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ABSTRACT

Technology has become an integral component in the creation,
management, and application of knowledge across various domains,
including sport training. In the context of table tennis, microcontroller-
based systems offer precise control of training variables such as ball
speed, direction, and repetition, enabling structured and data-driven
skill development. This study aimed to analyze the effect of
microcontroller technology training on improving table tennis forehand
skills. An experimental method with a one-group pretest-posttest
design was employed. The sample consisted of 10 extracurricular table
tennis athletes at SDN 2 Lohgung Lamongan, selected using a total
population technique. The intervention involved a training program
utilizing an Arduino-based automatic ball launcher with progressively
increased sets, repetitions, and ball speeds. Forehand skill
performance was measured using a standardized accuracy-based
forehand test, assessing successful ball placement and consistency.
Data were analyzed using a paired sample t-test at a significance level
of 0.05. The results indicated a significant improvement in forehand
performance, with a calculated t-value of 7.075 exceeding the t-table
value of 1.833 and a significance value of 0.000(p <0.05). These findings
demonstrate that progressive training using microcontroller-based ball
launcher technology effectively enhances forehand accuracy, control,
and consistency. The study supports the integration of microcontroller
technology as aninnovative and evidence-based training alternative for
developing technical skills in young table tennis athletes.
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INTRODUCTION

Digital transformation has fundamentally changed the landscape of education and
sport over the past decade. A key challenge for sports practitioners at all levels is how to
effectively integrate technology platforms into athlete development pathways to truly
support learning and performance improvement. Technology opens up opportunities for
athletes to access, analyze, and adapt performance information more precisely, while
simultaneously increasing active engagement in learning from an early age through
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adulthood (McCosker et al., 2022). However, the use of learning technology also carries
risks, such as device dependency, reduced pedagogical interaction, and biased data
interpretation if not designed based on strong sport science principles.

In the realm of education, technological developments such as robotics, computational
thinking, and STEM approaches have progressed rapidly. Bibliometric analysis of SSCl journals
reveals three main clusters of robotics research in science education: robots in elementary
education, robot-based STEM activities, and robots for facilitating computational thinking
(Chiu et al., 2022). The integration of devices such as Arduino has even been implemented at
the elementary level (Garcia-Tudela & Marin-Marin, 2023), confirming that technological
literacy is no longer the exclusive domain of higher education.

In the context of Indonesian higher education, the Independent Learning-
Independent Campus (MBKM) policy aims to create adaptive, creative, innovative, and
competitive individuals in accordance with the values of Pancasila(Sodik et al., 2021; Aji
et al., 2020). However, the challenges of the VUCA (Volatility, Uncertainty, Complexity,
and Ambiguity) era demand technology-based learning that is not only innovative but also
contextual and impactful (Bennett & Lemoine, 2014). The quality of human resources in
higher education must be able to integrate creativity, innovation, and efficiency in
professional practice (Bryan & Clegg, 2019).

In sports, achievement is determined by the synergy of athletes, coaches,
organizations, infrastructure, and scientific and technological support (Putra &
Kurniawan, 2020). In table tennis, empirical findings indicate that players' technical
abilities are still dominated by the drive stroke (50%), while spin, block, chop, and push
techniques are in the low category, with suboptimal accuracy and repetition (Apriyanto
& Adi, 2022). This means that a training approach capable of improving ball speed,
accuracy, and repetition in a structured manner is needed.

The development of augmented reality (AR)-based learning media has
demonstrated high effectiveness(92.5% in the very good category)inimproving reaction
and timing in table tennis power spin techniques (Apriyanto et al., 2024). Furthermore, a
preliminary study on the use of microcontrollers in table tennis learning showed an
average score of 89.3% for indicators of ease of use, motivation, and learning
engagement. However, there has been no experimental testing of the use of Arduino-
based ball-throwing robots with varying speeds and systematic training program designs
(progressive sets and repetitions) to improve playing skills.

Thus, the main problem of thisresearch is how to empirically test the effectiveness
of Arduino-based ball-throwing robot technology in improving table tennis technical
skills, while supporting the implementation of MBKM and Education 4.0-based learning.

The integration of technology in sports has evolved through the use of wearable
sensors, motion tracking, Al-based analytics, and robotic training systems (Woods et al.,
2020; Rojas-Valverde et al., 2021). In table tennis, ball-launching technology has been used
toimprove shot consistency, timing control, and adaptation to spin variations(Kondri¢ et al.,
2019). Modern biomechanical studies show that controlled repetition with varying speeds
can improve neuromuscular coordination and movement accuracy (Fuchs et al., 2020).
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Data-driven approaches in sports science enable objective measurement of
physiological changes and movement techniques (Bishop et al., 2019). The validity and
reliability of measurement tools are key prerequisites for evaluating athlete abilities (Hopkins,
2015). In the educational context, educational technology plays a crucial role in the
implementation of Merdeka Belajar (Freedom to Learn) and Education 4.0, which emphasize
creativity, collaboration, communication, and critical thinking (Sherly et al., 2021; Millati, 2021).

Research related to educational robotics shows that the use of robots increases
engagement and problem-solving skills (Chiu et al., 2022). Arduino, as an open-source
platform, provides flexible design for microcontroller-based control systems that are
economical and easy to develop (Rosmanila et al., 2018). This technology integration
aligns with the need to develop soft skills and digital literacy among the younger
generation(Indarta et al., 2022).

Furthermore, the concept of academic challenge and a supportive campus
environment play a significant role in increasing student engagement (Sari & Antoni,
2020). Technology-based project-based learning can increase intrinsic motivation and
work readiness(Battou, 2017). Globally, technological mastery is a key indicator of human
resource competitiveness in various sectors, including sports (Bidang et al., 2016).

Although numerous studies have examined the use of AR, robotics, and
microcontrollers in education and sports, several significant research gaps remain.

First, most research focuses on media validation or user perceptions, rather than
on experimental testing of specific technique performance improvements in
competitive sports. Second, table tennis research focuses primarily on technique and
biomechanical analysis without integrating microcontroller-based robotic systems
specifically designed for progressive speed variation into structured training programs.
Third, there is no collaborative model that integrates sports science approaches,
Arduino robotics, and MBKM policies in the context of training prospective physical
education teachers. Fourth, previous studies have not comprehensively linked table
tennis technique skill improvement to quantitative indicators such as accuracy,
response speed, and repetitions based on automated systems.

Therefore, there is an urgent need to develop and test a table tennis training model
based on an Arduino ball-throwing robot with progressive speed variation and a
systematic set-repetition design that is empirically evaluated using a quasi-
experimental approach.

This research aims to: (1) Test the effectiveness of using an Arduino-based ball-
throwing robot with varying speeds on improving table tennis technical skills, (2) Analyze the
effect of a progressive training program(sets and repetitions) on accuracy, response speed,
and shot consistency, and (3) Integrate a sports science approach and microcontroller
technology within the framework of implementing MBKM and Education 4.0.

The novelty of this research lies in: (1) Development of an Arduino-based table
tennis training model with progressive speed control; (2) Integration of performance
evaluation based on objective quantitative indicators; (3) Multidisciplinary collaboration
between sports science, robotics technology, and higher education pedagogy; and (4)
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Development of a technology-based continuous learning roadmap for prospective
physical education teachers.

Conceptually and empirically, this research contributes to strengthening sports
technology literacy, improving the quality of MBKM-based learning, and developing a
robotics-based table tennis training model that is adaptive to the challenges of the VUCA
era and Education 4.0.

METHODS

This study employed an experimental approach with a one-group pretest-posttest
design, which is conceptually effective for evaluating performance changes before and
after an intervention in a controlled sports training context (Thomas, Nelson, &
Silverman, 2015; Hopkins, 2015). This design allows for direct identification of the effect
of microcontroller technology on improving table tennis forehand technique skills
through comparison of initial and final scores (Bishop et al., 2019). This model is widely
used in technology-based sports science research to test the effectiveness of specific
training programs (Fuchs et al., 2020; Kondri¢ et al., 2019).

The study subjects were 10 fourth-sixth grade table tennis athletes actively
participating in extracurricular activities at SDN 2 Lohgung Lamongan in 2025. The
sampling technique used total sampling because the population was limited and all
athletes met the inclusion criteria, namely actively training and participating in regional
and national championships. This strategy is recommended in small-scale experimental
studies to maximize the power of internal analysis (Cohen et al., 2018). Schools were
selected based on their consistent performance coaching and the availability of facilities
to support technology-based training.

The intervention consisted of a forehand training program using an Arduino
microcontroller-based ball launcher robot, designed to progressively control the speed
and frequency of ball throws. Arduino, as an open-source platform, allows for precise,
systematic adjustment of speed parameters and repetition intervals (Rosmanila et al.,
2018). The use of robotic ball launchers in table tennis has been shown to improve timing
consistency, neuromuscular coordination, and adaptation to variations in ball speed
(Kondri¢ et al., 2019; Rojas-Valverde et al., 2021). The training program was implemented
over several weeks based on the principle of progressive overload, which involves
gradually increasing the number of sets, repetitions, and ball speed to stimulate motor
adaptation (Bompa & Buzzichelli, 2019; Bishop et al., 2019).

The measurement instrument was a forehand skills test that adhered to standard
table tennis technique evaluation standards (Nurdin & Aminullah, 2020). Athletes
performed a series of stroke attempts at predetermined target areas, and scores were
calculated based on accuracy and consistency of success. Content validity was tested
through expert judgment, while internal reliability was assessed using the Alpha
coefficient (Hair et al., 2019). This accuracy- and repetition-based measurement
approach aligns with recommendations for modern table tennis performance indicators,
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which emphasize precision, response speed, and stroke consistency (Apriyanto & Adi,
2022; Fuchs et al., 2020).

Data collection was conducted under identical environmental conditions and
facilities to minimize external bias (Hopkins, 2015). A pretest was administered before
the intervention, while a posttest was administered after the training program was
completed. All training sessions were supervised by coaches and researchers to ensure
protocol adherence and control of training intensity (Woods et al., 2020).

Data analysis began with the Shapiro-Wilk normality test to determine data
distribution (Field, 2018). If the data is normally distributed, hypothesis testing is
performed using a paired sample t-test at a significance level of 0.05 to identify
differences between pretest and posttest scores (Cohen et al., 2018). This test is
appropriate for repeated measurements designs within the same group (Hair et al., 2019).
In addition to statistical significance, an effect size (Cohen's d) is also calculated to
determine the strength of the technological intervention's influence on skill
improvement (Lakens, 2017).

With this design and procedure, the study seeks to provide empirical evidence
regarding the effectiveness of microcontroller technology-based training in improving
table tennis forehand skills in a measurable, objective manner, and based on modern
sports science principles.

RESULTS AND DISCUSSION
Result
Data Description
Table 1.
Table tennis forehand stroke data from pre-test and post-test
No Atlet Pretest Postest Difference
1 Al 42 44 2
2 A2 37 43 6
3 A3 32 40 8
4 A4 16 30 14
5 A5 32 44 12
6 AB 26 35 9
7 A7 34 38 4
8 A8 30 42 12
9 A9 16 28 12
10 A10 22 30 8
Table 2.
Descriptive Statistics of Athletes' Service Results
Statistics Pretest postest
Number of samples 10 10
Minimum value 16 28
Maximum value 42 44
Average 28,7 37,4
Standard deviation 8,64 6,24
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Table 3.
Paired Sample t-test Results
Variable t-count t-table (a = 0,05) Sig. (p) Description
Forehand shot results 7,075 1,833 0,000 Signifikan

Normality Test

Before testing the hypothesis, the pretest and posttest data were tested for
normality. The results of the normality test showed that the significance value of the
pretest and posttest data was greater than 0.05, so the data was declared to be normally
distributed and met the requirements for parametric statistical testing.
Hypothesis Testing

Based on Table 3, the t-value obtained was 7.075, which was greater than the table
value of 1.833 with a significance value of 0.000 < 0.05. Therefore, it can be concluded
that training using Arduino microcontroller technology with a ball launcher device, with
increased sets and repetitions, has a significant effect onimproving the forehand stroke
results of table tennis athletes at SON 2 Lohgung Lamongan.

Discussion

The research results show that training using Arduino microcontroller technology
in the form of an automatic ball launcher, which can precisely control the speed and
direction of the ball, significantly improves the forehand skills of table tennis athletes.
This finding reinforces the argument that technology integration in sports training
serves not merely as an aid, but as a structured and adaptive motor learning system
tailored to the athlete's needs (Woods et al., 2020; Rojas-Valverde et al., 2021). In the
context of modern table tennis, which demands high reaction speeds and extreme
accuracy, robotic-based training provides a consistent and measurable stimulus
compared to conventional manual multi-ball methods.

The improvement in forehand skills occurred because the Arduino system allows
for progressive ball speed requlation, starting at a low level, increasing to medium, and
finally to high. This principle aligns with the concept of progressive overload in sports
training, where gradually increasing load promotes optimal neuromuscular adaptation
(Bompa & Buzzichelli, 2019; Bishop et al., 2019). These adaptations include improved
hand-eye coordination, timing, and fine motor control, which are crucial for forehand
technique (Fuchs et al., 2020). In the sports science literature, controlled repetition with
stimulus variation has been shown to improve movement consistency and
biomechanical stability of the shot (Kondri¢ et al., 2019).

The microcontroller-based ball launcher technology, which can hold up to 50 balls,
allows for continuous, uninterrupted training, maximizing practice density and time-on-
task. Recent research has shown that increased training density contributes to the
acceleration of long-term motor memory formation (Ericsson & Pool, 2016; Davids et al.,
2017). Consistent ball launch also reduces uncontrolled external variability, allowing
athletes to focus on technique correction and target accuracy. Thus, this system
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supports the principle of deliberate practice, namely focused practice with systematic
feedback (Williams & Hodges, 2020).

From a motor learning theory perspective, the results of this study align with the
view that motor skills develop optimally through progressive and repetitive practice
(Schmidt & Lee, 2025). Schema theory explains that varying ball speed helps athletes
develop flexible motor representations, enabling them to adapt to real-world match
situations(Magill & Anderson, 2021). For elementary school-aged athletes still developing
basic coordination, a gradual approach is crucial for minimizing technical errors and
improving postural control (Lloyd et al., 20186).

Furthermore, the significant improvement in forehand performance indicates that
this technique is effective in improving shot accuracy and consistency. Table tennis
biomechanical studies indicate that shot accuracy is significantly influenced by wrist
stability, trunk rotation, and ball contact timing (lino & Kojima, 2016; Qian et al., 2020).
Gradual-speed training allows athletes to adjust their racket angle and body position
more precisely before facing the pace of a real match.

In the context of decision-making, table tennis is a sport with very short reaction
times, requiring athletes to be able to determine the direction of their shots in
milliseconds(Raab et al., 2019). Training with progressive speed variations helps improve
the ability to perceive and anticipate ball trajectories. Research in perceptual-cognitive
training shows that exposure to high-speed stimuli gradually increases information
processing speed and response accuracy (Voss et al., 2017; Mann et al., 2019). Therefore,
the improvementin forehand performance in this study was not only mechanical but also
cognitive.

Motivational aspects are also important factors. Robotic-based technology
provides a more engaging and challenging training experience than traditional methods
(Chiu et al., 2022). Active involvement and the sense of challenge in conquering new
speed levels increase athletes' intrinsic motivation (Ryan & Deci, 2017). Research in
educational technology shows that the use of interactive devices increases student
engagement and confidence (Indarta et al., 2022). This is relevant to the finding that
athletes became more confident in honing their forehand technique, both in offensive
and defensive contexts.

From a practical implementation perspective, the use of an Arduino-based ball-
throwing robot provides the opportunity for personalized training. Each athlete receives
an equal portion and opportunity to practice with customizable parameters. This
personalization aligns with the individualized training approach in modern sports science
(Impellizzeri et al., 2019). With precise control over speed and repetitions, coaches can
adjust the intensity to suit each athlete's ability level.

The results of this study are also relevant for preparing for school-level
competitions such as the National Sports Week (02SN), the Indonesian National Sports
Week (PORSENI), and the Indonesian Population and Regional Sports Week (POPDA).
These competitions require athletes to have consistent technique and the ability to
adapt to variations in game tempo. Table tennis performance studies show that success
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at the competitive level is determined by a combination of reaction speed, shot
accuracy, and psychological stability (Malagoli Lanzoni et al., 2018). With progressive,
technology-based training, athletes develop a stronger technical and mental foundation
to withstand the pressures of competition.

However, the integration of technology into training still requires coach
supervision to ensure skill transfer to real-life match situations. The literature suggests
that a combination of robotic training and game-based situational learning provides
optimal results (Otte et al., 2021). Therefore, Arduino technology should be positioned as
a complement to coaching strategies, not a substitute for coach-athlete interaction.

Overall, the findings of this study confirm that microcontroller-based training
effectively improves table tennis forehand skills through speed progression, structured
repetition, and consistent stimuli. The integration of motor learning principles,
biomechanics, and robotic technology resulted in significant performance
improvements and enhanced athlete readiness for competition. These results reinforce
the importance of technological innovation in youth sports development as part of the
development of data-driven and precision sports science.

CONCLUSION

Based on the analysis and discussion, it can be concluded that Arduino
microcontroller-based training using an automatic ball launcher with progressively
increasing sets, repetitions, and ball speed significantly improved the forehand skills of
extracurricular table tennis athletes at SDN 2 Lohgung in 2025. Empirically, there was an
increase in the mean forehand score in the post-test compared to the pre-test, as
confirmed by the results of a paired sample t-test with a significance value of <0.05.
These findings indicate that microcontroller-based technology intervention is effective
in improving the accuracy, consistency, and control of forehand strokes.

Conceptually, the effectiveness of this method aligns with the principle of
progressive overload and motor learning theory, which emphasizes gradual and
repetitive practice to build neuromuscular adaptation and coordinative stability. The
tiered approach (low-medium-high speed) is well suited to the characteristics of
elementary school-aged athletes because it facilitates systematic mastery of technique
and minimizes movement errors. Therefore, Arduino microcontroller-based training can
be recommended as an alternative, innovative and applicable technical development
method in preparation for student-level championships.
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