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A B S T R A C T   A R T I C L E   I N F O 

The purpose of this study was to examine the effect of push-up 
training on the improvement of smash speed among badminton 
athletes at PB Ksatria, Demak Regency. This study employed a 
quantitative approach using a one-group pretest–posttest design. 
The participants consisted of 23 badminton athletes who 
underwent a structured push-up training program for 12 weeks, 
three sessions per week. Data were collected using a smash speed 
test conducted before and after the intervention. The data were 
analyzed using the Shapiro–Wilk normality test, paired sample t-
test, and N-Gain analysis. The results showed that the mean of 
smash speed increased from 47.43 in the pretest to 79.39 in the 
post-test. The paired sample t-test revealed a statistically 
significant difference (t = - 118.247, p < 0.001), indicating that 
push-up training had a significant effect on smash speed 
improvement. In addition, the N-Gain score of 0.61 indicated a 
moderate improvement category. In conclusion, push-up training 
could significantly improve smash speed performance in 
badminton athletes at PB Ksatria, Demak Regency. These findings 
suggest that push-up exercise can be effectively integrated into 
club-level training programs to enhance upper-body power and 
sport-specific performance. 
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INTRODUCTION 

In contemporary society, sports have become an essential part of human life (Isauraya et 
al., 2025). Badminton is a highly popular sport in Indonesia, experiencing tremendous 
development as both a recreational and competitive activity (Gomez et al., 2019). As a 
competitive sport, badminton requires structured training programs to support the 
understanding and implementation of game tactics (Dameria et al., 2023). Badminton is 
widely recognized as an accessible and enjoyable sport that can be played across different 
age groups and genders (Utomo et al., 2023). The development of badminton in Indonesia 
has been strongly supported by local and national training institutions, contributing to 
consistent achievements at both national and international levels (Zafira & Ditya Candra, 
2024). 

The primary objective in badminton is to score points by directing the shuttlecock 
strategically into the opponent court (Sahabuddin, 2023). Performance in badminton is 
influenced by multiple interrelated components that must be developed through systematic 
training, including physical, technical, tactical, psychological, and maturational factors  
(Rahadhi et al., 2025). In competitive sports such as badminton, physical, technical, tactical, 
mental, and maturity factors are all essential components that contribute to optimal 
performance (Ashary, 2025). Physical conditioning plays a fundamental role in supporting 
technical execution and enhancing overall athletic performance (Petisco et al., 2019). 
Technical training in badminton includes fundamental skills such as grip technique, stroke 
execution, and footwork, which are typically developed after the athlete has achieved 
adequate physical preparation  (Rusdiana et al., 2020). Effective performance in badminton 
requires the integration of physical fitness and technical mastery to achieve consistent 
competitive success (Qian, 2024).  

Among the various techniques in badminton, the smash is one of the most important 
offensive strokes due to its direct contribution to scoring points  (Priambudi & Syaukani, 
2022). Badminton players must master the basic techniques well in order to achieve high 
performance, such as smash, dropshot, serve, lob, drive, and netting. In badminton, an 
important and core stroke is the smash because it can score points (Kuswanti et al., 2024). 
The smash is a powerful overhead stroke characterized by high speed and downward 
trajectory, requiring coordinated movement of the upper and lower body (Titis Pambudi et 
al., 2023). Effective smash execution depends on arm muscle strength, explosive power, and 
neuromuscular coordination to generate high shuttlecock velocity (Rusdiana et al., 2021). 
Continuous and structured practice is required to improve smash performance, particularly 
through the development of upper-limb power, which is a key determinant of stroke 
effectiveness (Wibowo et al., 2022).  

There are various exercises used to train and enhance arm muscle power, one of which is 
the push-up exercise (Salman, 2023). Push-up is a bodyweight resistance exercise that 
improves upper-body strength and muscular endurance relevant to sport performance 
demands (Darmawan & Setiawan, 2025). This exercise primarily aims to improve upper-limb 
muscular strength and power output, which supports explosive movements in sport contexts   
(Dhote et al., 2024). Resistance training such as push-ups improves neuromuscular activation 
and enhances the ability to generate force rapidly during high-intensity movements 
(Bernstorff et al., 2024). In badminton, these physical capacities are essential because 
athletes must perform rapid transitions, maintain reaction speed, and sustain high-intensity 
movement patterns during competitions (Boullosa, 2023).  
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The smash technique requires high levels of arm muscle strength and explosive power to 
generate effective shuttlecock velocity. The purpose of push-up exercises is to train and 
increase the power of the arm muscles so that the muscles can achieve maximum strength in 
a short time (Firdausi et al., 2021). This task requires players to exhibit rapid movement, 
transition seamlessly between offensive and defensive roles, and maintain high speed and 
reaction time (Kadafi et al., 2024). 

Based on previous studies, most badminton training research had focused on plyometric 
training, strength training, or combined conditioning programs without isolating simple 
resistance exercises such as push-up training in relation to sport-specific performance 
outcomes (Albayati & Kaya, 2023). In addition, most studies had examined elite or university-
level athletes, while limited research had focused on club-level adolescent badminton 
athletes in real training environments (Yang et al., 2024). Furthermore, many studies tended 
to emphasize general physical performance variables such as strength or power without 
specifically measuring smash speed as a sport-specific performance indicator (Subarkah et al., 
2023). Previous research was also often conducted in controlled laboratory settings, which 
might not fully reflect practical training conditions in real coaching environments 
(Bobrownicki et al., 2026). Therefore, there is a need for simple, practical, and field-based 
training studies that can be directly applied by coaches at the club level to improve 
badminton-specific performance (Lestari et al., 2025). 

Based on these limitations, the novelty of this study lies in examining the effect of a 
structured push-up training program on smash speed performance in adolescent badminton 
athletes at PB Ksatria, Demak Regency. This study used a one-group pretest–posttest 
experimental design to evaluate changes in smash speed before and after the training 
intervention. By focusing on a simple resistance exercise applied in a real training 
environment, this study is expected to provide both scientific and practical contributions to 
badminton training methodology, particularly for developing athletes at the club level. 

 
METHODS 
Participants  

This study involved a total of 23 youth badminton athletes under the age of 19 (U19) from 
PB Ksatria in Demak Regency. In accordance with the one-group pretest-posttest 
experimental design, all participants were observed as a single experimental group.  
Participants were selected using purposive sampling. The inclusion criteria consisted of (1) 
registered as active badminton athletes at PB Ksatria, (2) aged between 15 and 19 years old, 
and (3) routinely participating in the club structured training sessions. The purpose of 
selecting this group was to evaluate the changes in smash speed performance based on the 
implementation of a structured push-up exercise training program. 
 
Sampling Procedures  

The study employed a one-group pretest-posttest experimental design involving 23 
badminton athletes aged 15–19 years from PB Ksatria in Demak Regency. Participants were 
selected using a total sampling technique, in which all athletes who met the inclusion criteria 
were included in the study. The push-up training program served as the independent variable, 
while smash speed performance served as the dependent variable. 

Participants completed a structured push-up training program for 12 weeks (three 
months), with training sessions conducted three times per week following the regular 
badminton stroke-drill practice. The program was designed to improve the upper-body 
muscular strength, particularly in the arms, shoulders, and chest muscles, which contribute 
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to the execution of badminton smashes. All training sessions were supervised by the 
researcher and club coaches to ensure that participants followed the prescribed training 
procedures consistently throughout the intervention period. Smash speed performance was 
assessed before and after the intervention period using the same testing procedures and 
environmental conditions to ensure consistency in data collection. 
 
Materials and Apparatus  

The push-up training program was the independent variable in this study, while smash 
speed performance was the dependent variable. The instruments used in this study involved 
(1) a push-up training program, which demonstrated a validity coefficient of 0,991 and a 
reliability coefficient of 0,97 (Siregar et al., 2022) and (2) a badminton smash test used to 
measure smash performance, with a validity coefficient of 0.84 and a reliability coefficient of 
0.78 (Edmizal & Barlian, 2022). 
 
Procedures  

This study employed a one-group pretest-posttest experimental design to investigate the 
effect of a push-up training program on badminton smash speed performance. The research 
was conducted through a series of systematic stages. Initially, participants who satisfied the 
established inclusion criteria were recruited. All research instruments, equipment, and testing 
protocols were prepared and standardized prior to data collection.  

Subsequently, a pretest (O₁) was administered to assess the baseline smash speed 
performance of all participants before the implementation of the training intervention. 
Following the pretest, participants completed the push-up training program according to the 
prescribed protocol for a period of 12 weeks, with training sessions conducted three times 
per week following regular badminton stroke-drill practice. Throughout the intervention 
period, the implementation of the training program was supervised by the researcher and 
club coaches to ensure adherence to the prescribed procedures and training protocols. 

Upon completion of the intervention period, a posttest (O₂) was conducted using the 
same smash speed testing procedures, equipment, and environmental conditions as those 
employed during the pretest. The resulting pretest and posttest data were subsequently 
recorded, compiled, and analyzed to evaluate the effectiveness of the push-up training 
program in improving badminton smash speed performance. 
 
Design or Data Analysis  

This study used a pre-experimental design with a one-group pretest-posttest approach. 
Data analysis was performed using IBM SPSS Statistics version 25. Descriptive statistics, 
including mean, standard deviation, minimum score, and maximum score, were calculated to 
describe the data distribution. 

Before hypothesis testing, the Shapiro–Wilk test was conducted to assess the normality 
of the data at a significance level of 0.05. If the data were normally distributed, a paired 
samples t-test was used to determine whether there was a significant difference between 
pretest and posttest smash speed scores. The push-up training program was considered 
effective if the significance value (Sig. 2-tailed) was ≤ 0.05. 

In addition, N-Gain analysis was used to measure the level of improvement in smash speed 
performance after the treatment. The N-Gain results were categorized into three levels, 
namely high (≥ 0.70), moderate (0.30–0.69), and low (< 0.30). The statistical findings were 
interpreted to evaluate the effectiveness of push-up exercise training on badminton smash 
speed performance. 



Adil Putra Alfianto et al.,, Effects of Push-Up Training on Smash Speed … | 338 

 DOI: https://doi.org/10.17509/jpjo.v11i2.100004 

p- 2085-6180 e- ISSN 2580-071X 

 
 

RESULTS 
The results of this study are presented in tables to describe the effect of the push-up 

training program on the smash speed of badminton athletes at PB Ksatria in Demak Regency. 
The data include descriptive statistics, normality test results, paired sample t-test analysis, 
and N-Gain analysis. 

 
Table 1. Descriptive Statistics of Push-Up Training on Smash Speed Performance 

 
N Minimum Maximum Mean Std. 

Deviation 

Pretest 23 40 56 47.43 3.776 
Posttest 23 74 84 79.39 2.624 
Valid N (Listwise) 23     

 
Table 1 shows that the total number of participants involved in this study was 23 athletes. 

The pretest results showed a maximum score of 56, a minimum score of 40, a mean value of 
47.43, and a standard deviation of 3,776. After the implementation of the push-up training 
program, the posttest results increased substantially, with a maximum score of 84 and a 
minimum score of 74. The mean of posttest scores also rose to 79,39 with a standard 
deviation of 2,624. These findings indicate that the push-up training program has a positive 
effect on improving the smash speed of badminton athletes. The normality test of the data 
assessed using the Shapiro–Wilk test. The results showed that the pretest scores (W = 0.988, 
p = 0.992) and posttest scores (W = 0.971, p = 0.720) were normally distributed, as both 
significance values > 0.05. Therefore, the assumption of normality was met. A paired-sample 
t-test was conducted to examine the effect of the push-up training program on smash speed 
performance. 

 
Table 2. Descriptive Statistics of Pretest and Posttest Data  

Pair 1 Mean N Std. 
Deviation 

Pretest 47.43 23 3.776 
Posttest 79.39 23 2.624 

 
Table 3. Paired Sample T-Test of Push-Up Training on Smash Speed Performance 

Variable Mean Difference t df Sig. (2-tailed) 

Pretest–Posttest -31,957 -118.247 22 0,000 

 
Table 2 presents the descriptive statistics of the pretest and posttest smash speed 

performance scores. The mean of pretest score was 47.43 (SD = 3.776), while the mean of 
posttest score increased to 79.39 (SD = 2.624). The increase of 31.96 points indicated an 
improvement in smash speed performance following the push-up training program. Table 3 
presents the results of the paired-samples t-test comparing the pretest and posttest smash 
speed performance scores. The analysis revealed a mean difference of -31.957, indicating that 
the posttest scores were substantially higher than the pretest scores. The paired-samples t-
test showed a statistically significant difference between the two measurements, t (22) = -
118.247, p < 0.001. Since the significance value was lower than 0.05, the null hypothesis was 
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rejected. These findings indicate that the push-up training program had a significant effect on 
improving the smash speed performance of badminton athletes at PB Ksatria in Demak 
Regency. 

 
Table 4. N-Gain Analysis of Push-Up Exercise Training on Smash Speed Performance 

N Pretest Mean Posttest Mean N-Gain Score Category 

23 47.43 79.39 0,61 Average 

 
Table 4 presents the N-Gain score analysis of smash speed performance. The results 

showed that the mean score increased from 47.43 in the pretest to 79.39 in the posttest, 
resulting in an N-Gain score of 0.61. Based on the N-Gain classification criteria, this value falls 
within the moderate category (0.30 ≤ g < 0.70). These findings indicate that the push-up 
training program could produce a moderate improvement in the smash speed performance 
of badminton athletes at PB Ksatria, Demak Regency. 

 
DISCUSSION 

The findings of this study demonstrated that the push-up training program improved the 
smash speed performance of badminton athletes at PB Ksatria, Demak Regency. The increase 
in the average of smash speed score from 47.43 in the pretest to 79.39 in the posttest 
indicates that the training intervention contributed positively to the athlete physical 
performance. This improvement suggests that the push-up training program enhanced upper-
body muscular strength, which plays a crucial role in the execution of powerful badminton 
smashes (Cendra, 2018).  

The findings of this study can be explained through physiological and biomechanical 
mechanisms associated with resistance training adaptations (Goods et al., 2022). Through 
continuously straining the pectoralis major, deltoid, and triceps muscles, push-up training is 
a type of bodyweight resistance exercise that can improve upper-body muscular strength (Ma 
et al., 2024). Previous studies have reported that upper-body strength contributes 
significantly to stroke effectiveness and shuttlecock velocity in badminton athletes (Aprilianti 
et al., 2023). Neuromuscular adaptations resulting from resistance training improve motor 
unit recruitment and firing frequency during high-intensity movements (Lin et al., 2023). 
These adaptations enhance the ability of athletes to generate force rapidly during explosive 
upper-limb movements, thereby contributing to greater power output during smash 
execution (Ramasamy et al., 2021). Athletes can generate force during stroke execution more 
quickly and efficiently contributing to increased neuromuscular efficiency (Anderson et al., 
2025). 

From a biomechanical perspective, the badminton smash depends on efficient force 
transfer through the kinetic chain from the lower limbs to the racket head (Li, F et al., 2023). 
The shoulder and arm muscles play an important role in accelerating the racket during the 
forward swing phase of the smash (McErlain-Naylor et al., 2020). Increased upper-body 
strength may enhance racket-head velocity and ultimately contribute to higher shuttlecock 
speed  (Song et al., 2020). Effective smash performance is influenced not only by muscular 
strength but also by movement coordination and technical execution. Wrist speed and 
flexibility are additional factors that contribute to the direction and velocity of the shuttlecock 
during a smash stroke (Wang & Zhou, 2024). Therefore, the strength of the smash shot needs 
to receive sufficient attention by training it as often as possible (Hidayat et al., 2024). 
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The present findings are consistent with the principle of specificity, which states that 
physical adaptations occur according to the nature of the training stimulus applied 
(Soemardiawan et al., 2019). Push-up exercises strengthen several muscle groups that are 
directly involved in overhead badminton strokes (Syahputra et al., 2023). Improved physical 
conditioning provides a stronger foundation for the execution of technical skills in badminton 
(Genevois et al., 2020). Long-term athlete development requires the integration of strength, 
coordination, and sport-specific skills within the training process, as training aims to promote 
the functional development of the body and achieve physiological adaptations through 
regular physical exercise in response to increasing physical demands (Cahyadi et al., 2023). 
Comprehensive conditioning programs contribute to the enhancement of motor abilities 
required for sport performance (Muhsin, 2025).  

Several limitations should be considered when interpreting the results of this study. The 
use of a one-group pretest-posttest design without a control group limits the ability to 
establish causal relationships with complete certainty (Fraenkel et al., 2019). The relatively 
small sample size and the inclusion of athletes from only one badminton club may reduce the 
generalizability of the findings (Van Simaeys et al., 2025; Zaarour & Melachrinoudis, 2019). 
The study focused exclusively on smash speed and did not assess other performance variables 
such as smash accuracy, muscular power, or biomechanical characteristics (Artazila et al., 
2024). Future studies should employ randomized controlled designs and include broader 
performance indicators to strengthen the evidence (Carter et al., 2024).  

From a practical perspective, push-up exercises can be incorporated into badminton 
conditioning programs because they are simple, inexpensive, and easy to implement in club 
settings (Sterin, 2023). Coaches may use push-up training to support the development of 
upper-body strength required for powerful smash performance (Nurrochmah, 2020). 
However, resistance exercises should be combined with technical drills and sport-specific 
training to optimize performance outcomes (Singh, 2024). An integrated training approach is 
considered essential for maximizing athlete development and competitive performance in 
athlete (Wang et al., 2025).  

 
CONCLUSION 

Push-up training positively influenced smash speed in badminton athletes of PB Ksatria, 
Demak Regency. Athletes who completed the training program demonstrated significant 
improvement, as reflected by the increase in the average smash speed scores from pretest to 
posttest, highlighting the importance of upper body strength training in enhancing smash 
performance. These findings suggest that incorporating push-up exercises into regular 
training programs can effectively support athlete development at the club level. Future 
studies should examine long-term effects and involve larger and more diverse samples to 
strengthen generalizability. 

 
ACKNOWLEDGMENT 

Thank you to all parties who have helped the author in completing this research. 
 
AUTHORS’ NOTE  

 The authors declare that there is no conflict of interest regarding the publication of this 
article. The authors confirmed that the paper was free of plagiarism.    

 
 
 



341 | Jurnal Pendidikan Jasmani dan Olahraga, Volume 11 Issue 2, September 2026 Hal 334-344 

DOI: https://doi.org/10.17509/jpjo.v11i2.100004 

p- 2085-6180 e- ISSN 2580-071X 
 

REFERENCES  
 Albayati, M. A. K., & Kaya, Y. (2023). The effect of 12-week different training methods 

applied to badminton athletes on some basic motoric properties. European Journal of 
Fitness, Nutrition and Sport Medicine Studies, 3(1), 46-54. 

Aprilianti, A., Rusdiana, A., Imanudin, I., Hardwis, S., Haryono, T., & Hidayat, I. I. (2023). 
Kinematics Analysis Volley Ball Jump Smash: Pendekatan Dua Dimensi Gerak. Jurnal 
Dunia Pendidikan, 4(1), 113-121. 

Anderson, H. A., Parks, S. M., Kulp, M. T., & Mitchell, G. L. (2025). Classification of 
accommodative insufficiency by monocular subjective push-up test is poorly predictive 
of monocular objective amplitudes in children and young adults. Ophthalmic and 
Physiological Optics, 45(1), 14-22. 

Artazila, S. Z. N., & Adi, S. (2024). Analysis of Badminton Techniques Smash Using a 
Biomechanical Approach: Systematic Literature Review. Jurnal Moderasi Olahraga, 
4(2), 232-241. 

Ashary, G. S. (2025). Persepsi Atlet PB Gatra Semarang terhadap Gaya Kepemimpinan 
Pelatih. Jurnal Kejaora (Kesehatan Jasmani dan Olah Raga), 10(2), 189-196. 

Bernstorff, M. A., Schumann, N., Finke, A., Schildhauer, T. A., & Königshausen, M. (2023). 
popular gym fitness sport: An analysis of 1387 recreational athletes regarding prone to 
pain exercises and the corresponding localisations. Sports, 12(1), 12. 

Bobrownicki, R., Collins, D., Carson, H. J., & MacPherson, A. C. (2026). Promoting 
perception–action coupling in sport: the role of preparation within coaching 
environments. Sports Coaching Review, 1-12. 

Boullosa, D. (2022). Study designs to reduce the gap between science and practice in sport. 
International Journal of Sports Physiology and Performance, 18(1), 1-2. 

Cahyadi, A., Rahmat, A., & Ginanjar, A. Effects of Training Methods and Achievement 
Motivation on Badminton Skills. Jurnal Pendidikan Jasmani dan Olahraga, 8(1), 111-
116. 

Carter, K., Kuznetsova, O., Anisimov, V., Krisam, J., Scherer, C., Ryeznik, Y., & Sverdlov, O. 
(2024). Forced randomization: the what, why, and how. BMC Medical Research 
Methodology, 24(1), 234. 

Cendra, R. (2018). Hubungan explosive power otot tungkai terhadap akurasi smash jump 
bulutangkis tim putra pembinaan prestasi mahasiswa pendidikan olahraga Universitas 
Riau. Jurnal Pendidikan Jasmani Dan Olahraga, 3(1), 69-73. 

Dameria, F. D., Permono, P. S., Suratman, S., & Yudhistira, D. (2023). Analisis teknik dasar 
dan kondisi fisik pemain bulutangkis usia 11-13. Multilateral: Jurnal Pendidikan 
Jasmani Dan Olahraga, 22(2), 94-103. 

Darmawan, R., & Setiawan, I. (2025). The Contribution of Push Up and Pull Up Exercises to 
the Strength of 2-Point Shooting Throws in Basketball Players of Bintang Muda Club in 
Kendal District. Journal of Physical Education, Health and Sport, 12(1), 50–54.  

Dhote, S., Eon, P., & Grosprêtre, S. (2024). A comparison of the plyometric performance of 
upper limbs between experienced and Non-Experienced athletes. Sports, 12(8), 217. 

Edmizal, E., Barlian, E., & Donie, D. (2022). Validity and reliability test of badminton smash 
accuracy. Journal of Educational and Learning Studies, 5(2), 128-131. 

Firdausi, D. K. A., & Simbolon, M. E. M. (2021). Physical Fitness of Female Soccer Players 
Based on Playing Position. Jurnal Pendidikan Jasmani Dan Olahraga, 6(1), 102-109. 

Genevois, C., Reid, M., Creveaux, T., & Rogowski, I. (2020). Kinematic differences in upper 
limb joints between flat and topspin forehand drives in competitive male tennis 
players. Sports biomechanics, 19(2), 212-226. 



Adil Putra Alfianto et al.,, Effects of Push-Up Training on Smash Speed … | 342 

 DOI: https://doi.org/10.17509/jpjo.v11i2.100004 

p- 2085-6180 e- ISSN 2580-071X 

Gomez, M. Á., Rivas, F., Connor, J. D., & Leicht, A. S. (2019). Performance differences of 
temporal parameters and point outcome between elite men’s and women’s 
badminton players according to match-related contexts. International journal of 
environmental research and public health, 16(21), 4057. 

Goods, P. S., Billaut, F., Brocherie, F., & Louis, J. (2022). Managing physiological and 
biomechanical load-adaptation pathways in high performance sport: Challenges and 
opportunities. Frontiers in Sports and Active Living, 4, 1041998. 

Hidayat, T., Munandar, R. A., Pratama, S. A., & Zulfikar, I. (2024). Pengaruh latihan medicine 
ball dan latihan shoulder press terhadap kemampuan smash dalam permainan bulu 
tangkis. Jurnal Porkes, 7(1), 400-410. 

Isauraya, F., Suratman, S., & Pratama, R. S. (2025). The Effectiveness of Jumping Rope 
Training on the Speed and Reaction of U-15 Female Badminton Players. Indonesian 
Journal of Physical Education and Sport Science, 5(2), 326-334. 

Kadafi, K. S. A., Raharjo, S., & Wahyudi, N. T. (2024). Pengaruh Latihan Boomerang Run dan 
Skipping Rope dalam Meningkatkan Kelincahan Pemain Sepak Bola SSB Putra Arema U-
14. Journal Sport Science Indonesia, 3(2), 365-375. 

Lestari, A. B., Sukamti, E. R., Fauzi, F., Tomoliyus, T., Sriwahyuniati, C. F., & Karyono, T. H. 
(2025). Mental toughness of badminton athletes: the role of coach leadership type and 
coach-athlete relationship. Retos, 62, 1137-1147. 

Li, F., Li, S., Zhang, X., & Shan, G. (2023). Biomechanical insights for developing evidence-
based training programs: unveiling the kinematic secrets of the overhead forehand 
smash in badminton through novice-skilled player comparison. Applied Sciences, 
13(22), 12488. 

Lin, Z., Blazevich, A. J., Abbiss, C. R., Wilkie, J. C., & Nosaka, K. (2023). Neuromuscular 
fatigue and muscle damage following a simulated singles badminton match. European 
journal of applied physiology, 123(6), 1229-1240. 

Ma, S., Soh, K. G., Japar, S. B., Liu, C., Luo, S., Mai, Y., ... & Zhai, M. (2024). Effect of core 
strength training on the badminton player’s performance: A systematic review & 
meta-analysis. PLoS One, 19(6), e0305116. 

McErlain-Naylor, S. A., Towler, H., Afzal, I. A., Felton, P. J., Hiley, M. J., & King, M. A. (2020). 
Effect of racket-shuttlecock impact location on shot outcome for badminton smashes 
by elite players. Journal of sports sciences, 38(21), 2471-2478. 

Muhsin, Z. Q. A. (2025). The Impact of Training with Varying Intensities on the Specific 
Strength and Speed of the Anchor Runner in the 100-Meter Relay for Female Students. 
Indonesian Journal of Physical Education and Sport Science, 5(2), 191-201. 

Nurrochmah, S. (2020, November). The Effectiveness of Push Up Training for Improving the 
Power of Arm Muscle Among the Participants of Sports Extracurricular Activities. In 
The 3rd International Conference on Sports Sciences and Health 2019 (ICSSH 2019) 
(pp. 70-73). Atlantis Press. 

Petisco, C., Ramirez-Campillo, R., Hernández, D., Gonzalo-Skok, O., Nakamura, F. Y., & 
Sanchez-Sanchez, J. (2019). Post-activation potentiation: Effects of different 
conditioning intensities on measures of physical fitness in male young professional 
soccer players. Frontiers in psychology, 10, 1167. 

Priambudi, T. G. N., & Syaukani, A. A. (2022). Perbedaan Pengaruh Latihan Handgrip & 
Dumbell Terhadap Peningkatan Kekuatan Genggaman Jari Pada Pemain Bulu Tangkis. 
Jurnal Porkes, 5(1), 23-34. 



343 | Jurnal Pendidikan Jasmani dan Olahraga, Volume 11 Issue 2, September 2026 Hal 334-344 

DOI: https://doi.org/10.17509/jpjo.v11i2.100004 

p- 2085-6180 e- ISSN 2580-071X 
 

Qian, Y. (2024). Badminton teaching modes and students’ academic performance: Basis for 
teaching and learning approaches. Journal of Education and Educational Research, 
7(2), 144-148. 

Rahadhi, D. S., Kusdinar, Y., Awwaludin, P. N., & Mulyana, M. (2025). The effect of 
resistance band training on the forehand smash speed of youth male badminton 
singles players. Physical Education and Sports: Studies and Research, 4(1), 60-70. 

Ramasamy, Y., Usman, J., Sundar, V., Towler, H., & King, M. (2024). Kinetic and kinematic 
determinants of shuttlecock speed in the forehand jump smash performed by elite 
male Malaysian badminton players. Sports biomechanics, 23(5), 582-597. 

Rusdiana, A., Subarjah, H., Imanudin, I., Kusdinar, Y., M Syahid, A., & Kurniawan, T. (2020). 
Effect of fatigue on biomechanical variable changes in overhead badminton jump 
smash. Annals of Applied Sport Science, 8(3), 0-0. 

Rusdiana, A., Subarjah, H., Budiman, D., Wibowo, R., Nurjaya, D. R., Pramutadi, A., ... & 
Syahid, A. (2021). Kinetics analysis of overhead standing smash in badminton. Jurnal 
Pendidikan Jasmani dan Olahraga, 6(1), 81-88. 

Sahabuddin, S. (2023). The Effect of Hand Reaction Speed and Wrist Flexion on Short-
Service Ability in Badminton Games. JOURNAL RESPECS (Research Physical Education 
and Sports), 5(1), 232-245. 

Salman, S., & Haryono, T. Kinematic Analysis of the Drag Push Technique on Ball Speed in 
Indoor Hockey. Jurnal Pendidikan Jasmani dan Olahraga, 8(2), 204-208. 

Singh, S. B. (2024). In luence of Resistance Training and Functional Exercise on Muscular 
Strength, Flexibility, and Athletic Performance in Young Athletes. Social Science 
Reports. 

Siregar, Y. E., Mardela, R., Aziz, I., Irawan, R., & Arifan, I. (2022). Uji Validitas Dan Reliabilitas 
Instrumen Tes Kekuatan Push-Up Berbasis Digital. Jurnal Gladiator, 2(5), 198-206. 

Soemardiawan, S., Tangkudung, J., & Hanif, A. S. (2019). The development of motion-based 
individual badminton smash forehand training models for students of IKIP Mataram 
2019. International Journal for Educational and Vocational Studies, 1(3), 177-183. 

Song, X., Peng, Y., Hu, B., & Liu, W. (2020). Characterization of the fine hand movement in 
badminton by a smart glove. Instrumentation Science & Technology, 48(4), 443-458. 

Sterin, V. (2023). Innovative technique of combined use of tennis balls, rubber bands and 
jumping exercises in the training process of badminton players aged 14-15. Health 
Technologies, 1(4), 17-30. 

Subarkah, A., Marani, I. N., Yulianti, E., Widyaningsih, H., Jauhari, M., & Wijayanto, A. (2023, 
December). Physical performance indicators in badminton. In 6th Yogyakarta 
International Seminar on Health, Physical Education and Sport Science (YISHPESS 2023) 
(pp. 224-235). Atlantis Press. 

Syahputra, R., Sugiyanto, F. X., Putri, L. P., Ana, A. A. H., Bakhtiar, S., & Pion, J. (2023). An 
early investigation to optimize the implementation of long term athlete development 
in Indonesia. Journal of Physical Education and Sport, 23(12), 3196-3204. 

Utomo, A. W. B., Wulandari, B., & Wahyudi, A. N. (2023). Pengaruh latihan footwork 
terhadap kelincahan dan kecepatan pada atlet bulu tangkis PB. Kusuma Ngawi. Jurnal 
Kejaora (Kesehatan Jasmani Dan Olah Raga), 8(2), 207-215. 

Van Simaeys, H., Mannaerts, L., Serraes, B., & Clays, E. (2025). Evaluating the impact of a 
participatory organizational intervention on reducing occupational stress in an 
emergency department setting: a one group pretest-posttest design. BMC Public 
Health, 25(1), 2480. 



Adil Putra Alfianto et al.,, Effects of Push-Up Training on Smash Speed … | 344 

 DOI: https://doi.org/10.17509/jpjo.v11i2.100004 

p- 2085-6180 e- ISSN 2580-071X 

Wang, B., & Zhou, H. (2024). Study on the impact of shoulder flexibility training on smash 
speed mechanics in badminton using machine learning. Molecular & Cellular 
Biomechanics, 21(2), 375-375. 

Wang, X., Soh, K. G., Zhang, L., Liu, X., Ma, S., Zhao, Y., & Sun, C. (2025). Effects of high-
intensity functional training on physical fitness in healthy individuals: a systematic 
review with meta-analysis. BMC Public Health, 25(1), 528. 

Yang, P., Xu, R., & Le, Y. (2024). Factors influencing sports performance: A multi-
dimensional analysis of coaching quality, athlete well-being, training intensity, and 
nutrition with self-efficacy mediation and cultural values moderation. Heliyon, 10(17). 

Zaarour, N., & Melachrinoudis, E. (2019). What’s in a coefficient? The “not so simple” 
interpretation of R2, for relatively small sample sizes. Journal of Education and 
Training Studies, 7(12), 27-40. 

Zafira, N., & Candra, A. R. D. (2024). The relationship between mental toughness, anxiety 
with the achievement motivation adolescent badminton athlete. Jurnal Patriot, 6(3), 
89-96. 

 
 


