
Full Title: A comparison of the perceptual and technical demands of tennis training, 1 
simulated match-play and competitive tournaments. 2 
 3 
 4 

 5 
 6 
Paper Type: Original Investigation 7 
 8 
Authors: Alistair P. Murphy 1,2, Rob Duffield 3, Aaron Kellett 2, Machar Reid 2,4 9 
 10 
 11 

1. School of Human Movement Studies, Charles Sturt University, Bathurst, 12 
NSW, Australia 13 

2. Tennis Australia, Melbourne, VIC, Australia 14 
3. Sport and Exercise Discipline Group, UTS: Health, University of Technology 15 

Sydney, NSW, Australia 16 
4. School of Sport Science, Exercise and Health, University of Western 17 

Australia, Crawley, WA, Australia. 18 

 19 
Corresponding Author: 20 
Name: Alistair P. Murphy 21 
Postal address: Charles Sturt University, Panorama Avenue, Bathurst, NSW, AUST, 22 
2795 23 
Email: amurphy@tennis.com.au 24 
 25 
 26 
Running Title: Comparison of tennis training, match play and tournaments 27 
 28 
Abstract word count: 250 29 
 30 
Text only word count: 3493 31 
 32 
Number of tables: 1 33 
Number of figures: 3 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 

mailto:amurphy@tennis.com.au


A comparison of the perceptual and technical demands of tennis training, 50 
simulated match-play and competitive tournaments 51 
 52 
Abstract 53 

Purpose: High-performance tennis environments aim to prepare athletes for 54 
competitive demands through simulated match scenarios and drills. With a dearth of 55 
direct comparisons between training and tournament demands, the current 56 
investigation compared the perceptual and technical characteristics of training drills, 57 
simulated match-play, and tournament matches.  58 
Methods: Data were collected from 18 high-performance, junior tennis players 59 
(gender: 10 male, 8 female, age: 16±1.1 y) during 6±2 drill-based training sessions, 60 
5±2 simulated match-play sessions, and 5±3 tournament matches from each 61 
participant. Tournament matches were further distinguished by win or loss, and 62 
against seeded or non-seeded opponents. Notational analysis of stroke and error rates, 63 
winners, and serves, along with rating of perceived physical exertion (RPE) and 64 
mental-exertion were measured post-session.  65 
Results: Repeated-measures analyses of variance and effect-size analysis revealed 66 
training sessions were significantly shorter in duration than tournament matches 67 
(p<0.05; d=1.18). RPE’s during training and simulated match-play sessions were 68 
lower than in tournaments (p>0.05;d=1.26,d=1.05 respectively). Mental exertion in 69 
training was lower than both simulated match-play and tournaments 70 
(p>0.05;d=1.10;d=0.86 respectively). Stroke-rates during tournaments exceeded those 71 
observed in training (p<0.05;d=3.41) and simulated match-play (p<0.05;d=1.22) 72 
sessions. Further, the serve was used more during tournaments than simulated match-73 
play (p<0.05;d=4.28), while errors and winners were similar independent of setting 74 
(p>0.05;d<0.80).  75 
Conclusions: Training in the form of drills or simulated match-play appeared to 76 
inadequately replicate tournament demands in this cohort of players. Coaches should 77 
be mindful of match demands to best prescribe sessions of relevant duration as well as 78 
internal (RPE) and technical (stroke-rate) load to aid tournament preparation.  79 
 80 
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Introduction 99 
High-performance tennis athletes are exposed to a myriad of training stimuli in 100 
preparation for tournaments, including technical and tactical drills, and simulated 101 
match-play.1-4 Whilst previous discrete3,4 and catalogued drill studies2 establish 102 
typical 'training loads' (TL’s) associated with high-level tennis environments, 103 
comparisons of training sessions, simulated match-play, and tournaments within the 104 
same cohort are non-existent; with past research inferring insight from data gathered 105 
from different competition cohorts (i.e., developmental vs. elite).3,4. In a similar vein, 106 
given the significance attached to training during developmental years (i.e., 8-20y),5 a 107 
more granular understanding of the actual training and competitive demands imposed 108 
on this particular cohort of players is needed.6,7 Ideally, training drills and simulated 109 
match-play should mimic conventional or ‘worst case’ tournament scenarios (i.e., 110 
highest demands required during competition) depending on developmental stage of 111 
the involved players.2,8 In other sports (i.e., rugby league), a primary objective of 112 
training is to replicate certain patterns of play, enabling players to cope with the 113 
highest demands placed upon them during competition.9,10 Unfortunately, in tennis, 114 
current literature has provided negligible insight into the appropriate prescription of 115 
TL’s to mimic competition play, particularly in specific cohorts through early - late 116 
developmental stages.11 117 
 118 
The TL’s of different cohorts of tennis players completing training drills, simulated 119 
match-play scenarios, and tournament play have been investigated through an 120 
assortment of internal (i.e., heart rate [HR], rating of perceived exertion [RPE], and 121 
mental exertion) and external (i.e., stroke-rate) measures. Previously we have 122 
described the internal and external TL’s of various drill categories within a high-123 
performance youth tennis population.2 Specifically, Recovery/Defensive drills were 124 
of greatest internal TL (HR, RPE, and mental-exertion).2 Physiologically, more 125 
‘open’ drills were characterised by higher peak and mean-HR, whilst match-play and 126 
more ‘closed’ or technical drills presented with lower peak and mean-HR.2 Reid et 127 
al.3 earlier characterised four discrete, hand-fed, drills including the Star, Box, Suicide 128 
and Big X. Internal TL’s were reported using HR (178-182 bpm), and RPE (5.0-7.6 129 
au), while external TL’s were documented through stroke count (0.7-2.3 strokes.min-130 
1), ball velocity (113-123 m/s), and distance covered (76-114 m) via global 131 
positioning system (GPS) measures.3 Furthermore, previous data suggests that stroke-132 
rates during point-play and match-play in training are below the stroke-rates 133 
characterised in separately reported tournament data (2.7±2.2 - 4.7±1.4 134 
strokes/rally).2,12,13 Moreover, tournament RPE has been reported as ranging between 135 
5-8 au (CR-10)14,15 and 10-16 (Borg 20-point).16-18 On the surface, while this 136 
empirical backdrop appears extensive, it is the aggregate of independent, discrete 137 
training and competition insights and lacks any consideration of training or matches 138 
within a single cohort, therein placing practitioners in situations that require ongoing 139 
assumptions to inform TL’s.  140 
 141 
Nevertheless, based on a comparison of previously notated13 and perceived match 142 
demands14,15 with the observational data describing typical training sessions,2 TL’s in 143 
training and tournament play appear disparate. Indeed, this type of discrepancy may 144 
contribute to mismatches in the preparation of high-performance athletes for 145 
tournaments; albeit it is assumed – perhaps incorrectly – that players are training at 146 
suitable intensities and durations. Given the lack of empirical support for this 147 
assumption, the aim of this study was to analyse the technical and perceptual 148 



characteristics of drill-based training sessions in comparison to simulated match-play 149 
and tournaments in the same cohort of elite players. A secondary aim was to compare 150 
TL’s within tournament matches won vs. lost, and against seeded vs. non-seeded 151 
opponents to further explore the nuances of TL responses related to match outcome. It 152 
was hypothesised that (a) training sessions would present lower TL’s than simulated 153 
match-play, which would in turn be lower than tournament matches, and, (b) 154 
tournament demands would be elevated in matches lost and against seeded opponents. 155 
 156 
Methods 157 
Subjects 158 
Eighteen high-performance, junior tennis players (gender: 10 male, 8 female, age: 159 
16±1.1 y, mass: 63±16.2 kg, height: 171±11.4 cm, Australian junior ranking: 6±5, and 160 
International Tennis Federation [ITF] junior ranking 85±61) and their 161 
parents/guardians provided written consented following full explanation of the study. 162 
The University Ethics in Human Research Committee approved this investigation. 163 
Athletes routinely trained 2-3 sessions per day, completing 96±24 matches for the 164 
year. This study involved collection of internal and external measures from at least 165 
one training session per day, over a 10-week hard court training period (December-166 
February; Australian summer). Athletes were well familiarised with each drill during 167 
each session as a result of extensive exposure during previous training blocks. 168 
Training sessions were selected when at least 2 subjects were included in the session, 169 
and coach designed session plans involved open nature drills (i.e., higher physical 170 
demands) with lesser emphasis on technical proficiency or outcomes. 171 
 172 
Design 173 
All training drills, simulated match-play and tournament matches were completed on 174 
a Plexicushion tennis court. Athletes each completed 6±2 open-drill training sessions, 175 
5±2 simulated match-play, and 5±3 tournament matches. Athletes within the testing 176 
cohort were encouraged by coaching staff to standardise nutritional habits around 177 
training in preparation for competition. However, the inclusion of physical (S&C) 178 
sessions within the training day meant that additional energy intake was required. 179 
Similarly, owing to the real world settings, characterised by uncertain match start and 180 
finish times, travel demands and the variable selection and timing of meal/hydration 181 
options, nutritional practices were not standardised. This approach aligns to previous 182 
match investigations,15 however, due to the within-cohort analysis, a similar approach 183 
was adopted for training also. However, whilst conditions across all sessions were dry 184 
and relatively warm (Australian summer), these were unattainable across all training 185 
sessions and matches, creating a limitation to the TL analysis. While the strength of 186 
the current investigation surrounds the within-cohort comparisons, it is recognised 187 
that the variety of training and match locations limits an ability to standardize 188 
environmental conditions and hydration state. Accordingly, this is recognised as a 189 
limitation of the present study. 190 
 191 
Tournaments  192 
Analysis of tournament TL (i.e., match load) was carried out across four, outdoor, 193 
hard court (i.e., category 4 court surface) tournaments within Australia. Specifically, 194 
the first two tournaments were domestic Australian tournaments (National title events 195 
in Sydney and Melbourne), the further two events were junior ITF events (grade 1 and 196 
A, respectively) All matches followed ITF junior guidelines and were best of three 197 
sets, contested between 0900 and 1900 hours. Further, tournament matches were 198 



distinguished by outcome (win or loss), and opponent (against a seeded or non-seeded 199 
opponent) as separate analyses, with data obtained from Tennis Australia and ITF 200 
websites.  201 
 202 
 203 
Simulated Match-play  204 
Simulated match-play sessions were organised by assigned coaches, ensuring similar 205 
between-player capabilities. Sessions began with coach instruction and session focus. 206 
However, aside from encouragement, coaches observed, but refrained from 207 
interference of technical or tactical feedback within the match. Each match was best 208 
of three sets, self-controlled using ITF rules, and conducted on outdoor, hard court 209 
(i.e., category 4 court surface). 210 
 211 
Training Sessions  212 
Training drill sessions were selected for drills that were of open nature only (in 213 
accordance with our previously reported data), as these drills types are of greatest 214 
physical and mental demands of typical elite-oriented tennis drills.2 Specifically, these 215 
types of drills consisted only of “Recovery/defensive”, Open-pattern”, and “2-on-1 216 
open” drill categories. These drills were each typified by high strokes rates (>0.9 217 
strokes per 6 sec), RPE (>5.5 AU), mental-exertion (5.8 AU) and % HRmax (>89%). 218 
Sessions were excluded from analysis post hoc if the aforementioned criteria were not 219 
met. All sessions were conducted on outdoor, hard court (i.e., category 4 court 220 
surface). 221 
 222 
Methodology 223 
All sessions were filmed using a video camera (DSR-PDX10P, Sony, Japan) 224 
positioned 10-m above and 6-m behind one baseline. The footage was later notated to 225 
establish stroke-rate, and unforced errors. Strokes were summated throughout the 226 
entire session or match involving any time in which the ball struck the racquet face. 227 
Errors in training sessions were distinguished inside the coach-prescribed constraints 228 
(if any) of the particular drill, which were clearly described by the assigned coach to 229 
both the athlete and the research team. Strokes, errors, winner and serves were 230 
counted and analysed relative to session/match duration (mins). Work durations - the 231 
effective playing time - were distinguished from the point of a successful serve until a 232 
winner or error, (analysed only for simulated match-play and tournaments). Rest 233 
durations were then calculated as remaining time within simulated match-play or 234 
tournament matches (i.e., change-over rest periods). Standard match rules were 235 
implemented for errors in both simulated match-play and tournament play.19,20 236 
Athletes were familiarised with physical RPE and mental-exertion as measures of 237 
internal load collected daily within their environment. Athletes provided RPE (Borg 238 
CR-10)21 and mental-exertion evaluations (0-10 Likert scale) for each drill session, 239 
simulated match-play , and tournament match 30 mins following completion.14,22 240 
Session-TL, as an arbitrary number (au), was calculated through multiplication of 241 
duration and RPE.14 Mental-exertion rating (0-10 Likert scale) was used to establish a 242 
holistic rating of mental intensity perceived. Athletes rated based on descriptions of 243 
mental demand.22 All perceptual ratings were provided privately to ensure no 244 
predisposition or bias. As RPE and duration are the main measures of the current 245 
investigation, it is useful to note that previous research on adolescents has reported 246 
correlation coefficient between RPE and HR as strong (r=0.74).23 Furthermore, a 247 
trained analyst (Coefficient of Variation <2%) who was familiarised with the 248 



notational analysis system (The Tennis Analyst, V4.05.284, Fair Play, Australia), 249 
conducted all notational analysis post-session. These measures are commonly used 250 
within training and post-tournament analysis to provide feedback and monitor 251 
external TL.1,2  252 
 253 
Statistical Analysis 254 
External and internal TL data were reported as mean (±SD), unless otherwise 255 
specified. Comparison of external and internal TL responses between different 256 
scenarios i.e., training, simulated match-play, or tournaments, was undertaken by 257 
repeated measures two-way (Session Mode x Measure) ANOVA’s with Tukey HSD 258 
post-hoc tests to locate differences. Statistical significance was set at p<0.05. Cohen’s 259 
d effect size analysis established the magnitude of difference TL. Effect size results 260 
were interpreted as described by Christensen & Christensen.24 with effect sizes of 261 
<0.2 classified as small, 0.4-0.6 as medium, and >0.8 as large. Statistical analyses 262 
were performed using the Statistical Package for the Social Sciences (SPSS) (Version 263 
20, SPSS Inc., Chicago, IL, USA). 264 
 265 
 266 
Results 267 
Figure 1 shows session duration and the internal TL measures (session-TL, RPE and 268 
mental-exertion) for training drills, simulated match-play and tournament play. 269 
Furthermore, session duration and internal TL measures for tournament matches won 270 
vs. lost, and against seeded vs. non-seeded opponents are presented in Figures 2 and 271 
3, respectively. No significant differences in session-TL were present between session 272 
types (p>0.05; d<0.80). However, there was significantly lower session duration 273 
evident for training compared to tournament play (p<0.05; d=1.18). Simulated match-274 
play durations were similar to both training and tournaments (p>0.05; d<0.80). Large 275 
effects indicated a greater session RPE in tournaments than training (p>0.05; d=1.26) 276 
and simulated match-play (p>0.05; d=1.05). Matches within tournaments that were 277 
won were perceived to be of significantly greater RPE than matches lost (p<0.05; 278 
d=1.40). Furthermore, large effect sizes suggest a greater mental exertion was 279 
perceived during simulated match-play and tournaments than training drills (p>0.05; 280 
d=1.10, d=0.86 respectively).  281 
 282 

*** Figures 1, 2 and 3 near here *** 283 
 284 
External TLs (i.e., stroke-rate and work/rest durations) and technical outcomes 285 
(winners, serves and errors) of drills, simulated match-play and tournaments are 286 
presented in Table 1 (relative to session durations). Stroke-rates (str.min-1) in training 287 
were significantly lower than both simulated match-play and tournaments (p<0.05; 288 
d=0.98 d=3.41 respectively). Tournament stroke-rates were also significantly greater 289 
than simulated match-play (p<0.05; d=1.22). Within tournaments, stroke-rates were 290 
similar in both matches won (13±3.4 str.min-1) and matches lost (16±6.2 str.min-1) 291 
(p=0.98; d=0.63), as well as when playing a seeded opponent (17±8.2 str.min-1) 292 
compared to non-seeded opponents (13±4.2 str.min-1) (p=0.95; d=0.60). The work-293 
rest durations of simulated match-play demonstrated large effects for less work (i.e., 294 
time in play) compared to tournament matches (p=0.29; d=1.37), and significantly 295 
less rest (i.e., stoppages) in simulated match-play than tournaments (p<0.05; d=3.00). 296 
Within tournament matches, work-rest durations of matches won (29.6 ± 10.6 mins 297 
work; 51.7±16.1 min rest) and lost (27.8±14.3 mins work; 50.2±17.3 mins rest) were 298 



similar (p>0.05; d<0.80). Furthermore, there was a large effect observed for greater 299 
rest durations during matches against seeded (25.0±11.1 mins work; 44.7±10.4 mins 300 
rest) than non-seeded opponents (31.7±14.6 mins work; 54.4±20.3 mins rest) (p>0.05; 301 
d=0.85).  302 

 303 
*** Table 1 near here *** 304 

 305 
In a more detailed analysis of stroke characteristics, the absolute number of winners 306 
was similar between both simulated match-play and tournament match-play (p=0.92; 307 
d=0.41). However, relative for duration (Table 1), there was a large effect for more 308 
winners hit during simulated match-play than tournaments (p>0.05; d=0.90). 309 
Similarly, there were no differences observed between winners hit during tournament 310 
matches won (11±4.9 total; 0.4±0.3 w.min-1) or lost (13±6.9 total; 0.5±0.3 w.min-1) 311 
(p>0.05; d<0.80). There was also no difference in absolute winners hit during 312 
matches played against seeded (12±6.8 total; 0.5±0.3 w.min-1) and non-seeded 313 
opponents (12±5.0 total; 0.5±0.3 w.min-1) (p>0.05; d<0.80). Absolute and relative 314 
serve counts (se.min-1) of simulated match-play (46±12.5 total; 2.6±1.3 se.min-1) and 315 
tournament play (90±16.6 total; 3.4±0.8 se.min-1) was increased during tournament 316 
matches compared to simulated match-play (p<0.05, d=4.28; p=0.26, d=1.03 317 
respectively). While, absolute serve volume was similar between matches won 318 
(88±15.8 total; 3.2±0.9 se.min-1) and lost (93±27.4 total; 3.7±1.2 se.min-1), as well as 319 
between seeded opponents (80±13.6 total; 3.6±1.3 se.min-1) and non-seeded 320 
opponents (96±27.5 total; 3.4±1.0 se.min-1) (p>0.05; d<0.80). Finally, error-rates 321 
(er.min-1) were significantly lower in training drills and simulated match-play than in 322 
tournament matches (p<0.05; d>1.00), whilst errors were similar between drill 323 
sessions and simulated match-play (p>0.05; d<0.80). Within tournament matches, 324 
there were no significant differences in error-rates (p>0.05; d<0.80) between matches 325 
won (1.7±0.6 er.min-1) and lost (1.8±0.7 er.min-1), or against seeded (1.7±0.7 er.min-1) 326 
and non-seeded opponents (1.7±0.5 er.min-1). 327 
 328 
Discussion 329 
An important component of the prescription of TL’s is to ensure that athletes are 330 
exposed to match-like demands within training. As with other sports, tennis uses on-331 
court training drills and simulated match-play for such preparation, generally 332 
alternating training at, above or below match intensities . However, currently no 333 
literature has concurrently compared the demands of common training drills, 334 
simulated match-play and tournaments within a homogenous group. Accordingly, the 335 
current findings indicate that both session duration and RPE during training tends to 336 
be lower than those typical of tournament play. A comparison of work–rest durations 337 
also revealed simulated match-play to be less intensive (i.e., less work, less recovery). 338 
Furthermore, training sessions elicited less mental exertion than both simulated 339 
match-play and tournaments. From a technical standpoint, tournament stroke-rates 340 
exceeded those in training and in simulated match-play, whilst greater (relative and 341 
absolute) serve loads were observed during tournaments than in simulated match-342 
play. It should be noted though that within the timeframe of the current data collection 343 
there were no injuries reported from the playing group. Consequently, it is clear that 344 
the physical and technical TLs of training drills and simulated match-play warrant 345 
ongoing scrutiny to assist with the prevention of “over-training” or “under-training”, 346 
therein ensuring that the long-term consequences of poor training intensity are 347 
avoided.  348 



 349 
As abovementioned, training drills were selected specifically due to the associated 350 
physical demands demonstrated in previous studies.2 As such, the authors are 351 
confident any bias towards technical foci during training was minimized. In any case, 352 
the present RPE responses in simulated match-play (6±0.9 au) and in tournaments 353 
(6±0.8 au) were not dissimilar to previous discrete investigations.1-3,7,14,25,26 However, 354 
simulated match-play and tournament match-play RPE exceeded training drill RPE’s 355 
(5±0.8 au). Previously, after examination of training sessions, we suggested RPE is 356 
greatest in those drills that most closely mimic match “worse case scenarios” or 357 
extreme time pressure situations (i.e., recovery/defensive drills; 6.5±1.8 au).2 To 358 
provide clearer context, we have also previously shown that closed technical drills are 359 
characterised by low RPE’s (4.6±1.9 au).2 Prior to these studies, Reid et al.3 describe 360 
discrete, work-rest ratio driven, “conditioning” drills (i.e., suicide, 7.6±1.1 au; and 361 
Big X, 7.6±1.0 au) of much greater RPE. As to be expected, it was also found that 362 
drill duration (i.e., 30s vs. 60s) was pivotal in the distinction of RPE for drills, a 363 
concept relevant to the interpretation of all training drill analyses.3 Thus, prescription 364 
of sessions to mimic tournament demands must not only take into consideration the 365 
RPE of drills, but also the duration of drills and work-rest ratios involved. 366 
 367 
Notwithstanding the body of work that has reported internal load in competitive 368 
match-play and invitational tournaments, few researchers have specifically explored 369 
the RPE’s of athletes following completion of tournament matches in which 370 
international junior or senior ranking points are in dispute. Indeed, the work of Coutts 371 
et al.14 represents a rare investigative foray in this regard, describing the RPE and 372 
session-TL of a top-level player from the 2008 Roland Garros. These researchers 373 
reported match RPE’s ranging from 5 - 7 (au), with a weekly competition TL of 2908 374 
(au), ~18% greater TL than during the final week of tournament preparation (2380 375 
au).14 However, caution is required in comparing between different developmental 376 
stages of players, as many other factors might influence overall perception of effort 377 
during this type of tournament play (i.e., prize money, media scrutiny, spectators), 378 
potentially increasing the RPE. Further it is unclear to what extent these influences 379 
may or may not affect the RPE’s reported in tournaments where rankings are in 380 
dispute as compared to other competition/tournament formats. Nevertheless, in the 381 
current study, the RPE’s reported in training could be interpreted to reflect a 382 
mismatch with tournament demands. As such, care should be taken to ensure that 383 
athletes are exposed to match-like physical intensities at some stage within 384 
preparatory training blocks. 385 

Despite the abovementioned widespread use of perceptual load monitoring measures 386 
in tennis, mental exertion is an area that TL monitoring literature has seldom 387 
investigated - particularly in tennis. Admittedly, this may be confounded by the 388 
validity of the construct, yet its simplicity is instructive within high-performance 389 
junior tennis environments. Indeed, within the current investigation it is evident that a 390 
discrepancy exists between the perceived mental demands of training, simulated 391 
match-play and tournament match-play. Both simulated match-play and tournament 392 
matches required similar perceived mental intensity, which is considerably more than 393 
that of training. Previously, we have shown discrepancies between certain drill 394 
categories, with drills of greater focus (accuracy drills) and physical intensity 395 
(recovery/defensive drills) being characterized by significantly greater mental 396 
exertion than closed technical drills.2 Keeping in mind the current investigation has 397 



controlled for intensity of training drills, it can be interpreted that in order for mental 398 
exertion to approximate tournament match-play, simulated competition or pressures 399 
(i.e., targets, time-pressure) must be incorporated in to training.  400 

Given that the selection of drills was chosen due to their prominent physical intensity 401 
rather than technical focus, the present findings identify a somewhat perplexing 402 
disparity between stroke-rates of training sessions (7±1.0 strokes.min-1), simulated 403 
match-play (10±5.1 strokes.min-1) and tournament matches (14±3.6 strokes.min-1). 404 
Despite similar durations observed between simulated and tournament matches, a 405 
reduced amount of work completed in simulated match-play compared to tournament 406 
matches. This was despite greater rest periods during tournaments - further 407 
highlighting a disconnect in the intended training prescription from a physical 408 
perspective. The authors admit however, that such disparity may be due to the 409 
technical/tactical focus or development during simulated match-play (i.e., tactical 410 
patterns, or stroke technique) within the corresponding training block. Alternatively, 411 
the observed increased winner rate during simulated match-play sessions may indicate 412 
more aggressive mindsets during these sessions. This is according to the similar 413 
ratings of mental exertion perhaps corresponding to alternative pressures during 414 
tournament matches (i.e., match outcome/consequences). Nevertheless, with such 415 
disparity between simulated match-play and tournaments, it is advisable that high-416 
intensity drills be implemented within close proximity to simulated match-play to 417 
compliment or elevate simulated match-play demands. Previously reported 418 
tournament demands have been noted to reach 0.81±0.04 strokes.sec-1 for men 419 
and 0.76±0.03 strokes.sec-1 for women for matches during the Australian Open in 420 
1997–1999.27 Such discrepancies highlight the difference in elite tournament match 421 
intensity and that of the current developing player cohort (0.23 strokes.sec-1).  422 
 423 
In certain situations, increased error rates within matches may increase match 424 
durations, alter the work-rest ratio, and affect the mental state of players.28 As such, 425 
error rates become of interest to coaches when preparing players for competition 426 
demands. The present findings suggest that tournament matches result in greater error 427 
rates than both training and simulated match-play. The authors postulate that such 428 
elevated error rates in simulated match-play and tournaments may be due to increases 429 
in mental exertion compared to drills. Anxiety of players is perhaps increased in 430 
simulated and competitive situations where opposition or situational pressure (i.e., 431 
increased strokes rates, physical demand, or importance of result) hinders an athlete’s 432 
ability to perform well. Earlier, descriptive analysis of training drills have identified 433 
that drills of technical focus and extreme physical (end range) requirements induced 434 
higher error rates.2 Furthermore, a recent tennis investigation has identified increased 435 
somatic and cognitive state anxiety, and lower self-confidence pre-competition on 436 
match-day compared to training-day.29 Moreover, following matches, somatic and 437 
cognitive anxiety (with associated with consequence of failure), were still elevated 438 
compared to training-days.29 Therefore, during simulated match and training sessions 439 
in which error-ameliorating practice is desired, the effect that both physical and 440 
mental exertion have on error rates should be acknowledged. Additionally, to 441 
effectively prepare athletes for the mental demands of competition, there appears 442 
limited alternative other than through tournament matches. Having acknowledged this 443 
however, a limitation of the current investigation is the lack of obtainable context 444 
under which matches were played i.e. environmental conditions, opposition, and 445 
ranking-points needed/on offer. Accordingly, it should be acknowledged that these 446 



factors might also affect both physical effort and mental perception of the on-court 447 
demands. 448 
 449 
Noteworthy is that the above findings are certainly subject to the constraints of 450 
individual matches and sessions. Accordingly, a secondary aim was to compare the 451 
technical and perceptual TL’s between tournament matches won and lost, as well as 452 
against seeded and non-seeded opponents. The findings highlight that TL’s of 453 
matches won are of greater RPE than matches lost, notwithstanding similar mental 454 
perception, and, match durations. Furthermore, similar stroke and work rates in 455 
matches lost were apparent. A recent tennis investigation observed greater post match 456 
salivary cortisol response and anxiety in losers than winners, while winners reported 457 
higher self-confidence.29 As such, the authors suggest that a final positive (or 458 
potentially positive) outcome may provide a buffering effect on the mental stress 459 
experienced by junior high-performance athletes. While no other literature has 460 
investigated the discrepancies in TL between tennis matches won and lost, it is 461 
conceivable that developing high performance players are perhaps more “invested” 462 
physically for matches where a winning outcome is possible, or perceive matches won 463 
as more taxing as they produced a winning performance - despite no difference in 464 
external TL. Internal TL measures comparing seeded and non-seeded matches also 465 
found no key differences, however a moderate effect suggests potentially greater 466 
mental exertion was required during matches against seeded opponents. Furthermore, 467 
stroke-rate, winners and serves indicate limited differences between match types 468 
(despite a relatively low sample size). In summary, it appears that neither training 469 
drills nor simulated match-play equals the duration, perceptual or technical TL of 470 
tournament matches. 471 
 472 
Practical Applications 473 
Current comparison of training drills, simulated match-play and tournament matches 474 
reveals that the demands placed on tennis players in training are not necessarily of 475 
sufficient physical requirement to prepare for tournament match-play. Coaches should 476 
be aware of reduced internal (RPE) and technical (stroke-rate) demands in training to 477 
ensure appropriate stimuli, aiming for preparations to be as similar as possible to 478 
competition. Specifically, stroke-rates during tournaments exceeded those observed in 479 
training and simulated match-play sessions. Additionally, coaches should be mindful 480 
that even the most physically demanding training sessions and simulated match-play 481 
were of lower RPE than tournament matches. With mental exertion in training also 482 
lower than both simulated match-play and tournaments, it appears that tournament 483 
match-play is currently difficult to replicate during training. Given the disagreement 484 
of internal and external TLs between training drills, simulated match-play and 485 
tournament match-play, periodization of training needs to be clearly driven towards 486 
the demands of competition at their stage of development.  487 
 488 
Conclusions 489 
Session durations and RPE during training and simulated match-play do not match 490 
that of tournament matches. Similarly, mental exertion in training was not comparable 491 
to simulated or tournament match-play. From a technical standpoint, stroke-rates 492 
during tournament matches exceed those of both training and simulated match-play, 493 
suggesting again that training and simulated match-play intensity is mismatched. 494 
Furthermore, match specific measures of the serve (relative and absolute) demonstrate 495 
greater incidence during tournament matches than simulated match-play. Likely due 496 



to the increased stroke volume, tournament error rates are also far greater than that of 497 
simulated match-play, which is greater again than training sessions. Despite greater 498 
stroke counts during tournament play, comparison of work – rest durations reveal that 499 
simulated match-play to be less intensive (i.e., less work, less recovery). Secondary 500 
analysis suggests TLs of matches won are perceived as requiring greater physical 501 
exertion, notwithstanding similar mental perception. Of note, through an attempt to 502 
present an ecologically valid and concurrent comparison between of training and 503 
competition, our analysis was limited to a small cohort of players and . Nonetheless, it 504 
appears that both training drills and simulated match-play do not match the perceptual 505 
or external TLs of tournament matches. Coaches should be aware of the disparity in 506 
TL and aim to adequately prepare athletes for tournament requirements. 507 
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