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The aim of the present study was to 
investigate reliability of self-regu-
lated recovery time and performance 
during repeated sprints. For 4 trials, 
6 professional male football players 
(18.8 ± 0.5 years, 182.4 ± 5.0 cm, 
and 77.4 ± 6.0 kg) completed 12 x 
30 m (15 + 15 m) shuttle sprints, in-
structed to self-regulate (SR) recov-
ery time to maintain performance. 
There were no between-trial differ-
ences in sprint time (ST), recovery 
time or fatigue index. ST showed a 
high degree of reliability for all tri-
als (coefficient of variation [CV] ≤ 
1.2, intraclass correlation coefficient 
[ICC] ≥ 0.89). Recovery time be-
came less variable and more consis-
tent after trials 1-2 (CV = 11.9, ICC 
= 0.81) compared to trials 2-3 (CV = 
7.7, ICC = 0.93), and trials 3-4 (CV 

= 8.2, ICC = 0.92). There were no 
between-trial differences, but an ef-
fect of sprint number (p < 0.05) on 
physiological and perceptual mea-
sures, except that physical ratings 
of perceived exertion (P-RPE) had 
a significant reduction between trial 
1 and 3 (p < 0.05). No sign of pac-
ing during sprints when compared 
to criterion sprint (p < 0.05). Ex-
perienced subjects did not use less 
time to familiarize themselves com-
pared to previous research, but after 
2 trials they could maintain repeated 
sprint performance with a relative-
ly short and consistent SR recovery 
time, without pacing their sprints. 
Self-regulated recovery could be 
used as a reliable and specific train-
ing method to maintain quality of 
sprint training sessions.
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Introduction

In football, high-speed activities are repeatedly performed and account for ~ 
9% of the total distance covered during a match (8, 33). However, repeated 
sprint ability (RSA), defined as the ability to perform repeated sprints with 
short recovery periods, is viewed as an important component of football 
(35).
 Tests of RSA typically consists of short durations (<6 s) and passive re-
covery periods (<60 s) (35), with the determinants of performance being the 
ability to produce a high sprint speed, and resist fatigue in order to maintain 
these high sprint speeds for subsequent sprints (24). In repeated sprint exer-
cise, typical work-rest ratios employed are 1:4, 1:6 and 1:10 (1, 30). These 
work-rest ratios have led to a performance decrement in subsequent sprints 
for distances between 30-50 m (1). Since recovery between repeated sprints 
is predominantly aerobic, primarily involving the resynthesis of phospho-
creatine (PCr) and removal of inorganic phosphate (21), those with a greater 
aerobic capacity should be better able to maintain performance (17). Thus, 
the use of set work-rest periods may not be appropriate, as individual dif-
ferences in factors such as aerobic capacity may lead to different training 
stimuli, and hence different training responses, between individuals (26). 
Therefore, it may be more appropriate for individuals to regulate their own 
recovery time between repeated sprint work.
 Recent studies have demonstrated that following two familiarization tri-
als, individuals are able to reliably self-regulate (SR) recovery time in or-
der to maintain running (24) and cycling (34) repeated sprint performance. 
These studies used recreationally trained subjects with limited experience 
of repeated sprint exercise. There is evidence that greater experience of an 
exercise can improve the ability to pace and regulate (25, 32), and that this is 
associated with a higher standard of performance (29). Therefore, using in-
dividuals with greater experience of repeated sprinting, and who are known 
to self-pace during match play (19), may show greater reliability in perfor-
mance, as greater experience can lead to a greater tolerance of discomfort 
without experiencing premature fatigue (32). 
 Furthermore, different exercise modes are reported to induce different 
physiological, mechanical and perceptual responses which affects pacing 
strategies (3, 14, 18), and only moderate correlations are found between 
cycling and over ground running repeated sprint performance (35). Thus, as 
environmental differences influence pacing, it is important to investigate SR 
of repeated sprinting in an environment specific to the population used. 
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 The aim of this study was to investigate the reliability of SR repeated 
sprint performance in male professional football players. Due to subjects` 
greater experience in repeated sprinting, it was hypothesized that less famil-
iarization was needed to achieve a stable SR repeated sprint performance 
level compared to previous research (24, 34).  

Methods

Experimental Approach to the Problem

Subjects completed four trials consisting of 12 x 30 m (15 + 15 m) shuttle 
sprints, to account for learning effects and ensure sufficient data for famil-
iarization and reliability analysis (24, 34). Each shuttle sprint was performed 
with one change of direction (COD) of 180˚. Additionally, prior to the re-
peated sprint protocol in trial 1, subjects` criterion sprint was assessed for 
investigation of self-pacing strategies during the repeated sprint protocol. 
Subjects SR recovery time with the goal to maintain sprint performance for 
all sprints. All testing was conducted on an indoor artificial surface (Astro-
turf) wearing football boots. Main outcome measures assessed were sprint 
time (ST), SR recovery time, and fatigue index (FI). Indication of phys-
iological and psychological strain was provided by heart rate monitoring 
(HR), physical ratings of perceived exertion (P-RPE) (7) and task effort 
awareness (TEA) (37).
 Within subjects, all trials were conducted at approximately the same time 
of day, with a minimum of 3 days and a maximum of 4 days between trials 
in order to provide adequate recovery and avoid fatigue effects. Potential 
influence of within subject differences in energy intake on performance (28) 
was accounted for through instructing subjects to complete a 24hr food di-
ary prior to 1st trial, and to replicate this dietary intake before subsequent 
trials. Additionally, subjects were asked to avoid caffeine consumption and 
strenuous exercise for 24hrs before testing. Subjects were allowed to con-
sume water ad libitum during trials. Adherence to these instructions was 
verbally confirmed before initiating each trial (34). 

Subjects

Six professional young male soccer players (18.8 ± 0.5 years, 182.4 ± 5.0 
cm, and 77.4 ± 6.0 kg), participated in the study. All subjects had good 
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experience in repeated sprint protocols. Prior to initiation of trials, subjects 
was informed on the procedures of testing and familiarized with the use of 
P-RPE and TEA, based on the instructions by Swart et al. (37). Following 
this, subjects completed a medical questionnaire and signed informed con-
sent form. The study received approval from the Ethics Sub-Committee for 
the MSc in Strength & Conditioning at the University of Edinburgh. 

Procedures 

Height (cm) and body mass (kg) were recorded using a combined height 
stadiometer and digital scale (SECA 769 Digital Medical Scale, Hamburg, 
Germany), while wearing shorts only. Before initiation of each trial subjects 
completed a standardised warm up consisting of 10 x 20 m jog (self-paced), 
3 x 10 high knees, heel flicks and walking lunges. This was followed by 3 
x 6 dynamic stretches of each leg, targeting hamstrings/lower back, glute-
us and quadriceps. They concluded the warm up with 3 practice sprints of 
increasing intensity, instructed as 70 %, 80% and 90% of self-determined 
maximum sprint speed, respectively, and 5 minutes of passive rest. Sprint 
time was measured using a photocell system (Brower Test Centre System, 
SL Utah, USA). Self-regulated recovery time was measured by a digital 
stop watch to the nearest 0.1 second (11). Sprints were all initiated 1 m 
behind the speed gates to avoid false triggering, and start technique was 
standardised by having one foot in front on the line, one foot backwards, and 
avoid “rolling” backwards when initiating sprint. Prior to each trial, subjects 
were informed on the number of sprints to be executed, 12 x 30 m shuttle 
sprints, to give a maximal effort for each sprint, and to provide themselves 
with sufficient recovery time in order to replicate performance from the cri-
terion sprint for all of the 12 sprints (24, 34). Further, they were reminded 
of the use and meaning of the P-RPE and TEA scale, and the importance of 
meeting the 15 m end line with one foot before turning. Due to time con-
straint in such a high-performance environment, two subjects were tested 
at approximately the same time in the same facility but in different running 
lanes. To eliminate competition effect, subjects were informed before each 
trial that communication with the other subject was not allowed until com-
pletion of the trial. Between each sprint, subjects rested passively, defined as 
standing and walking in a restricted area close to the area of sprint initiation. 
Before each sprint and after the 180˚ COD, subjects were provided with ver-
bal feedback to encourage maximal effort. Further, subjects were instructed 
to provide a 3 second countdown, which they should try to factor into their 
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recovery time, before initiating next sprint (34). Recovery time was defined 
as the immediate end of previous sprint until initiation of next sprint, imme-
diately after the 3 second countdown (34). Subjects were given no feedback 
on performance, and no timepieces were available in the facility. 
 Trial 1. Before subjects initiated the repeated sprint protocol in the first 
trial, their criterion sprint performance was assessed. Subjects completed 
the standardised warm up, but with a 2 min passive rest between the last 
practice sprint and initiation of the criterion sprint assessment. Subjects 
were instructed to perform a single maximal 30 m shuttle sprint. Immediate-
ly after completion of the sprint, subjects completed a 1 min jog and 5 min 
of passive rest before conducting a second sprint (34). If sprint performance 
in the second sprint was slower than sprint one, the time in sprint one was 
taken as the criterion performance. If sprint time in sprint two was ≥5% fast-
er than sprint one, a third sprint was conducted. This process continued until 
sprint time no longer decreased (34). After criterion sprint performance was 
assessed, subjects rested passively for 5 min before initiating the repeated 
sprint protocol.
 Trials 2-4. Trial 2-4 consisted only of the standardised warm up, men-
tioned previously, and the repeated sprint protocol. 
 Measurements. After completion of all four trials, maintenance of sprint 
performance was determined using the following criteria:

1. absence of any obvious pattern of fatigue, determined as continuous 
drop off in performance (24, 34):

2. a within-trial coefficient of variation (CV) for mean ST ≤ 1.79% (the 
upper confidence limit of the CV of mean sprint time in 30m sprints) 
(22). 

In addition to ST and SR recovery time, FI was calculated using the fol-
lowing equation: fatigue= (100 x (total sprint time/ideal sprint time)) -100, 
where total sprint time= sum of sprint times from all sprints, and ideal sprint 
time= number of sprints x fastest sprint time (23). 
 HR, with a high test-retest reliability (2), was collected in 1 second inter-
vals throughout the protocol using the Polar Team 2 system (Polar Electro 
Oy, Kempele, Finland). Additionally, P-RPE and TEA were collected ap-
proximately 5 second after each sprint (34). These scales separately quantify 
physical sensation and mental effort, and have an important role in regula-
tion of exercise intensity (37).  
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Statistical Analysis 

Measures of centrality and spread are represented as mean ± SD. Before 
conducting analysis data were assessed for normality using the Shap-
iro-Wilk test. A published spreadsheet (27)  was used to calculate changes 
in the mean, intraclass correlation coefficient (ICC), standard error of mea-
surement (SEM), and CV for ST, recovery time and FI in order to assess 
reliability between pairs of trials. A within-trial CV of ST and recovery time 
was calculated for each subject from the following equation: ((SD/mean) 
x 100), to assess most reliable trial for sprint performance and recovery 
time. All other analysis were conducted using the Statistical Package for 
Social Sciences (SPSS for Windows, SPSS, Inc., Chicago, IL, USA). One-
way repeated measures analysis of variance (ANOVA) compared mean ST, 
recovery time, FI, P-RPE, TEA and peak HR over the 4 trials. Further, one-
way repeated measures ANOVA compared effect of sprint number from the 
most reliable sprint performance trial on ST, recovery time, P-RPE, TEA 
and peak HR. A paired sample t-test compared criterion sprint with mean ST 
from all trials and from the most reliable sprint performance trial. Addition-
ally, a one way repeated measures ANOVA compared criterion sprint with 
fastest and slowest ST from the most reliable sprint performance trial. If 
assumption of sphericity was violated Greenhouse-Geisser adjustment was 
applied, and significant main effects were explored by planned compari-
sons using simple first contrasts. Pearson`s correlations between P-RPE and 
TEA, and perceptual responses and sprint number were calculated for each 
subject for each trial. To calculate mean correlation for each trial a published 
spreadsheet was used (16). Significant mean differences between trials was 
quantified by Cohen`s d effect sizes as small (d≤0.2), medium (d>0.2 and 
d<0.8), and large (≥0.8) (12). Significance level was set at p ≤ 0.05.

Results

Mean results for each performance variable and perceptual responses are 
in Table 1. Performance variables and TEA did not differ across the four 
SR trials (p > 0.05), but there was a significant effect of trial for P-RPE (p 
≤ 0.05). Reliability analyses are in Table 2. For recovery time, the variation 
(SEM and CV) was reduced and measurements more consistent (ICC) after 
the first pair of trials. ST, for all pairs of trials, showed ICCs >0.88, and CVs 
<1.3%. FI demonstrated considerably less consistency, and greater variabil-
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ity. Table 3 present the within-trial CV, demonstrating a maintenance of per-
formance for each trial as ST, with trial two being the most reliable one. For 
recovery time there was progressively less variation for each trial.  

Table 1. Mean ± SD main outcome variables across the four self-regulated recov-
ery trials (n = 6)

Table 2. Pairwise reliability of performance variables during self-regulated re-
peated sprint exercise (n = 6).
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Table 3. Mean ± SD and range of within trial CV for RT and ST (n = 6).

Pattern of recovery time and ST from the most reliable sprint performance 
trial are presented in Figure 1 and 2, respectively. There was no significant 
effect for trial (recovery time: F[3,15] = 1.783, p > 0.05, and ST: F[3,15] = 2.837, 
p > 0.05), or sprint number (recovery time: F[2.30, 11.50] = 1.462, p > 0.05, and 
ST: F[3.44, 17.19] = 0.493, p > 0.05). For FI, there was no significant effect for 
trial (F[1.13, 5.66] = 3.709, p > 0.05). 

Figure 1. Mean self-regulated recovery time across the repeated sprint exercise 
from the most reliable sprint performance trial (trial 2) (n = 6).
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Figure 2. Mean sprint time across the repeated sprint exercise, from the most reli-
able sprint performance trial (trial 2), with self-regulated recovery time 
(n = 6). 

Results for criterion sprint compared to mean ST trial two and mean ST for 
all trials are in Figure 3, while Figure 4 represents comparisons between cri-
terion sprint, fastest and slowest ST from trial two. There was no statistical 
difference between criterion sprint and mean ST from trial two (t(5) = 0.609, 
p > 0.05), or mean ST from all trials (t(5) = -0.161, p > 0.05). Also, there was 
no statistical difference between criterion sprint, fastest and slowest ST from 
trial 2 (F[2,10] = 0.592, p > 0.05). 



ruben v. hagen & shaun m. phillips

10 idrottsforum.org 2018-03-16

Figure 3. Criterion sprint compared to mean sprint time from most reliable sprint 
performance trial (trial 2) and overall mean sprint time (n = 6). 

Figure 4. Criterion sprint compared to the fastest sprint time and slowest sprint 
time in the most reliable sprint performance trial (trial 2) (n = 6). 

Pattern of P-RPE and TEA from most reliable sprint performance trial are 
in Figure 5 and 6. There was a significant effect of trial for P-RPE (F[3,15] = 
4.053, p < 0.05) with a decreased perceptual responses when comparing trial 
1 and 3 (p < 0.05, d = 1.93), but not for TEA (F[1.393, 6.966] = 2.042, p > 0.05). 
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However, there was a significant effect of time for both measures (P-RPE: 
F[1.730,8.652] = 47.779, p < 0.05, and TEA: F[1.826,9.130] = 19.644, p < 0.05 ), where 
simple contrasts demonstrated P-RPE to be significantly greater in sprint 
3-12 compared to sprint 1 (p < 0.05, d = -2.89, d = -2.76, d = -2.76, d = -4.43, 
d = -4.16, d = -4.16, d = -5.30, d = -4.72, d = -5.04, d = -4.54, respectively), 
and TEA to be significantly greater in sprint 3-12 compared to sprint 1 (p < 
0.05, d = -2.60, d = -1.91, d = -1.91, d = -2.63, d = -4.63, d =-8.68, d = -5.37, 
d = -4.71, d = -4.21, d = -3.21, respectively). 

Figure 5. Physical ratings of perceived exertion after each sprint, from the most 
reliable sprint performance trial (trial 2), with self-regulated recovery 
time (n = 6). *Significantly different from sprint 3-12 (p ≤ 0.05).  
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Figure 6. Task effort awareness ratings after each sprint, from the most reliable 
sprint performance trial (trial 2), with self-regulated recovery time (n = 
6). *Significantly different from sprint 3-12 (p ≤ 0.05). 

Table 4 demonstrates strong positive correlation values between TEA and 
P-RPE, and these perceptual responses and sprint number, for all trials (r2 
≥ 0.88). HR was not significantly affected by trial (F[3,12] = 0.285, p > 0.05) 
(Figure 7). However, there was a significant effect of time (F[2.422,12.110] = 
8.712, p < 0.05) (Figure 8), where simple contrasts demonstrated sprint 2-12 
being significantly greater than sprint 1 (p < 0.05, d = -4.01, d = -2.34, d = 
-2.59, d = -3.32, d = -2.70, d = -2.96, d = -3.44, d = -3.42, d = -2.43, d = 
-2.79, d = -2.53, respectively). 

Table 4. Mean correlation values between P-RPE and TEA, and sprint number 
and P-RPE and TEA (n = 6).
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Figure 7. Peak heart rate response for the repeated sprint exercise in each trial  
(n = 5).

Figure 8. Peak heart rate response for each of the repeated sprints, from the most 
reliable sprint performance trial (trial 2), with self-regulated recovery 
time (n = 6). **Significantly different from remaining data (p ≤ 0.05).  
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Discussion

The aim of this study was to investigate the reliability of SR repeated sprint 
performance in male professional football players. It was hypothesized that 
subjects with greater experience in repeated sprint exercise would need less 
familiarization than subjects in previous research (24, 34). 
 Reliability analysis of ST showed a high degree of consistency and little 
variation across all trials, as evidence of ICC and CV, respectively (Table 
2). This is further supported by both the within trial CV (Table 3) and the 
non-significant between-trial differences, highlighting that subjects pro-
duced consistent ST from the very first trial. However, pairwise reliability 
results showed that SR recovery time became progressively more consistent 
and less variable after trials 1-2, which is quite similar to that of previous 
research (24, 34).Therefore, it seems like subjects with presumed greater 
experience in this type of exercise still needed the same amount of familiar-
ization before repeated sprint performance was maintained with relatively 
stable recovery times. In fact, there was a greater reduction between trials 
1-2 and 2-3 for CV in this study (CV = 4.2) as opposed to Glaister et al. 
(24) (CV = 2.4), indicating a greater degree of familiarization occurred for 
the more experienced subjects. These reliability results are a bit surprising, 
as greater experience should lead to improved pacing and regulation (25, 
32). Testing in this study was conducted with two subjects at approximately 
the same time, but in different running lanes. Therefore, competition effect 
could have acted as a confounding variable, as presence of another athlete 
has shown to increase perceived performance (4). This could mean that re-
covery time, at least for the first trials, was affected for subjects, and could 
further explain the variation in chosen recovery time between individuals, 
seen as a high within trial CV and SD for each trial. The variation could also 
be explained by different fitness abilities. Subjects with a greater aerobic fit-
ness would recover faster between sprints and better maintain performance 
(17, 21), and that subjects with faster sprint times may experience greater 
metabolic strain, and thus need longer recovery periods (24). The present 
reliability results additionally confirms that there is no gold standard for the 
calculation of FI, and different measures shows great variability (23) (Table 
2). 
 When comparing results across studies it is important to consider sprint 
duration and type of modality, with focus on the latter as this is the main 
difference between research in this area. Variation in sprint duration affects 
maintenance of repeated sprint performance (1), and this could affect ability 
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to SR performance. Next, decrement scores are reported to be generally 
greater for intermittent cycling than for running (6), which is supported by 
the greater FI and recovery times for the repeated sprint cycling protocol 
(34)  as opposed to results when using running as the modality in this study 
and in Glaister et al. (24). Additionally, sprints with a COD are reported to 
induce greater metabolic stress, higher blood lactate concentrations and a 
higher pulmonary oxygen uptake, compared to linear sprinting (10). How-
ever, since greater running speed is related to greater fatigue development 
during multiple sprint work (31), speed decrements are reported to be lower 
for intermittent sprints with a COD compared to intermittent linear sprinting 
(10, 13). This is unclear when comparing FI results in this study with those 
in Glaister et al. (24), where FI for the latter were higher in the first 2 trials, 
with no notable difference in the last 2 trials. It might have been some inter-
ference from football specific training sessions conducted on days prior to 
testing which affected these results. 
 Even though there was a relatively small amount of fatigue and a stable 
performance during the repeated sprint protocol, P-RPE, TEA and HR pro-
gressively increased over time in the present study, which is in accordance 
with the previous research (24, 34). The coherent increase in P-RPE and 
TEA can be supported by the strong positive relationship seen between them 
in this study, supporting the findings that they are distinct but related cues 
(37). Glaister et al. (24) argued that the progressive increase in RPE, meant 
that the subjects only gave themselves sufficient recovery time in order to 
maintain performance. However, Phillips et al. (34) assessed accuracy of 
recovery time by reducing it by 10 % from the most reliable SR recovery 
time, and found that performance was still maintained with no impairment 
of the psychophysiological ratings; HR, P-RPE or TEA. They concluded 
that subjects overestimated recovery time needed. Since full recovery is not 
required for maintenance of repeated sprint performance (20), or improve-
ments in sprint performance (15), this could lead to a lack of sufficient stim-
ulus if the intensity is not appropriate. In order to provide more accurate 
recommendations, further research should address this issue since it might 
not be the same for repeated sprint running.  
 As ST lasted between 5-6 s, the primary fuel sources for a single maxi-
mal sprint would be ~  50% PCr and ~  40% anaerobic glycolysis, with an 
increasing aerobic contribution as the sprints progress (21, 35). On the other 
hand, as PCr resynthesis reach half-time after ~ 27 s (38), chosen recovery 
time for subjects in the present study would likely have led to continuous 
reliance of  PCr as the primary fuel source. In addition, it is less likely that 
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anaerobic glycolysis would have been a limiting factor due to the short dura-
tion of the repeated sprint protocol, but that increased acidosis could impair 
ATP resynthesis rate (21). The increased intramuscular acidosis may explain 
the progressive increase in P-RPE, TEA and HR (24),which may further 
be supported by an additionally increased aerobic contribution, increasing 
cardiorespiratory demand and afferent feedback (34). This may also explain 
the individual variations in the relationship between sprint number and the 
perceived physical and psychological ratings as different fitness qualities in 
football are position specific, with significant differences in aerobic fitness 
levels between positions (36), leading to variation in perceptual responses 
to the sprints. Further, these relationships were stronger, and with less vari-
ation, than those in Phillips et al. (34), suggesting that subjects in this study 
were a more homogenous group and that type of exercise mode induce dif-
ferent perceptual responses (14).
 Physical ratings of perceived exertion were significantly reduced between 
trial 1 and 3, with a pattern of decline across all trials. As experience and 
knowledge about the work to be done affect pacing strategies (5, 32), the fa-
miliarization may have led subjects to finding the activity progressively eas-
ier. However, in contrast to Phillips et al. (34), this study found no statistical 
difference between criterion sprint compared to fastest, slowest and mean 
ST in trial 2, or mean ST overall, which suggest that occurrence of pacing 
strategies was unlikely  for the repeated sprints. This is further supported by 
the moderate TEA values seen in this study, as a greater increase in the sense 
of effort could have led to a voluntary reduction in exercise intensity (37). 
Research is unclear about the minimum intensity required for adaptations 
in sprint performance, but a maximal effort seems to be recommended for 
each sprint (26). Even though no significant differences were found for ST 
between trials for this study, the chosen recovery times and the lack of pac-
ing, may have lead to a maximal effort being achieved for each sprint, thus 
leading to enhancements in sprint performances. 
 To the author`s knowledge this is the first study to investigate reliability 
of SR performance in male professional football players, and in a setting 
specific for this type of sport, which is important since different exercise 
modes lead to different physiological, mechanical and perceptual responses 
(3, 14, 18). Since COD ability has shown to be an important determinant in 
team sport performance (9), and that straight line sprinting does not improve 
COD performance (39), specificity must be considered when programming 
this type of work for football players. Probably, the greatest limitation of 
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this study was the small sample size, which could lead to a failure in detect-
ing a true effect and lowering the external validity.
 In conclusion, male professional football players seems to use the same 
amount of familiarization as subjects with less experience, and after two 
trials they can reliably maintain repeated sprint running performance with a 
relative short and consistent SR recovery time.    

Practical applications

This is the first study to assess SR of recovery time in an elite population, 
where it seems to be a reliable method of maintaining repeated sprint perfor-
mance and resist fatigue in sprints with a change of direction. Additionally, 
there was no evidence of pacing during the sprints, which is important as a 
maximal effort seems to be warranted to enhance sprint performance. There-
fore, since set work-rest ratios assessed in the literature usually leads to a de-
creased performance for subsequent sprints, and players within a team may 
possess different physical abilities, coaches can use this as a tool to maintain 
quality of a training session, tailored to each individual`s ability. In addition, 
as linear sprinting does not improve sprinting with a COD, these results 
provide specific implications for coaches. However, as improvements in 
sprint performance may not depend on full recovery between sprints, coach-
es should bear in mind that accuracy of SR recovery time was not assessed 
in this study. 

Acknowledgments

The author held an internship in the club participating in this study. How-
ever, there was no financial link, and this research did not benefit the author 
personally or financially. The study design was solely completed indepen-
dent of the club. No external funding was used for this study.

References
1. Abt G, Siegler JC, Akubat I, and Castagna C. The Effects of a Constant Sprint-

to-Rest Ratio and Recovery Mode on Repeated Sprint Performance. J Strength 
Cond Res 25: 1695-1702, 2011.



ruben v. hagen & shaun m. phillips

18 idrottsforum.org 2018-03-16

2. Achten J and Jeukendrup AE. Heart Rate Monitoring. Applications and Lim-
itations. Sports Med 33: 517-538, 2003.

3. Baron B, Deruelle F, Moullan F, Dalleau G, Verkindt C, and Noakes T. The 
eccentric muscle loading influences the pacing strategies during repeated 
downhill sprint intervals. Eur J Appl Physiol 105: 749-757, 2009.

4. Bath D, Turner LA, Bosch AN, Tucker R, Lambert EV, Thompson KG, and 
Gibson ASC. The effect of a second runner on pacing strategy and RPE during 
a running time trial. Int J Sports Physiol Perform 7: 26-32, 2012.

5. Billaut F, Bishop DJ, Schaerz S, and Noakes TD. Influence of knowledge of 
sprint number on pacing during repeated-sprint exercise. Med Sci Sports Exerc 
43: 665-672, 2011.

6. Bishop DJ. Fatigue during intermittent‐sprint exercise. Clin Exp Pharmacol 
Physiol 39: 836-841, 2012.

7. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 
14: 377-381, 1982.

8. Bradley PS, Sheldon W, Wooster B, Olsen P, Boanas P, and Krustrup P. 
High-intensity running in English FA Premier League soccer matches. J Sports 
Sci  27: 159-168, 2009.

9. Brughelli M, Cronin J, Levin G, and Chaouachi A. Understanding change of 
direction ability in sport. Sports Med 38: 1045-1063, 2008.

10. Buchheit M, Bishop D, Haydar B, Nakamura FY, and Ahmaidi S. Physiologi-
cal responses to shuttle repeated-sprint running. Int J Sports Med 31: 402-409, 
2010.

11. Castagna C, Impellizzeri FM, Rampinini E, D’Ottavio S, and Manzi V. The 
Yo–Yo intermittent recovery test in basketball players. J Sci Med Sport 11: 
202-208, 2008.

12. Cohen J. A Power Primer. Psychol Bull 112: 155-159, 1992.
13. Dal Pupo J, Detanico D, Carminatti LJ, and Santos SG. Physiological and neu-

romuscular responses in the shuttle and straight line-repeated sprint running. 
Apunts Med Esport 48: 43-48, 2013.

14. Dasilva SG, Guidetti L, Buzzachera CF, Elsangedy HM, Krinski K, De Cam-
pos W, Goss FL, and Baldari C. Psychophysiological responses to self-paced 
treadmill and overground exercise. Med Sci Sports Exerc 43: 1114-1124, 2011.

15. Dawson B, Fitzsimons M, Green S, Goodman C, Carey M, and Cole K. 
Changes in performance, muscle metabolites, enzymes and fibre types after 
short sprint training. Eur J Appl Physiol 78: 163-169, 1998.

16. Decoster J and Iselin A-M. Averaging Correlation Coefficients. Available at: 
www.stats-help.com/spreadsheets.html. Accessed June 20, 2015

17. Dupont G, McCall A, Prieur F, Millet GP, and Berthoin S. Faster oxygen up-
take kinetics during recovery is related to better repeated sprinting ability. Eur 
J Appl Physiol 110: 627-634, 2010.

18. Edwards A and Lander P. Physiological responses to self-paced exercise: ef-
fort-matched comparisons across running and rowing modalities. J Sports Med 
Phys Fitness 52: 344-350, 2012.

19. Edwards AM and Noakes TD. Dehydration. Cause of Fatigue or Sign of Pac-
ing in Elite Soccer? Sports Med 39: 1-13, 2009.



self-regulated recovery between repeated sprints

idrottsforum.org 2018-03-16 19

20. Gaitanos GC, Williams C, Boobies LH, and Brooks S. Human Muscle Me-
tabolism During Intermittent Maximal Exercise. J Appl Physiol 75: 712-719, 
1993.

21. Glaister M. Multiple sprint work. Sports Med 35: 757-777, 2005.
22. Glaister M, Howatson G, Lockey RA, Abraham CS, Goodwin JE, and 

McInnes G. Familiarization and Reliability of Multiple Sprint Running Perfor-
mance Indices. J Strength Cond Res 21: 857-859, 2007.

23. Glaister M, Howatson G, Pattison JR, and McInnes G. The Reliability and Va-
lidity of Fatigue Measures During Multiple-Sprint Work: An Issue Revisited. J 
Strength Cond Res 22: 1597-1601, 2008.

24. Glaister M, Witmer C, Clarke DW, Guers JJ, Heller JL, and Moir GL. Famil-
iarization, Reliability, and Evaluation of a Multiple Sprint Running Test Using 
Self-Selected Recovery Periods. J Strength Cond Res 24: 3296-3301, 2010.

25. Green JM, Sapp AL, Pritchett RC, and Bishop PA. Pacing accuracy in colle-
giate and recreational runners. Eur J Appl Physiol 108: 567-572, 2010.

26. Haugen T, Tonnessen E, Hisdal J, and Seiler S. The role and development of 
sprinting speed in soccer. Int J Sports Physiol Perform 9: 432-441, 2014.

27. Hopkins WG. Precision of measurement. In: A New View of Statistics 
 [Internet]. New Zealand: Sportscience. Available at: http://newstats.org/preci-

sion.html. Accessed May 15, 2015 
28. J. Maughan R, Greenhaff P, Leiper J, Ball D, Lambert C, and Gleeson M. Diet 

composition and the performance of high-intensity exercise. J Sports Sci 15: 
265-275, 1997.

29. Lima-Silva AE, Bertuzzi RC, Pires FO, Barros RV, Gagliardi JF, Hammond 
J, Kiss MA, and Bishop DJ. Effect of performance level on pacing strategy 
during a 10-km running race. Eur J Appl Physiol 108: 1045-1053, 2010.

30. Little T and Williams AG. Effects of Sprint Duration and Exercise: Rest Ratio 
on Repeated Sprint Performance and Physiological Responses in Professional 
Soccer Players. J Strength Cond Res 21: 646-648, 2007.

31. Mendez-Villanueva A, Hamer P, and Bishop D. Fatigue in repeated-sprint ex-
ercise is related to muscle power factors and reduced neuromuscular activity. 
Eur J Appl Physiol 103: 411-419, 2008.

32. Micklewright D, Papadopoulou E, Swart J, and Noakes T. Previous experience 
influences pacing during 20 km time trial cycling. Br J Sports Med 44: 952-
960, 2010.

33. Mohr M, Krustrup P, and Bangsbo J. Match performance of high-standard 
soccer players with special reference to development of fatigue. J Sports Sci 
21: 519-528, 2003.

34. Phillips SM, Thompson R, and Oliver JL. Overestimation of Required Recov-
ery Time During Repeated Sprint Exercise With Self-Regulated Recovery. J 
Strength Cond Res 28: 3385-3392, 2014.

35. Spencer M, Bishop D, Dawson B, and Goodman C. Physiological and Met-
abolic Responses of Repeated-Sprint Activities. Sports Med 35: 1025-1044, 
2005.



ruben v. hagen & shaun m. phillips

20 idrottsforum.org 2018-03-16

36. Sporis G, Jukic I, Ostojic SM, and Milanovic D. Fitness profiling in soccer: 
physical and physiologic characteristics of elite players. J Strength Cond res 
23: 1947-1953, 2009.

37. Swart J, Lindsay TR, Lambert MI, Brown JC, and Noakes TD. Perceptual cues 
in the regulation of exercise performance - physical sensations of exercise and 
awareness of effort interact as separate cues. Br J Sports Med 46: 42-48, 2012.

38. Taylor D, Kemp G, Thompson C, and Radda G. Ageing: effects on oxidative 
function of skeletal muscle in vivo. Mol Cell Biochem 174: 321-324, 1997.

39. Young WB, McDowell MH, and Scarlett BJ. Specificity of sprint and agility 
training methods. J Strength Cond Res 15: 315-319, 2001.


