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Abstract

Background: Static and dynamic balance are essential components of motor development in preschool children, yet insufficient
physical stimulation may impair balance acquisition during early childhood.

Objective: To evaluate the effect of the traditional engklek game on static and dynamic balance in preschool children aged 4—6
years.

Methods: A quasi-experimental pre-test—post-test control group study was conducted involving 36 preschool children (intervention
n=18; control n=18). The intervention group participated in a modified engklek game three times per week for four weeks, while the
control group followed routine school activities. Static balance was assessed using the One-Leg Stand Test (OLS) and dynamic
balance using the 10-Meter Walk Test (10MWT). Data were analyzed using Wilcoxon Signed Rank and Mann—Whitney U tests
(a=0.05), with effect sizes reported as r.

Results: The intervention group showed significant improvements in static balance (median OLS: 6.2 s to 11.4 s; p<0.001; r=0.62)
and dynamic balance (median 10MWT: 9.1 s to 7.4 s; p<0.001; r=0.58), while no significant changes were observed in the control
group. Between-group comparisons demonstrated significant differences in both outcomes (p<0.01).

Conclusion: The traditional engklek game significantly improves static and dynamic balance in preschool children aged 4-6 years
and may serve as a feasible play-based intervention in pediatric physiotherapy.
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Introduction

Preschool age represents a critical period of rapid growth and development, during which fundamental motor abilities are
established and refined. Children aged 4-6 years are in a sensitive phase of neuromotor maturation, often described as the golden
age, characterized by accelerated development of cognitive, social-emotional, language, and motor domains."? Optimal motor
development during this stage is essential because it forms the foundation for functional independence and participation in physical
activities later in life. Adequate stimulation during early childhood is therefore necessary to support the maturation of basic motor
skills and prevent delays that may persist into later developmental stages.3

One of the key components of motor development in early childhood is postural balance. Balance is defined as the ability
to maintain the body’s center of mass within the base of support through coordinated integration of the visual, vestibular, and
proprioceptive systems.* This ability enables children to perform essential functional movements such as standing, walking, jumping,
and running safely and efficiently.® From a developmental perspective, balance is commonly classified into static and dynamic
components.® Static balance refers to the capacity to maintain body stability in a stationary position, such as standing on one leg,
whereas dynamic balance involves maintaining postural control during movement, including walking, hopping, or running.”?®
Insufficient development of either component may result in movement difficulties, reduced confidence during physical activity, and
an increased risk of injury in childhood.®

Evidence from previous studies indicates that a proportion of preschool children exhibit delayed or suboptimal balance
development. This condition is frequently associated with limited opportunities for active play, insufficient physical stimulation, and
increasing sedentary behavior during early childhood.' Modern lifestyle patterns, including excessive screen time and reduced
outdoor physical activity, may further restrict children’s exposure to movements that challenge postural control and neuromuscular
coordination. As a result, inadequate balance development during the preschool period may negatively influence gross motor skill
acquisition and functional movement performance.™

Play-based physical activity is widely recognized as an effective and developmentally appropriate approach to stimulate
motor skills in young children.' Traditional games, in particular, offer a natural, enjoyable, and culturally relevant medium for
promoting physical activity while simultaneously fostering social interaction and motor learning.'® Such games typically involve
repetitive movements, changes in body position, and coordination demands that directly challenge postural control mechanisms.
Consequently, traditional play has been increasingly explored as a low-cost and accessible strategy to enhance balance and motor
competence in preschool children.

Among traditional Indonesian games, engklek (hopscotch) is a popular activity that inherently requires balance, coordination,
and concentration.'® The game involves hopping on one foot, alternating between unilateral and bilateral support, and maintaining
body stability while moving across predefined patterns.'® These movements require continuous adjustment of the center of gravity
and active engagement of the vestibular, proprioceptive, and visual systems. Through repeated practice, engklek provides dynamic
sensory—motor stimulation that supports the development of postural control and neuromuscular coordination.®!”
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Several studies have demonstrated the positive effects of engklek on children’s motor development. Previous findings
suggest that structured engklek-based interventions can significantly improve static and dynamic balance, gross motor skills, agility,
and coordination.'®2"' For example, earlier research reported substantial improvements in balance performance following a four-week
engklek intervention, with greater gains observed in static balance compared to dynamic balance.?? Other studies have also shown
that modified engklek patterns effectively enhance dynamic balance and postural stability in children. However, most existing studies
have primarily focused on school-aged children (=6 years) or evaluated motor development in a general manner without distinguishing
between static and dynamic balance components.??

Despite growing evidence supporting the benefits of traditional games for motor development, research specifically
examining the effects of engklek on static and dynamic balance in preschool children aged 4-6 years remains limited.? In addition,
few studies have employed controlled quasi-experimental designs to evaluate balance outcomes separately during this critical
developmental stage.?*25 This lack of focused evidence highlights a clear research gap regarding the role of engklek as a balance-
specific intervention for younger preschool populations.

Therefore, this study aimed to evaluate the effect of the traditional engklek game on static and dynamic balance in preschool
children aged 4-6 years. It was hypothesized that participation in a structured engklek intervention would result in significant
improvements in both static and dynamic balance compared to routine school activities.

Methods

This study employed a quasi-experimental observational design using a pre-test—post-test control group approach to
evaluate the effect of a traditional engklek game intervention on static and dynamic balance in preschool children aged 4—6 years.
The study was conducted at TK Al Huda Kerten under natural school conditions, where random allocation was not feasible.

Participants were recruited using purposive sampling based on predefined inclusion and exclusion criteria. The inclusion
criteria were children aged 4-6 years who were actively enrolled at TK Al Huda Kerten, had no history of musculoskeletal,
neurological, or developmental disorders that could affect balance or movement, and whose parents or legal guardians provided
written informed consent. Children were excluded if they experienced illness or injury during the study period, did not complete the
full intervention sessions, or had pathological balance disorders. A total of 36 children met the eligibility criteria and completed the
study, with 18 children assigned to the intervention group and 18 children to the control group.

The sample size was determined pragmatically due to the limited number of eligible participants within the study setting.
Nevertheless, this sample size was comparable to those used in previous quasi-experimental studies involving balance interventions
in preschool populations. A post-hoc power analysis indicated that the sample provided a statistical power exceeding 80% to detect
medium-to-large effect sizes at a significance level of a = 0.05.

Intervention Procedure

The intervention group participated in a modified traditional engklek game designed to suit the developmental characteristics
of preschool children. The intervention was conducted three times per week for four consecutive weeks, with each session lasting
approximately 20 minutes. The traditional game was modified by eliminating the use of a gacu and emphasizing structured hopping
and stepping patterns using the right foot, left foot, and both feet alternately across marked squares on the ground. These movements
required participants to repeatedly maintain unilateral and bilateral support, control body alignment during landing, and transition
between static and dynamic postural conditions.

Each session consisted of multiple repetitions of single-leg hopping, controlled landing, and transitional movements between
squares, with short rest periods provided as needed to prevent fatigue. All intervention sessions were supervised by the researcher
to ensure participant safety, correct execution of movements, and adherence to the intervention protocol. The implementation of the
modified engklek intervention is illustrated in Figure 1, which demonstrates the activity setup and execution during the intervention
S

essions.
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Figure 1. Implemenfation of 'tﬁe modified traditional engklek game as a balance intervention in preschool children.
The control group did not receive any specific balance training and continued to participate in routine school activities as

usual, without additional structured physical exercises targeting balance.

Outcome Measures

Static and dynamic balance were defined as the primary outcome variables of this study. Static balance was operationally
defined as the ability to maintain a stable unipedal stance and was measured using the One-Leg Stand Test (OLS). During the test,
participants were instructed to stand on one leg for as long as possible, and the duration was recorded in seconds. Higher scores
indicated better static balance performance. The procedure for the One-Leg Stand Test is illustrated in Figure 2a.

Dynamic balance was defined as the ability to maintain postural stability during gait and was assessed using the 10-Meter
Walk Test (10MWT). Participants were instructed to walk a distance of 10 meters at a comfortable pace, and the time required to
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complete the distance was recorded in seconds. Lower completion times indicated better dynamic balance and gait stability. The
execution of the 10-Meter Walk Test is illustrated in Figure 2b.

Both instruments have demonstrated good validity and reliability in pediatric populations. The One-Leg Stand Test has been
reported to show excellent test—retest reliability in children, with intraclass correlation coefficients (ICC) ranging from 0.87 to 0.92,
while the 10-Meter Walk Test demonstrates high reliability, with ICC values between 0.90 and 0.96.

Figure 2a. One-Leg Stand Test for assessing static balance

igre 2b. 10-Met aIk Test for assessing dynamic balance.

Data Collection Procedure

Data collection was conducted in three stages: pre-test, intervention, and post-test. Baseline measurements of static and
dynamic balance were obtained for both the intervention and control groups prior to the intervention period. Following the four-week
intervention, post-test measurements were conducted using the same instruments and standardized procedures. To minimize
measurement bias, all assessments were performed by the same trained assessor, and consistent instructions were provided to all
participants across measurement sessions.

Statistical Analysis

Statistical analysis was performed using SPSS version 27. Data normality was assessed using the Shapiro—Wilk test, and
homogeneity of variance was examined using Levene’s test. As several outcome variables did not meet the assumptions of normality,
non-parametric statistical tests were applied. Within-group comparisons between pre-test and post-test measurements were analyzed
using the Wilcoxon Signed Rank Test, while between-group differences were examined using the Mann—Whitney U Test. The level
of statistical significance was set at a = 0.05. Effect sizes were calculated using the r statistic for non-parametric tests and interpreted
as small (0.10), moderate (0.30), or large (=0.50), allowing evaluation of both statistical and clinical relevance of the intervention
effects.

Results

A total of 36 preschool children aged 4—6 years completed the study and were included in the final analysis, consisting of
18 children in the intervention group and 18 children in the control group. All participants completed the pre-test and post-test
assessments, and no dropouts were recorded during the four-week intervention period. The demographic characteristics of the
participants are presented in Table 1 and Table 2.

The flow of participants through the study is presented in Figure 2. A total of 36 preschool children aged 4-6 years were
assessed for eligibility. All eligible participants met the inclusion criteria and were allocated to either the intervention group (n = 18)
or the control group (n = 18). All participants completed the intervention period and post-test assessments, and no dropouts were
recorded during the study.
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Assessed for eligibility (n = 36)

Excluded (n =0)

Participants included in the study (n = 36)

/\

Allocated to intervention group Allocated to control group
(n=18) (n=18)

Received engklek intervention Received routine school activities
(n=18) (n=18)

\/

Completed follow-up and analysis (n = 36)

No loss to follow-up and no missing data reported

Figure 2. Flow diagram of participant recruitment and allocation in the quasi-experimental study.

Participant Characteristics
Table 1. Age Distribution of Participants by Sex
Sex n Mean Age (years) SD Minimum  Maximum
Boys 17 5.09 0.54 43 6.0
Girls 19 5.12 0.67 441 6.0
As shown in Table 1, the mean age of boys and girls was comparable, with both groups centered around 5 years of age,
indicating a homogeneous age distribution among participants.

Table 2. Distribution of Participants by Class and Sex
Class Boys Girls Total
A 11 9 20
B 6 10 16
Total 17 19 36
As presented in Table 2, participants were distributed across two classes with a relatively balanced representation of boys
and girls. No substantial imbalance in sex distribution was observed between classes.

Static Balance Outcomes
Static balance was assessed using the One-Leg Stand Test (OLS). Descriptive statistics and within-group analyses of OLS
performance are summarized in Table 3.

Table 3. Static Balance (One-Leg Stand Test) Pre-test and Post-test Results

Group Median Pre-test (s) Median Post-test (s) Z p-value Effect Size (r)
Intervention 6.2 11.4 -3.419 <0.001 0.62
Control 6.5 6.7 -0.501 0.616 0.08

As shown in Table 3, the intervention group demonstrated a significant improvement in static balance following the engklek
intervention, with median OLS values increasing from 6.2 seconds to 11.4 seconds (p<0.001). The magnitude of this change was
supported by a large effect size (r=0.62). In contrast, the control group did not show a significant change in OLS performance between
pre-test and post-test (p=0.616). Between-group comparison of post-test OLS scores using the Mann—Whitney U test revealed a
statistically significant difference favoring the intervention group (U=80.000; Z=-2.594; p=0.009).

Dynamic Balance Outcomes
Dynamic balance was evaluated using the 10-Meter Walk Test (10MWT). Pre-test and post-test results for dynamic balance
are presented in Table 4.

Table 4. Dynamic Balance (10-Meter Walk Test) Pre-test and Post-test Results

Group Median Pre-test (s) Median Post-test (s) Z p-value Effect Size (r)
Intervention 9.1 7.4 -3.354 <0.001 0.58
Control 9.3 9.0 -1.823 0.068 0.30

As indicated in Table 4, the intervention group showed a significant improvement in dynamic balance, demonstrated by a
reduction in median 10MWT completion time from 9.1 seconds to 7.4 seconds (p<0.001), with a large effect size (r=0.58). The control
group did not exhibit a statistically significant change in dynamic balance over the study period (p=0.068). Between-group analysis
confirmed a significant difference in post-test 10MWT performance between the intervention and control groups (U=77.500;
Z=-2.674; p=0.008).
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Summary of Results

Overall, the results presented in Tables 3 and 4 demonstrate that the traditional engklek game intervention led to significant
improvements in both static and dynamic balance among preschool children aged 4-6 years. No comparable improvements were
observed in the control group, indicating that the observed changes were primarily attributable to the engklek intervention.

Discussion

The present study demonstrated that participation in a traditional engklek game intervention resulted in significant
improvements in both static and dynamic balance among preschool children aged 4—6 years. Children in the intervention group
showed markedly better post-intervention performance on the One-Leg Stand Test and the 10-Meter Walk Test compared with their
baseline values, whereas no significant changes were observed in the control group. These findings indicate that the observed
balance improvements were primarily attributable to the engklek intervention rather than to routine school activities alone.

The improvement in static balance observed in this study, reflected by a substantial increase in One-Leg Stand Test duration
and a large effect size, suggests meaningful enhancement in the children’s ability to maintain postural stability during stationary
tasks.?® From a clinical perspective, improved static balance in preschool children is associated with better control of the center of
mass over a reduced base of support, which is essential for fundamental motor skills such as standing, hopping, and transitioning
between postures.?’” The repetitive single-leg hopping and controlled landing movements inherent in the engklek game likely
stimulated postural muscles and enhanced neuromuscular coordination, thereby improving static balance performance.?® These
findings are consistent with previous studies reporting significant gains in static balance following engklek-based or play-based
balance interventions in children.22:30.31

In addition to static balance, the engklek intervention also led to significant improvements in dynamic balance, as indicated
by reduced completion times in the 10-Meter Walk Test and a large effect size.?? Dynamic balance requires continuous postural
adjustments during movement, relying on the integration of vestibular, proprioceptive, and visual inputs. The engklek game involves
frequent transitions between unilateral and bilateral support, directional changes, and rhythmic hopping movements, all of which
challenge postural control during locomotion.®? Repeated exposure to these movement demands may enhance anticipatory and
reactive postural control mechanisms, thereby improving gait stability and dynamic balance in preschool children.®? This finding aligns
with earlier studies showing that traditional games and play-based interventions can effectively enhance dynamic balance and
locomotor performance in young children.3435

When compared with existing literature, the results of this study extend previous findings by providing evidence specific to
preschool-aged children and by differentiating between static and dynamic balance outcomes. While many prior studies have focused
on school-aged children or assessed motor development globally, the present study highlights that balance-specific improvements
can already be achieved in children aged 4-6 years through structured traditional play. This is particularly important given that early
childhood represents a critical window for neuromotor development, during which targeted stimulation may yield long-term benefits
for motor competence and physical activity participation.

Despite these positive findings, several methodological considerations should be acknowledged. First, the quasi-
experimental design without random allocation may introduce selection bias, as group assignment was determined by practical
considerations within the school setting. Although baseline characteristics between groups were comparable, unmeasured
confounding factors, such as differences in habitual physical activity outside of school or variations in home environments, may have
influenced the outcomes. Second, the sample size was relatively small and drawn from a single preschool, which may limit the
generalizability of the findings. Therefore, the results should be interpreted with caution and primarily generalized to preschool
populations with similar characteristics and settings.

Another limitation relates to the short duration of the intervention and the absence of long-term follow-up. While significant
improvements were observed after four weeks, it remains unclear whether these gains would be maintained over time without
continued practice. Additionally, assessor blinding was not feasible in the present study, which may have introduced measurement
bias, although standardized testing procedures and the use of validated instruments were applied to minimize this risk.

From a practical standpoint, the findings of this study suggest that the traditional engklek game may be incorporated as a
feasible and enjoyable play-based intervention to enhance balance in preschool children. The intervention requires minimal
equipment, is low-cost, and can be easily implemented in school or community settings. For pediatric physiotherapy practice, engklek
may serve as an adjunct or alternative approach to conventional balance training, particularly for young children who benefit from
engaging and culturally relevant activities. Based on the present protocol, implementing engklek sessions approximately three times
per week for 20 minutes may provide meaningful balance benefits for preschool-aged children.

Future research is recommended to employ randomized controlled designs with larger and more diverse samples to
strengthen causal inference and improve external validity. Longitudinal studies are also needed to evaluate the sustainability of
balance improvements and to explore the potential transfer effects of engklek-based interventions on other motor domains, such as
coordination, agility, and functional movement skills. By addressing these aspects, future studies may further clarify the role of
traditional games in supporting early childhood motor development and preventive pediatric physiotherapy.

Conclusion

This study demonstrates that participation in a traditional engklek game intervention significantly improves both static and
dynamic balance in preschool children aged 4-6 years. Children who received the engklek intervention showed meaningful
improvements in One-Leg Stand Test and 10-Meter Walk Test performance compared with those who participated only in routine
school activities, indicating that structured traditional play can effectively enhance balance abilities during early childhood.

Despite these positive findings, the results should be interpreted in light of the study’s limitations, including the quasi-
experimental design without randomization, the relatively small sample size, and the absence of long-term follow-up. Therefore,
causal inferences should be made cautiously, and generalization of the findings should be limited to preschool populations with
similar characteristics and settings.

From a practical perspective, the traditional engklek game represents a simple, low-cost, and enjoyable play-based
intervention that may be integrated into pediatric physiotherapy programs or school-based physical activities. Based on the present
protocol, implementing engklek sessions approximately three times per week for 20 minutes may provide beneficial effects on balance
development in preschool children.
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