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Development of Smart Beater and Pole Base Kasti Ball Game
for Elementary School
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Objectives: Traditional Indonesian Kasti ball games require modemization to enhance student engagement and learning outcomes in elementary physical
education. Current equipment limitations and safety concerns necessitate innovative solutions that maintain cultural authenticity while improving functionality. This
research aimed to develop and evaluate the effectiveness of smart beater and pole base modifications for Kasti ball games in elementary school settings, focusing
on student engagement, skill development, and safety improvements.

Methods: A quasi-experimental study was conducted with 120 elementary students (ages 8-12) from SD Negeri 105290 Desa Kolam, North Sumatra. Participants
were divided into control (traditional Kasti) and experimental (smart beater and pole base Kasti) groups. Data collection included motor skill assessments,
engagement surveys, and safety incident reports over 12 weeks. Statistical analysis employed SPSS 25.0 using independent t-tests and ANOVA.

Results: The experimental group showed significantimprovements in batting accuracy (p<0.001), game engagement scores (p<0.01), and reduced injury incidents
(87% decrease). Smart beater technology enhanced hitting precision by 34%, while the pole base system improved field organization and reduced setup time by
45%.

Conclusion: Smart beater and pole base modifications successfully enhanced traditional Kasti ball games, improving student performance, engagement, and
safety without compromising cultural authenticity. Implementation recommendations include teacher training and gradual integration protocols.
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INTRODUCTION

Physical education in Indonesian elementary schools traditionally incorporates indigenous games that reflect cultural heritage
while promoting physical fithess and social interaction. Kasti, a traditional Indonesian ball game similar to baseball, has been a cornerstone
of elementary physical education curricula for decades. However, contemporary educational demands require innovative approaches that
blend traditional values with modern technological enhancements to optimize learning outcomes (Sutrisno & Widodo, 2022). The integration
of smart technology in physical education represents a paradigm shift toward more engaging, measurable, and effective learning
experiences. Elementary students in the digital age demonstrate increased responsiveness to technology-enhanced activities, suggesting
that traditional games enhanced with smart features could significantly improve participation and skill development (Rahman et al., 2023).
Previous studies on traditional Indonesian games in education have primarily focused on cultural preservation and basic motor skill
development. Sari and Pratomo (2021) demonstrated that traditional games like Kasti effectively develop gross motor skills and social
cooperation among elementary students. However, their research highlighted limitations in equipment standardization and objective skill
measurement. International research on technology integration in elementary physical education provides compelling evidence for
enhanced student outcomes. Johnson et al. (2022) reported 42% improvement in student engagement when incorporating smart technology
into traditional sports activities. Similarly, Zhang and Liu (2023) found that sensor-based equipment in elementary sports programs
significantly improved skill acquisition rates and reduced learning plateaus. Safety concerns in elementary physical education have gained
increasing attention. Traditional Kasti equipment often presents risks including inadequate grip on beaters, unstable base positioning, and
difficulty in skill progression measurement (Wijaya & Kusuma, 2022). These challenges necessitate innovative solutions that maintain game
authenticity while addressing safety and pedagogical concerns.

Despite extensive literature on traditional games and educational technology, limited research exists on the specific integration
of smart technology with Indonesian traditional games. Current studies lack comprehensive evaluation of how technology enhancement
affects both motor skill development and cultural game preservation. Additionally, there is insufficient data on the practical implementation
challenges and long-term sustainability of such innovations in Indonesian elementary school contexts. The absence of standardized
measurement tools for traditional game skill assessment represents another significant gap. While modern sports benefit from sophisticated
performance analysis systems, traditional games like Kasti rely primarily on subjective teacher observations, limiting objective skill
development tracking and personalized instruction capabilities.

The rapid digitalization of education, accelerated by recent global events, demands innovative approaches to physical education
that maintain student engagement while preserving cultural heritage. Elementary students in rural Indonesian communities, such as those
in North Sumatra, face unique challenges including limited access to modern sports facilities and equipment (Nasution & Siregar, 2023).
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Smart technology integration offers potential solutions by providing objective performance feedback, enhanced safety features, and
improved engagement through gamification elements. However, such innovations must be carefully designed to respect traditional game
structures and ensure accessibility in resource-limited educational environments.

This research aimed to:Develop smart beater and pole base systems for traditional Kasti ball games suitable for elementary
school implementation;Evaluate the effectiveness of smart technology integration on student motor skill development; Assess changes in
student engagement and participation levels with technology-enhanced Kasti games; Analyze safety improvements achieved through smart
equipment modifications; Investigate the cultural authenticity preservation in technology-enhanced traditional games; Provide
implementation recommendations for Indonesian elementary schools.

MATERIALS AND METHODS

Participants

The study involved 120 elementary school students (60 males, 60 females) aged 8-12 years from SD Negeri 105290 Desa Kolam,
North Sumatra, Indonesia. Participants were selected through stratified random sampling across grades 3-6, ensuring equal representation
across age groups and gender. Inclusion criteria included regular school attendance (>85%), no physical disabilities affecting game
participation, and parental consent. Exclusion criteria encompassed chronic health conditions limiting physical activity and previous
extensive Kasti game experience outside school curricula.

Ethical approval was obtained from the University Ethics Committee (Protocol #2024-PE-089), with additional permissions from
the North Sumatra Education Office and school administration. All participants and guardians provided informed consent prior to study
commencement.

Study Organization

A quasi-experimental design with control and experimental groups was employed over a 12-week intervention period (March-
May 2024). Participants were randomly assigned to either the control group (traditional Kasti, n=60) or experimental group (smart beater
and pole base Kasti, n=60). Both groups received identical instruction duration (90 minutes weekly) and teaching methodology, differing
only in equipment utilized.

The smart beater incorporated accelerometer sensors, grip pressure indicators, and LED feedback systems powered by
rechargeable batteries. The pole base system featured automated scoring mechanisms, stability sensors, and position tracking capabilities.
Traditional equipment maintained standard specifications as outlined in Indonesian Physical Education guidelines.

Test and Measurement Procedures
Table 1. Test and Measurement Procedures Overview

Assessment  Instrument/Tool Measurement Data Collection Schedule Reliability/Validity Assessor
Domain Components
Motor Skills | Kasti-Specific Motor + Batting accuracy Pre-test (Week 0) a=0.89 Certified PE
Skills Test (K-SMST)  (hits/attempts) Mid-test (Week 6) Content validity: Expert panel assessors
* Running speed (40m Post-test (Week 12) (n=5) (n=3)
sprint) Test-retest: r=0.92
+ Catching proficiency
(successful catches/10
attempts)
« Strategic positioning (1-10
scale)
Student Engagement | Physical Education + Cognitive engagement (7 Pre-test (Week 0) a=0.94 Trained
Engagement Scale items) Mid-test (Week 6) Confirmatory factor analysis research
(PEES) + Behavioral engagement (7 Post-test (Week 12) CFl=0.96, RMSEA = 0.05 assistants
items) (n=2)
+ Emotional engagement (6
items)
5-point Likert scale
Safety Monitoring | Incident * Injury type and severity Continuous monitoring Inter-rater reliability: k = 0.91 PE teachers
Documentation Form  « Equipment-related Weekly summary reports Validated injury classification + Research
incidents system observer
* Technique-related issues
+ Environmental factors
Technology | Technology + Perceived usefulness (5 Post-intervention only a=0.87 Research
Acceptance | Acceptance items) (Week 12) Adapted from Davis (1989) assistants
Questionnaire (TAQ) * Perceived ease of use (4 Cultural adaptation validated
items)
+ Behavioral intention (3
items)
« User satisfaction (4 items)
Anthropometric | Standard * Height (cm) Pre-test only Standard protocols School
measurements + Weight (kg) (Week 0) Calibrated equipment health staff
+ BMI calculation
+ Dominant hand
identification
Baseline Skills | Preliminary Skills * Previous Kasti experience  Pre-test only Face validity PE teachers
Assessment + General motor (Week 0) Expert review
competency
+ Physical activity level
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Note: All assessments conducted in accordance with Indonesian Ministry of Education guidelines and international ethical standards for research with minors.

Detailed Assessment Protocols:
Motor Skills Assessment: The K-SMST was administered in standardized conditions with consistent equipment and environmental factors.
Batting accuracy measured successful hits out of 20 attempts from a mechanical pitcher. Running speed assessed 40-meter sprint times
using electronic timing gates. Catching proficiency evaluated successful catches from 10 standardized tosses. Strategic positioning scored
participants' understanding of optimal field positions during game scenarios.
Engagement Evaluation: The PEES questionnaire was administered in classroom settings with trained research assistants providing
standardized instructions. Items were translated into Bahasa Indonesia and back-translated to ensure linguistic accuracy. Cognitive
engagement items assessed attention, interest, and mental effort. Behavioral engagement measured participation intensity and voluntary
practice time. Emotional engagement evaluated enjoyment, satisfaction, and intrinsic motivation.
Safety Monitoring: Comprehensive incident documentation included immediate response protocols, injury severity classification using the
modified Abbreviated Injury Scale (AIS), and environmental condition recording. All PE teachers received training on standardized incident
reporting procedures.
Technology Acceptance: Post-intervention surveys utilized validated technology acceptance models adapted for elementary school
contexts, with age-appropriate language and visual aids to enhance comprehension.
Statistical Analysis

Data analysis was conducted using SPSS 25.0 software. Descriptive statistics characterized participant demographics and
baseline measurements. Independent samples t-tests compared between-group differences, while repeated measures ANOVA analyzed
within-group changes over time. Effect sizes were calculated using Cohen's d for practical significance interpretation. Statistical significance
was set at p<0.05, with Bonferroni correction applied for multiple comparisons. Qualitative data from focus group discussions underwent
thematic analysis using NVivo 12 software to identify implementation challenges and success factors.

RESULTS

Motor Skills Development Outcomes

Significant improvements in motor skills were observed in both groups, with the experimental group demonstrating superior gains
across all measured domains. Batting accuracy improved by 34.2% in the experimental group compared to 18.7% in the control group
(t(118)=4.73, p<0.001, d=0.86). Running speed showed modest improvements in both groups, with no significant between-group
differences (p=0.23).

Table 2. Motor Skills Assessment Results

Skill Domain Control Group Experimental Group Effect Size p-value
Batting Accuracy (%) 52.3+12.4 10 62.1£14.2 51.8+11.9 t0 69.5+13.1 d=0.86 <0.001
Catching Proficiency 6.241.8107.1£1.6 6.1£1.7 10 8.4+1.5 d=0.72 <0.01
Strategic Positioning 5.842.1106.9+1.9 5942010 8.2+1.7 d=0.65 <0.01
Running Speed (sec) 8.4+1.2108.1+1.1 8.3+1.3t07.9¢1.0 d=0.32 0.23

Catching proficiency demonstrated marked improvement in the experimental group, with smart beater feedback mechanisms enhancing
hand-eye coordination development. Strategic positioning scores increased significantly with pole base technology providing visual cues
for optimal field positioning.
Student Engagement Analysis

Engagement levels showed dramatic improvements in the experimental group across all measured dimensions. Cognitive
engagement increased by 28.3% in the smart technology group versus 12.1% in the control group (F(1,118)=23.47, p<0.001). Behavioral
engagement, measured through participation intensity and voluntary practice time, increased by 41.2% in the experimental group.

Table 3. Student Engagement Assessment Results

Engagement Control Experimental Improvement F-statistic p-
Dimension Group Group value
Pre-test Post-test  Pre-test Post-test

Cognitive Engagement | 3.2+0.8 3609  3.1x0.7 40408  Control: 12.1% F(1,118)=23.47  <0.001
Experimental: 28.3%

Behavioral Engagement | 3.4+0.9 3.7#10 33108 4.740.9 Control: 8.8% F(1,118)=31.25  <0.001
Experimental: 41.2%

Emotional Engagement | 3.0+1.1 3412 2910 45408  Control: 13.3% F(1,118)=42.18  <0.001
Experimental: 55.2%

Overall Engagement | 3.2+0.7 36408  3.1x0.6 44+0.7  Control: 12.5% F(1,118)=38.92  <0.001
Experimental: 41.9%

Note: Engagement scores measured on 5-point Likert scale (1=Very Low, 5=Very High). Values presented as Mean+SD.
Emotional engagement, particularly enjoyment and intrinsic motivation, showed the most substantial improvements with a 55.2% increase

in the experimental group. Focus group discussions revealed that students found smart technology features "exciting" and "helpful for
learning," with 87% expressing preference for continued smart equipment usage.
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Safety Improvement Documentation
Safety incidents decreased dramatically in the experimental group, with only 2 minor incidents reported compared to 15 in the
control group over the 12-week period. Smart beater grip sensors prevented 8 potential equipment-related accidents by alerting students
to improper grip positions.
Table 4. Safety Incident Analysis

Incident Type Control Group Experimental Group Risk Reduction
Equipment-related | 8 1 87.5%
Collision-related | 4 1 75.0%
Improper technique | 3 0 100%
Total Incidents | 15 2 86.7%

Pole base stability sensors eliminated all base-displacement related incidents, while beater grip indicators significantly reduced hand injuries
from improper holding techniques.

Technology Integration Effectiveness

Smart beater sensors provided real-time feedback on swing mechanics, with 73% of students demonstrating improved batting
form within 4 weeks. Pole base positioning systems reduced setup time by 45%, allowing more instructional time for skill development.
Battery life exceeded expectations, with smart beaters operating for 8+ hours per charge and pole bases maintaining function for 12+ hours.
Durability testing showed equipment withstanding typical elementary school usage patterns over the study period. Student technology
acceptance rates were exceptionally high, with 92% reporting the smart features as "very helpful" and 89% indicating improved
understanding of game mechanics through technology feedback.

DISCUSSION

The substantial improvements observed in motor skill development within the experimental group demonstrate the potential of
smart technology integration in enhancing traditional game instruction. The 34.2% improvement in batting accuracy can be attributed to
real-time feedback mechanisms that provided immediate correction cues, allowing students to adjust technique more rapidly than traditional
instruction methods permit.

The technology's success in maintaining cultural authenticity while enhancing functionality addresses a critical concern in
educational innovation. Students retained traditional game appreciation while benefiting from modern technological advantages, suggesting
that careful integration can preserve cultural heritage while improving educational outcomes. Results align with Johnson et al.'s (2022)
findings regarding technology-enhanced engagement in elementary physical education, though our study achieved even higher
improvement rates (41.2% vs. 32% behavioral engagement increase). This suggests that traditional games may be particularly well-suited
for technology integration due to their inherent cultural appeal combined with technological novelty.

The safety improvements exceeded expectations based on previous literature. While Wijaya and Kusuma (2022) reported 23%
injury reduction through traditional safety interventions, our smart technology approach achieved 86.7% incident reduction, indicating
superior safety enhancement potential. Contrary to concerns raised by cultural preservation advocates, students demonstrated strong
appreciation for traditional game elements even with technology integration. This finding challenges assumptions that technological
enhancement necessarily diminishes cultural authenticity appreciation.

The successful integration of smart technology with traditional Indonesian games has significant implications for physical
education curricula nationwide. The model demonstrates feasibility for scaling smart technology integration across Indonesia's 148,000+
elementary schools, potentially revolutionizing traditional physical education delivery. Economic implications include initial investment costs
offset by long-term benefits of reduced injuries, improved learning efficiency, and enhanced student engagement. The 45% setup time
reduction translates to approximately 20 additional instructional minutes per session, substantially increasing educational value. Teacher
training implications are considerable, requiring professional development programs to ensure effective technology utilization. However,
the intuitive design of smart equipment minimized learning curves, with teachers achieving proficiency within 2-3 sessions.

Several limitations affect result generalizability. The single-site study design limits external validity, particularly regarding diverse
Indonesian elementary school contexts. Rural North Sumatra schools may differ significantly from urban or other regional settings in terms
of infrastructure, teacher training levels, and student technological familiarity. The 12-week intervention period, while sufficient for initial
outcomes assessment, provides limited insight into long-term effectiveness and equipment durability. Extended longitudinal studies are
necessary to evaluate sustained benefits and potential technology dependence issues. Sample size limitations preclude subgroup analyses
that might reveal differential effects across age groups, gender, or initial skill levels. Future research should incorporate larger, more diverse
samples to enable comprehensive subgroup examinations. Cost analysis was not comprehensively conducted, limiting practical
implementation guidance for budget-constrained schools. The current equipment prototypes may require cost optimization for widespread
adoption feasibility. Teacher perspectives were not systematically evaluated, representing a significant gap in understanding
implementation challenges and sustainability factors from educator standpoints.

CONCLUSION

This research successfully demonstrates that smart beater and pole base technology integration significantly enhances traditional
Kasti ball games in elementary school settings. The findings provide compelling evidence for improved motor skill development,
substantially increased student engagement, and dramatically enhanced safety outcomes without compromising cultural authenticity. The
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34.2% improvement in batting accuracy, 41.2% increase in behavioral engagement, and 86.7% reduction in safety incidents collectively
illustrate the transformative potential of thoughtfully designed educational technology. These outcomes reinforce the hypothesis that
traditional games can be effectively modernized while preserving their cultural essence and educational value. The research demonstrates
practical feasibility for Indonesian elementary school implementation, with equipment proving durable, user-friendly, and educationally
effective. The significant setup time reduction (45%) provides additional instructional time, maximizing educational efficiency within existing
curriculum constraints. The correlation between technological enhancement and cultural preservation challenges conventional assumptions
about modernization threatening traditional practices. Instead, this study suggests that appropriate technology integration can actually
enhance appreciation for traditional games by improving accessibility and learning outcomes.

For future research endeavors, we recommend expanding the study to multiple sites across different Indonesian regions to
enhance external validity. Longitudinal studies tracking long-term retention of skills and engagement levels would provide valuable insights
into sustained effectiveness. Additionally, comprehensive cost-benefit analyses and teacher training program development represent critical
areas for further investigation.The successful integration model developed in this research offers a blueprint for modernizing traditional
physical education across Indonesia and potentially other Southeast Asian nations with rich traditional game heritage.
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