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Abstract: 

Problem Statement. The use of proper and maximum exercise requires good and targeted training. Proper and 

maximum training is believed to boost athletes' performance. Before providing targeted training, it was 

necessary to conduct an in-depth analysis related to the lack of movement by athletes when running and jumping 

over obstacles in the athletics hurdles number. Purpose. To conduct an in-depth analysis related to the 

performance of hurdling athletes through sports technology with the help of Kinovea software so that it can find 

out the weaknesses and shortcomings of athletes' movements. Methods. The type of research was a descriptive 

analysis with survey methods with samples of local, national and international athletes. The research 

implementation phase included recording training on local athletes using high-resolution cameras and video 

analysis of national and international athlete recordings. The analysis used Kinovea software, new version 0.9.5, 

with two-dimensional cinematography analysis. Results. The results of the obtained research showed that some 

differences can be seen in speed, movement when star, movement when jumping, and movement when in the air. 

Local runners altered acceleration and tended to experience a decrease in acceleration when passing obstacles. 

As for national runners, there was a slight change in acceleration that is slightly consistent. International runners 

had a very striking acceleration with the consistency of acceleration over obstacles, and it was also seen that at 

some stages, the joint angle of international runners tended to be more effective as a reference source in 

determining joint angles for training. Conclusions. The analysis showed that a striking difference in the athlete's 

acceleration and joint angle when passing the goal.  

Keywords: athletics, running, hurdles, software, acceleration 

 
Introduction 

Appropriate and maximum exercise is expected to provide good results as well (Elnaga & Imran, 2013). 

However, to support this, it is necessary to analyze the performance that athletes have owned. Hurdles not only 

rely on running speed but also must pass some obstacles that require good strength and explosive power 

(Mullins, 2012). In addition, leg muscle strength will majorly affect one's jumping ability (Yendrizal et al., 

2023). Therefore, before providing targeted training, it is necessary to conduct an in-depth analysis of the 

shortcomings of athletes' movements when running and jumping over obstacles (Lindberg et al., 2016).  

The implementation of hurdling is closely related to various physical components such as speed and 

strength (de Villarreal et al., 2015). Movement speed is influenced by the physical elements of athletes or muscle 

performance abilities and reflexes of the nervous system (Hrysomallis, 2011). Mastery of motion is one of the 

essential elements (Sepdanius et al., 2023). Improving the speed of running is a complex process because, in 

addition to improving muscle quality, speed is also controlled by the brain and nervous system. Mastery of 

efficient hurdling techniques will have an impact on maximum results (Brničević, 2020). Four basic techniques 

need to be mastered by hurdlers, namely: 1) starting techniques), 2) sprint techniques towards goal I and between 

goals, 3) sprint techniques through the goal and 4) sprint techniques entering the finish line (Husbands, 2013). In 

addition, the explosive power of leg muscles has a vital role in various sports (Ihsan et al., 2022). The relative 

importance of these elements depends on the competition. Different race distances and goal heights placed 

different demands on hurdles. 

Several solutions have been provided by athletic trainers, such as running ABC exercises that are believed 

to break athletes' achievements (Trowell et al., 2022). However, based on time data obtained from regional and 

national hurdles, it is still very far behind international runners. Various types of training have been given, such 

as speed training and explosive power training specifically for hurdling athletes, but zero results have still been 

obtained (Fischetti et al., 2018). The researchers try to provide a solution by conducting an in-depth analysis 

related to the performance of athletes today. The analysis to be carried out is an in-depth analysis using Kinovea 
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software that can analyze related to star techniques, speed, strength, foot swing angle, hand swing angle, landing 

technique, and jumping height and distance (Amara et al., 2019). By doing this analysis, it can be illustrated the 

shortcomings possessed by athletes so that the coach can provide unique training for some movements that are 

still very lacking.  

Based on several research results, in terms of the concepts of technique, exercise, and physical formation, 

there are still things that can be developed to improve even better results (Thomas et al., 2022). Technical ability 

can make a significant difference to an athlete's running ability (Purwanto et al., 2021). Therefore, the trainer 

must emphasize the appropriate training elements related to technique. For this reason, an in-depth analysis 

needs to be done in detail and related to the movement techniques carried out by athletes. Along with the 

development of science and technology, almost all sports have used and utilized technological developments to 

prepare the best athletes (Mali & Dey, 2020). Various kinds of software have been developed to analyze match 

results as well as to analyze forms of training. Software technology is used as a reference to understand the 

movement patterns and body kinematics of an athlete (Clermont et al., 2017). Another thing that can be done is 

to make a comparison between elite and non-elite athletes so that the disadvantages and advantages of each 

movement made during competition and training can be known (Stöggl & Wunsch, 2016). 

In recent years, there have been many studies related to the analysis of hurdling movements. Previous 

research has conducted studies on proprioception training in the optimization of 110 m obstacle event techniques 

(Alecu & Ionescu-Bondoc, 2018). In addition, other related research related to analysis is the analysis of sports 

biomechanics and motor learning at the start of hurdling squats (Kridasuwarso, 2016) and research on aerobic 

and anaerobic running analysis from various angles and their components (Budi & Listiandi; n.d., 2020). The 

study (Rata et al., 2011) only discusses the dynamics of the results of hurdles of male and female athletes at a 

distance of 60 meters. Another study discusses how vital technology is in changing world sports so that it is 

growing (Ráthonyi et al., 2018). Technological innovations were developed and utilized to improve exercise 

techniques (Ratten, 2019). 

A new study will be made that is different from before, and this latest study will analyze in detail the 

process of running a goal, starting from the star technique to the finish line. In addition, what also distinguishes 

this study is the use of Kinovea software to analyze thoroughly, where the level of difficulty of analysis in 

hurdles is much more complex than just analyzing speed. In hurdles, the techniques used are very complex 

(Singh & Shalini, 2016), ranging from start techniques, speed, explosive power when repelled, and hovering 

attitude in the air and when landing. Each movement will be analyzed in detail to see how much angle the joint 

can create from each stage of an athlete's movement. The angle analysis of the joint will be related to the 

acceleration that occurs at each stage and the final result of the athlete's speed. The advantage of this analysis is 

the use of targeted technology with a high level of analytical capabilities that cannot be done only with the naked 

eye (Nor Adnan et al., 2018). With the help of software analysis can facilitate the performance of coaches in 

observing every movement of athletes during training (Wilson, 2008). The results of this analysis were beneficial 

as a reference in providing a form of training to athletes (Graubner & Nixdorf, 2009). 

The benefits of the results of this study can be used as a basis for determining the athlete's training 

program. The proper analysis results will make it easier for trainers to provide the right portion of exercise on 

target. Targeted training will improve the performance of athletes, especially hurdles athletes. That analysis with 

Kinovea software technology needs to be done as soon as possible to get the results of the ability of current 

hurdling athletes to determine the best training in the future. In addition, the use of software as an analytical tool 

will have a significant impact on various lines, such as improving athletes' techniques (Osipov et al., 2017). 

From such analysis, it can identify technical weaknesses or movement patterns that can be improved. The most 

important thing is also that a good analysis can help optimize athlete performance so that it has an impact on 

injury prevention. The use of software can also help athletes and coaches gain a deep understanding of the 

interaction of the body and environment during physical activity. 

 

Materials and Methods 

Study design and participants 

The type of research to be carried out was quantitative descriptive analysis with non-test techniques using 

survey methods with samples of regional, national and international athletes, as many as 1 person each in 

athletics, with the use of purposive sampling techniques where the sample criteria were athletes with the best 

records in various competitions. The research design used an evaluative descriptive design. 

 

Procedures and instruments 

The stages of research implementation started from the preparation of tools and materials, the process of 

taking videos during training for regional athletes, uploading videos during national and international athlete 

matches, installing Kinovea software version 0.9.5, conducting movement analysis which included star 

technique components, repulsion when going through the goal, hovering attitude in the air, and acceleration that 

occurs when running. Furthermore, two-dimensional cinematography analysis was carried out by displaying data 

and qualitative elaboration associated with theories related to the ideal movement of each component.  
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Data analysis 

Data were analyzed using the statistical software Kinovea version 0.9.5. Here is one example of the 

analysis performed. 

 

 

 
Figure 1. Forms of analysis 

 

 

Results 

Product Description 

The results of the research obtained some data analysis results with the use of Kinovea software. The data 

analyzed starting techniques, repulsion stages, body position when in the air past obstacles, and acceleration. All 

of these data were analyzed by looking at the comparison of the speed travel time of each athlete. Here is the 

complete data of the results of the research that has been done:  

 

Table 1. Comparison 

 

Analysis Area National International 

Technical Start 

Hind limbs 134,6o 

Front Limbs 103.9o 

Arm 139,4o 

Hind limbs 132,2o 

Front Limbs 105.8o 

Arm 141,5o 

Hind limbs 135o 

Front Limbs 107,6o 

Arm 144,9o 

Push Process 

Hind limbs 171,5o 

Front Limbs 71.5o 

Arm 101.4o 

Hind limbs 175,4o 

Front Limbs 76,1o 

Arm 85.7o 

Hind limbs 155,8o 

Front Limbs 77,2o 

Arm 111,5o 

Position in the air 

Hind limbs 124,6o 

Front Limbs 143o 

Arm 150,9o 

Hind limbs 125,9o 

Front Limbs 142,5o 

Arm 160o 

Hind limbs 149,8o 

Front Limbs 158,3o 

Arm 167,9o 

Acceleration 

Acceleration Resistance 1 

(13m) 1.15 m/s 

Acceleration Resistance 5 

(45m) 1.37 m/s 

Acceleration Resistance 10 

(100m) 1.42 m/s 

Acceleration Resistance 1 

(13m) 1.08 m/s 

Acceleration Resistance 5 

(45m) 1.25 m/s 

Obstacle Acceleration 10 

(100m) 1.20 m/s 

Acceleration Resistance 1 

(13m) 0.95 m/s 

Acceleration Resistance 5 

(45m) 1.25 m/s 

Obstacle Acceleration 10 

(100m) 1.05 m/s 

Speed (Distance 110m) 15,50 s 13,73 s 13,05 s 

 

 

Extensive comparative analysis of the angle of the joint 

Analysis was carried out to see the amount of joint angle of each runner so that more effective 

movements can be compared. Every angle formed in each stage has an impact on the speed and acceleration 

carried out by athletes. The following is a comparison of the results of the analysis that has been done: 

 



ALIMUDDIN, LIZA, DEBBY SINTHANIA, SYAHIDA BINTI MOHD NAZRI, WAHYUDDIN, IPA SARI 

KARDI 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
3192

             
Figure 2. Starting position 

 

 
 

Figure 3. Repulsion when passing obstacles 

 

 
Figure 4. When hovering over obstacles 

 

Discussion 

An athlete should do things that will help them achieve speed and the ability to run well (Solheim, 2015). 

Changes in running methods are possible only by undergoing regular exercise (Ross et al., 2019), supervision 

from experienced trainers, and using biomechanical studies. With new developments in biomechanical analysis 

technology, it can be done using computer systems through various existing software (Phinyomark et al., 2018). 

One of the software used is Kinovea (Bandara et al., 2022) to analyze the results of the running ability of regional 

hurdling athletes, who will be analyzed and compared with national and international runners. 

Biomechanical analysis used recordings of training sessions and athletes' matches. This analysis collects 

data such as the speed, acceleration and angle of the athlete's joints while running. The results of this analysis 

determine whether the athlete has an excellent running technique or not (Moore, 2016). The results of the study 

provide an overview of the analysis of ongoing Kinovea software applications. This analysis explained how 

hurdling techniques were carried out based on footsteps, running speed, and the ability to pass obstacles. The 

110-meter hurdling speed measuring instrument, made using Kinvea analysis software, can calculate the time and 

speed of a 110-meter hurdle at each distance (line) (Ho et al., 2019). In addition to the functions mentioned 

above, this instrument also has several additional functions, specifically to analyze the speed of a 110-meter 

hurdle (Hafez et al., 2023), such as measuring running speed, joint angle, and acceleration. 

One of the most commonly contested athletics is hurdles, more commonly called hurdles. A hurdling 

runner must have good performance and mastery of technique (Pavlenko et al., 2020). Like other short-distance 

running, the squat start is used as a star technique. The use of squat starts will make the legs do greater repulsion 

and forward push, so this can increase speed when running. The knees of the legs that are in front should form an 

angle of 90 to 110 degrees (Cotter et al., 2013). As for the hind legs form an angle of 120 to 140 degrees 

(Zulkifley et al., 2019). In research that has been conducted from three samples used as analysis material, the 

angle of the lower leg joint of the hind legs is at 135
o
, 134

o
, and 132

o
. It indicated that the three athletes had 

performed excellent starting techniques on the hind legs. 

Furthermore, on the front limbs of the three athletes analyzed had angles of 107o, 103o, and 105o, 

respectively. At the same time, the angle of the joints on the hands form angles 144
o
, 139

o
, and 141

o
, which 

adjust to the anatomy of the athlete's body. The longer the athlete's limb, the greater the angle formed. 

Conversely, the shorter the athlete's limb, the smaller the angle formed (Pappas & Carpes, 2012).  

In the position of repulsion when going through the first obstacle or goal, runners will form certain angles 

on their legs (Araújo et al., 2006). The results of each athlete will be described from three athletes who are the 

analysis sample, namely the hind limbs forming angles of 171
o
, 155

o
, and 157

o
. The angle of the front limb is at 

an angle of 71
o
, 77

o
 and 76

o
. The greater the angle formed by the front limb, the more prepared it is to pass the 

obstacles it will pass through (Taylor et al., 2016). The hand swing itself forms angles of 101o, 111o, and 85o on 
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the arm behind, while for the front arm, each 104
o
, 111

o
, and 106

o
. This means that arm swings also have an 

influence on repulsion or jumping (Yulianti, 2017).  

Furthermore, at the stage when one is floating in the air, past obstacles or goals are significant to analyze 

because they greatly determine the ability to run (Peng et al., 2018). If there is a collision between the legs and 

obstacles, it will have a significant effect on the ability to run (Larsen et al., 2016). The greater the angle formed 

on the leg, the less likely it will be friction or collision between the leg and the goal. From the results of the 

analysis carried out, data on the angle of the front and hind limbs of each athlete were obtained, namely 124
o
 and 

143o, 125o and 142o, and 149o and 158o. From these results, which are associated with the speed of athletes, data 

is obtained that the one who has the fastest time is the athlete who has the most significant angle on his legs when 

passing obstacles. This means that joint angle is very influential on jump and speed (Dos Santos et al., 2018). 

The difference in travel time of the three athletes was 15.50s, 13.73s, and 13.05. From the previous 

discussion, it has been proven from a practical angle that it will have a significant impact on the speed of athletes 

in the running to pass obstacles or goals (Rabita et al., 2015). At each stage, it is crucial to pay attention to the 

effective movements to be carried out so that the process of training can be maximized. In addition, the 

acceleration carried out by the analyzed athletes has differences for each athlete. It can be seen that the most 

significant difference is in the acceleration at a distance of 45m for the 5th goal/obstacle with a decrease in 

acceleration at 1.37m/s, 1.25ms, and 1.25m/s which previously the acceleration carried out before passing the 

goal was better, namely with accelerations of 1.15m/s, 1.08m/s, and 0.95m/s, respectively. It means that the 

technique used by each athlete in passing the goal is very impactful to speed up travel time (Liu et al., 2023). 

However, in the final goal, two athletes made changes in acceleration for the better by being able to increase their 

speed at times of 1.42m/s, 1.20m/s and 1.05m/s, respectively. Changes in acceleration that slow down at the point 

approaching the finish line also have an effect in increasing the speed of travel time. 

 

Conclusions 

The results of the research produced analysis results in the form of joint angle data and the speed and 

acceleration of athletes. The results of the analysis showed that joint angle had an impact on changes in running 

acceleration made by athletes. The results of the study compared the stages of each movement between elite 

athletes and national athletes, who seemed to have a very significant difference. The most striking difference in 

joint angle occurs at the stage of repulsion to pass obstacles. It can be seen that the world's elite athletes are able 

to reach 171
o
 compared to national athletes, still around 155

o
 on the hind limbs that perform repulsion. The 

comparison of acceleration that occurs is related to elite athletes 1.05 m / s and 1.42 for national athletes. It 

indicated that the angle of the joint at the time of repulsion is directly proportional to the acceleration that occurs. 

The faster the repulsion forms, the more significant the angle the faster the acceleration will be. The more 

effective the movement made by the athlete, the higher the increase in acceleration performed. 

 

Conflicts of interest 

The authors report that there is no potential conflict of interest. 

 

References 

Alecu, Ş., & Ionescu-Bondoc, D. (2018). Study concerning the proprioception training in 110 m hurdles event 

technique optimization. Journal of Physical Education and Sport, 18, 1966–1969. 

Amara, S., Mkaouer, B., Chaabene, H., Negra, Y., & Bensalah, F. Z. (2019). Key kinetic and kinematic factors 

of 110-m hurdles performance. Journal of Physical Education and Sport, 19(1), 658–668. 

Araújo, D., Davids, K., & Hristovski, R. (2006). The ecological dynamics of decision making in sport. 

Psychology of Sport and Exercise, 7(6), 653–676. 

Bandara, T., Perera, D. S. L., & Hapuarachchi, H. (2022). Retrospective Study: Comparison of the Stride Pattern 

of Elite 400 meters Hurdlers in Sri Lanka with Elite Athletes in Asia and the World. Sri Lankan Journal of 

Applied Statistics, 23, 3. 

Brničević, M. M. (2020). Impact of some specific kinematic parameters on the 60m hurdles result. Sport 

Science, 13 (1), 55. 

Budi, R., & Listiandi, A. D. (n.d.). Analisis sport aerobik and anaerobik berbasis biomekanika Biomechanical 

based aerobic and anaerobic exercises analysis Topo Suhartoyo1, Mohammad Nanang Himawan 

Kusuma2, Didik. 

Cotter, J. A., Chaudhari, A. M., Jamison, S. T., & Devor, S. T. (2013). Knee joint kinetics in relation to 

commonly prescribed squat loads and depths. The Journal of Strength & Conditioning Research, 27(7), 

1765–1774. 

de Villarreal, E. S., Suarez-Arrones, L., Requena, B., Haff, G. G., & Ferrete, C. (2015). Effects of plyometric 

and sprint training on physical and technical skill performance in adolescent soccer players. The Journal of 

Strength & Conditioning Research, 29(7), 1894–1903. 

Dos’ Santos, T., Thomas, C., Comfort, P., & Jones, P. A. (2018). The effect of angle and velocity on change of 

direction biomechanics: An angle-velocity trade-off. Sports Medicine, 48, 2235–2253. 



ALIMUDDIN, LIZA, DEBBY SINTHANIA, SYAHIDA BINTI MOHD NAZRI, WAHYUDDIN, IPA SARI 

KARDI 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
3194

Elnaga, A., & Imran, A. (2013). The effect of training on employee performance. European Journal of Business 

and Management, 5(4), 137–147. 

Fischetti, F., Vilardi, A., Cataldi, S., & Greco, G. (2018). Effects of plyometric training program on speed and 

explosive strength of lower limbs in young athletes. Journal of Physical Education & Sport, 18(4). 

Graubner, R., & Nixdorf, E. (2009). Biomechanical analysis of the sprint and hurdles events at the 2009 IAAF 

World Championships in Athletics. Positions, 1, 10. 

Hafez, R. G., Abdelftah, H. A., Mohamed, E. R., & Emadeldine, E. M. (2023). Impact of functional strength 

training on the strength of the centers muscles and the digital level of 110 meter/hurdle. International 

Journal of Sports Science and Arts, 23(1), 8–25. 

Ho, C.-S., Chang, C.-Y., & Lin, K.-C. (2019). The wearable devices application for evaluation of 110 meter 

high hurdle race. 

Hrysomallis, C. (2011). Balance ability and athletic performance. Sports Medicine, 41, 221–232. 

Husbands, C. (2013). Sprinting: Training, Techniques and Improving Performance. Crowood. 

Ihsan, N., Hidayat, R., Damrah, D., Neldi, H., Sepriadi, S., & Muslimin, M. (2022). The Contribution of Leg 

Muscle Explosive Power, Agility, and Self-confidence on Sickle Kick Performance. International Journal 

of Human Movement and Sports Sciences, 10(4), 683–688. 

Larsen, R. J., Jackson, W. H., & Schmitt, D. (2016). Mechanisms for regulating step length while running 

towards and over an obstacle. Human Movement Science, 49, 186–195. 

Lindberg, R., Seo, J., & Laine, T. H. (2016). Enhancing physical education with exergames and wearable 

technology. IEEE Transactions on Learning Technologies, 9(4), 328–341. 

Liu, D., Wang, C., Gonzalez-Libreros, J., Tu, Y., Elfgren, L., & Sas, G. (2023). A review on aerodynamic load 

and dynamic behavior of railway noise barriers when high-speed trains pass. Journal of Wind Engineering 

and Industrial Aerodynamics, 239, 105458. 

Moore, I. S. (2016). Is there an economical running technique? A review of modifiable biomechanical factors 

affecting running economy. Sports Medicine, 46(6), 793–807. 

Mullins, N. (2012). Obstacle Course Challenges: History, Popularity, Performance Demands, Effective Training, 

and Course Design. Journal of Exercise Physiology Online, 15(2). 

Nor Adnan, N. M., Ab Patar, M. N. A., Lee, H., Yamamoto, S.-I., Jong-Young, L., & Mahmud, J. (2018). 

Biomechanical analysis using Kinovea for sports application. IOP Conference Series: Materials Science 

and Engineering, 342, 12097. 

Pappas, E., & Carpes, F. P. (2012). Lower extremity kinematic asymmetry in male and female athletes 

performing jump-landing tasks. Journal of Science and Medicine in Sport, 15(1), 87–92. 

Pavlenko, V., Rozhkov, V., & Pavlenko, Y. (2020). Increasing physical fitness of short-distance barrier runners 

at the stage of preliminary basic training. Slobozhanskyi Herald of Science and Sport, 8(4), 17–26. 

Peng, X. Bin, Abbeel, P., Levine, S., & Van de Panne, M. (2018). Deepmimic: Example-guided deep 

reinforcement learning of physics-based character skills. ACM Transactions On Graphics (TOG), 37(4), 

1–14. 

Phinyomark, A., Petri, G., Ibáñez-Marcelo, E., Osis, S. T., & Ferber, R. (2018). Analysis of big data in gait 

biomechanics: Current trends and future directions. Journal of Medical and Biological Engineering, 38, 

244–260. 

Purwanto, P., Lumintuarso, R., & Burhaein, E. (2021). Impact of running techniques through the sprint ability in 

athletes during the COVID-19 pandemic. International Journal of Human Movement and Sports Sciences, 

9(4), 717–724. 

Rabita, G., Dorel, S., Slawinski, J., Sàez‐de‐Villarreal, E., Couturier, A., Samozino, P., & Morin, J. (2015). 

Sprint mechanics in world‐class athletes: a new insight into the limits of human locomotion. Scandinavian 

Journal of Medicine & Science in Sports, 25(5), 583–594. 

Rata, B. C., Rata, G., Alexe, D. I., & Sava, A. (2011). Comparison of times recorded in the 60 m flat and the 60 

m hurdles finals at the junior III national indoor championships 2010 and 2011. Journal of Physical 

Education and Sport, 11(2), 142. 

Ross, R., Goodpaster, B. H., Koch, L. G., Sarzynski, M. A., Kohrt, W. M., Johannsen, N. M., Skinner, J. S., 

Castro, A., Irving, B. A., & Noland, R. C. (2019). Precision exercise medicine: understanding exercise 

response variability. British Journal of Sports Medicine, 53(18), 1141–1153. 

Sepdanius, E., Rifki, M. S., & Gemaini, A. (2023). Development of Kinesthetic Movement Identification 

Instruments for Badminton. Physical Education Theory and Methodology, 23(3), 358–365. 

Singh, S., & Shalini, R. (2016). Effect of hurdle technology in food preservation: a review. Critical Reviews in 

Food Science and Nutrition, 56(4), 641–649. 

Solheim, J. A. B. (2015). Comparison of Hamstring activation during high-speed running and various hamstring 

strength exercises. 

Taylor, J. B., Ford, K. R., Nguyen, A.-D., & Shultz, S. J. (2016). Biomechanical comparison of single-and 

double-leg jump landings in the sagittal and frontal plane. Orthopaedic Journal of Sports Medicine, 4(6), 

2325967116655158. 



ALIMUDDIN, LIZA, DEBBY SINTHANIA, SYAHIDA BINTI MOHD NAZRI, WAHYUDDIN, IPA SARI 

KARDI 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
3195

Thomas, J. R., Martin, P., Etnier, J. L., & Silverman, S. J. (2022). Research methods in physical activity. Human 

kinetics. 

Trowell, D., Fox, A., Saunders, N., Vicenzino, B., & Bonacci, J. (2022). A comparison of plantarflexor 

musculotendon unit output between plyometric exercises and running. Journal of Science and Medicine in 

Sport, 25(4), 334–339. 

Wilson, B. D. (2008). Development in video technology for coaching. Sports Technology, 1(1), 34–40. 

Yendrizal, Kiram, Y., Yenes, R., Komaini, A., Ihsan, N., & Mario, D. T. (2023). Effect of weight training and 

motor skills on muscle strength: A factorial experimental design. Journal of Physical Education and Sport, 

23(6), 1416–1424. 

Yulianti, M. (2017). Contribution of leg muscle explosive power and eye-hand coordination to the accuracy 

smash of athletes in volleyball club of universitas islam riau. Journal of Physical Education Health and 

Sport, 4(2), 70–74. 

Zulkifley, M. A., Mohamed, N. A., & Zulkifley, N. H. (2019). Squat angle assessment through tracking body 

movements. IEEE Access, 7, 48635–48644. 

 


