
 

 

  



1 
 

Summary 
 

Abstract ................................................................................................................................. 2 

Introduction ........................................................................................................................... 2 

Temporal characteristics of a tennis match ........................................................................ 2 

Physiological demands of tennis ........................................................................................ 3 

Deplacement and strikes of a tennis player ........................................................................ 3 

Change-of-Direction ability ................................................................................................. 4 

Plyometrics ........................................................................................................................ 4 

Materials and Methods .......................................................................................................... 4 

Participants ........................................................................................................................ 5 

Procedures ........................................................................................................................ 5 

Test Program ..................................................................................................................... 5 

Training Program ............................................................................................................... 6 

Monitoring training load ...................................................................................................... 7 

Statistical Analysis ............................................................................................................. 7 

Results .................................................................................................................................. 7 

Discussion ............................................................................................................................16 

Conclusion ...........................................................................................................................17 

Références ...........................................................................................................................18 

Table des tables ...................................................................................................................19 

Table des figures ..................................................................................................................19 

Annexes ...............................................................................................................................20 

 

 
 



2 
 

The Effects of Plyometric Training 
upon Change-of-Direction 

Performance for Tennis Players 
  

Allan Firminhac, Eva Garin, Rachel Goujon, Samuel Hardy 

Department of Sciences and Technology in Sports and Physical Activities, Montpellier 
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Abstract 

 

Purpose: The purpose of this study was to investigate the effects of 5 weeks of plyometric 

training upon change of direction performance. 

Methods: A total of four athletes from different sports specialities participated  in the study. 

The training program took place over 5 weeks, with a total of 10 sessions, including 2 tests 

sessions. During the training sessions, different plyometric exercises were used, including 

some horizontal and vertical jump. The monitoring of the training load was done using a the 

individual variation of the reactive strength index.  

Results: The statistical analysis of the results before and after the training program 

demonstrated a significant improvement in both Reactive Strength Index and change of 

direction.  

Conclusion: In conclusion, this study demonstrates that plyometric training leads to a 

significant improvement in change of direction performance. 

Keywords: Change-of-Direction; specificity; plyometrics; tennis 

 

Introduction 

Tennis is a complex sport, which involves 

various physical abilities. 

Temporal characteristics of a 

tennis match 

One of the most important characteristics of 

tennis matches is their temporality.  

In fact most of the matches are in the best 

of three sets. And each sets can have huge 

differences in time duration, but the 

average duration of a full match is around 

one hour and a half. But there are some 

exceptions, during masculine Grand Slam, 

matches are in the best of five sets which 

lead to way longer matches than 

conventional matches in the best of three. 

Most of them occurred for more than 2 

hours (Morante S.M., 2005), and the 

longest match ever played lasted over 11 

hours. 

In a tennis match, there is a lot of 

recuperation time. 
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As we can see in the figure above, the 

actual playing time represent less than 30% 

of the total duration of the match.  

All those information about the temporal 

characteristics of a tennis match have 

necessarily an influence on the 

physiological demands.  

 

Physiological demands of tennis 

Tennis is a physiologically demanding 

activity, involving both aerobic and 

anaerobic energy systems. During intense 

playing phases such as ball strikes, 

anaerobic metabolism predominates, 

accounting for up to 95% of energy 

expenditure. However, over a period of time 

including points and recovery phases, 

aerobic metabolism becomes predominant, 

contributing to around 70% of total energy 

expenditure. 

The average energy expenditure of a tennis 

match varies depending on the level of 

play, type of player, and match type, with 

an estimate of around 1850 kJ/hour in 

junior players at national and international 

levels (Novas A.M.P., 2003). The main 

energy substrates used are carbohydrates, 

accounting for 70 to 80% of total energy 

supply, while the contribution of lipids 

increases with the duration of play. 

Oxygen consumption varies throughout the 

match, with average VO2 levels fluctuating 

between 46 and 80% of VO2max. Heart 

rate increases during exchanges and 

decreases during recovery periods, with 

average values between 135 and 161 bpm 

(Martin, 2018). Lactate levels, although 

relatively low on average, can increase 

during intense playing phases, which can 

affect players' performance 

 

Deplacement and strikes of a 

tennis player 

In tennis, players typically cover between 3 

and 3.5 kilometers per match (Hoppe M.W., 

2014), with a difference between men and 

women, men usually covering a greater 

distance. On surfaces like clay, players 

cover even more distance. During points, 

players cover between 500 and 800 meters 

per set, with an increase for matches in 5 

sets. Winners of matches and points tend 

to cover more distance than losers. 

In youth tennis, movements are slightly 

slower than among pros. Losers tend to 

move more than winners, but the influence 

of playing style and surface remains to be 

studied. 

The number of strikes varies depending on 

the tournament, with more strikes at Roland 

Garros (clay court) and fewer at Wimbledon 

(grass court). Players generally make more 

strikes during their serves than during 

returns. 

Most strikes occur nearby, with little 

movement. Players mainly perform quick 

stop-and-start movements, with frequent 

changes in direction. They spend most of 

their time walking, with occasional periods 

of moderate or sprinting, especially among 

professionals.  

 

 

20,5

28,2
51,3

Caroline Martin's figure based on 
datas from Dansou et al. 2001

Rest

Moderate activity (walk, replacement)

Intense activity (actual playing time)
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Change-of-Direction ability 

The ability of Change-of-Direction is really 

important in a sport such as tennis, in order 

to be able to react from the received ball. 

The change of direction ability refers to an 

athlete's capacity to execute quick and 

precise movements to change direction 

while maintaining control and speed. This 

ability is crucial in many sports, such as 

tennis, where athletes must react promptly 

to changes in the situation on the field. 

Contrary to common assumptions, 

research indicates a clear distinction 

between straight-line sprint speed and the 

ability to change direction, with these two 

qualities being specific and requiring 

distinct skills. (Young, 2007) demonstrated 

that even if an athlete is fast in straight-line 

sprints, it does not guarantee equivalent 

performances in situations involving 

changes of direction. Furthermore, it has 

been observed that training focused solely 

on improving straight-line sprint speed does 

not necessarily enhance change of 

direction ability. 

The key factor to improve COD (Change of 

Direction) is to improve RSI (Reactive 

Strength Index).  

 

Plyometrics 

Plyometrics is a training method used by 

athletes in various sports to enhance their 

strength and explosiveness. This technique 

involves rapid stretching followed 

immediately by a muscular contraction, 

allowing the stored elastic energy within the 

muscle to generate greater force than 

possible with a singular muscular 

contraction. Plyometric exercises, such as 

jumps, explosive starts, and rapid 

directional changes, aim to develop agility, 

defined as the ability to quickly control the 

body's position while changing direction. 

Plyometric training is often combined with a 

periodized strength training program for 

optimal improvements in performance, 

including vertical jump, acceleration, leg 

strength, muscle power, joint awareness, 

and proprioception. While scientific 

evidence regarding the effects of 

plyometrics on agility remains limited, this 

method is widely employed in various 

sports to optimize athlete performance. 

The combined research of (Michael G. 

Miller, 2006) and (Hâvard Guldteig 

Rædergârd, 2020) show the importance 

and benefits of plyometric training for 

athletes, particularly in enhancing agility 

and change of direction capabilities. 

Plyometric training offers an effective 

method for improving athletes' strength, 

explosiveness, and agility, with benefits 

observed in as little as 6 weeks. 

Furthermore, this training method can be 

particularly advantageous during 

preparatory phases before in-season 

competitions, providing athletes with a 

means to develop specific skills such as the 

ability to rapidly respond to pronounced 

changes in direction. However, it is crucial 

for coaches to carefully tailor training 

programs to individual athletes' needs, 

taking into account factors such as their 

level of maximal strength in the lower limbs. 

Overall, plyometrics emerges as an 

effective strategy for enhancing athletic 

performance, offering tangible benefits in 

terms of strength, power, and agility. 

 

The purpose of the study, is to determine 

how plyometric training can improve 

change of direction ability for tennis 

players. The hypothesis is that plyometric 

training will improve change of direction 

ability for tennis players by improving their 

reactive strength index, so their ability to 

have a shorter contact time but also 

develop an important strength. 
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Materials and Methods 
Table 1- Participants characteristics' data 

  
Allan Eva Rachel Samuel Mean SD 

Age (years) 22  21   20 21 21  0,82 

Height (cm) 186  171  180 183 180 6,48  

Body Mass (kg) 68   74 63 69 68,5  4,51 

 

Participants 

Four students in sport sciences (one 

competitive, one recreational, and two 

beginner tennis players) were recruited in 

this study. The participants belonged to the 

same university and were physically 

healthy, free from sever low-body injuries. 

The players undertook two training 

sessions per week with each session 

lasting about one hours. One of the 

participants couldn’t participate to more 

than a half of the training sessions, this is 

why he was excluded from the results, in 

order to not interfere in the interpretations 

of our protocol. 

 

Procedures 

Prior to the intervention study, the 

participants were involved in session of 

familiarization. During this session, they 

performed change of direction test and 

plyometric test. The aim of this session of 

familiarization was to reduce the learning 

bias, which could interferes in our results. 

The first session was dedicated to the tests, 

the training program took place during the 

next eight sessions, and the last session 

was another test session. 

Test Program 

Cooke Test 

Link to the video of Cooke Test: 

https://dartfi.sh/mMeQkba9n2a  

 

We found this test in the article (Cooke, 

Quinn, & Sibte, 2011) which we found 

relevant. This test is conducted over 

distances of 3 m, between the starting point 

and three doors. One door is directly 

opposite the starting point, another to the 

right, and the last one to the left with a 

distance of 1 m between them. In tennis, 

sprints rarely exceed 3 m. That's why we 

found this test to be quite representative. 

We conducted it in two different ways and 

repeated it three times each to obtain 

averages. 

The first time, we conducted it with 

certainty. We knew the order of the doors to 

be passed through in advance. The other 

way was to do it with uncertainties, where 

the direction to take was given at the last 

moment with a visual stimulus. The 

purpose of this stimulus was to react as 

quickly as possible to move towards the 

indicated door. 

Figure 1 - Cooke Test 

https://dartfi.sh/mMeQkba9n2a
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We conducted it in these two ways because 

we wanted to compare the times achieved 

with certainty and with uncertainties. The 

goal was to eliminate the notion of agility in 

the time it takes for athletes to react to 

stimuli. Visual stimulus was chosen 

because in tennis, it's the sense most 

stimulated during matches by ball 

exchanges. Subsequently, we analysed the 

results by looking at the time taken by the 

athlete during the changes of direction and 

the return. For the outbound and return 

journeys, we focused on the moment when 

the athlete physically engaged in an 

intention to move in the given direction for 

the certainty condition. Then, for the 

uncertainty condition, we based it on the 

moment of visual information intake by the 

athlete. The time was stopped when one 

foot was in contact with the ground beyond 

the indicated door. For changes of 

direction, we took the time from the moment 

the foot was in contact with the ground 

beyond the door until the same foot was no 

longer in contact with that ground. 

 

Reactive Strength Index Test 

Link to the video of RSI Test: 

https://dartfi.sh/mo11FgHOCp1 

 

The test was applied to evaluate athletes’ 

performance in plyometrics, by measuring 

how fast is the strength-shortening cycle of 

the lower body. 

When performing this test, the athletes 

were instructed to “walk out” from the box 

in order to prevent increased drop height by 

an eventual vertical impulsion to get out the 

box. The eventual use of the arms was 

standardize by asking the athletes to keep 

their hands on their hips during the all jump. 

The evaluation of ground contact time and 

jump height were doing on My jump lab 

app. The app registers contact time and 

flight time and calculates jump height based 

on the following equation : 𝑗𝑢𝑚𝑝 ℎ𝑒𝑖𝑔ℎ𝑡 =

 𝑓𝑙𝑖𝑔ℎ𝑡 𝑡𝑖𝑚𝑒2 × 1,22625 . The RSI is 

calculated using the following equation 

𝑅𝑆𝐼 =
𝑗𝑢𝑚𝑝 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑖𝑛 𝑚)

𝑐𝑜𝑛𝑡𝑎𝑐𝑡 𝑡𝑖𝑚𝑒 (𝑖𝑛 𝑠)
 .  

 

Training Program 

Link to the video of the training 

program: 

https://dartfi.sh/8RtJZViCfK6 

Subjects were encourage to perform each 

drill with maximum intensity, with a fast 

switch between excentric to concentric 

contraction in order to have the minimum 

ground contact time as possible. 

Training took place two days per weeks, on 

Tuesday and Friday in order to have 

sufficient rest time between both sessions. 

The training program included different 

plyometric exercises. Here are some of 

them: Unilateral CMJ, Drop jump, Unilateral 

Hurdle jump, Bilateral Hurdle jump, and 

Skate jump. The order of the exercises, the 

number of sets, and the recovery time were 

adjusted according to the weeks. The 

details of all the sessions is in the annexes.         

 

 

 

 

 

 

Figure 2 - Drop Jump interpretation 

https://dartfi.sh/mo11FgHOCp1
https://dartfi.sh/8RtJZViCfK6
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Monitoring training load 

Each athletes had to do a RSI test at the 

beginning of each training session, in order 

to know their physical capacities of the day. 

During the test session, the optimal jump 

height was determined for each subject. An 

average of the three jumps performed at 

the determined height was taken to define 

a standard deviation. At the beginning of 

each session, participants performed a 

jump at the optimal height, followed by a 

comparison with the mean value +/- the 

standard deviation. If the value falls within 

this range, it indicates that the athlete is in 

good shape. Conversely, a value lower 

than this indicates some neuromuscular 

fatigue in the subject, while a higher value 

indicates good physical condition. Thus, 

determining the optimal height relies on the 

Reactive Strength Index (RSI) results 

obtained via the drop jump. (Ebben & 

Petushek, 2010) has shown that RSI is 

considered a reliable indicator of 

explosiveness and the ability to generate 

maximum force in a short period. 

Therefore, it can also be used as an index 

of neuromuscular fatigue. The correlation 

between RSI and neuromuscular fatigue 

thus allows quantifying the athlete's fitness 

level accurately at the beginning of the 

session. Furthermore, the article highlights 

the significant impact of box height on drop 

jump performance. This observation 

justifies using pre-session RSI results to 

evaluate athlete fatigue and accordingly 

adjust session content. This evaluation 

methodology allows adjusting rest times or 

exercise intensity based on the level of 

fatigue.  

Cf. Figure 18 - Graph of monitoring training 

load 

 

Statistical Analysis 

For the analyse of the results, different 

statistic methods were used to assess the 

effect of plyometric training upon change of 

direction performances. 

T-test Bayesian 

This test was made with JASP’s 

application. This test is used to know if 

there is a significant difference between the 

pre- and post- values of the group. The aim 

was to know if there is a difference between 

both measure, without indicating if this 

difference have to be positive or negative.  

Effect size with Hedges’ g 

Hedges’ g is a measure of effect size. This 

statistical analyse was used to know how 

much one group differs from another (in our 

case how much pre- values differ from post- 

values) Hedges’ g is calculated using the 

following equation : 𝑔 =
(�̅�1−�̅�2)

√
(𝑛1−1)∗𝑆1²+(𝑛2−1)∗𝑆2²)

𝑛1+𝑛2−2

 

where �̅�1, �̅�2 are respectively the mean of 

sample 1 and sample 2; 𝑛1, 𝑛2 are  

respectively the size of sample 1 and 

sample 2; 𝑆1², 𝑆2² are respectively the 

variance of sample 1 and sample 2. The 

calculator developed by Statology was 

used to simplify Hedges’ g calculations. 

A Hedges’ g of 0,2 is considered as a small 

effect size, 0,5 is a medium effect size and 

0,8 is a large effect size. 

Results 

The statistical analysis of the results in pre- 

and post- training program showed a 

significant improvement in the Reactive 

Strength Index (RSI) at 30 cm for all 

participants. However, regarding the RSI at 

50 cm, only one participant demonstrated 

improvement, while one remained at the 

same level and another showed a decrease 

in performance. No improvement was 

observed for the RSI at 60 cm. Regarding 

the change of direction tests, in planned 

and reactive conditions, a decrease in 

execution time was observed for all 

participant. 
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Table 2 - Statistical analysis RSI at 30 cm (pre- and post- test)  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 N 
Mean pre 

(SD) 
Median 

pre 
Mean post 

(SD) 
Median 

post 

Absolute 
Change 

(%) 
TE Qualitative 

RSI (30 cm) 3 2,03 (0,67) 1,76 2,19 (0,61) 2,05 + 7,88  ↗ small 

Hedges’ g: 0.249878 

“statology.org” 

Figure 3 - Bayesian paired samples T-test (RSI at 30cm) 

Figure 4 - Graph with individual evolutions and 

hedges' g (RSI at 30cm) 

Figure 5 - Graph from Anthony Turner's (RSI at 
30cm) 
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Figure 3 : This figure is extract from JASP’s application. A Bayesian samples T-test was made, 

and it shows that there is a significant difference between both samples (pre- and post- values). 

Figure 4 : The paired Hedges' g between Pre and Post is shown in the above Gardner-Altman 

estimation plot. Both groups are plotted on the left axes as a slope graph: each paired set of 

observations is connected by a line. The paired mean difference is plotted on a floating axes 

on the right as a bootstrap sampling distribution. The mean difference is depicted as a dot; the 

95% confidence interval is indicated by the ends of the vertical error bar. 

Results: The paired Hedges' g for repeated measures against baseline 

between Pre and Post is 0.199 [95.0%CI 0.0978, 0.323]. 

The P value of the two-sided permutation t-test is 0.236, calculated for legacy purposes only. 
The effect sizes and CIs are reported above as: effect size [CI width lower bound; upper bound] 

Figure 5 : This figure represents the effect protocol (-0,14 ; -0,59; 0,31) for the RSI test at 

30cm. 

The Hedges’ g was calculated at 0,249878 with statology.org, which is considered as a small 

effect size.  

 

Table 3 - Statistical analysis RSI at 50 cm (pre- and post- test) 

 

 

 

Figure 7 - Bayesian paired samples T-test (RSI at 50cm) 

Figure 6 - Graph with individual evolutions and hedges' g 
(RSI at 50cm) 
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Figure 8 : This figure is extract from JASP’s application. A Bayesian samples T-test was made, 

and it shows that the difference between both samples (pre- and post- values) is non-

significant. 

Figure 7 : The paired Hedges' g between pre and post is shown in the above Gardner-Altman 

estimation plot. Both groups are plotted on the left axes as a slope graph: each paired set of 

observations is connected by a line. The paired mean difference is plotted on a floating axes 

on the right as a bootstrap sampling distribution. The mean difference is depicted as a dot; the 

75% confidence interval is indicated by the ends of the vertical error bar. 

Results: The paired Hedges' g for repeated measures against baseline 

between pre and post is -0.12 [75.0%CI -1.24e+14, -0.0953]. 

The P value of the two-sided permutation t-test is 0.508, calculated for legacy purposes only. 
The effect sizes and CIs are reported above as: effect size [CI width lower bound; upper 

bound] 

Figure 6 : This figure represents the effect protocol (0,09 ; -0,33; 0,51) for the RSI test at 50cm. 

The Hedges’ g was calculated at 0,150965 with statology.org, which is considered as a very 

small effect size.  

 

 N 
Mean pre 

(SD) 
Median 

pre 
Mean post 

(SD) 
Median 

post 

Absolute 
Change 

(%) 
TE Qualitative 

RSI (50 cm) 3 1,99 (0,77) 1,69 1,89 (0,56) 1,76 - 5,13  
↘ very 

small 

Hedges’ g: 0.150965 

“statology.org” Figure 8 - Graph from Anthony Turner's (RSI at 
50cm) 



11 
 

Table 4 - Statistical analysis RSI at 60 cm (pre- and post- test) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 N 
Mean pre 

(SD) 
Median 

pre 
Mean post 

(SD) 
Median 

post 

Absolute 
Change 

(%) 
TE Qualitative 

RSI (60 cm) 3 1,97 (0,73) 1,74 1,84 (0,71) 1,55 - 6,60 
 ↘ very 

small 

Hedges’ g: 0.189398 

“statology.org” 

Figure 9 - Bayesian paired samples T-test (RSI at 60cm) 

Figure 10 - Graph with individual evolutions and hedges' 
g (RSI at 60cm) 

Figure 11- Graph from Anthony Turner's (RSI at 60cm) 
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Figure 9 : This figure is extract from JASP’s application. A Bayesian samples T-test was made, 

and it shows that there is a significant difference between both samples (pre- and post- values). 

Figure 10 : The paired Hedges' g between pre and post is shown in the above Gardner-Altman 

estimation plot. Both groups are plotted on the left axes as a slope graph: each paired set of 

observations is connected by a line. The paired mean difference is plotted on a floating axes 

on the right as a bootstrap sampling distribution. The mean difference is depicted as a dot; the 

90% confidence interval is indicated by the ends of the vertical error bar.  

Results: The paired Hedges' g for repeated measures against baseline 

between pre and post is -0.151 [90.0%CI -0.706, -0.101]. 

The P value of the two-sided permutation t-test is 0.236, calculated for legacy purposes only. 

The effect sizes and CIs are reported above as: effect size [CI width lower bound; upper 

bound] 

Figure 11 : This figure represents the effect protocol (0,11 ; -0,32; 0,54) for the RSI test at 

60cm. 

Table 5 - Statistical analysis COD planned (pre- and post- test) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 - Bayesian paired samples T-test (COD 
planned) 

Figure 13 - Graph with individual evolutions and hedges' 
g (COD planned) 
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Figure 13 : This figure is extract from JASP’s application. A Bayesian samples T-test was 

made, and it shows that there is a significant difference between both samples (pre- and post- 

values). 

Figure 14 : The paired Hedges' g between Pre and Post is shown in the above Gardner-Altman 

estimation plot. Both groups are plotted on the left axes as a slope graph: each paired set of 

observations is connected by a line. The paired mean difference is plotted on a floating axes 

on the right as a bootstrap sampling distribution. The mean difference is depicted as a dot; the 

95% confidence interval is indicated by the ends of the vertical error bar. 

Results: The paired Hedges' g for repeated measures against baseline 

between Pre and Post is -0.568 [95.0%CI -1.59, -0.411]. 

The P value of the two-sided permutation t-test is 0.0, calculated for legacy purposes only. 

The effect sizes and CIs are reported above as: effect size [CI width lower bound; upper 

bound] 

Figure 12 : This figure represents the effect protocol (0,43 ; -0,31; 1,17) for the COD test 

planned. 

 

 

 N 
Mean pre 

(SD) 
Median 

pre 
Mean post 

(SD) 
Median 

post 

Absolute 
Change 

(%) 
TE Qualitative 

COD p 3 7,00 (0,86) 6,69 6,52 (0,42) 6,3 - 6,96  ↗ medium 

Hedges’ g: 0.711795 

“statology.org” 

Figure 14 - Graph from Anthony Turner's (COD planned) 
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Table 6 - Statistical analysis COD reactive (pre- and post- test) 

 

 

 

 

 

 

 
 
 

 

 

 

 N 
Mean pre 

(SD) 
Median 

pre 
Mean post 

(SD) 
Median 

post 

Absolute 
Change 

(%) 
TE Qualitative 

COD r 3 7,50 (0,97) 7,23 7,33 (0,76) 7,13 - 2.37 
 ↗very 

small 

Hedges’ g: 0.188090 

“statology.org” 

Figure 16 - Bayesian paired samples T-test (COD 
reactive) 

Figure 15 - Graph with individual evolutions and 
hedges' g (COD reactive) 

Figure 17 - Graph from Anthony Turner's (COD reactive) 
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Figure 16 : This figure is extract from JASP’s application. A Bayesian samples T-test was 

made, and it shows that the difference between both samples (pre- and post- values) is non-

significant. 

Figure 15 : The paired Hedges' g between pre and post is shown in the above Gardner-Altman 

estimation plot. Both groups are plotted on the left axes as a slope graph: each paired set of 

observations is connected by a line. The paired mean difference is plotted on a floating axes 

on the right as a bootstrap sampling distribution. The mean difference is depicted as a dot; the 

85% confidence interval is indicated by the ends of the vertical error bar. 

Results: The paired Hedges' g for repeated measures against baseline 

between pre and post is -0.15 [85.0%CI -0.346, -0.0755]. 

The P value of the two-sided permutation t-test is 0.505, calculated for legacy purposes only. 

The effect sizes and CIs are reported above as: effect size [CI width lower bound; upper 

bound] 

Figure 17 : This figure represents the effect protocol (0,43 ; -0,31; 1,17) for the COD test 

reactive. 

 

 

Table 7 - Summary table of the results  
(RSI = Reactive Strength Index; COD p = change of direction planned; COD r = change of direction 

reactive; SD = standard deviation ; TE = typical error; ↗ or ↘ = performance’s augmentation or 

diminution ) 

 

 

 

 

 

 

 

 

 

 N Mean pre (SD) Mean post (SD) 
Absolute 

Change (%) 
TE Qualitative 

RSI (30 cm) 3 2,03 (0,67) 2,19 (0,61) + 7,88  ↗ small 

RSI (50 cm) 3 1,99 (0,75) 1,89 (0,56) - 5,13  ↘ very small 

RSI (60 cm) 3 1,97 (0,73) 1,84 (0,71) - 6,60  ↘ very small 

COD p 3 7,00 (0,86) 6,52 (0,42) - 6,96  ↗ medium 

COD r 3 7,50 (0,97) 7,33 (0,76) - 2,37  ↗ very small 
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Discussion 

 

The objective of the study was to assess 

the impact of plyometric training on tennis 

players' change of direction performance. 

The main result indicate that a plyometric 

training program such as the one presented 

in this study can lead to a significant 

improvement in change of direction 

performance, with a medium effect size. 

There was an absolute change of 7% faster 

for the change of direction test in the 

planned condition. 

These conclusions suggest that 

incorporating plyometric exercises into the 

training program of tennis players may be 

beneficial for their ability to change 

direction quickly on the court. 

 

In this study, regarding the reactive 

strength index (RSI) in condition of a drop 

jump at 30cm, a slight increase of 7.88% 

was  observed. The comparison of this 

results with those of another study (Hâvard 

Guldteig Rædergârd, 2020), where an 

increase of 16.8% was achieved. It is 

interesting to note that pre-test values in 

our study were significantly higher than 

those of the Hâvard’s study. This 

observation leads us to hypothesize that 

our increase might be less significant than 

theirs due to our higher initial values. In 

fact, it is more difficult to improve a 

performance which was already high, than 

a worse one. This observation raises 

questions about the variations in results 

between different studies and highlights the 

importance of considering participants' 

initial conditions when interpreting results. 

 

 

 

Regarding the results for the 50 and 60 cm 

RSIs, a slight decrease was observed in the  

participants’ performance, with respective 

changes of 5.13% and 6.60%. This raises 

questions about the factors that could 

explain this decline. A plausible hypothesis 

is that additional sports activities practiced 

by participants outside the training protocol 

may have led to an accumulation of 

neuromuscular fatigue. This fatigue may 

have negatively influenced their 

performance in RSI. Furthermore, our 

results suggest that our training protocol 

may not be optimal for improving RSI at 

fairly high Drop Jump heights. This 

observation shows the importance of 

considering participants' additional 

activities when designing training programs 

and highlights the need for future research 

to elucidate the underlying mechanisms of 

these performance variations. 

 

The results of the change of direction tests 

reveal a significant decrease in time of 

6.96% in the planned conditions, indicating 

a notable improvement in performance with 

a medium effect size. This improvement 

might be attributed to the training protocol 

implemented, given that participants 

maintained their sports habits throughout 

the study. This suggests the effectiveness 

of the plyometric training program in 

improving change of direction abilities in a 

predictable environment. 

In contrast, in reactive conditions, only a 

2.37% decrease in time was observed, with 

a very small effect size. This finding 

suggests that while change of direction 

ability may play a role in this context, other 

factors such as information processing 

ability might be more determinant. 

In conclusion, our results indicate that the 

implemented training protocol led to a 

significant improvement in change of 

direction performance in planned 

conditions among participants. However, 
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improvements in reactive conditions are 

less significant, highlighting the 

predominant role of information processing 

ability in these situations. These results 

highlight the importance of designing 

specific training programs to improve both 

planned and reactive aspects of change of 

direction performance for tennis players. 

 The choice of the use of simple equipment 

was made, in order to make the training 

protocol accessible to all tennis clubs, thus 

promoting its generalization and application 

to a wide range of players. This ensures 

that the benefits of training can be 

leveraged by a larger number of 

practitioners, regardless of their financial 

resources or the equipment available in 

their club. However, it is important to note 

that the use of more sophisticated 

equipment could yield more precise results, 

which could be particularly beneficial for 

research studies or for high-level athletes 

seeking to optimize their performance to 

the fullest. 

Furthermore, the question of recovery time 

is crucial for training effectiveness. Taking 

into account the other training sessions that 

each player may have individually outside 

the protocol, adequate management of 

recovery time could have a significant 

impact on physiological adaptations and 

performance gains.  

In conclusion, while the use of simple 

equipment makes the training protocol 

accessible and applicable to a broad 

audience, integrating more sophisticated 

equipment and personalized recovery time 

management could enhance training 

effectiveness and maximize benefits for 

tennis players. This approach would 

achieve a balance between accessibility 

and precision in training program design. 

Conclusion 

In conclusion, this study demonstrates that 

plyometric training leads to a significant 

improvement in change of direction 

performance. At the beginning of the 

protocol, the hypothesis was that 

plyometric training could be considered 

relevant. The results show that when 

subjects regularly perform plyometric 

exercises and are physically in good 

conditions, the gains in change of direction 

under both planned and reactive conditions 

are substantial. Although, even if results for 

the RSI tests at 50 and 60 cm don’t show 

an amelioration of the performance, for the 

RSI at 30 cm there was a significative one. 

Regarding the design of plyometric training, 

a period of 5 weeks, with 2 training 

sessions per week, moderate to high 

intensity, and 66 jumps per session, with 

72-hour rest intervals, appears to promote 

improvements in change of direction. 
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I. Details of training sessions 
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II. Report of monitoring training load 

 

 

Figure 18 - Graph of monitoring training load 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

III. Results 

 
a) RSI 30cm 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested Figure Legend: 

The paired Hedges' g between Pre and Post is shown 
in the above Gardner-Altman estimation plot. Both 
groups are plotted on the left axes as a slope graph: 
each paired set of observations is connected by a line. 
The paired mean difference is plotted on a floating 
axes on the right as a bootstrap sampling distribution. 
The mean difference is depicted as a dot; the 95% 
confidence interval is indicated by the ends of the 
vertical error bar. 

 
Results: 
The paired Hedges' g for repeated measures against 
baseline 
between Pre and Post is 0.199 [95.0%CI 0.0978, 
0.323]. 
The P value of the two-sided permutation t-test is 
0.236, calculated for legacy purposes only. 
 
The effect sizes and CIs are reported above as: effect 
size [CI width lower bound; upper bound] 
 

Hedges’ g: 0.249878 

“statology.org” 
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b) RSI 50cm 

   

Hedges’ g: 0.150965 

“statology.org” 

Suggested Figure Legend: 
The paired Hedges' g between pre and post is shown 
in the above Gardner-Altman estimation plot. Both 
groups are plotted on the left axes as a slopegraph: 
each paired set of observations is connected by a 
line. The paired mean difference is plotted on a 
floating axes on the right as a bootstrap sampling 
distribution. The mean difference is depicted as a dot; 
the 75% confidence interval is indicated by the ends 
of the vertical error bar. 

 
Results: 
The paired Hedges' g for repeated measures against 
baseline 
between pre and post is -0.12 [75.0%CI -1.24e+14, -
0.0953]. 
The P value of the two-sided permutation t-test is 
0.508, calculated for legacy purposes only. 
 
The effect sizes and CIs are reported above as: effect 
size [CI width lower bound; upper bound] 
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 c) RSI 60cm   

Hedges’ g: 0.189398 

“statology.org” 

Suggested Figure Legend: 

The paired Hedges' g between pre and post is shown 
in the above Gardner-Altman estimation plot. Both 
groups are plotted on the left axes as a slopegraph: 
each paired set of observations is connected by a 
line. The paired mean difference is plotted on a 
floating axes on the right as a bootstrap sampling 
distribution. The mean difference is depicted as a dot; 
the 90% confidence interval is indicated by the ends 
of the vertical error bar. 

 
Results: 

The paired Hedges' g for repeated measures against 
baseline 
between pre and post is -0.151 [90.0%CI -0.706, -
0.101]. 
The P value of the two-sided permutation t-test is 
0.236, calculated for legacy purposes only. 
 
The effect sizes and CIs are reported above as: effect 
size [CI width lower bound; upper bound] 
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d) COD Planned 

    

Hedges’ g: 0.711795 

“statology.org” 

Suggested Figure Legend: 

The paired Hedges' g between Pre and Post is shown 
in the above Gardner-Altman estimation plot. Both 
groups are plotted on the left axes as a slopegraph: 
each paired set of observations is connected by a 
line. The paired mean difference is plotted on a 
floating axes on the right as a bootstrap sampling 
distribution. The mean difference is depicted as a dot; 
the 95% confidence interval is indicated by the ends 
of the vertical error bar. 

 
Results: 

The paired Hedges' g for repeated measures against 
baseline 
between Pre and Post is -0.568 [95.0%CI -1.59, -
0.411]. 
The P value of the two-sided permutation t-test is 0.0, 
calculated for legacy purposes only. 
 
The effect sizes and CIs are reported above as: effect 
size [CI width lower bound; upper bound] 
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e) COD Reactive 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hedges’ g: 0.188090 

“statology.org” 

Suggested Figure Legend: 

The paired Hedges' g between pre and post is shown 
in the above Gardner-Altman estimation plot. Both 
groups are plotted on the left axes as a slopegraph: 
each paired set of observations is connected by a 
line. The paired mean difference is plotted on a 
floating axes on the right as a bootstrap sampling 
distribution. The mean difference is depicted as a dot; 
the 85% confidence interval is indicated by the ends 
of the vertical error bar. 

 
Results: 
The paired Hedges' g for repeated measures against 
baseline 
between pre and post is -0.15 [85.0%CI -0.346, -
0.0755]. 
The P value of the two-sided permutation t-test is 
0.505, calculated for legacy purposes only. 
 
The effect sizes and CIs are reported above as: effect 
size [CI width lower bound; upper bound] 
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