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ABSTRACT 
 
Some years ago, Nick Saviano notified qualitative observations. In this study we 
have made a chronometric analysis of the split -step and the response times of 
experienced returners to prove qualitative observations in a quantitative way. 
The research included the relationship between the different phases of the split-
step and the reaction of the players. A 250 fps. high speed camera was used. The 
results partially confirm landing with the opposite foot. The ability to adapt the 
landing of the feet in a functional way was implemented by three of the five 
participants. It was also proved that those players who were faster to land, were 
also faster to react. There was also a relationship between the national 
qualification of the participants and the ability to react, since the best male player 
(M1) and the best female player (F1) had shorter response times. 
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INTRODUCTION 

The talent that professional tennis players exhibit on court is 
the product of many years of practice and implicit and explicit 
perceptive motor learning processes. This hard work is directed 
at becoming a top level returner with the capability of quickly 
perceiving the direction of the ball. Top level returners can 
intuitively return to the right side and accurately regulate their 
body movements until the time to make contact (Ruiz, 2012). 
After qualitative observation, Nick Saviano (2000) stated that 
top level players unconsciously produce functional behaviour 
to adapt to demanding strokes in different game situations. 
Saviano (2000) states that top level players are able to regulate 
the landing phase of the split-step, instead of landing with both 
feet simultaneously, they touch the ground first with the foot 
that is further away from the direction of the ball, so as to start 
the stroke with an explosive movement towards that side. 
Saviano concluded from his observations that when the players 
are in the air, they are able to perceive the direction of the ball. 
It is from these ideas that a chronometric study was performed 
in order to increase, by means of quantifiable data, the 
knowledge about specific footwork when returning, to prove 
that experienced returners are able to adjust or adapt the 
landing of their feet during the flight before contacting the 
ground. Another objective of the analysis was to find out if the 
different phases of the split-step (take off, flight and landing) 
were relative to the response times of returners. 

METHOD  

Participants 

Two male players and three female players voluntarily 
participated in this study. The average age of the participants 

was 15.4 years with 5.6 years of intensive practice. The 
participants were selected by the Castilla-La Mancha Tennis 
Federation and each trained between 12 and 15 hours a week. 
The players participating in the research competed regularly in 
their respective categories and had a high national ranking in 
the RFET competition qualification system. 

Material and Procedure 

The players were filmed with a TroubleShooter TS250MS 
camera, Fastec Imaging (250 fps). The camera was placed 
behind the returning player to capture the moment of impact 
of the server, and the return shot from the deuce side and from 
the advantage side. Two additional JVC GY-301E and Cannon 
MV950 (25 fps) cameras recorded the service landing area and 
the accuracy of the return shots. A Sports Radar SR-3600 was 
used to record the service speed. The average speed for the 
male service was 162 km/h and for the females was 133 km/h. 

Each player was recorded both as a server and as a returner. 
When serving, they were asked to serve a powerful and flat first 
serve in a certain sequence and the returner had the open 
court. The returner then had to direct the return shots to cones 
in each corner of the court. The return was scored between 
zero and four points depending on the accuracy. 13 attempts 
were recorded per player and the image after image analysis 
occured every four milliseconds (ms) (Figure 1). A Quick Time 7 
Player, was used in addition to a portable MacBook and an 
auxiliary monitor . 
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Figure 1. The player´s left foot touches the ground 32 milliseconds before 
his right foot helping to increase the dynamism of the return towards his 

right in the direction of the ball. 

Findings and discussion 

Table 1., Figure 2. and Figure 3. show the main results in time, 
percentage and score. Correlating to previous research, 
participants M1, M2 & F2 showed that they took off almost at 
the time of impact of the server (Avilés, Benguigui, Beaudoin, & 
Godard, 2002; Avilés, Ruiz, & Benguigui, 2006). Female players 
F1 & F3 took off late, +72 ms and +76 ms, after hitting. In 
reference to the time in the air, important individual differences 
were detected among participants. Player M2 remained in the 
air 172 ms while female player F1 was in the air only 60 ms. 

 

Table 1. The three phases of the split-step in milliseconds and the response 
time. Typical deviations are between brackets. 

Percentages of landing with the opposite foot and the score when 
returning are on the right. Participants are ranked from the best to the 

worst, males (M) and females (F). 
 

In relation to the adjustment of the feet just before touching 
the ground, Saviano´s (2000) observations were confirmed, 
although four participants passed the random level (50%), only 
three players (F1, F2 & F3) surpassed 70%. The best player (M1) 
landed with his opposite foot 66.7% of the times, so it showed 
a tendency to adaptive adjustments just before landing (Table 
1. & Figure 2.). 

It is possible that the frequency of landing with the opposite 
foot benefited some participants because of a late take off. 
Taking off later (after impact and initial flight of the ball), the 
players can get more reliable information about the direction of 
the ball. On the other hand, anticipating take off makes it more 
difficult to obtain and use the information about the direction 
of the shot, and as a consequence, it is more complicated to 
adjust the feet when landing. For example, players F1 & F3 
adjust landing on the opposite foot on 78 and 83% of the 
services, while player M2, who started take off prior to the 
stroke, did so 36% of the times. 

 
 

Figure 2. Percentage of landing on the opposite foot for each participant. 
(Surpassing 70% is evidence that this behaviour has a purpose and it is not 

just by chance). 
 

The great adaptability of the best player is worth mentioning. 
She took off late and to make up for this she remained in the 
air for an extremely short time of 60ms. so that she could gain 
time to land, touching the ground in just 132ms. Besides, she 
landed with the opposite foot 78.6% of the time, only to react 
in just 169ms. 

If all five participants had landed in a high percentage (over 
70%) with the opposite foot, it would have been possible to 
consider the instant of landing as the true reaction, but this 
level was surpassed by all three female (F1, F2 & F3) but not by 
the two male players (M1 & M2). It is still uncertain what really 
happens when the returner is in the air, if the muscular pre-
activation of the gastrocnemio regulates the visio-motor 
function before landing (Nieminen, Piirainen, Salmi, & Linnamo, 
2013). 

Landing is a crucial moment that illustrates the quickness of the 
returner and it could be considered strongly connected to 
reaction. If this is to be true, the following question could arise: 
Is there a relationship between the landing time and the 
response time? The response to this question is affirmative 
since the best players (M1 & F1) fell rapidly in 138ms and 
132ms, and were the fastest in reaction with relatively short 
response times (see Gillet, Leroy, Thouvarecq, Mégrot, & Stein, 
2010). The two female players who landed later (F2 & F3), 
reacted with slower times closer to 230 ms and similar to those 
in previous studies (Uzu, Shinya, & Oda, 2009; Vaverka, 
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Stromsik, & Zhanel, 2003; Williams, Singer, & Weigelt, 1998) 
(see Figure 3.). 

 
 

Figure 3. Time to take off, time to land and response time for each player. 
Returners who landed earlier (M1 y F1) also reacted faster. 

 
In consideration that the response times of all five returners 
were over 160ms, and the accuracy of their responses (98.4%), 
it is possible to infer that the players responses were more 
adaptive and reactive than anticipatory (see Triolet, Benguigui, 
Le Runigo, & Williams, 2013). It is worth mentioning that the 
players who were fast, as well as those players who were slow, 
in landing and reacting have the chance to adjust their 
movement when hitting a return, in order to have accuracy 
when directing their shots to targets. For example, the fastest 
M1 player won 1.4 points and F2 with a long 234ms response 
time was the best performer with 1.5 points. The score of F2 
indicates that even though she reacted much slower she still 
had a margin to adjust her movement until making contact with 
the ball.  

CONCLUSIONS 

In view of the results and the constraints of the size of the 
sample, we can state that there were important individual 
differences among experienced players. Returners showed 
adaptive skills to regulate the time of landing and the hitting 
movement. 

Given the importance of a good return in todays game, the 
coach should evaluate and develop the player´s action and 
reaction capabilities. Thus, he should examine the different 
phases of the split-step (take off/ flight/ landing), detect if he 
takes off early, within time or late, or even if he is fast or slow 
to land and react. The development of this area is an important 
aspect of the progression of a player and to improve their 
returning game, just 30ms can make a difference. 

Acknowledgements 

This project benefited from a research subsidy granted by the 
ITF Development Department. We would like to thank 
Conrado López, Ramón Guzmán, Virginia García, Ana Martín, 
Miriam Palomo, Juan Ángel Simón and Guillermo Viguria for 

their collaboration and for the help provided by the RFET 
Research and Teaching Area of Castilla-La Mancha Tennis 
Federation. 

REFERENCES 

Avilés, C., Benguigui, N., Beaudoin, E., & Godard, F. (2002). 
Developing early perception and getting ready for action on the 
return of serve. ITF Coaching & Sport Science Review, 28, 6-8. 

Avilés, C., Ruiz, L. M., & Benguigui, N. (2006). ¿Qué conocemos sobre 
el comportamiento anticipatorio de los jugadores de tenis 
expertos durante el resto de un primer servicio? In D. Cabello, A., 
Lees, G., Torres & I. Roldán (Eds.), Colección Congresos nº 2: IV 
World Congress of Science and Racket Sports (pp. 1-10). Madrid: 
Alto Rendimiento. 

Gillet, E., Leroy, D., Thouvarecq, R., Mégrot, F., & Stein, J. F. (2010). 
Movement-production strategy in tennis: A case study. Journal 
of Strength and Conditioning Research, 24, 1942-1947.     
https://doi.org/10.1519/JSC.0b013e3181dc4622 

Nieminen, M. J., Piirainen, M., Salmi, J. A., & Linnamo, V. (2013). 
Effects of neuromuscular function and split step on reaction 
speed in simulated tennis response. European Journal of Sport 
Science, 14.   https://doi.org/10.1080/17461391.2013.785598 

Ruiz, L. M. (2012). Si quieres decidir bien, no pienses. El papel de los 
procesos intuitivos en el deporte. Gymnasium. Revista Educaçao 
Física, Desporto e Saúde, 3, 118-138. 

Saviano, N. (2000). Dispelling technical myths: The split step & 
racquet preparation. High Performance Coaching, 2, 5-8. 

Triolet, C., Benguigui, B., Le Runigo, C., & Williams, A. M. (2013). 
Quantifying the nature of anticipation in professional tennis. 
Journal of Sports Sciences, 31, 820-830.     
https://doi.org/10.1080/02640414.2012.759658 

Uzu, R., Shinya, M., & Oda, S. (2009). A split-step shortens the time to 
perform a choice reaction step-and-reach movement in a 
simulated tennis task. Journal of Sports Sciences, 27, 1233- 1240.   
https://doi.org/10.1080/02640410903233222 

Vaverka, F., Stromsik, P., & Zhanel, J. (2003). Player preparation for 
service-return - A biomechanics viewpoint. In S. Miller (Ed.), 
Proceedings of the 2nd ITF International Congress on Tennis 
Science & Technology (pp. 193-198). London, United Kingdom: 
International Tennis Federation Ltd. 

Williams, A. M., Singer, R. N., & Weigelt, C. (1998). Visual search 
strategy in live on-court situations in tennis: an exploratory study. 
In A. Lees, I. Maynard, M. Hudges & T. P. Reilly (Eds.), Science and 
racket sports II (pp. 121-129). London: E. & F. N. Spon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.1519/JSC.0b013e3181dc4622
https://doi.org/10.1080/17461391.2013.785598
https://doi.org/10.1080/02640414.2012.759658
https://doi.org/10.1080/02640410903233222


December 2014, 22 nd Year, Issue 64  

Coaching & Sport Science Review  International Tennis Federation 

 

 

11 

 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

Copyright (c) 2014 Carlos Avilés, Luis Ruiz-Pérez, David Sanz & Jose Navia. 

 

 

This text is under a Creative Commons BY 4.0 license 

You are free to Share - copy and redistribute the material in any 
medium or format – and Adapt the content - remix, transform, and 
build upon the material for any purpose, even commercially under 

the following terms: 
 

Attribution: You must give appropriate credit, provide a link to 
the license, and indicate if changes were made. You may do so in 

any reasonable manner, but not in any way that suggests the 
licensor endorses you or your use. 

 
CC BY 4.0 license terms summary       CC BY 4.0 license terms 

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode
https://www.itf-academy.com/

