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ABSTRACT

This study confirms that the traditional game Bentengan can serve as a contextual model for early childhood 
science learning, effectively integrating cognitive, motor, and social-emotional development. Empirical evidence 
suggests that embodied interaction during play enhances preschoolers’ conceptual understanding of  force, mo-
tion, balance, and environmental phenomena, while also strengthening their gross and fine motor coordination. 
Theoretically, these findings contribute to embodied cognition studies by demonstrating how sensorimotor en-
gagement functions as a foundation for abstract scientific reasoning in STEM domains. Practically, the integra-
tion of  culturally grounded games provides a locally relevant and engaging alternative to conventional instruc-
tion, positioning Bentengan as a sustainable approach for culture-based preschool education that aligns with 
current curriculum reforms and the broader agenda of  inclusive, active, and meaningful early science education.

© 2025 Science Education Study Program FMIPA UNNES Semarang

Keywords: science learning; preschool education; cognitive development; motor skills

*Correspondence Address
E-mail: diah.andika@umj.ac.id

INTRODUCTION

The integration of  traditional games into 
early childhood education is gaining attention 
as an innovative approach to promote cogniti-
ve, motor, and social development (Bazaz et al., 
2018; Sutapa et al., 2021; Ayaz-Alkaya & Akca, 
2025). This pedagogical approach aligns with the 
global educational agenda (Reimers, 2024), par-
ticularly with Sustainable Development Goals 
(SDGs) 4 and 3, which aim to ensure inclusive 
and equitable quality education and promote 
well-being for all ages. As global childhood de-
velopment initiatives emphasize holistic learning, 
traditional play provides culturally grounded and 

developmentally appropriate pathways to foster 
essential 21st-century competencies. However, 
Bianconi et al. (2024) report that the increasing 
dominance of  screen-based entertainment and 
academic formalization in the early years has led 
to the marginalization of  traditional play, resul-
ting in reduced physical activity and weakened 
socio-emotional engagement in children. This 
concerning global trend requires deeper educatio-
nal attention. Despite these challenges, the rese-
arch gap persists: the role of  traditional strategic 
games in preschool science learning remains un-
derexplored, particularly in integrating conceptu-
al understanding with motor development.

Game-based learning, especially in 
preschools, has been widely recognized for its abi-
lity to enhance conceptual understanding, prob-
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lem-solving skills, and collaborative learning ex-
periences (Carulla et al., 2021; Aslan et al., 2022; 
Devi, 2022). However, although structured and 
digital game-based approaches have been extensi-
vely studied, few empirical studies focus on how 
traditional games can simultaneously strengthen 
science learning and motor coordination. Recent 
international research underscores this gap. For 
example, Matafwali and Mofu (2023) in Zambia 
found that indigenous games improved children’s 
executive functions and motor planning, Riley 
et al. (2023) in Canada highlighted their role in 
fostering cultural identity and engagement, and 
Matsekoleng et al. (2024) reported improved clas-
sroom collaboration in South Africa. However, 
these studies rarely address the structured teach-
ing of  scientific concepts such as force, motion, 
or balance, especially in early childhood contexts. 
This makes the integration of  traditional games 
into science learning both a novel and necessary 
area of  investigation.

Based on a preliminary needs analysis 
conducted in three urban preschools in Bandar-
lampung, Indonesia, 72% of  early childhood 
teachers reported limited instructional tools for 
introducing science concepts through move-
ment. In contrast, 68% stated that traditional ga-
mes were rarely integrated into formal learning 
despite their popularity during recess. Informal 
interviews also revealed that both teachers and 
parents perceived a disconnect between science 
instruction and children’s hands-on experiences, 
particularly in understanding abstract concepts 
like force, motion, or environmental changes. 
To further substantiate this, a small survey with 
15 preschool teachers and 20 parents revealed 
that 73% observed minimal incorporation of  
movement-based activities in science lessons, and 
65% noted that learning remained dominated by 
worksheet-based or demonstration-only activi-
ties. These findings confirm that cognitive and 
motor stimulation in formal preschool education 
remains low, justifying the need for more integra-
ted and engaging learning strategies.

Games are a fundamental mechanism in 
early childhood cognitive and motor develop-
ment, facilitating creativity, problem-solving, 
and critical thinking (Biino et al., 2023; Ramesh, 
2022). However, not all play experiences provide 
equal educational benefits. Strategic play, which 
involves decision-making, tactical reasoning, and 
coordination, has been shown to improve execu-
tive function and cognitive flexibility (Etokabeka, 
2021; Gibb et al., 2021). Unlike passive or overly 
structured activities, Bentengan requires hands-
on problem-solving, adaptive decision-making, 

and physical coordination (Iswinarti & Laily, 
2024). This makes Bentengan a strong candida-
te for integrating movement-based learning with 
scientific inquiry. The interactive nature of  the 
game aligns with constructivist theory, which 
posits that children construct knowledge through 
active experiences, and embodied cognition theo-
ry, which argues that bodily movement supports 
and shapes cognitive processes (Fugate et al., 
2019; Light, 2021). Both frameworks justify why 
Bentengan is pedagogically suited to link abstract 
science concepts with lived physical experiences.

Motor development plays a crucial role in 
early childhood learning, as it directly influen-
ces neurological growth, spatial awareness, and 
executive function (Escolano-Pérez et al., 2021; 
Malambo et al., 2022; Shi & Feng, 2022). Rese-
arch indicates that movement-based learning can 
foster higher cognitive engagement and enhance 
memory compared to sedentary instruction (Ma-
vilidi et al., 2022; Wood, 2023). While structured 
sports and physical activity have been extensively 
studied, the educational role of  traditional stra-
tegic games in preschool science learning has ra-
rely been the primary focus (Yılmaz & Griffiths, 
2023). Bentengan, which involves running, dod-
ging, strategic thinking, and teamwork, presents 
a unique opportunity to investigate how move-
ment-based learning fosters both cognitive and 
motor development in a preschool setting.

Early exposure to science learning in 
preschool education is crucial in shaping 
children’s understanding of  basic concepts such 
as force, motion, balance, and velocity (O’Connor 
et al., 2021; Ravanis, 2022; Siry et al., 2023). Re-
search consistently shows that interactive, hands-
on approaches significantly improve conceptual 
mastery in young children (Maričić et al., 2023). 
However, many preschool science lessons remain 
theoretical or rely on simple demonstrations, neg-
lecting the potential of  kinesthetic and play-based 
learning. Bentengan bridges this gap by providing 
physical activities that represent principles of  for-
ce and motion, giving children concrete experien-
ces to strengthen their conceptual understanding 
(Kersting et al., 2021; Macrine & Fugate, 2022). 

Although the benefits of  active learning 
and embodied cognition have been widely do-
cumented (Gordon & Ramani, 2021; Macrine 
& Fugate, 2021; McGowan et al., 2021; Jusslin 
et al., 2022), few studies have systematically exa-
mined traditional strategic games in Southeast 
Asian preschool contexts. This study addresses 
that gap by positioning Bentengan as an innovati-
ve and contextual learning model that integrates 
cultural heritage with contemporary educational 
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practice. Its contribution lies in offering an integ-
rative model that combines cognitive, motor, and 
social learning outcomes through culturally em-
bedded practices, thereby expanding existing lite-
rature on embodied learning, science pedagogy, 
and culturally responsive education.

Therefore, this study investigates the ef-
fectiveness of  Bentengan in improving preschool 
children’s cognitive and motor skills through 
science learning. Specifically, it examines (1) the 
impact of  Bentengan on conceptual understan-
ding, gross motor skills, and fine motor skills, (2) 
how strategic play-based science learning affects 
collaboration, problem-solving, and engagement, 
and (3) how conceptual understanding and mo-
tor skill development interact to shape learning 
experiences. By addressing these questions, this 
research contributes both practically—by offe-
ring a culturally grounded, inclusive instructional 
model—and theoretically, by deepening our un-
derstanding of  the interplay between embodied 
cognition, constructivism, and early science edu-
cation.

METHODS

This study employed a mixed-methods 
sequential explanatory design (Creswell & Cres-
well, 2023), integrating a quasi-experimental 
pretest–posttest control group design in the quan-
titative phase and a qualitative approach to pro-
vide explanatory depth. This design allowed for 

systematic hypothesis testing using numerical 
data while also capturing contextual insights into 
children’s learning experiences (Rogers & Revesz, 
2019). 

The participants were 60 preschool 
children aged 4–6 years from several preschool 
education institutions in Bandar Lampung, In-
donesia, selected through purposive sampling to 
ensure developmental comparability, with both 
boys and girls represented (51.6% male, 48.4% 
female). Inclusion criteria required regular school 
attendance and parental consent, while children 
with diagnosed developmental delays or sensory 
impairments were excluded. The children were 
randomly assigned to an experimental group (n 
= 30), which experienced Bentengan-based scien-
ce learning, and a control group (n = 30), which 
received conventional teacher-centered learning, 
characterized by lectures, simple demonstrations, 
and worksheet-based activities without integrati-
on of  play or physical movement.

The intervention was structured around the 
principles of  scaffolded instruction (Faber et al., 
2024). Teachers introduced the Bentengan game 
through storytelling and live demonstrations, 
followed by small-group practice of  movements 
such as running, tagging, and dodging. Comple-
xity and rules were gradually increased, ensuring 
accessibility while encouraging strategic collabo-
ration and adaptive reasoning. Table 1 presents 
an overview of  the intervention procedures.

Table 1. Intervention Procedures

Phase Description

Pre-Intervention 
(Week 1)

Pretest of  cognitive and motor skills. The experimental group was introduced 
to Bentengan through stories, demonstrations, and guided practice. The control 
group received lecture- and worksheet-based science lessons.

I n t e r v e n t i o n 
(Week 2 to 5)

The experimental group engaged in Bentengan-based science sessions link-
ing movement to concepts (force, motion, balance, environment). The control 
group followed conventional lessons with minimal physical involvement.

Post-Intervention 
(Week 6)

Posttest conducted for both groups. Observations, interviews, and sociomet-
ric mapping documented children’s engagement, collaboration, and problem-
solving.

Three primary instruments were used: (1) 
Science Concept Recognition Test (SCRT) to 
assess conceptual understanding of  force, moti-
on, balance, and environmental interactions; (2) 
Gross Motor Function Measure (GMFM-88) to 
evaluate agility, balance, and directional chan-
ges; and (3) Movement Assessment Battery for 
Children (MABC-2) to assess fine motor coor-

dination and bilateral control. Complementary 
data were collected through structured inter-
views, teacher/parent questionnaires, and socio-
metric mapping of  peer collaboration. Details of  
validity, reliability, and extended instrument spe-
cifications are provided in the Appendix (Tables 
A1 and A2).
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Quantitative data were analyzed using 
Two-Way ANOVA to examine main and interac-
tion effects between instructional approach (Ben-
tengan vs. conventional) and outcome variables 
(SCRT, GMFM-88, MABC-2), supported by ef-
fect size calculations (Cohen’s d). Qualitative data 
were analyzed using thematic analysis following 
Clarke & Braun’s (2017) framework, while so-
ciometric network analysis was conducted using 
UCINET software (Shabankareh et al., 2024) to 
map peer collaboration patterns.

RESULTS AND DISCUSSION

This study evaluated the effectiveness of  
the Bentengan game as an interactive, movement-
based approach in early childhood science lear-
ning, specifically in improving cognitive develop-
ment, motor skills, and social interactions. This 
study employed both quantitative and qualitative 
analyses to comprehensively assess learning out-
comes. The experimental group that participated 
in Bentengan-based learning showed a significant 
increase in learning outcomes compared to the 

control group that received traditional learning. 
These findings reinforce the consensus that game-
based learning can promote a deeper conceptu-
al understanding and better motor development 
than passive instructional methods  (Parker & 
Thomsen, 2019; Ebbeck et al., 2020; Jain, 2021). 
Previous research has demonstrated that integra-
ting culturally relevant games into STEM lear-
ning environments can enhance student engage-
ment, improve concept retention, and facilitate 
the daily application of  scientific principles (Van 
Ingen et al., 2018; Johnson & Elliott, 2020; Li et 
al., 2021).

Assumption testing was performed prior 
to conducting parametric analysis to ensure the 
validity of  the statistical tests. The Shapiro-Wilk 
test for normality (p > 0.05) and Levene’s test for 
homogeneity of  variance (p > 0.05) confirmed 
that the data met the assumptions required for 
Two-Way ANOVA. The results are presented in 
Table 2, which verifies that the data set is normal-
ly distributed and the variances are equal across 
groups.

Table 2. Test of  Assumptions of  Normality and Homogeneity of  Variance

Variable Group Shapiro-Wilk 
(p-value)

Normality 
Assumption

Levene’s test 
(p-value)

Homogeneity 
Assumption

Science Concept 
Recognition Test 
(SCRT)

Experimental 0.067 Normal 0.082 Homogenous

Control 0.092 Normal 0.095 Homogenous

Gross Motor Func-
tion Measure 
(GMFM-88)

Experimental 0.071 Normal 0.078 Homogenous

Control 0.084 Normal 0.081 Homogenous

Movement Assess-
ment Battery for 
Children (MABC-
2)

Experimental 0.089 Normal 0.076 Homogenous

Control 0.071 Normal 0.080 Homogenous

Once these assumptions were met, the stu-
dy evaluated the effectiveness of  the interventi-
on. Two-way ANOVA was conducted to test the 

main effects of  instructional methods and their 
interaction effects on developmental outcomes. 
The results are summarized in Table 3.

Table 3. Two-Way ANOVA Results for Cognitive and Motor Development

Source df Mean Square F Sig. (p-value) Partial Eta Squared

Corrected Model 9 1872.814 84.216 < 0.001 0.945

Group (Experimental vs. Control) 1 5725.847 278.452 < 0.001 0.928

SCRT (Cognitive Development) 1 481.357 23.014 < 0.001 0.165

GMFM-88 (Gross Motor Skills) 1 624.121 29.215 < 0.001 0.192

MABC-2 (Fine Motor Coordination) 1 361.842 17.342 < 0.001 0.135

Group × SCRT 1 182.917 8.714 0.004 0.074
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Source df Mean Square F Sig. (p-value) Partial Eta Squared

Group × GMFM-88 1 218.527 10.017 0.003 0.083

Group × MABC-2 1 139.213 6.841 0.011 0.056

SCRT × GMFM-88 1 157.628 7.862 0.008 0.067

SCRT × MABC-2 1 144.831 7.215 0.010 0.062

GMFM-88 × MABC-2 1 168.412 8.132 0.006 0.069

SCRT × GMFM-88 × MABC-2 1 112.351 5.314 0.024 0.047

The results of  the Two-Way ANOVA ana-
lysis in Table 3 show strong evidence that the 
Bentengan game-based intervention significantly 
improved the cognitive development and motor 
skills of  preschool children. The main effect of  
group (F = 278.452, p < 0.001, η² = 0.928) sho-
wed that children in the experimental group ex-
perienced a significantly higher increase in under-
standing science concepts (SCRT), gross motor 
skills (GMFM-88), and fine motor coordination 
(MABC-2) compared to the control group. This 
effect can be observed directly in the field, where 
children in the experimental group actively inte-
racted with their environment and demonstra-
ted the ability to apply science concepts through 
play. This finding strongly supports the embodied 
cognition theory, which posits that sensorimotor 
engagement enhances cognitive processes and 
retention by establishing a direct connection bet-
ween action and thought (Tsay et al., 2024). The-
se findings are not only consistent with previous 
empirical studies but also demonstrate a clear 
embodiment of  constructivist principles, where 
children actively build their own understanding 
through direct engagement with physical tasks. 
The strong improvement across SCRT, GMFM-
88, and MABC-2 illustrates how embodied cog-
nition, where knowledge is grounded in sensori-
motor activity, supports children in transforming 
play experiences into conceptual learning. Previo-
us research has also demonstrated that children 
learn more effectively when they can physically 
manipulate and experience scientific princip-
les rather than passively receiving information 
(Kontra et al., 2015; Mayer et al., 2023). Thus, 
the findings in this study align with the broader 
understanding that early STEM education should 
incorporate hands-on, movement-based experi-
ences to enhance concept retention.

The main effect of  SCRT (F = 23.014, 
p < 0.001, η² = 0.165) indicated that children’s 
understanding of  basic science concepts signifi-
cantly improved as a result of  the intervention. 
Field observations revealed that children in the 
experimental group naturally explored the con-
cepts of  force and motion, for example, running 

faster when being chased, stopping suddenly, and 
pushing a friend forward, reflecting an intuitive 
understanding of  Newtonian mechanics. A par-
ticularly telling moment of  this understanding 
occurred when a child said, ”If  I push my friend 
on the grass, he does not move much, but on the 
basketball court, he slides!”, which directly rela-
tes to the concepts of  friction and surface resis-
tance. These findings align with Stephenson et 
al. (2023), who emphasized that play-based en-
vironments allow children to test hypotheses and 
refine their understanding through direct experi-
ence. This outcome also embodies the construc-
tivist view that knowledge is actively constructed 
when learners engage with actual contexts. The 
fact that children could articulate concepts such 
as friction without formal terminology reflects 
embodied cognition in action, where lived physi-
cal experiences serve as anchors for abstract rea-
soning.

In line with the Merdeka Curriculum, 
which encourages active learning and inquiry-
based strategies such as Discovery Learning, the 
Bentengan-based intervention was designed to 
move beyond traditional lecturing. The learning 
process followed the discovery cycle, beginning 
with observation during play, followed by explo-
ration of  phenomena, formulating explanations 
through teacher-guided reflection, and reinfor-
cing concepts via structured discussion. For 
example, after a Bentengan session, children were 
prompted to explain why their movements chan-
ged on different surfaces or how pushing with 
varying force affected motion. These moments 
of  guided inquiry ensured that the learning ex-
perience was consistent with constructivist prin-
ciples and the Discovery Learning model, where 
children construct meaning from physical expe-
riences.

In contrast, the control group received 
science learning through teacher-centered lectu-
res and worksheet-based tasks, which, although 
common in many preschools, lacked physical 
exploration and collaborative discussion. This 
passive approach resulted in limited conceptual 
internalization, as observed in their inability to 
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articulate the influence of  surface texture on mo-
tion. Fiorella (2023) and Mikolaj (2019) similar-
ly noted that verbal explanations alone are often 
insufficient for young learners to form durable 
scientific understanding. Thus, while the cont-
rol group primarily relied on auditory and visual 
channels for concept acquisition, the experimen-
tal group benefited from multisensory, embodied 
learning.

These findings underscore the need to 
design early childhood science experiences that 
align with national curricular reforms, which 
emphasize student autonomy, contextual rele-
vance, and active engagement. The fort-based 
learning using Bentengan did not simply repla-
ce lectures with play but strategically embedded 
scientific inquiry within culturally relevant phy-
sical activity. This model exemplifies how indige-
nous games can be harmonized with modern pe-
dagogical frameworks to foster meaningful, deep 
learning in preschool education.

The main effect of  GMFM-88 (F = 29.215, 
p < 0.001, η² = 0.192) highlighted a significant 
improvement in gross motor skills in the expe-
rimental group. Field observations showed that 
children gradually improved their running coor-
dination, reaction speed, and spatial awareness 
during the intervention. Teachers noted that 
many children initially had difficulty maneuve-
ring around obstacles, but by the end of  the pro-
gram, they were able to control acceleration, de-
celeration, and balance when running on uneven 
surfaces. This finding aligns with previous studies 
that suggest early childhood movement experi-
ences contribute to the development of  neuro-
muscular control, proprioception, and postural 
stability  (Silva-Moya et al., 2022). The role of  
the outdoor environment in shaping children’s 
motor skills and environmental awareness is also 
reflected in this study, as children ran on grass 
fields, slippery surfaces after rain, and paved play 
areas while adjusting their movements. One child 
said, ”Running after it rains is harder because my 
shoes get slippery!” This indicates direct engage-
ment with environmental science concepts, such 
as friction and the effects of  water on surfaces. 
Similar findings have been reported in studies of  
nature-based learning, where interactions with 
natural materials help children hone their move-
ment efficiency and develop environmental litera-
cy (Fang et al., 2023; El-Aasar et al., 2024). From 
the perspective of  embodied cognition, these 
gross motor improvements are not separate from 
learning but integral to it; movement serves as a 
medium through which children explore cause-
and-effect relations. Constructivism explains this 

progression as a process of  iterative adaptation, 
where children refine their understanding of  for-
ce and balance as they physically navigate diverse 
terrains.

The significant effect of  MABC-2 (F = 
17.342, p < 0.001, η² = 0.135) indicates that 
the intervention also improved fine motor coor-
dination, especially in tasks requiring precision, 
reaction time, and object manipulation. In the 
play-integrated environmental science activities, 
children were asked to pick up leaves, twigs, and 
other small objects from the ground while main-
taining balance, which strengthened hand-eye 
coordination and dexterity. One key moment oc-
curred when children were asked to compare dry 
and wet leaves, with one child commenting, ”The 
wet leaf  is heavier, and it sticks to my hand!” This 
reflected their early engagement with chemical 
concepts such as absorption, weight, and differen-
ces in texture in organic materials. These findings 
align with research indicating that hands-on, ma-
nipulative activities enhance preschool children’s 
ability to recognize and categorize materials 
based on their properties (Byrne et al., 2023). A 
control group that did not engage in these acti-
vities showed lower improvements in fine motor 
coordination, as they were not required to handle 
objects in a dynamic, interactive context. The role 
of  fine motor involvement in cognitive learning 
has also been widely discussed in the literature, 
emphasizing that manipulation of  real objects 
from an early age can strengthen sensory integ-
ration and conceptual understanding (Chandler 
et al., 2021; Shi & Feng, 2022). The observed 
gains in fine motor coordination further illustrate 
embodied cognition, where manipulating phy-
sical objects deepens conceptual understanding 
by linking sensory inputs to abstract categories. 
Within a constructivist frame, children actively 
reorganize their knowledge structures when new 
tactile experiences, such as contrasting textures 
of  leaves, challenge prior assumptions, thereby 
fostering conceptual growth.

The most striking finding was a three-way 
interaction effect (SCRT × GMFM-88 × MABC-
2: F = 5.314, p = 0.024, η² = 0.047), highlighting 
the complex interrelationships between cogni-
tive, gross motor, and fine motor skills in early 
childhood science learning. This interaction was 
particularly evident in environmental science ex-
ploration activities, where children directly inte-
racted with living things, soil textures, and other 
natural elements through games. In one session, 
as children ran across a grassy field and obser-
ved insects and plants, one child enthusiastically 
commented, ”I see little ants running! They got 
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faster when I lifted the rock!” This comment ref-
lected an understanding of  animal behavior and 
environmental adaptation. Another child also 
commented, ”The ground is wet here, so it is 
easier to make footprints!” This indicates an un-
derstanding of  the differences in soil composition 
due to varying moisture levels. This observation 
aligns with research indicating that direct inter-
action with the natural environment can foster 
scientific curiosity and ecological literacy from 
an early age, as well as reinforce the importance 
of  place-based and inquiry-based STEM educa-
tion in preschool education (García-González & 
Schenetti, 2022; Bjerknes et al., 2024).

This three-way interaction illustrates the 
essence of  embodied cognition, where physical 
movement (gross motor), object manipulation 
(fine motor), and conceptual reasoning (cogni-
tive) converge to shape holistic learning. Rather 
than treating motor and cognitive development 
as parallel but separate, the findings show that 
the body becomes the medium through which 
children construct scientific understanding. 
Constructivism further explains this integration 
as a process of  active meaning-making; children 
do not passively absorb knowledge, but rather 
reorganize their cognitive schemas through re-
peated, multisensory interactions with the envi-
ronment. In Bentengan, every run, dodge, or tac-
tile exploration of  leaves and soil becomes both 
a physical act and a cognitive scaffold, helping 
children internalize abstract principles such as 
force, friction, and adaptation.

Quantitative and qualitative evidence from 
this study confirms that movement-based lear-

ning not only improves cognitive and motor skills 
but also promotes deeper engagement with en-
vironmental science concepts. The experimental 
group showed higher curiosity, engagement, and 
problem-solving behaviors, especially when inte-
racting with natural elements such as leaves, wa-
ter, insects, and soil. This supports the argument 
that science learning should be multisensory, 
physically interactive, and immersive in the envi-
ronment to optimize learning outcomes in early-
age children (Cuturi et al., 2022; Aulina et al., 
2024). Interestingly, these findings also suggest 
that science education should not separate phy-
sics, biology, and chemistry as distinct domains, 
but rather integrate them through active, hands-
on experiences. By running, touching, observing, 
and manipulating fundamental elements in the 
environment, children build a connected under-
standing of  forces, motion, environmental scien-
ce, and the properties of  materials—reaffirming 
that early childhood STEM education should be 
dynamic, experiential, and inquiry-oriented.

Sociometric network analysis visualizes 
peer interactions and social connectedness in 
both the experimental and control groups, revea-
ling important differences in the collaborative 
structures that emerged during the intervention. 
The experimental group network (Figure 1a) ap-
pears denser and more interconnected, indicating 
strong peer collaboration and high social engage-
ment. In contrast, the control group network (Fi-
gure 1b) is more fragmented, indicating weaker 
social interactions and limited opportunities for 
collaboration.

a. Sociometric Network - Experimental Group (n=30) b. Sociometric Network - Control Group (n=30)
Figure 1. Sociometric Network Analysis using UCINET
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The denser sociometric network in the 
experimental group is consistent with quantita-
tive and qualitative findings, which support the 
argument that interactive, movement-based lear-
ning environments foster social connections and 
collaborative problem-solving skills (MacKnight, 
2021; Sun et al., 2022). This finding is particu-
larly significant in the context of  early childhood 
education, where peer interactions play a crucial 
role in driving cognitive and social development 
(Johnstone et al., 2022).

The experimental group exhibited a highly 
connected social network, characterized by more 
frequent and meaningful peer interactions during 
the intervention. In Bentengan-based learning 
sessions, children actively communicated, stra-
tegized, and solved problems together, leading 
to stronger social bonds. This was reflected in 
children’s statements such as:

”We have to take turns running, so that 
there is always someone ready next!” (Child)

”You cover me, I will take the other base!” 
(Child)

These statements indicate a collaborative 
mindset and role-sharing, proving that Benten-
gan-based learning naturally fosters teamwork 
skills. This finding aligns with research sugges-
ting that structured play environments foster so-
cial relationships among children through shared 
goals and collective decision-making.

Teachers also noted a visible change in the 
social dynamics of  the classroom, with previous-
ly passive and withdrawn preschool children be-
coming more confident and engaged in group 
activities. One teacher stated:

”Some of  the children who were usually 
quiet and shy became more active because the 
game gave them clear roles and goals.”

This suggests that the game provided an 
inclusive environment where all children felt 
comfortable interacting, supporting the social 
constructivist view that peer collaboration enhan-
ces learning outcomes (Qureshi et al., 2023).

In contrast, the sociometric network of  the 
control group appeared less dense, with fewer so-
cial connections and more isolated nodes. This 
suggests that conventional teacher-led learning 
does not provide enough space for peer collabo-
ration. Observations revealed that children in the 
control group engaged in minimal verbal interac-
tion during learning and were more engaged in 
individual, worksheet-based tasks. This finding 
aligns with the quantitative results, which show 
that the control group exhibited significantly lo-
wer improvements in both cognitive and motor 
development (see Table 3).

Parents also noticed a lack of  social enga-
gement in the learning process. One parent said:

”He never talks about playing with his fri-
ends at school; he only talks about what the te-
acher says.”

This statement highlights the passive natu-
re of  traditional learning methods, which often 
fail to foster the social motivation necessary for 
active learning. This finding aligns with studies 
that demonstrate the significant impact of  inter-
active learning environments on social-emotional 
skills compared to teacher-centered approaches 
(Huang & Lajoie, 2023).

One important insight from this sociome-
tric analysis is that children with stronger social 
connections also showed higher learning gains in 
science concepts. The peer interactions facilitated 
by Bentengan helped children articulate scientific 
principles, engage in hands-on experiments, and 
solidify understanding through collaborative dia-
logue. This aligns with research indicating that 
socially engaged students tend to perform better 
in STEM subjects, primarily due to increased en-
gagement (Latifi et al., 2021).

For example, during the game, a group of  
children discussed the effects of  force and motion 
while strategizing:

”If  we all run fast together, we can get to 
the base before they can touch us!”

This statement demonstrates the real-time 
application of  Newton’s physics principles, which 
strengthens the embodied learning hypothesis. 
The collaborative learning aspect of  the game 
enables children to actively test and refine their 
understanding of  physics through social interac-
tion, thereby further strengthening the findings 
of  significant improvements in science concept 
recognition (SCRT) presented in Table 3.

This study demonstrates that integrating 
the traditional Bentengan game into early child-
hood science learning effectively enhances con-
ceptual understanding, motor skills, and social 
collaboration. Unlike previous studies, this study 
reveals a reciprocal relationship between cogni-
tive, motor, and social development in an inter-
active and engaging learning context. The use of  
quantitative analysis methods (Two-Way ANO-
VA), sociometric network analysis, and thematic 
qualitative analysis strengthens the findings that 
physical engagement in strategic play improves 
children’s concept retention and social interac-
tion. Furthermore, this study highlights the im-
portance of  integrating cultural and movement-
based learning approaches into early childhood 
science curricula.
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Conceptually, this study contributes to the 
development of  embodied cognition studies in 
early childhood science education by adding em-
pirical evidence on how sensorimotor experien-
ces can strengthen scientific thinking processes. 
On the other hand, this study expands the realm 
of  play-based learning by incorporating social 
analysis through a sociometric network approa-
ch, providing a new perspective on the dynamics 
of  interaction in active learning contexts. These 
findings also provide practical contributions to 
the design of  locally contextualized and cultural-
ly relevant curricula, while strengthening the the-
oretical foundation of  movement-based learning 
as a multidimensional approach that supports 
cognitive, social, and motor development simul-
taneously.

However, this study is limited by its narrow 
geographic scope and has not examined the long-
term retention of  concepts. Therefore, further re-
search is recommended to adopt a longitudinal 
design, explore more diverse educational contex-
ts, consider game adaptations for children with 
special needs, and utilize motion tracking techno-
logy or artificial intelligence-based analysis to ex-
pand the understanding of  the relationship bet-
ween physical activity and cognitive development 
in early childhood.

CONCLUSION

This study confirms that the traditional 
game Bentengan can serve as a contextual model 
for early childhood science learning, effectively 
integrating cognitive, motor, and social-emotio-
nal development. Empirical evidence suggests 
that embodied interaction during play enhances 
preschoolers’ conceptual understanding of  force, 
motion, balance, and environmental phenome-
na, while also strengthening their gross and fine 
motor coordination. Theoretically, these findings 
contribute to embodied cognition studies by 
demonstrating how sensorimotor engagement 
functions as a foundation for abstract scientific 
reasoning in STEM domains. Practically, the in-
tegration of  culturally grounded games provides 
a locally relevant and engaging alternative to con-
ventional instruction, positioning Bentengan as a 
sustainable approach for culture-based preschool 
learning that aligns with current curriculum re-
forms and the broader agenda of  inclusive, active, 
and meaningful early science education.
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APPENDIX A – RESEARCH INSTRUMENTS AND SPECIFICATIONS

Table A1. Detailed Description of  Research Instruments

Instrument Measurement 
Focus

Description Example Item / 
Task

Source / 
Adaptation

Science Concept 
Recognition Test 
(SCRT)

Cognitive Un-
derstanding

Visual-based assessment of  con-
cepts: force, motion, balance, 
environment. Items presented in 
picture-based scenarios.

“Why can you run 
faster on a smooth 
floor than on grass?”

Fleer & Qui-
ñones (2013); 
G r e e n f i e l d 
(2015)

Gross Motor 
Function Mea-
sure (GMFM-
88)

Gross Motor 
Skills

Measures agility, balance, and 
direction changes during run-
ning and stopping.

Children asked to 
run, stop abruptly, 
and maintain bal-
ance.

H a r v e y 
(2017)

Movement As-
sessment Bat-
tery for Children 
(MABC-2)

Coordinat ion 
& Fine Motor 
Skills

Evaluates bilateral coordination, 
reaction speed, and small-object 
handling during dynamic play.

Picking up blocks/
objects while main-
taining balance.

Arbi et al. 
(2025)

Co l labora t ive 
Games Observa-
tion Rubric

Teamwork & 
Strategic Play

Teacher-rated rubric on chil-
dren’s task-sharing, adaptability, 
and peer communication.

Rating child’s abil-
ity to rotate roles in a 
game scenario.

Researcher-
developed

S o c i o m e t r i c 
Mapping

Social Interac-
tion

Teacher-assisted mapping of  
peer choice, collaboration fre-
quency, and group integration.

“Who do you like to 
play with most?”

C a r o l a n 
(2013)

Teacher & Par-
ent Question-
naire

E n g a g e m e n t 
& Perceived 
Learning

Likert-scale + open-ended items 
on child’s engagement, curiosity, 
motor activity, and social behav-
ior.

“My child talks about 
science concepts after 
playing Bentengan.”

Researcher-
developed

APPENDIX B – VALIDITY AND RELIABILITY RESULTS

Table A2. Reliability and Validity of  Instruments

Instrument Reliability 
(Cronbach’s 

Alpha)

Validity Approach Notes

SCRT 0.85 Item difficulty analysis, expert 
panel validation

Items adjusted for age-appro-
priateness

GMFM-88 0.91 Inter-rater reliability (≥85% ex-
pert agreement)

Standardized scoring main-
tained

MABC-2 0.89 Correlation with standardized 
motor assessments

Adapted tasks to preschool play 
context

Observation Rubric 0.83 Inter-observer agreement, trian-
gulation

Observed by two trained raters

Sociometric Mapping – Longitudinal consistency in peer 
choices

Used UCINET for network 
density validation

Teacher & Parent 
Questionnaire

0.87 Content validity through expert 
review

Cross-checked with classroom 
observations


