure, and movement quality,
which in turn support gains in physical performance met-
rics. For instance, improvements in skills such as hopping,
throwing, and balancing enhance muscular coordination
and biomechanical efficiency, enabling children to better
engage in structured and spontaneous physical activities of
moderate-to-vigorous intensity. On the one hand, success-
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fully performing fundamental movements requires the co-
ordinated operation of multiple neural pathways and relies
on sensory-motor integration; this neural integration mech-
anism is also a key physiological basis for developing
physical fitness components like speed, agility, and coor-
dination(Kellis and Hatzitaki, 2013). On the other hand,
there is an indirect effect: research suggests that children
with better motor skills tend to participate more actively in
physical activities, which in turn leads to improvements in
physical fitness (Dobell et al., 2023; Vandorpe et al., 2012).
Taken together, these mechanisms underscore the mediat-
ing role of motor competence in the frequency—fitness re-
lationship observed in this study. Future research could fur-
ther explore this pathway using combined assessments of
both skill acquisition and physiological adaptation to more
precisely characterize how frequent FMS practice drives
gains in specific fitness domains. In summary, higher-fre-
quency training appears to produce more robust neuromus-
cular adaptations and motor skill gains, which translate into
greater improvements in related physical fitness compo-
nents.

Finally, an appropriate frequency of intervention
helps cultivate preschool children's positive interest in ex-
ercise and good exercise habits, forming a virtuous cycle
for physical fitness improvement from psychological and
behavioral perspectives. Having structured activities two
or more times per week means children frequently experi-
ence the fun of movement. The enjoyment gained from
playing and competing with peers can increase their love
of physical activity and their level of engagement. When
children see themselves improving through frequent activ-
ity (for example, jumping farther or running faster than be-
fore), their self-confidence in physical tasks grows, making
them more willing to challenge new movements and at-
tempt higher-intensity exercises. This sense of achieve-
ment creates a positive psychological experience that fur-
ther motivates them to participate in exercise. Indeed, stud-
ies have found that children who participate in physical ac-
tivity more often show better mental health in terms of so-
cial-emotional and cognitive development (Christian et al.,
2021; Zeng et al., 2017). In our observations, children in
the MH and H groups, after repeatedly succeeding in phys-
ical challenges, displayed strong feelings of accomplish-
ment and enthusiasm for participation, supporting the
mechanism that frequent intervention can enhance interest
and confidence, thereby promoting physical fitness devel-
opment. In contrast, too infrequent activity fails to help
children form a regular exercise habit and leads to lower
motivation to participate, which directly impacts their en-
gagement and effort during the sessions.

Our findings align in part with previous research
and also offer some new insights. We confirmed that
"structured physical activity at least twice per week can
significantly improve preschool children's physical fit-
ness," which is consistent with many intervention studies.
For example, a 9-month intervention of structured activi-
ties twice weekly found that, compared to a no-intervention
control, preschoolers achieved significantly greater im-
provements in 4x10 m shuttle run, standing long jump, sit-
ups, bent-arm hang, grip strength, and sit-and-reach tests
(Popovic et al., 2020). Another study of a 6-month program

with three sessions per week also reported that structured
physical activity more effectively enhanced preschool chil-
dren's motor coordination, agility, and running speed
(Koji¢ et al., 2024). Through our intervention, we found
that physical training twice a week or more can effectively
improve preschoolers’ physical fitness, further supporting
the positive role of a >2 times/week structured activity fre-
quency in developing physical fitness. However, regarding
low-frequency structured activity (around once weekly),
previous studies have shown mixed results compared to our
findings. One 10-week intervention reported that even one
structured activity session per week significantly improved
preschoolers’ physical fitness(Tortella et al, 2023),
whereas our findings suggest that less than two sessions per
week may be insufficient to achieve meaningful gains. The
discrepancy may be due to differences in experimental con-
ditions: in that study, the intervention took place in a large
outdoor playground (~2500 m?) equipped with abundant
apparatus, providing a spacious and stimulating environ-
ment that likely elicited high-intensity spontaneous activity
from children. Even with a lower frequency, each session
may have provided a high total amount of movement and
high-quality stimuli. Previous research has indicated that
playgrounds furnished with extensive exercise equipment
can offer preschool children increased opportunities for
motor skill practice, and that larger play areas allow for
more extensive physical activity, both of which are
strongly linked to the enhancement of children's physical
fitness (Pawlowski et al., 2023).In our study, the physical
training sessions were conducted mostly in an indoor space
of about 130 m? with limited equipment and space, so the
total amount of physical stimulus that children received in
infrequent sessions was relatively small. Thus, under dif-
ferent venue and equipment conditions, the effectiveness
of low-frequency intervention may vary. Future studies
may consider comparing the effects of physical activity in-
terventions across different environments—such as indoor
versus outdoor settings, and large versus small spaces—to
further elucidate the moderating role of environmental fac-
tors in the relationship between intervention frequency and
physical fitness outcomes in preschool children.

This study also observed for the first time a phe-
nomenon of diminishing returns at very high intervention
frequencies. We found that while structured physical activ-
ity interventions at >2 times per week improved physical
fitness more than <2 times, it does not imply that the higher
the frequency, the greater the benefit without end. In prior
research, Alves et al. noted that for obese youth aged 12-
15, exercising 3 times per week yielded greater physical
fitness improvements than 2 times per week(Alves et al.,
2019). However, that study's participants were older obese
adolescents, which is a very different context from our
healthy preschool sample. In our study, while the group ex-
ercising >3 times weekly tended to show the highest im-
provements, their gains were not significantly different
from those of the group exercising 2-3 times weekly. There
are several possible reasons for this, closely related to pre-
school children's physiological and psychological charac-
teristics. One factor is the balance between exercise load
and recovery. Preschool children's bodies are still imma-
ture, and their physical endurance and recovery capacity
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are relatively limited. When physical training frequency
exceeds three sessions per week, children may not have
sufficient time for their bodies to recover between sessions.
Rather than metabolic fatigue, a more likely explanation
for preschoolers is insufficient neuromuscular recovery:
movement quality, coordination, and attentional resources
may decline when training occurs too frequently, reducing
the effectiveness of subsequent sessions. Additionally, re-
search indicates that excessive physical activity frequency
can prolong the time it takes for preschool children to fall
asleep (i.e., increase sleep latency)(Eythorsdottir et al.,
2020), which could interfere with the recovery processes
that occur during sleep. Another factor is psychological fa-
tigue and loss of interest. Training too frequently can re-
duce novelty and lead to mental fatigue in preschool chil-
dren. Preschoolers have short attention spans and prefer ac-
tivities that are varied and novel (Ruff and Rothbart, 2001).
If activities are too frequent and become repetitive, chil-
dren may grow bored, resulting in lower enthusiasm and
focus, which can diminish the effectiveness of each ses-
sion. More frequent sessions could thus yield smaller in-
cremental improvements if children are not fully engaged.
These potential physiological and psychological mecha-
nisms behind why very high frequencies show limited ad-
ditional benefit warrant further quantitative research from
both biological and behavioral perspectives.

There are two additional points to note in interpret-
ing the effects of different intervention frequencies on pre-
school children's physical fitness. First, in the standing
long jump test, even low-frequency training led to clear im-
provements. This may be because jumping exercises were
embedded throughout each physical training session — in-
cluding activities like vertical jumps, broad jumps, frog
jumps, and bunny hops — so even at low frequency, chil-
dren still received plenty of jumping practice. Furthermore,
because jumping ability is easy for parents to observe and
recognize, we noticed through post-class observations that
parents often paid special attention to jumping and might
have encouraged their children to practice jumping at
home. With these factors, it is likely that regardless of class
frequency, the children had many opportunities to practice
jumping both during the sessions and in daily life, resulting
in improved standing jump performance across all frequen-
cies. Second, in the sit-and-reach flexibility test, perfor-
mance did not improve notably in any group. The sit-and-
reach primarily reflects flexibility, which typically requires
a high volume of static stretching to improve — using one's
own strength or external assistance to elongate muscles,
tendons, and ligaments to increase joint range of motion.
Since our physical training classes focused mainly on dy-
namic exercises to fully engage the children within the lim-
ited class time, very little time was devoted to static flexi-
bility training (only a brief stretching during the closing
segment of each class). Therefore, none of the frequency
groups showed marked improvement in flexibility, a result
that was expected. Improving flexibility likely requires
more frequent and targeted static stretching training, which
was beyond the scope of our intervention.

In summary, this study innovatively implemented
four different intervention frequencies and systematically

examined the dose-response relationship between struc-
tured physical activity frequency and physical fitness im-
provement in preschool children, filling a gap in the re-
search. Our findings indicate that low-frequency physical
activity (less than twice per week) did not significantly en-
hance preschoolers' physical fitness, especially in crucial
physical fitness attributes such as speed, coordination, and
strength. We also found, novelly, that very high frequency
physical activity (three or more times per week) showed a
trend of diminishing returns in physical fitness improve-
ment compared to a moderate frequency (about two to
three times per week). This finding challenges the common
assumption that "more exercise is always better" for phys-
ical fitness development. Our results demonstrate that after
a certain frequency threshold is reached, further increasing
the frequency yields progressively smaller gains in physi-
cal fitness. This provides a new perspective for the field of
physical education, reminding us that when planning phys-
ical fitness programs for preschoolers, more frequent activ-
ity is not always unequivocally better. This insight has im-
portant theoretical and practical value for optimizing pedi-
atric physical fitness improvement programs, particularly
in terms of frequency settings.

We suggest that preschools, children's sports train-
ing institutions, and activity clubs schedule at least two
high-quality structured physical activity sessions per week
(such as physical training classes) to ensure effective im-
provements in preschool children's physical fitness. If con-
ditions allow, incorporating a fixed schedule of three ses-
sions per week can further promote physical fitness devel-
opment, although one should pay attention to the children's
recovery status to avoid physiological fatigue or loss of in-
terest from over-frequency. If even more frequent activity
opportunities are desired, it would be advisable to increase
the variety of activity types and content to maintain nov-
elty, rather than simply adding more sessions of the same
activity. Policy makers and educators should consider the
frequency factor in early childhood physical fitness pro-
grams — ensuring a minimum effective frequency to ob-
tain benefits, while also setting a reasonable upper limit to
prevent counterproductive effects. This study provides ini-
tial evidence to inform guidelines for physical activity in
preschoolers; however, further research with larger sam-
ples and in varied settings is needed to verify the long-term
impacts of different exercise frequencies on preschool chil-
dren's physical and mental development.

Of course, this study has certain limitations. First,
the final sample size that met all criteria and was included
in analysis was relatively small. The limited sample size
may constrain the generalizability of the findings. Future
studies should involve a larger and more diverse sample,
covering different regions and children participating in var-
ious types of structured physical activities, to enhance the
representativeness of the results. Second, this study used a
non-randomized quasi-experimental design, which carries
arisk of selection bias. Although we set strict inclusion cri-
teria to ensure that participants had no extra sports training
prior to the intervention and that their baseline physical fit-
ness levels were comparable, we cannot completely rule
out the influence of selection bias. Future research should
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employ randomized group assignment and include a con-
trol group to strengthen the internal validity of the causal
inferences and improve the reliability of between-group
comparisons. Third, although efforts were made to stand-
ardize class delivery and instructor supervision, we did not
use quantitative methods (e.g., heart rate monitoring or ac-
celerometers) to measure exercise intensity. This limits our
ability to precisely evaluate training load or fully exclude
the potential effect of intensity differences on the results.
Fourth, this study did not include a direct assessment of
motor competence. As motor competence is closely related
to physical fitness and may influence children's ability to
benefit from training, its omission limits our interpretation
of the mechanisms underlying the observed improvements.
Future studies should consider integrating validated motor
competence measures to allow for a more comprehensive
understanding of intervention effects.

Conclusion

Structured physical activity interventions delivered at a fre-
quency of two or more times per week can significantly
improve key components of physical fitness in preschool
children, including speed, agility, strength, coordination,
and balance. In contrast, interventions conducted less than
twice weekly show relatively limited effects. Overall, the
trend indicates that physical fitness improves progressively
with increased intervention frequency; however, when the
frequency exceeds three sessions per week, the rate of im-
provement tends to diminish, revealing a clear pattern of
diminishing marginal returns.
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Key points

e Structured physical activity less than twice per week was
insufficient to improve preschool children's physical fitness.

e Engaging in structured physical activity at least twice
weekly significantly enhanced key physical fitness indica-
tors.

e The benefits plateaued when frequency exceeded three ses-
sions per week, indicating diminishing marginal returns.
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Appendix A

Physical Fitness Testing Methods

The test consists of standing long jump, continuous jumping with both feet, tennis throwing, 10 mx2 shuttle run, sit-and-
reach, walking the balance beam.

Standing long jump

A soft surface was used for the test. During the test, participants stood with their feet naturally apart behind the starting
line, then swung their arms and jumped forward as far as possible by pushing off the ground with both feet. The meas-
urement was taken as the straight-line distance from the starting line to the nearest heel of the feet.

Continuous jumping with both feet

The test was conducted using a tape measure and a stopwatch. On a flat surface, ten horizontal lines were drawn at 0.5-
meter intervals, with a soft block (10 cm long, 5 cm wide, 5 cm high) placed across each line. A starting line was set 20
cm from the first soft block. During the test, participants stood with their feet together behind the starting line. Upon
hearing the "start" command, they jumped forward with both feet simultaneously, hopping over one soft block at a time
(either in one jump or two jumps), and continued jumping over all ten blocks. The tester started the stopwatch when the
participant began, and stopped it when the participant's feet landed after jumping over the tenth soft block.

Tennis throwing

The test was conducted using a tennis ball and a tape measure. During the test, participants faced the throwing direction
with their feet positioned one in front of the other, standing about one step behind the throwing line. They held the ball
in one hand, raised it above their head, and threw it forward as far as possible. When releasing the ball, the back foot
could step forward, but it could not touch or cross the throwing line. The effective result was the straight-line distance
from the throwing line to the point where the ball landed.

10 mx2 shuttle run

The test was conducted using a stopwatch. Each lane had a turnaround line 10 meters from the starting line, marked by a
cone. During the test, participants formed pairs and assumed a standing start position at the starting line. Upon hearing
the command "go," they sprinted toward the turnaround line with maximum effort, and the tester started the stopwatch as
the participants began. When participants reached the turnaround line, they touched the cone with their hand, then turned
around and ran back to the starting line. The stopwatch was stopped when their chest crossed the vertical plane of the
starting line.

Sit-and-reach

The sit-and-reach test was conducted using a sit-and-reach box. During the test, participants sat on a mat with their legs
extended straight, heels together, and toes naturally apart, with the soles of their feet flat against the testing apparatus.
Then, with palms facing downward and arms extended forward, they bent their upper body forward and used the fingertips
of their middle fingers to push the slider smoothly forward until it could not be moved further.

Walking the balance beam

The test was conducted using a balance beam (3 meters long, 10 cm wide, and 30 cm high), with a starting line and an
ending line at each end of the beam, and an additional platform (20 cm long, 20 cm wide, and 30 cm high) placed outside
each end of the beam. During the test, participants stood on the platform facing the balance beam with their arms extended
sideways. Upon hearing the "start" command, they moved forward across the beam. The tester started the stopwatch when
the participant began and stopped it when any part of the participant's foot crossed the ending line.



