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Abstract 

Introduction: Senior kata karate practitioners need to possess substantial explosive strength, 
quickness, and anaerobic endurance to keep their technical skills in kata routines. Nevertheless, 
current fitness programs typically do not cater to the unique physical and motor requirements 
of kata. 
Objective: The purpose of this research was to create and assess a specialized Tabata Training 
framework aimed at enhancing stamina and athletic performance in senior kata karate 
practitioners. 
Methodology: This research utilized a Research and Development (R&D) strategy based on the 
ADDIE model (Analysis, Design, Development, Implementation, and Evaluation). The training 
framework was established through needs evaluation, expert validation, and practical 
application in the field. The effectiveness was measured using a pre-test and post-test design 
with a control group consisting of senior kata karate participants who engaged in an 8-week 
program (three times a week). The variables assessed included arm power, leg power, agility, 
and anaerobic stamina, determined through the Medicine Ball Put Test, Standing Broad Jump, 
Agility T-test, and Running-based Anaerobic Sprint Test (RAST), respectively. Data analysis was 
performed using the Shapiro-Wilk test, Levene's test, paired-samples t-test, and independent-
samples t-test, with a significance level set at p < 0.05. 
Results: The created Tabata Training framework fulfilled the standards for validity (expert 
validation score = 4.46) and practicality (practicality score = 4.50). When compared to 
traditional training methods, the experimental cohort exhibited more significant enhancements 
in arm power (29.3% vs. 11.2%, p = 0.001), leg power (12.7% vs. 5.8%, p = 0.009), agility 
(12.4% vs. 4.9%, p = 0.001), and anaerobic endurance (25.7% vs. 10.2%, p < 0.001). The 
intervention resulted in notable advancements in all assessed biomotor components. The effect 
size analysis revealed moderate to large treatment impacts across the outcome measures. 
Discussion: The results support previous studies indicating that High-Intensity Interval 
Training contributes positively to aerobic and anaerobic capacity, muscle power, and sport-
specific performance. The integration of karate-specific movements into the Tabata model 
provided more relevant training stimuli for kata athletes. 
Conclusions: The proposed Tabata Training framework met the criteria for both validity and 
practicality and was linked with significant enhancements in biomotor performance compared 
to conventional training methods. The results imply that sport-specific Tabata Training could 
be a feasible conditioning approach to support the physical requirements of senior kata karate 
practitioners. 

Keywords 
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Resumen 

Introducción: Los practicantes avanzados de kata karate necesitan poseer una fuerza explosiva, 
rapidez y resistencia anaeróbica considerables para mantener sus habilidades técnicas en las 
rutinas de kata. Sin embargo, los programas de entrenamiento físico actuales generalmente no 
satisfacen las exigencias físicas y motoras específicas del kata. 
Objetivo: El objetivo de esta investigación fue crear y evaluar un programa de entrenamiento 
Tabata especializado, orientado a mejorar la resistencia y el rendimiento atlético en 
practicantes avanzados de karate kata. 
Metodología: Esta investigación empleó una estrategia de Investigación y Desarrollo (I+D) 
basada en el modelo ADDIE (Análisis, Diseño, Desarrollo, Implementación y Evaluación). El 
marco de entrenamiento se estableció mediante la evaluación de necesidades, la validación de 
expertos y la aplicación práctica en el campo. La efectividad se midió utilizando un diseño pre-
test y post-test con un grupo de control compuesto por participantes senior de karate kata que 
participaron en un programa de 8 semanas (tres veces por semana). Las variables evaluadas 
incluyeron potencia de brazos, potencia de piernas, agilidad y resistencia anaeróbica, 
determinadas mediante la Prueba de Lanzamiento de Balón Medicinal, Salto de Longitud en Pie, 
Prueba T de Agilidad y Prueba de Sprint Anaeróbico Basada en Carrera (RAST), 
respectivamente. El análisis de datos se realizó utilizando la prueba de Shapiro-Wilk, la prueba 
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de Levene, la prueba t de 
muestras pareadas y la 
prueba t de muestras 
independientes, con un 
nivel de significancia 
establecido en p < 0,05. 
Resultados: El marco de 
entrenamiento Tabata 
creado cumplió con los 
estándares de validez 
(puntuación de validación 
de expertos = 4,46) y 
practicidad (puntuación de 
practicidad = 4,50). En 
comparación con los 
métodos de entrenamiento 
tradicionales, la cohorte 
experimental mostró 
mejoras más significativas 
en la potencia de los brazos 

(29,3 % frente a 11,2 %, p = 0,001), la potencia de las piernas (12,7 % frente a 5,8 %, p = 0,009), 
la agilidad (12,4 % frente a 4,9 %, p = 0,001) y la resistencia anaeróbica (25,7 % frente a 10,2 
%, p < 0,001). La intervención resultó en avances notables en todos los componentes 
biomotores evaluados. El análisis del tamaño del efecto reveló impactos del tratamiento de 
moderados a grandes en todas las medidas de resultado. 
Discusión: Los resultados respaldan estudios previos que indican que el entrenamiento 
interválico de alta intensidad contribuye positivamente a la capacidad aeróbica y anaeróbica, 
la potencia muscular y el rendimiento deportivo específico. La integración de movimientos 
propios del karate en el modelo Tabata proporcionó estímulos de entrenamiento más 
relevantes para los atletas de kata. 
Conclusiones: El marco de entrenamiento Tabata propuesto cumplió con los criterios de validez 
y practicidad, y se asoció con mejoras significativas en el rendimiento biomotor en comparación 
con los métodos de entrenamiento convencionales. Los resultados sugieren que el 
entrenamiento Tabata específico para este deporte podría ser un enfoque de 
acondicionamiento viable para satisfacer las necesidades físicas de los practicantes avanzados 
de karate kata. 

Palabras clave 

Rendimiento deportivo; kata de karate; resistencia física; aguante; entrenamiento tabata.

 

Introduction

Competitive sports demand that athletes have specific physical conditioning tailored to their 
sport in order to perform at their best. Being physically prepared helps athletes to successfully apply 
technical and tactical skills during training and competition (Prima & Kartiko, 2021). Thus, training acts 
as a structured approach to enhance an athlete's performance through well-organized, continuous, and 
scientifically developed programs (Candra et al., 2025). Among the different aspects of physical fitness, 
aspects like muscular endurance, strength, power, speed, flexibility, agility, balance, and coordination 
are crucial for effective sport-specific performance (Guntoro et al., 2020). Recent studies have shown 
that High-Intensity Interval Training (HIIT) significantly boosts aerobic endurance, muscular strength, 
explosive power, and neuromuscular efficiency, leading to better athletic performance (Hung et al., 
2025; Liu et al., 2024). Similar findings reported in Retos also stress that conditioning programs based 
on research findings, backed by sport science advancements, enhance athletes' long-term physical 
readiness and competitive effectiveness (Wijaya et al., 2024). 

Endurance is a key factor that impacts athletic success because it allows athletes to maintain 
high-intensity efforts and postpone fatigue during competitions. HIIT has been proven to enhance peak 
oxygen consumption (VO₂max), anaerobic threshold, stamina, speed, and explosive strength, making it 
one of the top conditioning strategies for competitive athletes (Wiesinger et al., 2024). Nonetheless, 
many current HIIT protocols use general interval structures that don’t specifically cater to the 
physiological and technical requirements of karate kata. Recent research highlighted in Retos 
emphasizes the need for creating sport-specific conditioning models that blend technical aspects with 
physical training to optimize athlete performance (Setiawan et al., 2026; Hafidz et al., 2024). These 
results point to the necessity of a more tailored HIIT training program for karate kata practitioners. 

Athletic performance in karate hinges on the combination of physical fitness, technical prowess, 
strategic skills, and mental readiness (Utami et al., 2025). In the kata discipline, athletes carry out 
predefined sequences of movements that demand explosive strength, balance, precise movement, 
coordination, and the capacity to maintain technical excellence throughout the display. Prior research 
has shown that HIIT successfully enhances both aerobic and anaerobic capabilities, muscle strength, 
speed, agility, and peak power among karate athletes (Barus et al., 2025; Yue et al., 2025). Similarly, HIIT 
has been found to improve upper-body strength, explosive power of the lower limbs, agility, and 
anaerobic stamina, all vital for karate performance (Hadi & Yudhistira, 2023). However, these studies 
primarily focused on the physiological impacts of HIIT without creating a training model designed for 
the specific movement patterns, work-to-rest ratios, and technical features of kata competitions. As a 
result, there is a lack of a validated Tabata training model designed explicitly for senior kata athletes. 

Power can be understood as the mix of strength and speed of movement (Lamusu & Lamusu, 
2023), and it is one of the key physical attributes in kata practice. Strength and power routines based 
on HIIT have been found to enhance neuromuscular improvements, explosive strength, movement 
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speed, and muscle power (Hung et al., 2025). In addition, HIIT has been shown to be more effective than 
moderate-intensity continuous training in boosting motivation for training while also advancing 
physical fitness elements such as strength, balance, and speed (Yin et al., 2025). Tabata training, a HIIT 
variant that includes repeated 20 seconds of high-intensity workouts followed by 10 seconds of rest, 
has indicated considerable gains in aerobic capacity, anaerobic functionality, VO₂max, and peak power 
(Şanal & Özen, 2025; Sabzevari Rad et al., 2025). However, the existing Tabata protocols are generally 
broad and do not sufficiently cater to the unique movement requirements of kata, which involve 
transitions in stance, punching and kicking sequences, body control, and movement coordination. 
Consequently, the current protocols may not effectively enhance performance specific to kata. 

A recent systematic review also established that both specialized and general HIIT methods 
significantly boost aerobic capacity, anaerobic performance, and muscular power in martial arts 
competitors (Yue et al., 2025). Additionally, HIIT presents efficient physiological changes in shorter 
timeframes than traditional endurance workouts (Song & Sheykhlouvand, 2024; Engel et al., 2018). 
Nevertheless, initial findings from several karate dojos in Bone Regency, South Sulawesi, indicated that 
Tabata training is seldom used by advanced kata practitioners because trainers often lack specific 
guidelines and validated training models that are suited to kata requirements. This issue highlights the 
key research gap that this study seeks to address. Therefore, this study intends to create and validate a 
Tabata Training model specially designed for senior kata karate practitioners to enhance their 
endurance and performance. The goal is not just to assess the effectiveness of an intervention but also 
to create a reliable, practical, and workable training model. To achieve this, the Research and 
Development (R&D) method utilizing the ADDIE model was chosen. In contrast to typical experimental 
setups that mainly focus on intervention results, the ADDIE model provides a structured approach for 
analyzing needs, designing models, validating with experts, making revisions, implementing, and 
assessing, making it particularly effective for the development and validation of training models specific 
to sports. 

 

Method 

This research used the Research and Development (R&D) approach to create, confirm, and 
assess a Tabata Training model aimed at enhancing endurance and performance among senior kata 
karate practitioners. The R&D method is a structured way to create, develop, and assess products to 
verify their validity, practicality, and efficiency (Ade Rahayu, 2025). The goal of development research 
is to create new or better products through the design of prototypes, validation, and testing for 
effectiveness, making it very relevant for creating sports training models that can be readily applied 
(Okpatrioka, 2023). Thus, the R&D method was deemed suitable for creating a well-organized and 
functional Tabata Training model for senior kata karate athletes. 

The development process adhered to the ADDIE framework, which consists of five sequential 
phases: Analysis, Design, Development, Implementation, and Evaluation. The ADDIE model was chosen 
because it offers a systematic, procedural, and practical structure for developing training models, while 
also fitting within the study's time limitations (Amriyah et al., 2026). Moreover, the ADDIE framework 
allows for ongoing assessment and adjustments throughout the development phase to guarantee that 
the final product meets training needs effectively (Rusmulyani, 2020). 

Participants in the study were senior kata karate practitioners from various karate clubs in 
South Sulawesi Province, selected through purposive sampling. Inclusion criteria required athletes to 
be aged 18 or over, actively competing in the senior kata division, possessing at least three years of 
training experience, regularly taking part in regional or national contests, and physically capable of 
performing high-intensity workouts. Those with musculoskeletal injuries, heart issues, attendance 
below 80% during the intervention, or involvement in other formal conditioning programs were 
excluded. Prior to taking part, all athletes were given details about the study's aims, methods, 
advantages, and possible risks, and they voluntarily signed a consent form. Ethical approval for the 
research was secured from the institutional research ethics committee. 

The analysis phase commenced with a needs assessment carried out through field observations 
and interviews with two karate instructors and fifteen senior kata karate athletes, along with 
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questionnaires given to ten karate coaches from different karate organizations in Makassar City and 
several districts in South Sulawesi. The gathered information was utilized to recognize the current 
physical conditioning approaches, the training necessities of athletes, and the expectations of coaches 
concerning the creation of a karate-specific Tabata Training model. Based on this information, the 
design phase concentrated on establishing training objectives, selecting karate-specific exercises, 
preparing the training structure, and creating the training manual. In the development phase, experts 
in sports coaching, karate, exercise physiology, and instructional design validated the initial prototype 
before it was revised according to their suggestions. 

The execution phase comprised an intervention lasting eight weeks with three training sessions 
conducted each week. Every session featured a warm-up lasting 10 minutes, about 20 minutes allocated 
for Tabata Training, and a 10-minute cool-down period. The Tabata routine utilized 20 seconds of 
intense exercise followed by 10 seconds of rest for eight sets, incorporating karate-specific movements 
such as burpees, squat jumps, mountain climbers, push-ups, jump lunges, high-knee runs, variations of 
planks, and drills focused on explosive movements. Intensity during training was kept at 85-95% of 
maximum heart rate (HRmax) or a score of 17-19 on the Borg Rating of Perceived Exertion (RPE) scale, 
with progressive overload introduced every two weeks by escalating the difficulty of exercises and the 
overall training volume. Meanwhile, the control group participated in the traditional conditioning 
program regularly provided by their trainers, which included jogging, calisthenics, flexibility training, 
and practicing basic kihon and kata at a moderate intensity. 

The assessment stage evaluated the success of the created model by comparing scores from pre-
tests and post-tests on four biomotor elements: arm power, leg power, agility, and anaerobic stamina. 
Data from expert validation were assessed descriptively to evaluate the product's practicality. Prior to 
hypothesis verification, data normality was checked using the Shapiro-Wilk test, while Levene's test was 
used to evaluate variance homogeneity. Within-group differences were examined using paired-samples 
t-tests, and the variations between the experimental and control groups were investigated using 
independent-samples t-tests, with a significance threshold set at p < 0.05. All statistical evaluations were 
conducted using IBM SPSS Statistics software. 

 

Results 

The effectiveness of the created Tabata Training model was assessed by looking at variations in 
four biomotor aspects between the experimental group and the control group. Arm strength was 
evaluated using the Medicine Ball Put test with a 2.72-kilogram ball, where subjects executed a seated 
forward throw while keeping their back against the bench. Leg strength was measured through the 
Standing Broad Jump, while agility was tested using the Agility T-test, and anaerobic endurance was 
assessed using the Running-based Anaerobic Sprint Test (RAST) according to standardized methods 
frequently applied in karate performance evaluations. These practical tests have been shown to be 
reliable and valid for assessing athletes' biomotor capabilities. 

Prior to testing the hypotheses, the data's normality was checked with the Shapiro–Wilk test, 
and the equality of variances was evaluated using Levene's test. As displayed in Table 1, all variables 
were normally distributed (p > 0.05) and confirmed the assumption of homogeneity (p > 0.05), which 
suggested that parametric statistical techniques were suitable. 

 

Table 1. Results of Normality and Homogeneity Test 
Variables Experimental 

(Pre/Post) 
Control (Pre/Post) Levene’s Test Conclusion 

Arm Muscle Power 0.312/0.428 0.267/0.389 0.678 Normal, homogeneous 
Leg Muscle Power 0.445/0.521 0.398/0.467 0.534 Normal, homogeneous 
Agility 0.289/0.356 0.334/0.412 0.612 Normal, homogeneous 
Anaerobic Endurance 0.256/0.378 0.301/0.423 0.489 Normal, homogeneous 

 

The results from the pre-test and post-test indicated consistent gains in all biomotor aspects for 
both groups; however, the improvement level was significantly higher in the experimental group. For 
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instance, arm strength rose from 4.23 ± 0.52 m to 5.47 ± 0.61 m in the experimental group as opposed 
to an increase from 4.18 ± 0.48 m to 4.65 ± 0.54 m in the control group. Similarly, anaerobic endurance 
increased from 487.3 ± 52.8 W to 612.5 ± 58.3 W in the experimental group, while the control group 
saw improvement from 482.6 ± 49.7 W to 531.8 ± 53.2 W. Overall, the experimental group exhibited 
more substantial improvements in arm strength (29.3%), leg strength (12.7%), agility (12.4%), and 
anaerobic endurance (25.7%) compared to the control group (11.2%, 5.8%, 4.9%, and 10.2%, 
respectively). 

 

Table 2. Pre-test and Post-test Results of Biomotor Components 
Variables Group Pre-test (Mean ± SD) Post-test (Mean ± SD) Improvement 

Arm Muscle Power Experimental 4.23 ± 0.52 5.47 ± 0.61 29.3% 
 Control 4.18 ± 0.48 4.65 ± 0.54 11.2% 

Leg Muscle Power Experimental 487.3 ± 52.8 612.5 ± 58.3 25.7% 
 Control 482.6 ± 49.7 531.8 ± 53.2 10.2% 

Agility Experimental 198.5 ± 15.3 223.8 ± 16.7 12.7% 
 Control 196.2 ± 14.8 207.5 ± 15.2 5.8% 

Anaerobic Endurance Experimental 11.82 ± 0.67 10.35 ± 0.58 12.4% 
 Control 11.75 ± 0.71 11.18 ± 0.65 4.9% 

 

Paired-samples t-tests indicated notable improvements in all biomotor aspects in both groups. 
For example, arm power showed a significant rise in the experimental group (t = 9.873, df = 11, p < 
0.001) and in the control group (t = 4.231, df = 11, p = 0.001). Likewise, anaerobic endurance 
significantly improved in the experimental group (t = 12.785, df = 11, p < 0.001) and the control group 
(t = 5.892, df = 11, p < 0.001). Independent-samples t-tests further showed that post-test results in the 
experimental group were significantly superior to those of the control group across all biomotor 
measurements. 

 

Table 3. Summary of Between-Group Effectiveness 
Biomotor Components Experiment Improvement Control Improvement     Difference p-value 

Arm Muscle Power 29.3% 11.2% 18.1% 0.001 
Leg Muscle Power 12.7% 5.8% 6.9% 0.009 
Agility 12.4% 4.9% 7.5% 0.001 
Anaerobic Endurance 25.7% 10.2% 15.5% <0.001 

 

In conclusion, the results suggest that the established Tabata Training model resulted in 
significantly greater advancements in arm muscle power, leg muscle power, agility, and anaerobic 
endurance when compared to the traditional training program, thereby affirming its effectiveness as a 
conditioning model for senior kata karate competitors. 

 

Discussion 

The current research created a specific Tabata Training model tailored for sports using the 
ADDIE framework and assessed its impact on the physical abilities of senior kata karate athletes. The 
results show that taking part in the designed program led to notable enhancements in arm strength, leg 
strength, agility, and anaerobic stamina when compared to standard training methods. Instead of 
indicating it was the best option in all scenarios, these results suggest that incorporating high-intensity 
interval training into karate-focused preparation could be an effective way to boost the physical 
attributes needed for kata execution. 

The physiological changes noted in this research can be understood by looking at the energy 
requirements dictated by the Tabata protocol. Kata execution involves a series of rapid, forceful 
techniques performed in a brief time frame, where the phosphagen (ATP-PCr) system primarily 
provides energy for quick force production during punches, kicks, and jumps. As the stores of 
phosphocreatine get low, the anaerobic glycolytic system plays a larger role in producing ATP, resulting 
in lactate buildup and metabolic strain. Regular exposure to brief, intense workouts with short rest may 
enhance the recovery of phosphocreatine, increase the activity of glycolytic enzymes, improve buffering 
abilities, and boost tolerance to metabolic acidosis, allowing athletes to maintain their technical 
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performance throughout a kata performance. These physiological changes align with earlier studies 
showing that high-intensity interval training enhances both aerobic ability and anaerobic power in 
combat sports athletes. 

Beyond the metabolic changes, gains in muscle strength and agility can be attributed to 
neuromuscular adaptations triggered by consistent explosive training. High-intensity interval training 
has been proven to increase motor unit activation, improve synchronization among fast-twitch muscle 
fibers, and speed up the force production rate, all of which help enhance explosive performance. 
Moreover, frequent practice of karate-specific explosive movements during the Tabata workouts may 
have improved intermuscular coordination and movement efficiency, resulting in increased power in 
both upper and lower limbs. Similar neuromuscular changes have also been observed after high-
intensity interval training in athletes competing in explosive sports. 

Another significant aspect to consider is the specific demands of kata competition. Different 
from kumite, kata requires athletes to execute a set sequence of moves with exact timing, balance, swift 
turns, and stable posture while maintaining high movement quality from beginning to end. Therefore, 
physical training should align closely with these biomechanical and physiological requirements. The 
Tabata Training model introduced in this study included explosive actions that mirror the movements 
seen in kata, thereby enhancing the specificity of the training stimulus. Following the principle of 
specificity, training adaptations are most effective when the characteristics of the exercise closely 
resemble the movement patterns and force direction required in competition. This sport-specific 
strategy may account for the more pronounced improvements in agility and explosive strength. 

The current results align with earlier intervention research involving karate athletes, which 
showed positive effects of HIIT-based conditioning on aerobic capacity, anaerobic performance, and 
specific physical skills required for the sport (Wijianto & Annisa, 2024; Yue et al., 2025). However, in 
contrast to many prior studies that focused mainly on physiological results, this research created and 
validated a structured Tabata Training framework specifically tailored for advanced kata athletes 
through a methodical R&D approach. This establishes a further practical benefit by offering coaches a 
validated, structured, and sport-oriented training model that can be incorporated into standard 
conditioning routines. 

From a practical standpoint, the created model could be especially beneficial as it merges 
efficiency with sport relevance. Senior karate practitioners frequently juggle academic, work, and 
competition obligations that limit their training time. Earlier studies have indicated that time-effective 
HIIT routines can lead to cardiovascular and performance changes comparable to or even surpassing 
those from longer endurance exercises (Gillen & Gibala, 2013). Consequently, the Tabata Training model 
that has been developed may provide coaches with an alternative conditioning approach that can deliver 
significant physiological benefits in a relatively brief training period while remaining applicable to the 
physical requirements of kata competition. 

 

Limitations 

Several limitations need to be noted. First, the research involved a relatively small group chosen 
from karate clubs in South Sulawesi Province, which may limit how widely the findings can be applied 
to other athlete populations. Second, the training period lasted only eight weeks, leaving the long-term 
impacts of the proposed training model uncertain. Third, both the participants and coaches were not 
blinded during the intervention, which could lead to performance bias. Lastly, the study did not 
incorporate a long-term follow-up to assess whether the improvements observed were maintained after 
the intervention ended. Future research should include larger samples from multiple centers, longer 
training durations, and follow-up evaluations to better determine the lasting effectiveness of the 
developed Tabata Training model. 

 

Conclusions 
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This research created a Tabata Training model aimed at senior kata karate athletes by using the 
ADDIE development framework. The established model fulfilled the validity and practicality standards 
set during its creation and was linked to significant enhancements in arm strength, leg strength, agility, 
and anaerobic stamina compared to standard training methods. These results indicate that a Tabata 
Training method tailored to the sport might be a suitable conditioning approach to meet the physical 
requirements of kata performance. 

The model includes high-intensity interval workouts, movement patterns that showcase the 
specific techniques of kata, a training progression, and a training format that is relatively time-saving. 
These features could help incorporate it into standard karate conditioning routines. Future research 
with larger participant groups, extended training durations, and follow-up evaluations is suggested to 
investigate the broader application and lasting effectiveness of the training model developed. 
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