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Abstract

Objective: The aim of the present paper was to determine the impact of Speedcourt training on agility
and change-of-direction (COD) in female tennis players, and to research the relevance between agility
and lower limbs unilateral explosive power (UEP). Despite extensive research on agility training, limited
studies have explored these eûects speciûcally in female athletes, necessitating this investigation.

Method: 22 female tennis players underwent SpeedCourt training for 6 weeks, respectively executed
random sequence shuttle run training (RS group, N=11, age: 22.36 ± 1.21 years) and ûxed sequence
shuttle run training (FS group, N=11, age: 22.27 ± 1.27 years). The spider run, T-drill, reactive agility
(RA) and triple crossover hop (TCH) players before and after intervention were measured.

Results: The two-way repeated measures analysis of variance showed signiûcant improvements in spider
run (p<0.001, partial·2=0.95), T-drill (p<0.001, partial·2=0.94) and RA (p<0.001, partial·2=0.96). The
RS group demonstrated signiûcantly greater improvements in RA compared to the FS group, with
statistical signiûcance (p<0.05, partial ·2=0.184). And agility related tests showed moderate to strong
correlations with unilateral explosive power.

Conclusion: Six-week Speedcourt training can eûectively enhance the agility and change-of-direction of
female tennis players. Incorporating lower limb explosive exercises into agility-speciûc training may
further enhance agility improvements in female tennis players.
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14 Abstract

15 Objective: The aim of the present paper was to determine the impact of Speedcourt training on 

16 agility and change-of-direction (COD) in female tennis players, and to research the relevance 

17 between agility and lower limbs unilateral explosive power (UEP). Despite extensive research on 

18 agility training, limited studies have explored these effects specifically in female athletes, 

19 necessitating this investigation.

20 Method: 22 female tennis players underwent SpeedCourt training for 6 weeks, respectively 

21 executed random sequence shuttle run trainingÿRS group, N=11, age: 22.36 ± 1.21 yearsÿand 

22 fixed sequence shuttle run trainingÿFS group, N=11, age: 22.27 ± 1.27 years). The spider run, 

23 T-drill, reactive agility (RA) and triple crossover hop (TCH) players before and after intervention 

24 were measured. 

25 Results: The two-way repeated measures analysis of variance showed significant improvements 
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26 in spider run (p<0.001, partial·2=0.95) , T-drill (p<0.001, partial·2=0.94) and RA (p<0.001, 

27 partial·2=0.96). The RS group demonstrated significantly greater improvements in RA compared 

28 to the FS group, with statistical significance (p<0.05, partial  And agility related tests 

29 showed moderate to strong correlations with unilateral explosive power. 

30 Conclusion: Six-week Speedcourt training can effectively enhance the agility and

31 change-of-direction of female tennis players. Incorporating lower limb explosive exercises into 

32 agility-specific training may further enhance agility improvements in female tennis players.

33 Keywords: Speedcourt; agility; change-of-direction; female tennis player

34 Introduction

35 Tennis is a high-intensity, intermittent sport that demands a combination of sport-specific 

36 technical proficiency and a high degree of various physical components[1]. Agility is a complex 

37 composite ability, which encompasses the following aspects: the capacity to swiftly alter body 

38 position and direction during movement, the ability to rapidly transition between actions, and the 

39 central nervous system's capability to quickly respond to external stimuli, which is to say, the 

40 ability to change direction and reactive agility[2]. Tennis requires players to perform many change-

41 of-direction (COD) over the course of a match[3]. At a high level of tennis, players make about 

42 2-4 COD per rally [4][5], and more than 100 COD per set[6]. At the same time, most of the rallies 

43 were performed around the baseline, and lateral and multi-directional moves occurred more often 

44 than straight moves [7], thus suggesting that players often make sharp COD to return to the center 

45 of the court after hitting the ball back to the opposing side [8].In other words, rapidly stop, go, and 

46 COD speed constitute the major performance determinants in tennis [9]. The ability to COD is 

47 characterized by a change in the direction of movement that is already known in advance, it is 

48 planned, and the player does not need to respond to a certain stimulus [10]. In tennis, however, 

49 players must exhibit COD in response to external stimuli, such as the ball's trajectory, the 

50 opponent's movements, and other court dynamics. These instances of COD are typically reactive 

51 and not pre-planned. [11][12]. The capacity to swiftly respond to external stimuli with suitable 
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52 actions or reactions during both training and competition is referred to as reactive agility [13]. 

53 Reactive agility (RA) includes cognitive processing, observation skills, and decision-making 

54 factors [14]. Studies have shown that COD and RA alone represent different motor abilities [15], 

55 and COD cannot be directly equated with RA, but are completely independent abilities [16][17].

56 The Speedcourt instrument is designed for testing and training speed, agility, coordination, 

57 COD and cognition, and has the most advanced speed-sensitive training programs. It can design 

58 different tests and training programs for different sports. The reliability and effectiveness of the 

59 Speedcourt have been demonstrated [18], and it was determined that the Speedcourt training 

60 regimen was more effective than conventional methods in enhancing COD and RA abilities [19]. 

61 Studies have shown that Speedcourt has achieved good results in improving the COD and RA of 

62 male collegiate tennis players [20]. A research reported that female players made COD more than 

63 400 times per match during the Australian Open (2016-2018) [21]. The abilities to COD and RA 

64 are also crucial for female tennis players. However, in the existing research, compared with the 

65 male group, there are few studies on female tennis players [22]. Current research exhibits a 

66 pronounced gender disparity in investigating COD and agility development, with predominant 

67 focus on male tennis athletes and a paucity of studies addressing female 

68 counterparts[23][24][25][26]. Furthermore, while empirical evidence has established the efficacy 

69 of Speedcourt training systems in enhancing COD and agility among teamwork and badmiton 

70 athletes[27][28], its specific adaptation and impacts on female tennis players remain scientifically 

71 underexplored. Studies have shown that unilateral explosive power (UEP) is an important factor 

72 affecting agility and COD in tennis players, but the correlation between the three is 

73 controversial[29][30]. Therefore, the aim of this study is to assess the efficacy of Speedcourt 

74 training in enhancing agility (COD and RA) among female tennis players, as well as to explore 

75 the correlation between agility (COD and RA) and UEP. We hypothesize that Speedcourt training 

76 will significantly improve COD and RA, with the RS group exhibiting greater improvements 

77 compared to the FS group.

78 Materials and Methods
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79 Participants

80 Referencing prior research[20], 22 female tennis players were randomly allocated to either 

81 the random sequence shuttle run training group (RS group, N=11, mean age: 22.36 ± 1.21 years, 

82 mean training experience: 6.64±0.64 years) or the fixed sequence shuttle run training group (FS 

83 group, N=11, mean age: 22.27 ± 1.27 years, mean training experience: 6.86±0.60 years) using 

84 a random number table. Participant details are presented in Table 1. The inclusion criteria were as 

85 follows: (1) absence of lower limb injuries; (2) no history of medication or surgery within the past 

86 6 months; (3) training experience ranging from 6 to 8 years; (4) an International Tennis Number 

87 (ITN) score of 5 or higher; (5) a minimum attendance rate of 95%; (6) participants hadn't previous 

88 agility-specific training. Participants were instructed to maintain their usual lifestyle and physical 

89 activity levels, and to refrain from participating in any other experiments during the intervention. 

90 Written informed consent was obtained from all participants prior to the study. Ethical approval 

91 for this research was granted by the Ethics Committee of Beijing Sport University.

92 Procedures

93 Testing Procedure

94 The testing procedures were conducted rigorously both Pre-intervention and post-

95 intervention. Before each test, participants engaged in a normalized warm-up (10 minutes).

96 The reliability and validity of T-drill test (Figure 1.) have been established in a previous 

97 study[31]. The Smartspeed photoelectric gate (Australia) was used for testing. The photoelectric 

98 gate was adjusted to the single turn-back time (point A). The athlete stood at point A, moved to 

99 point B (about 5.5 m) and touched the bottom of the B cone barrel with his right hand, and moved 

100 to the left side and touched the bottom of the C cone barrel with his left hand (about 4.1 m). After 

101 that, slide 8.2 m to the right and touch the bottom of the D cone with your right hand. Then slide 

102 4.1m to the left and touch the bottom of the B cone with your left hand. Finally, the athlete backs 

103 off and crosses cone barrel A at the finish line. Take the best score in three tests, accurate to 0.01s.

104 Previous studies have demonstrated that the spider run test is effective for evaluating tennis-

105 specific COD speed[32]. The test player is at the middle point of the court bottom line, and place 
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106 a racket at the middle point, based on the tennis bottom line to the service line, the two sides of the 

107 tennis court singles line as the boundary, in accordance with the direction of the counterclockwise 

108 position on each T point. At the beginning of the test, the test players took the ball back to the 

109 racket one by one, and recorded the time spent in the whole return process. The test score was the 

110 time when the last ball was put into the racket. In case of running wrong route, dropping the ball, 

111 slipping, etc., during the test, the test was repeated once. Each participant underwent three 

112 attempts, with only the highest score being recorded for analysis. The layout of the test is illustrated 

113 in Figure 2.

114 The RA test had been demonstrated good to excellent reliability[33]. And the test was 

115 conducted on the Speedcourt in this study. The layout of the test is illustrated in Figure 3. Point 5 

116 is the start and end point of each repeat sprint, and the sprint is carried out according to the random 

117 green light signal on the screen. Each green signal was accompanied by the interference signal of 

118 yellow light. The testing protocol commences when the participant initiates movement from Point 

119 5 and terminates upon their return to the same point following completion of shuttle sprints 

120 traversing all eight remaining designated markers. The total reaction time was recorded by 

121 Speedcourt system. The experimental protocol required participants to complete three maximal-

122 effort trials and retained the highest score. After each sprint, participants had a rest period of more 

123 than 30 seconds to ensure complete recovery before starting the next sprint at full capacity.

124 The triple crossover hop (TCH) for distance test was utilized to measure unilateral explosive 

125 power (UEP) [34][35]. The layout of the test is illustrated in Figure 4. Participants were required 

126 to execute three successive hops to cover the maximum distance possible in a forward direction 

127 (all on one limb, without pauses between hops except for the final landing), while crossing over a 

128 custom-made mat that is 15 cm wide, ensuring not to touch the mat. A trial was deemed successful 

129 if the participant landed controllably on the last hop. Each leg's test was conducted three times, 

130 with a 1-minute rest interval between attempts.

131 Training Procedure

132 All training sessions in this study were conducted using the Speedcourt system (Globalspeed 

133 GmbH, Germany). This apparatus consists of a computer connected to a TV screen and radar 
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134 sensors positioned beneath the device to detect a 3-by-3 grid. The grid is composed of squares, 

135 each measuring 40-by-40 cm, evenly spaced across a 5.5 m × 5.5 m court. Participants view a 

136 digital depiction of the court on the display. During the test, individual squares illuminate on the 

137 screen, indicating to the participant where to run next. Upon touching the lit square, another square 

138 lights up on the screen, signaling the next destination.

139 Existing evidence demonstrates that a six-week targeted agility training intervention elicits 

140 statistically significant improvements in athletes' COD and agility performance[36]. The 

141 experimental intervention was carried out three times a week for a period of six weeks, with a 48-

142 hour rest between each session. Each session began with a normalized warm-up (10 minutes). The 

143 training intensity for both groups increased progressively on a weekly basis: during the 1st and 

144 2nd weeks, they completed 15 sessions (3 times × 5 sets); in the 3rd and 4th weeks, they did 20 

145 sessions (4 times × 5 sets); and in the 5th and 6th weeks, they performed 25 sessions (5 times × 5 

146 sets). There was a 30-second rest between each repetition and a 5-minute break between sets. The 

147 training plan is shown in Table 2. In each repeated sprint, the two groups adopted a 15-second 

148 fixed duration mode, the instrument adopts a 3*3 (a total of 9 points) site setting, and point 5 is set 

149 as the starting and ending point. Every time the subjects start from point 5 and sprint to any point 

150 with green light, they have to return to point 5 again to sprint next point with green light. Fixed 

151 sequence group complete 15-second repeated sprints in a fixed sequence according to 5-1-5-2-5-

152 3-5-4......; Random sequence group complete 15-second repeated sprints in a random sequence 

153 according to 5- (1, 2, 3, 4, 6, 7, 8, 9 any point) -5- (1, 2, 3, 4, 6, 7, 8, 9 any point) -...... The training 

154 process is shown in Figure 5. Upon completing the training sessions described, participants took a 

155 10-minute break. Throughout the intervention, they were mandated to put forth their best effort in 

156 every session. The RPE scale was used for physiological monitoring, and the intensity reached 

157 grade 8-9.

158 Statistical analysis

159 A two-way repeated measures analysis of variance (ANOVA) was carried out to evaluate the 

160 effect of the time (before and after intervention) and the effect of time-group interaction. The 
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161 normality of distributions was verified using the Shapiro-Wilk test. Furthermore, Pearson 

162 correlation analyses were conducted to assess the relationships between T-drill, spider run, RA 

163 and TCH. Correlation coefficients were categorized as weak (0.1�0.3), moderate (0.4�0.7), and 

164 strong (>0.7) based on established criteria. All statistical analyses were conducted using SPSS22.

165 Results

166 Effects of Speedcourt training on the T- drill test of female tennis players

167 As shown in Table 3 and Figure 6, the two-way repeated measures results revealed a 

168 significant main effect of time on the T-drill performance (F=349.47, p<0.001, partial·2=0.94). 

169 Moreover, there was no observed group main effect (p=0.60>0.05) and group × time interaction 

170 effect (p>0.05).

171 Effect of Speedcourt training on the spider run test of female tennis players

172 As presented in Table 4 and Figure 6, the two-way repeated measures results highlighted a 

173 notably significant main effect of time on the spider run test (F=363.29, p<0.001, partial·2=0.95). 

174 Moreover, there was no observed group main effect (p=0.96>0.05) and group × time interaction 

175 effect (p>0.05).

176 Effect of Speedcourt training on the reactive agility test of female tennis players

177 As shown in Table 5 and Figure 6, the two-way repeated measures revealed a highly significant 

178 main effect of time on the RA test, with a large effect size (F=458.36, p<0.001, partial ·2=0.96) 

179 Furthermore, there was a significant group × time interaction effect observed between the RS and 

180 FS groups, indicating different responses to the intervention over time (F=16.08, p=0.001, partial 

181 ·2=0.45).

182 Due to the presence of time * group interaction effects, interaction and simple effects were 

183 further analyzed. The analysis of results showed that the simple effect of group was not significant 

184 in the pre-test (p>0.05), In the post-test analysis, the simple effect of group was found to be 
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185 statistically significant (F=4.50, p=0.047<0.05, partial 

186 Correlation analysis

187 Table 6 displayed the correlations in three variables. The spider run test showed a strong 

188 correlation with the T-drill (r=0.790), a moderate correlation with reactive agility (RA) (r=0.530), 

189 and a moderate correlation with total court coverage (TCH) for both legs (r=0.654, r=0.658). The 

190 T-drill had a moderate correlation with RA (r=0.548) and a moderate to strong correlation with 

191 TCH (r=0.683, r=0.696). Reactive agility was moderately correlated with TCH (r=0.543, r=0.585), 

192 and there was a strong correlation between the TCH of the right leg and the left leg (r=0.788).

193 Discussion

194 The findings indicated that both groups experienced improvements in T-drill, spider run, and 

195 reactive agility (RA) following the intervention. When comparing the groups, the RS group 

196 demonstrated a more significant enhancement in RA compared to the FS group. Correlation 

197 analysis revealed that the spider run test had a strong correlation with the T-drill, and moderate 

198 correlations with RA and total court coverage (TCH). The T-drill also showed moderate 

199 correlations with RA and TCH. Additionally, RA exhibited a moderate correlation with TCH, and 

200 there was a strong correlation between the TCH of the right and left legs.

201 In this research, the T-drill was employed as a secondary measure to validate COD, while the 

202 spider run, a standard assessment tool for athletic COD within the International Tennis Number 

203 (ITN) test, was the primary measure of COD[20]. The outcomes indicated that both the spider run 

204 test and T-drill scores for the RS and FS groups increased significantly after the intervention 

205 compared to pre-intervention levels, with no significant differences between the two groups. 

206 Born[19] et al. found Speedcourt sprint training can significantly improve the Illinois test in elite 

207 soccer player. Another study [37] reported significant enhancements in COD test performance 

208 following eight weeks of multi-directional training. Furthermore, a separate study noted 

209 improvements in COD speed for both groups after three weeks of engaging in multi-directional 

210 sprinting, utilizing both random and fixed routes [20]. Consistent with the results of this study, the 

211 Speedcourt training improved the COD speed of the subjects, and the enhancement in COD 
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212 performance may be attributed to neural adaptations and improvements in motor unit 

213 recruitment[38]. The central nervous system of the subjects developed adaptations to the rapid-

214 onset change-of-direction pattern[27]. In addition, the improvement effect observed in the study 

215 did not show any significant differences between the two groups, as neither the T-drill nor the 

216 spider run test involved decision-making factors [34], and COD tasks are typically closed skills 

217 involving pre-planned movements, which may contribute to the similarity in improvement across 

218 both groups[39].

219 The study showed that both groups experienced significant improvements in RA following 

220 the exercise intervention, with the RS group exhibiting a more pronounced enhancement in RA 

221 compared to the FS group. Although no previous studies have explored the effects of Speedcourt 

222 training on the RA of female tennis players, studies have found that after elite female soccer 

223 players perform agility sprints with different schemes based on Speedcourt equipment, the reactive 

224 time of subjects has been improved[27]. Chaouachi[40] et al. found significant improvements in 

225 sprint, COD, and reactive agility in football players through 6 weeks of multi-directional sprint 

226 training. It can be seen that the current findings in this study demonstrate congruence with prior 

227 investigations in this domain. The enhancement of RA primarily hinged on improvements in 

228 perception and reaction time to specific external stimuli, rather than on the actual speed of 

229 movement[41]. RA is traditionally considered an integral component of physical performance. 

230 However, emerging evidence suggests that RA may be more strongly influenced by cognitive 

231 parameters than by physical attributes. Specifically, RA demonstrates a higher correlation with 

232 response time and decision-making time�both cognitive metrics�compared to traditional 

233 physical performance measures such as sprint speed, COD speed, or other physical parameters[42]. 

234 Based on these factors recent research suggested combining sport-relevant motor and cognitive 

235 functions in dual-task approaches to enhance ecological validity and increase transfer effects[43].

236 The correlation analysis results of this study indicated that the spider run test had a strong 

237 correlation with the T-drill (r=0.790), and moderate correlations with reactive agility (RA) 

238 (r=0.530) and total court coverage (TCH) for both legs (r=0.654, r=0.658). The T-drill showed 
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239 moderate correlations with RA (r=0.548) and TCH (r=0.683, r=0.696). Additionally, RA had 

240 moderate correlations with TCH (r=0.543, r=0.585), and there was a strong correlation between 

241 the TCH of the right leg and the left leg (r=0.788). Previous studies[44][45] have shown a moderate 

242 correlation between TCH and COD, and a moderate correlation between RA and pre-planned 

243 COD. The study believes that both the spider run and T-drill are pre-planned COD tests, so there 

244 is a strong correlation between them, while the RA test contains more complex situations: visual 

245 perception, body movements control in space, coordination and so on. It is the cause that between 

246 RA and COD were only moderately correlated. A study has suggested that unilateral exercises 

247 may impose demands akin to those found in every COD maneuver [46]. Consequently, it is 

248 plausible that unilateral actions, such as unilateral jumps or power movements (horizontal, lateral, 

249 or vertical), may exhibit stronger correlations with COD. This aligns with the findings of the 

250 current study. For effective change of direction, an acceleration and propulsion phase are 

251 necessary, which involves ground contact times longer than 250 milliseconds and significant 

252 angular displacement between joints. It is thus anticipated that the long stretch-shortening cycle 

253 plays a more decisive role in COD. As the TCH represents a long stretch-shortening cycle action 

254 that necessitates time to generate force for propulsion, strong associations between COD and TCH 

255 are expected [47]. Studies have demonstrated that the asymmetry in bilateral lower limb strength 

256 is correlated with COD ability to varying degrees, and this correlation also exhibits gender 

257 differences[48][49]. Associations between the asymmetry in bilateral lower limb strength and 

258 COD performance were moderate in male tennis players, but for female athletes, the associations 

259 were almost exclusively statisticfally non-significant. Compared with male athletes, female 

260 athletes rely more heavily on symmetrical bilateral strength to enhance COD efficiency. Therefore, 

261 there is no difference in the correlation between the dominant and non-dominant legs and COD 

262 performance for female athletes[50].

263 Conclusion

264 Six-week Speedcourt training can effectively enhance the agility and change-of-direction of 

265 female tennis players. And incorporating lower limb explosiveness exercises in agility-specific 
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266 training may have a greater improving effect on the agility of female tennis players.
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Table 1 Basic information of subjects
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1 Table 1 Basic information of subjects

Group N
Age

(years)

Height

(cm)

Weight

(kg)

ITN

(years)

Training 

experience

(years)

RS 11 22.36±1.21 166.91±3.01 59.36±3.30 4.09±0.70 6.64±0.64

FS 11 22.27±1.27 166.18±2.99 57.73±3.55 4.00±0.78 6.86±0.60

2 FS, fixed sequence; RS, random sequence; ITN, international tennis number.
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Table 2 Training plan
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1 Table 2 Training plan

2 FS, fixed sequence shuttle run training; RS, random sequence shuttle run training

Traning week Exercise Sets×reps Pause(set/rep)

1-2 FS/RS 3×5 5min/30s

3-4 FS/RS 4×5 5min/30s

5-6 FS/RS 5×5 5min/30s
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Table 3 Eûect of Speedcourt training on T-drill test
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1 Table 3 Effect of Speedcourt training on T-drill test

Mean ± SD Mean ± SD F p ·2

FS group 8.74±0.33 8.33±0.32

RS group 8.72±0.35 8.20±0.37

Group ME 0.29 0.60 0.014

Time ME 349.47 < 0.001 0.94

Group*Time 4.10 0.057 0.17

2 FS, fixed sequence; RS, random sequence; ME, main effect; ·2, partial ·2.
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Table 4(on next page)

Table 4 Eûect of Speedcourt training on spider run test
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1 Table 4 Effect of Speedcourt training on Spider run test

Mean ± SD Mean ± SD F p ·2

FS group 18.15±0.59 17.63±0.65

RS group 18.20±0.57 17.61±0.63

Group ME 0.003 0.96 0.01

Time ME 363.29 < 0.001 0.95

Group*Time 1.76 0.20 0.081

2 FS, fixed sequence; RS, random sequence; ME, main effect; ·2, partial ·2.

3
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Table 5 Eûect of Speedcourt training on RA
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1 Table 5 Effect of Speedcourt training on RA

2 FS, fixed sequence; RS, random sequence; ME, main effect; ·2, partial ·2.

Pre-test Post-test Repeated measures F-test

Mean ± SD Mean ± SD F p ·2

FS group 19.88±0.12 18.98±0.14

RS group 19.87±0.11 18.55±0.14

Group ME 4.50 0.047 0.184

Time ME 458.36 < 0.001 0.96

Group*Time 16.08 0.001 0.45
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Table 6 Correlation analysis
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1 Table 6 Correlation analysis

Index SR TD RA TCHR TCHL

SR 1

TD 0.790 1

RA 0.530 0.548 1

TCHR 0.654 0.683 0.543 1

TCHL 0.658 0.696 0.585 0.788 1

2 SR, spider run; TD, T-drill; RA, reactive agility; TCHR, triple crossover hop(right); TCHL, triple 

3 crossover hop(left).
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Figure 1
T-drill test route
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Figure 2
Spider run test route
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Figure 3
Reactive agility test
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Figure 4
triple crossover hop test
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Figure 5
Training ûow diagram
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Figure 6
Figuire 6 Line graphs comparing pre- and post-test scores
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