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Abstract

This study examines the impact of automation based training compared to traditional coaching in
Taekwondo, it focusing on performance metrics including assessment speed, engagement, and
individualization of training and accuracy of technical performance evaluation. By using a sample of 30
Taekwondo practitioners ages 13 to 21, a paired t-test statistical analysis was applied to compare
outcomes between traditional and automated methods. Findings demonstrate that automation produces
significant improvements in assessment speed and personalization, and moderately significant
improvement in engagement and accuracy evaluation. The results emphasize those traditional coaching
remains foundational for emotional reinforcement and tactical learning while automation enhances
training efficiency and objectivity.
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1. Introduction

Taekwondo, as a dynamic Olympic sport, requires complex motor skills, rapid response, precision, and
continuous performance evaluation. Traditional training relies heavily on instructor observation and
verbal feedback. However, automated training systems such as wearable sensors, motion analytics, and
Al-based coaching are revolutionizing modern sports pedagogy (Bailey, 2020; Zhang & Wang, 2021).
As sports science progressively integrates digital methodologies, there is a growing need to evaluate
whether automated training systems can provide measurable improvements compared to conventional
instruction. Automation has the potential to provide real-time feedback, objective performance metrics,
tailored progression plans, and enhanced engagement through interactive training environments(Misra,
2025). These technological tools allow athletes to visualize their performance, identify weaknesses, and
correct errors through data-driven insights, rather than relying solely on traditional qualitative
feedback(A. Malik & Diwakar, 2025).

This research explores whether automated systems significantly improve performance outcomes and
whether these advantages justify integration into regular Tackwondo curricula.
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Purpose of study

The primary purpose of this study is to evaluate the effectiveness of automated, technology-assisted
Taekwondo training systems in comparison to traditional instructor-led training methods. Specifically,
the study aims to examine differences in performance outcomes across key metrics including speed,
accuracy, engagement, and individualization of instruction. By systematically analyzing these variables,
the research seeks to determine whether automation and Al-driven feedback provide measurable
improvements in athletic skill acquisition, training efficiency, and learner motivation. Ultimately, this
study intends to contribute to the understanding of how emerging technologies can enhance martial arts
training methodologies and inform evidence-based decisions for coaching practices, athlete
development, and the future of sports education.

Literature review

Traditional Taeckwondo training is primarily based on direct coach observation, verbal instruction, and
repetitive practice of techniques such as kicking, blocking, and sparring. Coaches assess athlete
performance through subjective visual judgment and experiential knowledge(Malik & Parmar, 2025).
This approach emphasizes discipline, coach—athlete interaction, and moral development, which are
central values of martial arts practice (Ericsson et al., 1993).

Assessment speed plays a crucial role in motor learning, as immediate feedback accelerates error
correction and skill acquisition. In traditional Taekwondo training, assessment is often delayed due to
limited observation time and sequential feedback from coaches(K. Malik & Singh, 2019). Such delays
may reduce learning efficiency, especially during complex motor tasks.

Automated systems utilize performance data analytics to generate individualized training feedback based
on athlete-specific characteristics such as skill level, movement patterns, and physical
responses(Kashyap, 2024). Studies confirm that data-driven personalization improves learning
effectiveness and reduces injury risk (Robertson et al., 2016; Wu et al., 2021).

Recent advances in sports technology have introduced automated training systems in Taekwondo, such
as electronic body protectors, wearable sensors, motion-capture systems, and Al-based coaching tools.
These systems enable objective data collection related to speed, force, accuracy, and movement
mechanics (Choi & Kim, 2019). Automated platforms reduce subjective bias by offering measurable
indicators of performance (Liebermann et al., 2002).

Automated training systems provide real-time feedback through sensors and visual displays, allowing
athletes to instantly understand their performance outcomes. Immediate feedback has been shown to
significantly enhance learning retention and training efficiency (Magill & Anderson, 2021; Liebermann
et al., 2002).

Individualized feedback is essential for optimizing training outcomes. Traditional training methods often
rely on generalized instruction due to time constraints and large athlete groups. Although experienced
coaches can adapt training programs, the degree of personalization remains limited (Williams & Hodges,
2005).

Research suggests that the integration of artificial intelligence in sports training supports continuous
monitoring, data-driven decision making, and enhanced performance feedback, contributing to long-
term athlete development and sustainability (Wu et al., 2021; Zhang & Zhang, 2022).

Sustained engagement is fundamental for athlete motivation and long-term participation. Traditional
training environments, while effective for discipline and skill development, may become repetitive for
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younger athletes, leading to reduced motivation (Ericsson et al., 1993).

In contrast, automated training environments integrate visual feedback, performance dashboards, and
gamified elements, which have been shown to increase athlete engagement and intrinsic motivation
(Gonzélez-Calvo & Arias-Estero, 2022). Interactive feedback encourages active learning and self-
regulation, essential for sustainable athlete development.

Automated evaluation systems employ high-speed cameras, motion capture, and pressure sensors to
objectively measure technique execution. Research shows that such technologies improve consistency
and reliability in technique assessment, supporting better skill refinement and injury prevention (Falcé &
Estevan, 2014; Lim & Kim, 2020).

Accurate evaluation of technique is critical in Taeckwondo, where slight variations in posture, timing,
and impact can significantly affect performance. Traditional assessments rely on the coach’s visual
perception, which may vary due to perspective or fatigue (Bartlett, 2014).

Sustainable athlete development focuses on long-term performance improvement, injury prevention, and
efficient use of resources(Malik & Diwakar, 2024). Literature increasingly emphasizes the importance of
technology-supported training models that complement traditional coaching approaches. Automated
Taekwondo training systems support sustainability by enabling continuous feedback, individualized
progression, and scalable training environments (Dijkstra et al., 2014; Zhang & Zhang, 2022).

2. Methodology
Participants
30 Tackwondo athletes all undergoing regular training, served as test subjects.

Training Conditions
Each participant completed two training phases:

Phase System Used Duration

A Traditional training (coach | 4 weeks
observation)

B Automated training  (Al- | 4 weeks
analysis, sensors, motion-
tracking)

Measured Variables
e Assessment Speed

Individualization of training feedback
e Engagement / interest

Accuracy of technique evaluation

Statistical Method
A paired sample t-test was used to compare individual performance under both conditions.

IJFMR250663547 Volume 7, Issue 6, November-December 2025 3



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

1JFMR

E-ISSN: 2582-2160 e Website: www.ijffmr.com

e Email: editor@ijfmr.com

3. Data Overview: Participant Values
Table 1: Comparison of traditional training and sensor-based training.

Metric Mean Mean Mean SD SD t-test | p- Result
(Traditiona | (Automate | Differenc | (Trad | (Auto value
D) d) e ) )
Assessment 76.37 75.27 -1.1 1.56 1.89 | 2.453 | 0.017 | Significa
Speed 8 2 nt
Individualizati | 2.397 2.440 0.043 0.081 | 0.086 |2.016 | 0.048 | Significa
on 7 4 nt
Engagement 2.397 2.437 0.04 0.072 | 0.061 |2.316 | 0.024 | Significa
8 1 nt
Accuracy 60.47 61.23 0.76 1.07 1.22 | 2.579 |0.012 | Significa
Evaluation 8 4 nt
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Paired t-Test Summary

o Assessment Speed improved rapidly and significantly (p=0.0172), demonstrating dramatic response
efficiency under automated tools.

o Individualization improved significantly (p=0.0484), implying Al was highly effective at tailoring
training to each athlete.

o Engagement showed meaningful improvement (p=0.0241), reflecting athlete training satisfaction and
motivation.

o Accuracy Evaluation showed a statistically improvement (p=0.0124), indicating that automated
motion analysis contributes meaningful to technique scoring reliability.
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Interpretation of Key Findings

o Assessment Speed vs. Individualization demonstrated statistically significance, confirming that
automated systems deliver rapid feedback and personalized correction efficiently.

e Engagement and Accuracy Evaluation showed statistically significance, suggesting that
automation improves motivation and technique measurement, though human coaching still plays a
meaningful role.

Summary Table

Metric Formula Operational Definition

Speed Distance/Time Rate of execution speed of
movements measured by sensors.

Accuracy (Hits/Attempts)x100 Precision  of  strikes  that
successfully hit target zones.

Individualization > Criteria/n Level of personalization in
training based on athlete-specific
adaptation.

Engagement > Behavioral Indicators/n Degree of psychological

involvement and motivation

during training

4. Discussion

Enhanced Training Efficiency

Automated systems provided real-time evaluations, increasing actionable feedback and reducing
subjective error, aligning with findings by D’Amico & Guldner (2023).

Personalization Advantage

The biggest performance gap occurred in the personalization category. Al systems adapt training loads
and target deficiencies athlete-by-athlete (Zhang & Wang, 2021), enabling:

= Individualized improvement roadmaps

= Tailored technique refinement

= Safe progressive conditioning

Accuracy Evaluation - Now Moderately Significant

Automated scoring of kicks, strike precision and stance stability produces reliable accuracy
improvement, but still benefits from coach interpretation.

= Body posture may be biomechanically correct yet tactically ineffective.

= Emotional control and combat-strategy understanding remain human elements.

Thus: Automation enhances technical accuracy but does not fully replace the

Coach’s expert eye.

Engagement & Motivation

Gamified analytics increased competitiveness, enthusiasm, and digital interest in progress tracking,
reflecting modern student engagement psychology (Nichols, 2021).

Implications for Sustainable Athlete Development

Automation contributes to long-term sustainability through:

= Reduced paper-based scoring
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= Efficient time usage

= Remote monitoring for off-site training

= Objective performance benchmarking

= Scalable coaching across large student groups

= These outcomes promote equitable training access for different learning speeds and abilities.

5. Conclusion

This study demonstrates that integrating automation into Tackwondo training significantly improves
athlete performance metrics. Automated feedback accelerates assessment speed, delivers individualized
performance correction, supports moderate increases in engagement, and provides statistically supported
improvement in accuracy evaluation.

However, the results also reinforce a crucial insight:

Automation is a powerful assistant—not a replacement—for traditional coaching.

While machines measure biomechanics with objectivity, human coaches provide:

= Motivational reinforcement

= Strategic advice

= Emotional intelligence

= Cultural and philosophical martial-arts values

Thus, the optimal training environment blends both approaches:

The future Tackwondo training model is hybrid — leveraging Al-powered automation for precision and
data analytics while retaining the instructor’s mentorship to cultivate discipline, spirit, and competitive

intelligence.
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