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Abstract:

The time between races varies in the track cycling competition known as the Match Sprint, but
can be as little as 10-15 minutes. Both physiological and motivational factors could affect
performance recovery. This study investigated how the between-sprint recovery activity, and an
alteration in the duration of the second sprint, affected performance. Twenty-four strength-
trained men (age: 26 £ 5 years; height: 180.3 + 6.1 cm; body-mass: 82.3 £ 6.9 kg) participated.
During each of the four experimental trials, two sprints were performed 12 minutes apart. The
first was always 18 s and the second was either 9 s or 18 s. Between sprints, passive rest or a
mixture of active and passive recovery was undertaken. Peak power output (PPO), as well as
mean power output over 9 s (MPQOy) and 18 s (MPO13), was recorded. Lactate concentration,
ratings of sprint preparation and performance, as well as perceptions of recovery, were also
measured. Post-trial and post-study questionnaires explored factors that may have influenced
performance. A sprint number x recovery method interaction (F(1.23) = 28.791, p <0.001, n5 =
0.556) was found for PPO, with a significantly lower PPO in sprint 2 following passive
recovery. Sprint number x second sprint duration interactions were found for PPO (F(1,23) =
9.867, p = 0.005, n; = 0.300) and MPOg (F(1,23) = 8.922, p = 0.007, n; = 0.279). A significant
time X condition interaction was also found for lactate concentration (£(s.082,97.320)= 2.982, p = 0.010, 1112,
= 0.157), although post hoc tests were unable to identify the cause of any of these effects.
Typically, the participants were satisfied with their sprint performances and expressed positive
views about the recovery activity undertaken. The main finding was, therefore, that PPO was

lower following passive recovery, but the effects on MPO were not apparent.
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INTRODUCTION

At the 2020 Tokyo Olympics, the sprint cycling disciplines on the track were the Team Sprint,
the Keirin, and the Match Sprint. The Match Sprint consists of a qualifying time-trial (the Flying 200),
followed by head-to-head races, whereby two riders will compete against each other in a bid to cross
the finish line first. Whilst each race takes place over three laps of the track, the actual distance that the
riders maximally sprint is not fixed (Dale et al., 2022). Air resistance is a major limiting factor in cycling
performance (Faria, 1992). Reductions in air resistance can be achieved by closely following another
rider (Craig & Norton, 2001), meaning that riders may attempt to strategically force their opponent to
take the lead in this highly tactical event. The recovery time between races also varies. The average
within session recovery period at the Tokyo Olympics was 48 + 23 minutes, and in the final Gold Medal
decider, the riders had just over 15 minutes to recover from their previous heat (Dale et al., 2022). At
the 2016 Rio Olympics, the schedule indicated that a recovery period as short as 10 minutes may have
occurred (Vieria, 2016). In laboratory-based tests, both peak (PPO) and mean (MPO) power output have
been found to be reduced when 12 minutes separated two 18 s cycling sprints (Dale et al., 2022). Possible
explanations for the loss of performance in the second sprint could be because the participants rested
passively on the ergometer between sprints (Dale et al., 2022) or could be as a result of a change in

pacing strategy.

Passive rest may not be reflective of the current practice that is undertaken by sprint cyclists
(Dale et al., 2022), which may include a mixture of active and passive recovery (personal
communication, 12% September, 2019). The rationale for performing an active recovery could be to
increase blood flow to the muscle, enhancing oxygen delivery thereby aiding PCr resynthesis, as well
as improving the removal of lactate and hydrogen ions (Bogdanis et al., 1996b). The production of
lactate and hydrogen ions will occur during intense exercise and whilst the implications for muscular
fatigue continue to be debated (Fitts, 2016; Westerblad, 2016), the inter- and intra-cellular movement
of lactate is driven by concentration or pH gradients, or by redox state (Brooks, 2018). The majority of
lactate metabolism is directed towards oxidation (Brooks, 2018). Cardiac muscle is highly oxidative

making it a major lactate consumer (Gladden, 2008). However, skeletal muscles will also oxidise lactate,



with the oxidation rate being dependent on the metabolic rate of both the exercising and resting muscles
(Gladden, 2008). Whilst not all findings have been in support (Bogdanis et al., 1996b; Dorado et al.,
2004), the majority of research has indicated that performing an active recovery does improve lactate
clearance (Devlin et al., 2014; Kirkpatrick & Burrus, 2020; McLellan & Skinner, 1982; Menzies et al.,

2010).

From a sprint cycling performance perspective, when two 30 s Wingate tests were performed
15 minutes apart, lactate clearance was enhanced when an active recovery was undertaken, but no
significant interactions were found for any of the performance measures (absolute PPO, relative PPO,
MPO, relative MPO, total work, and fatigue index) (Kirkpatrick & Burrus, 2020). The participants were,
however, recreationally active females. Sprint performance recovery may be faster in females than
males, albeit this may relate to the higher power outputs that are typically produced by males, rather
than a difference in fatigue resistance between sexes (Billaut & Bishop, 2012). In the study by
Kirkpatrick and Burrus (2020), the PPO achieved in the first sprint was on average ~ 730 W. In contrast,
an average PPO of just under 1300 W was reported for recreational active males, during the first of two
30 s cycling sprints (Bogdanis et al., 1996b). When a second sprint was undertaken four minutes after
the first, an active recovery resulted in a significantly greater restoration of MPO (Bogdanis et al.,
1996b). Furthermore, the improvement in performance recovery was as a result of the power generation
during the first 10 s of the second sprint (Bogdanis et al., 1996b), where a disproportionate amount of

the work is conducted (Bogdanis et al., 1996a).

PPO usually occurs a few seconds after a sprint is initiated (de Jong et al., 2015; Glaister et al.,
2019; Wittekind et al., 2011), with power output declining thereafter. The optimal sprinting strategy has,
therefore, been described as using an all-out approach (Abbiss & Laursen, 2008). There is, however,
evidence to suggest that pacing does still exist during single- (de Jong et al., 2015; Glaister et al., 2019;
Wittekind et al., 2011) and repeated-sprints (Billaut et al., 2011). During single-sprints, even though the
time to PPO was unaltered, a lower PPO has been found when longer sprints were undertaken (de Jong
et al., 2015; Glaister et al., 2019; Wittekind et al., 2011). During repeated-sprints, in comparison to a

control trial, where the participants were correctly informed that they would be required to perform ten



6 s sprints with 24 s of recovery, power output was significantly higher during the first sprint, as well as
the cumulated work over the first five sprints, in the deception trial, where the participants believed that
they were only going to perform five sprints (Billaut et al., 2011). Therefore, the perception that the
participants had about the demands of the task, may have affected the amount of effort that they were
willing to exert. The maximum effort that an individual is prepared to provide to complete a task has
been termed their potential motivation and forms part of the psychobiological model (Marcora, 2008).
Other factors that have been included in the model include: perception of effort; knowledge of the
distance or time needed to complete a task; knowledge of the distance or time remaining; and previous
experience of the effort required for exercise of different intensities and durations (Pageaux, 2014). The
psychobiological model was, however, developed considering endurance exercise (Marcora, 2008),
meaning that its applicability to short-duration all-out tasks is not known. Nonetheless, given the
aforementioned findings of pacing during sprint and repeated-sprint activities, it is conceivable that

many of its elements could be relevant.

The aim of the current study was, therefore, to investigate how the between-sprint recovery
activity that is currently undertaken by sprint cyclists (a mixture of active and passive recovery) affected
performance, as well as to evaluate whether a change in second sprint duration provided evidence of an
alteration in pacing strategy. It was hypothesised that performing a mixture of active and passive
recovery between sprints would enhance the recovery of all of the performance measures. It was also
hypothesised that performance recovery would be greater when a shorter duration second sprint was

undertaken.

METHODS

Participants

Twenty-four men (age: 26 + 5 years; height: 180.3 + 6.1 cm; body-mass: 82.3 + 6.9 kg), who
were regularly conducting resistance training (at least two sessions per week for the last six months),

volunteered to take part in this study. The sample size was determined considering previous research



(Billaut et al., 2011; Bogdanis et al., 1996b; Dale et al., 2022; de Jong et al., 2015; Glaister et al., 2019;
Kirkpatrick & Burrus, 2020; Wittekind et al., 2011) and resource constraints. To aid with the consistency
in testing conditions, the participants were instructed to refrain from conducting any strenuous exercise
for 24 hours, ingesting alcohol and caffeine for 12 hours, and consuming food for three hours, prior to
each trial. Before commencing the first trial, a pre-activity readiness questionnaire was completed,
providing a screening process for any existing medical conditions and/or injuries that could have
affected the ability of the participants to sprint on the cycle ergometer. Written informed consent was
obtained and the participants were advised about the risks and benefits of taking part in the study. Ethical
approval was granted by St Mary’s University Ethics Committee (London, United Kingdom), code of

approval: SMUETHICS202223254.

Apparatus and Materials

A stadiometer, weighing scales, and skinfold callipers were used to collect
anthropometric measurements. For all sprints, the cycle ergometer (Lode Excalibur Sport, Groningen,
The Netherlands) was put in Wingate mode, with the torque factor set to 0.95 Nmkg™'. The torque factor
was greater than the standard Wingate test torque factor, as strength-trained individuals require a greater
resistance to optimise sprint performance (Pazin et al., 2011). A £100 gift voucher (Amazon, Seattle,
USA) was rewarded to the participant that produced the highest MPO relative to body-mass over all
sprints in the experimental trials. An automated analyser (Biosen C-Line, EFK Diagnostics, Barleben,
Germany) was used to measure lactate concentration. Software for calculating blood lactate markers
(Newell et al., 2007) was used to identify the first rise in blood lactate concentration (LT) via the log-
log LT method, as well as to determine the corresponding power output. Visual analogue scales (VAS)
were used to assess preparedness to sprint (prior to each sprint), perceptions of recovery (between
sprints), and sprint performance rating (after each sprint). The preparedness to sprint scale ranged from
‘not at all’, indicating that the participant did not feel at all prepared to perform their best maximal effort
18 s sprint, to ‘completely’, suggesting that they felt totally prepared to perform their best possible

maximal effort 18 s sprint. The sprint performance scale ranged from ‘poor’, a very bad reflection of



their best sprint performance, to ‘optimal’, an excellent reflection of their best sprint performance.
Finally, the perceptions of recovery scale ranged from ‘not at all recovered’, reflective of their recovery
status at the end of the first sprint, to ‘completely recovered’, suggesting that they believed that they
could perform another maximal effort 18 s sprint, matching their previous effort. A post-trial
questionnaire was completed at the end of each of the experimental trials. The questionnaire asked how
satisfied the participants were with their sprint performances that day, what they felt may have mostly
influenced their performances, and how they felt the recovery activity affected their second sprint
performance. After the final trial, an additional questionnaire was completed. The end-of-study
questionnaire asked the participants why they chose to participate, what factors they felt had mostly
influenced their approach to the sprints, and the extent to which the offer of a financial reward had

affected their approach to the sprints.

Procedures

Trial 1

Anthropometric measurements were first taken. Skinfold thickness was measured at the biceps,
triceps, subscapular, and suprailliac, and was used to estimate body-fat using a recognised formula
(Durnin & Womersley, 1974). The cycle ergometer was then adjusted for each participant, with the
setup (seat and handlebar height, as well as fore-aft positions) being recorded to facilitate replication
during the subsequent trials. Next, the participants performed a step test (starting load 40-100 W, step
change 20 W'stage™!) on the ergometer. Stages were three minutes long and at the end of each stage a 20
pl capillary blood samples was taken from the earlobe. The test was stopped when blood lactate
concentration reached ~ 4 mmol L. A brief rest period (~ 5 minutes) followed the step test. During the
rest period, the participants were asked to view the three VAS. The participants were advised that there
were no right or wrong responses to any of the scales and that they should place a mark that best
represented their feeling at that time. Following confirmation from the participants that they understood

the requirements of each scale, they got back on the cycle ergometer, before being asked to indicate



which leg they would prefer to use to initiate a stationary start sprint. Each sprint began with the chosen
leg being ~ 45° forward to the vertical axis, which was consistent with previous research (Billaut &
Basset, 2007; Dale et al., 2022). The sprint warm-up protocol (see Table 1) was then explained and
undertaken. The same sprint warm-up protocol was used in all the experimental trials. Three minutes
after the sprint warm-up, the participants performed a 9 s familiarisation sprint. Following an additional
5 minutes of rest (2 minutes of active cycling, 3 minutes passively seated on the ergometer), an 18 s
familiarisation sprint was performed. For all sprints, the participants were instructed to provide a
maximal effort from the start, to remain seated throughout, and to keep sprinting until the resistive load
was removed. Strong verbal encouragement was provided during each sprint. Positive statements were
used to aid performance, e.g. ‘push, push, push’ on sprint initiation, ‘you re doing well’ following the
initiation, ‘dig-in’ at approximately the half-way point, with a time remaining phrase only used towards
the end of the sprint, ‘last 6 s, keep going’ (Edwards et al., 2018). Practice measurements of the three
VAS were also performed. At the end of the trial, the participants were advised about the requirements
for winning the gift voucher. Consistent with previous research, the reward was offered to encourage

the participants to perform maximally (Marcora & Staiano, 2010).

Table 1 Warm-up and sprint protocol (Coaching and Sports Science Division of the United States Olym-
pic Committee, 2004).

Duration (s) Resistive Load (Nmkg™) Instruction

300 0 Passive rest

120 0.187 Comfortable cadence 60-90 rpm
5 (rolling start sprint) 0.47 Spin as fast as possible

50 0.187 Comfortable cadence 60-90 rpm
5 (rest) 0* Get into start position

5 (stationary start sprint) 0.47 Drive as hard as possible

50 0.187 Comfortable cadence 60-90 rpm
5 (rest) 0* Get into start position

5 (stationary start sprint) 0.47 Drive as hard as possible

55 0.187 Comfortable cadence 60-90 rpm
180 0 Passive rest

Note: *prior to each sprint a resistance of 1000 W was briefly applied to stop the flywheel.
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Trials 2-5

During each of the four experimental trials, the participants performed two cycling sprints, 12
minutes apart. Capillary blood lactate measurements were taken at rest, following the warm-up,
immediately after the first sprint, as well as 3.5, 7.5, and 10.5 minutes after the first sprint. The VAS
that evaluated how prepared the participants felt they were to perform an 18 s sprint was presented 30 s
prior to each sprint, with the participants being asked to provide a clear mark on the scale with a pen.
The scale that assessed how the participants rated their sprint performance was marked immediately
after each sprint. The scale that assessed perceived recovery status was presented every 45 s for 10.5
minutes during the period between sprints. Consistent with previous research, a fresh scale was used for
each measurement to prevent visual feedback from affecting the response (Glaister et al., 2012). If the
participants perceived that their recovery status was complete within 10.5 minutes, the scale was no
longer administered. The first sprint was always 18 s long. Following the sprint and the marking of the
sprint performance scale, the participants were advised about the recovery condition (passive or
active/passive mixed). During the active/passive mixed recovery trials, 30 s after the sprint, the
participants cycled for 3.5 minutes at 80% of the LT power output (108 + 35 W), a recovery exercise
intensity that has been suggested to optimise blood lactate clearance (Devlin et al., 2014). The
participants then rested passively on a chair for four minutes, before cycling again for a further 3.5
minutes at the same intensity. Following a final 30 s of passive rest, the participants performed a second
sprint. The second sprint duration was either 9 s or 18 s. The participants were advised about the duration
of the second sprint after the preparedness to sprint scale had been marked. In the passive recovery trials,
the participants rested passively on the ergometer during the equivalent active cycling periods. To reduce
the possibility of an order effect, the trials were performed in a randomised counterbalanced fashion.
This was achieved by constructing a numerical list of every combination that the four experimental
conditions could be performed. Each participant was then randomly assigned a unique number between
one and twenty-four, which was then matched to the corresponding trial order. At the end of each
session, the post-trial questionnaire was completed on a computer and following the final trial, the post-

study questionnaire was also completed.
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Data Analysis

The cycle ergometer recorded power output at 5 Hz. PPO was the highest value recorded. Mean
power output was calculated over the first 9 s (MPOy), and where appropriate, over the full 18 s (MPO5s)
of the test. All VAS were 20 cm in length and markings were converted to a percentage before analysis.
The time-course of perceived recovery status was modelled using a one-phase exponential growth
function (see Equation 1). The mathematical function was selected based on previous research that has
modelled physiological responses following a cycling sprint (Glaister et al., 2012). The questionnaire

data were inductively organised into domain themes (Meijen et al., 2022).

_®
PR(t) = (4g * <1 —e T0> * Uy) (Equation 1)

where PR(?) is the perception of recovery percentage at any time-point, 4y represents the asymptotic
amplitude to which the performance recovery percentage projects, 7y is the time constant, and 7 is time.

Uo=0whent<0and Uy=1 whent>0.

Statistical Analysis

Statistical analyses were conducted using SPSS® software, version 28.0 (IBM Corporation,
Armonk NY; USA). Values are reported as mean + standard deviation. Statistical significance was set
a priori at p < 0.05. PPO, MPOy, as well as the preparedness and performance ratings were assessed
using a three-way (sprint number x recovery method x second sprint duration) ANOVA. Due to
violations of normality, data transformations were performed for the analysis of preparedness (taking
the arcsine) and performance (cubing) ratings. Two-way ANOVAs were used to evaluate both
differences in MPO s (sprint number x recovery method) and lactate concentration (time x condition).

Due to violations of normality, the time constant (t) derived from the modelled response for perceptions
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of recovery was transformed by taking the square root. A one-way ANOVA was then used to assess
differences in 1t between the four conditions. A one-way ANOVA was also used to assess for a
performance training effect for PPO, MPOy and MPO 5. For the evaluation of a training effect, the data
were assessed in trial order. The coefficient of variation, the intraclass correlation coefficient (ICC), as
well as 95% confidence limits, were also calculated using recommended procedures (Schabort et al.,
1999). Where applicable, if the assumption of sphericity was not satisfied, the Greenhouse-Geisser
correction was applied. Where required, post hoc analyses were conducted using a Bonferroni

correction.

RESULTS
Performance
Peak Power Output

A main effect was found for sprint number (F(1,23) = 30.976, p <0.001, n; = 0.574) and recovery
method (F123 = 19.660, p < 0.001, 5, = 0.461), with a higher PPO being found during sprint 1 and
when a mixed recovery was undertaken. Two-way interactions were found for both sprint number x
recovery method (F1,23 = 28.791, p < 0.001, n; = 0.556) and sprint number % second sprint duration
(Fup23»=9.867, p =0.005, rlf, = 0.300) (see Figures 1 & 2). For the sprint number x recovery method
interaction, post hoc analyses revealed no significant difference between recovery conditions for sprint 1
PPO, but when compared to a mixed recovery, sprint 2 PPO was significantly lower following passive
recovery. For the sprint number x second sprint duration interaction, post hoc analyses revealed no
significant differences between conditions for either sprint 1 or sprint 2. The three-way interaction for

PPO was not significant (F(1,23) = 0.221, p = 0.643, r]f, =0.010).



13

1600 -

1400 H

1200 A

1000 -

800 -

600

Power Output (W)
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200 A B Active Passive Mixed

OPassive

Sprint 1 Sprint 2
Sprint Number

Figure 1 Peak power output during two sprints performed 12 minutes apart. The recovery method was
either a mixture of active and passive recovery or just passive recovery. Bars represent the mean and
error bars the standard deviation. *denotes a significantly (p < 0.05) lower PPO in sprint 2 following
passive recovery when compared to a mixture of active and passive recovery.
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1400 -
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800 1

Power Output (W)

600

400 -

200 A B9 s Second Sprint

018 s Second Sprint

Sprint 1 (18 s) Sprint 2 (9 s or 18 s)
Sprint Number

Figure 2 Peak power output during two sprints performed 12 minutes apart. The first sprint was always
an 18 s sprint. The second sprint was either 9 s or 18 s. Bars represent the mean and error bars the
standard deviation.
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9 s Mean Power Output

Main effects were found for sprint number (F1,23 = 33.224, p <0.001, 5, = 0.591) and recovery
method (F23) = 22.883, p < 0.001, ny = 0.499), with a higher MPOy being found during sprint 1 and
when a mixed recovery was undertaken. A significant interaction was found for sprint number x second
sprint duration (F(1.23 = 8.922, p = 0.007, 11?, = 0.279), although post hoc analyses did not reveal a
significant difference for either sprint 1 or sprint 2 performances between the conditions (see Figure 3).
The two-way interaction for sprint number x recovery method (F123) = 3.343, p = 0.080, n; = 0.127)

and the three-way interaction (sprint number % recovery method X second sprint duration) were not

significant (F1,23 = 0.326, p = 0.573, 115, = 0.014).

1200 -

1000 -

800 -

600

Power Output (W)

400 -

200 -
B9 s Second Sprint

018 s Second Sprint

Sprint 1 (18 s) Sprint 2 (9 s or 18 s)
Sprint Number

Figure 3 Mean power output during the first 9 s of two sprints performed 12 minutes apart. The first
sprint was always an 18 s sprint. The second sprint was either 9 s or 18 s. Bars represent the mean and
error bars the standard deviation.
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18 s Mean Power Output

Significant main effects of sprint number (F(123) = 39.088, p <0.001, I],Z, =0.630) and recovery
method (F 23 = 10.229, p = 0.004, I]ZZ, = 0.308) were found for MPO,g, with a higher MPO s being
found during sprint 1 and when a mixed recovery was undertaken. The sprint number X recovery method

interaction was not, however, significant (F(123) = 2.513, p = 0.127, ny; = 0.098) (see Figure 4).

1000 -

800 -

600 -

400 -

Power Output (W)

200 A
B Active Passive Mixed

OPassive

Sprint 1 Sprint 2
Sprint Number

Figure 4 Mean power output during two 18 s sprint performed 12 minutes apart using either a mixture
of active and passive recovery or just passive recovery between sprints. Bars represent the mean and
error bars the standard deviation.

Sprint Consistency

When analysed in trial order, no significant differences were found for PPO (F369y= 0.059, p =
0.981, Ny = 0.003), MPOy (F(3,69) = 0.248, pP= 0.862, rhz, =0.01 1), or MPOys (F(2,|37,49‘146): 0.598, pP=
0.565, n; = 0.025). The coefficient of variation and the ICC were 4.7% [4.0 — 5.6] and 0.90 [0.82 —

0.95] respectively for PPO, 4.1% [3.5 — 4.9] and 0.89 [0.80 — 0.94] respectively for MPOy, and 2.8%

[2.4 —3.4] and 0.93 [0.87 — 0.96] respectively for MPO;s.
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Blood Lactate Concentration

A significant effect of time (F1.6s0,26.872)= 149.482, p <0.001, n;; = 0.903) was found for blood
lactate concentration. A significant time x condition (Fi.08297.3200 = 2.982, p = 0.010, Ihz) = 0.157)

interaction was also found. However, post hoc tests did not reveal any significant differences between

conditions at any of the six time-points (see Figure 5).

_ 8 1 DOPassive 18 s Second Sprint Q =
: \ —
N | R
S \ N
E N\ \ N
k \ \ \
: \ N | IR
\ N | IR
\ N | IR
\ N | IR
: \ \ N
) N\ | R

0 N N | IN |

Figure 5 Blood lactate concentration at rest, after the warm-up (WU), immediately after the sprint, and
following 3.5, 7.5, and 10.5 minutes of recovery, under four testing conditions. The recovery activity
was either passive or a mixture of active and passive. The first sprint was always 18 s. The second sprint
was either 9 s or 18 s. Bars represent the mean and error bars the standard deviation.

Preparedness to Sprint

A significant main effect (F1.23y= 6.927, p=0.015, I]ZZ, =0.157) of sprint number was found for
preparedness to sprint (see Figure 6), with the participants feeling better prepared for the second sprint.

All other comparisons were not significant.
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Figure 6 Rating of how prepared the participants were to sprint, measured just prior to two sprints
performed 12 minutes apart. The recovery activity was either passive or a mixture of active and passive.
The first sprint was always 18 s. The second sprint was either 9 s or 18 s. Bars represent the mean and
error bars the standard deviation. *denotes a significant main effect (p < 0.05) of sprint number.

Perceptions of Recovery

Ratings of perceptions of recovery are displayed in Figure 7. The parameters of the modelled
response are displayed in Table 2. The time constant did not differ significantly (F369) = 0.689, p =

0.562, ny; = 0.029) between conditions.



120

100

80

60

40

Perceived Recovery Percentage (%)

20

120

100

80

60

40

Perceived Recovery Percentage (%)

20

18

_ ’."".’.d'
L
. 4
- .,."
4 .,
.i’ -
i
7 1
/
7/
.[ B
T [
- - -0- - 95 Second Sprint
---- ®--- 18 s Second Sprint
0 100 200 300 400 500 600 700
Time (s)
1 -7 —’8— i
"3’
7
- = = 95 Second Sprint
---- @ 18 s Second Sprint
0 100 200 300 400 500 600 700
Time (s)

Figure 7 Perceptions of recovery following an 18 s sprint. The recovery activity was either passive (A)
or a mixture of active and passive (B). The first sprint was always 18 s. The second sprint was either 9
s or 18 s. Points represent the mean and error bars the standard deviation.
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Table 2 The time constant for perceptions of recovery following an 18 s sprint. The recovery activity
was either passive or a mixture of active and passive. The first sprint was always 18 s. The second sprint
was either 9 s or 18 s. Data are displayed as mean + standard deviation.

Condition Amplitude (%) T(s)
Active Passive Mixed 9 s Second Sprint 97.6+5.3 127.1+95.1
Active Passive Mixed 18 s Second Sprint 97.4+£59 1589+121.8
Passive 9 s Second Sprint 94.5+7.4 140.5 + 88.3
Passive 18 s Second Sprint 96.8+£5.2 1404 £ 112.1

Note: T denotes the time constant.

Sprint Performance Rating

Sprint performance rating differed significantly depending on the recovery method (F(1.23) =

. ,p=0.049, 1, =0. and the sprint number (£(1,23 = 6.313, p=0. , Ny =0. , with higher
4.300 0.049 f, 0.158) and th i ber (F 6.313 0.019, ng = 0.215), with high:

ratings being found in the mixed recovery trials and following the second sprint. No other significant

effects were found (see Figure 8).
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Figure 8 Performance rating following two sprints 12 minutes apart. The recovery activity was either
passive or a mixture of active and passive. The first sprint was always 18 s. The second sprint was either
9 s or 18 s. *denotes a significant main effect (p < 0.05) of sprint number and tdenotes a significant
main effect (p < 0.05) of recovery activity.
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Sprint Satisfaction

The participants generally reported that they were fairly satisfied (e.g. ‘I was fairly satisfied
with my sprint performance. I feel that I had a better start to the sprint than previously, but struggled to
hold it for the full length of time’), satisfied (‘Good, both efforts felt strong, on the second shorter effort
1 felt very strong’), or very satisfied ( ‘Very happy, maximal effort and kept the leg speed up as long as [
could’) with their sprint performances. However, on eight occasions, the participants stated that they

were not satisfied ( ‘Didn 't feel great. Felt better last week’) and on one occasion not very satisfied (‘Not

very’).

Factors that Influenced Sprint Performance

When asked about what may have mostly influenced sprint performance that day, the responses
focussed on physiological factors, such as good sleep (‘1 had a good night’s sleep and rested most of
the day’), psychological factors, such as determination ( ‘My personal drive to want to perform the very
best I can’) and the information provided about the second sprint duration (“Feel the biggest influence
on the 9 s sprint was being told it was 9 s just beforehand — immediately makes you feel less intimidated
towards the 2" sprint and perhaps allows you to go that extra 2-3% harder knowing that there is less
duration ahead’), as well as physical factors, such as the recovery activity undertaken ( ‘The active
recovery felt like it helped’; ‘The passive rest allowed me to fully recover afier the 18 s sprint in

preparation for the second sprint’).

When specifically asked about the influence that the recovery activity may have had on second
sprint performance, irrespective of the condition, the majority of participants focused on positive aspects
(passive trials: ‘I think it helped. I was pretty fatigued, so not doing anything seemed to be a good call’;
active/passive mixed trials: ‘Moving my legs helped them to feel fresh and ready for the second sprint
effort’), although some participants stated that they would have preferred some form of active recovery
to be included within the passive recovery trials (‘Feel as though it may not have been the most efficient

form of recovery. Ideally, would have preferred to have the legs spinning a little on the bike in-between’),
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whereas when the mixed recovery protocol was undertaken, others stated that they would rather have
rested passively ( ‘Massively influenced my perceived ability as 1 felt constrained by my breathing during

recovery and this was compounded by my initial feeling of heavy legs before the second sprint’).

Influence of a Financial Reward

When asked why they chose to participate in this study, participants mainly referenced aiding
research ( ‘Contribute to research’) or an interest in the project ( ‘Interested in the physiology of recovery
and interested in finding out data on my own performance’); no participants referred to the financial
reward. In a similar fashion, no participants referred to the financial reward when asked about what
provided the greatest influence on their approach to the sprints, with most of the responses referencing
a personal challenge (‘7 wanted to get the most out of myself for each effort, so my internal motivation
to push myself influenced my sprint approach the most’). When specifically asked the extent to which
the offer of a financial reward affected their approach to the sprints, the majority of participants stated
that the reward had little or no influence, although five participants suggested that the reward had some
influence (‘The financial reward gave a slight extra motivation to push as hard as possible in the sprints,
but not a significant difference as I wanted to push myself as hard as possible either way’), and four
participants suggested that the reward had a substantial influence ( ‘It helped me give everything in every

attempt’).

DISCUSSION

The aim of this study was to investigate the effects of recovery method, and an alteration in
second sprint duration, on measures of sprint-cycling performance. The recovery of PPO altered
depending on the between-sprint activity, with a significantly lower PPO being found in sprint 2 when
a passive recovery was undertaken. Second sprint duration also affected the recovery of PPO, as well as

MPO,, although post hoc tests were unable to identify where those differences occurred. Blood lactate
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concentration differed between the conditions over time. However, post hoc analyses again did not
reveal any significant differences between the conditions at the individual time-points. The participants
felt better prepared for the second sprint than the first and rated their second sprint performance higher.
Recovery method was also found to affect ratings of sprint performance, as well as MPOy and MPOys,
although interactions were not found with sprint number. Mixed views were expressed regarding the
perceived benefits of the recovery activity undertaken, with the majority of participants focusing on
positive elements, regardless of the condition. The time constant for perceptions of recovery did not
differ between conditions and the offer of a financial reward did not appear to provide a major

motivational factor for study participation or how the participants approached each sprint.

The outcome of an improvement in the restoration of PPO following a mixture of active and
passive recovery, but with no significant difference in MPO over either 9 s or 18 s, differed to the finding
that an active recovery did not affect PPO restoration, but improved the recovery of MPO over 6 s, 10 s,
and 30 s, during a 30 s cycling sprint (Bogdanis et al., 1996b). Methodological differences included: the
sample size; the duration of the sprints; the time separating sprints; the type of start to the sprint; the
resistive load; the use of a harness to limit movement; and the intensity and format of the recovery
activity. The sample size used in the current study was greater, which should improve statistical power.
The type of start was consistent with previous sprint cycling research (Billaut & Basset, 2007; Dale et
al., 2022) and was used to provide experimental control, although a rolling start would provide greater
ecological validity when considering race conditions in the Match Sprint. The intensity and sequence of
the recovery activity, as well as the time between sprints, were designed to reflect a scenario that could
occur within a competition. However, when the time between two cycling sprints was very brief (15 s),
a passive recovery was found to result in a significantly higher PPO and MPO than an active recovery
(Dupont et al., 2007). It is, therefore, possible that the recovery time-course of PPO and MPO is affected
differently by performing either an active or a passive recovery. Comparing active and passive recovery

conditions at several time-points over a 12-minute period would help to clarify this suggestion.

With regards to lactate concentration, an active recovery has frequently been shown to enhance

lactate clearance (Devlin et al., 2014; Kirkpatrick & Burrus, 2020; McLellan & Skinner, 1982; Menzies
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etal., 2010). A condition X time interaction was found for lactate concentration in the current study. The
inability of post hoc tests to identify the location of the interaction could be because the 12-minute
recovery duration was too short; especially considering that some of that recovery time was passive.
The lack of an effect of an active recovery on post-exercise lactate concentration has previously been
reported when the time between efforts was either four (Bogdanis et al., 1996b) or five minutes (Dorado
et al., 2004). It is also possible that the rate of lactate clearance out of the muscle may have been
enhanced, but that the rate of appearance in the blood increased in parallel with the rate of disappearance
(Bogdanis et al., 1996b). From a participant perception perspective, in the post-trial questionnaire, some
participants did indicate that an active recovery was preferable to a passive recovery, although others
suggested the opposite. In fact, in general, the participants tended to focus on positive aspects of the
recovery method used that day. Allowing the participants to freely select their recovery activity, would
have added insight into individual preferences, as well as facilitating the ability to compare how

individual preferences affect repeated-sprint performance.

A direct question about whether the participants perceived that the information about the
duration of the second sprint affected their performance was not asked in the post-trial questionnaire.
Nonetheless, when responding to what had mostly influenced their sprint performances that day, on five
occasions the participants stated that being informed that the second sprint was shorter, motivated them
just prior to the sprint. A sprint duration x sprint number interaction was found for both PPO and MPOo,,
although as follow-up tests did not identify the cause of this effect, it cannot be concluded that an
increase in potential motivation was elicited. When asked about what had mostly influenced their
approach to the sprints in the end-of-study questionnaire, the participants frequently cited an intrinsic
motivational factor, namely, a personal challenge, whereas the offer of a financial reward appeared to
have little or no influence on the approach taken to the sprints by the majority of participants. Rewards
have been shown to improve exercise performance during a hand-grip task (Shi et al., 2021), although
cycling time-trials over shorter (1.5 km and 4 km) or longer distances (20 km) were not affected by a
financial incentive (Hulleman et al., 2007; Skorski et al., 2017). The effectiveness of a particular type

of motivational strategy should not, therefore, be assumed.
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An additional consideration with the findings in the current study, relates to the main effects
that were found for sprint number and recovery method. An overall improvement in performance during
the mixed recovery trials should not be interpreted to suggest that the between-sprint activity improved
performance recovery. Only the existence of an interaction effect would suggest this outcome. Even
though control measures were in place, it is possible that variations in first sprint performance could
have contributed to the main effect that was found. The overall significant reduction in sprint 2
performance for PPO, MPO,, and MPOs did, however, appear to contradict the perceptions reported by
the participants. The participants rated their preparedness to sprint higher before the second sprint and
then rated their second sprint performance as being better. The enhanced rating of how prepared the
participants felt they were to sprint prior to the second sprint could be indicative of a lack of preparation
for the first sprint. The warm-up protocol used was based on guidelines that have been provided for an
18 s sprint cycling test, but this may not have been optimal. Between-sprint measurements of perceptions
of recovery could also have affected the markings taken before and after the second sprint. The time
constant for perceptions of recovery did not differ between trials, with the mean values indicating that
the participants perceived that they were fully recovered, or at least close to being fully recovered, within
the recorded time-period. As the final measurement would have been taken close to when the second
sprint scales were completed, it is possible that the recent markings could have affected the subsequent

ratings.

Some final cautionary notes must also be made. First, the current findings can only be applied
to strength-trained males. Strength-trained males were specifically recruited due to importance of
resistance training for sprint cyclists (Parsons, 2010) and the higher power outputs that are typically
found in this cohort (Pazin et al., 2011), although even greater power outputs have been reported in elite
sprint cyclists (Kordi et al., 2020). A larger sample size would also have improved statistical power. The
sample size used in the current study was in-line with (Kirkpatrick & Burrus, 2020) or greater than
previous research (Billaut et al., 2011; Bogdanis et al., 1996b; Dale et al., 2022; de Jong et al., 2015;
Glaister et al., 2019; Wittekind et al., 2011). Resource constraints were also considered when the study
was designed. Resource constraints are omnipresent and often play an understated, but substantial role

in the construction of research projects (Lakens, 2022). Data interpretation was also only conducted
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using traditional significance testing. This method of data interpretation has been criticised, with the
suggestion that it is often used by researchers as it provides comfort by offering pseudo-objectivity
(Ellis, 2010). The classification and interpretation of effect sizes as simply being small, medium, or
large, may also not be ideal, as small effects can be very meaningful in sport (Ellis, 2010). Therefore,

more still needs to be done to formulate a systematic approach to the interpretation of effect sizes.

In conclusion, when considering the shortest recovery periods that occur in the Match Sprint
competition, there was evidence to suggest that the current practice undertaken by sprint cyclists could
aid with the recovery of PPO, although the effects on overall performance were not apparent. Being
informed that the second sprint duration was shorter provided a positive feeling for some participants
and a change in performance recovery was found. However, for both PPO and MPQy, the cause of the
interaction was not established. Lactate concentration differed between conditions over time, although
follow up tests did not identify any between condition differences at the individual time-points. It is
possible that time off the bike may have limited lactate clearance. In contrast to the performance
findings, the participants perceived that they were better prepared to sprint prior to their second sprint
and that they performed better during the second sprint. When using VAS, the possible influence of
previous markings may need to be considered. Finally, a financial reward did not appear to influence
the approach that the majority of participants took to the sprints. The effectiveness of motivational

strategies should be evaluated, not assumed.



26

REFERENCES

Abbiss, C. R., & Laursen, P. B. (2008). Describing and understanding pacing strategies during athletic
competition. Sports Medicine, 38(3), 239-252. https://doi.org/10.2165/00007256-200838030-
00004

Billaut, F., & Basset, F. A. (2007). Effect of different recovery patterns on repeated-sprint ability and
neuromuscular  responses.  Journal  of  Sports  Sciences, 25(8),  905-913.

https://doi.org/10.1080/02640410600898087

Billaut, F., & Bishop, D. J. (2012). Mechanical work accounts for sex differences in fatigue during
repeated sprints. FEuropean Journal of Applied Physiology, 112(4), 1429-1436.
https://doi.org/10.1007/s00421-011-2110-1

Billaut, F., Bishop, D. J., Schaerz, S., & Noakes, T. D. (2011). Influence of knowledge of sprint number
on pacing during repeated-sprint exercise. Medicine and Science in Sports and Exercise 43(4),

665-672. https://doi.org/10.1249/MSS.0b013e3181{6ee3b

Bogdanis, G. C., Nevill, M. E., Boobis, L. H, & Lakomy, H. K. (1996a). Contribution of
phosphocreatine and aerobic metabolism to energy supply during repeated sprint exercise.

Journal of Applied Physiology, 80(3), 876-884. https://doi.org/10.1152/jappl.1996.80.3.876

Bogdanis, G. C., Nevill, M. E., Lakomy, H. K., Graham, C. M., & Louis, G. (1996b). Effects of active
recovery on power output during repeated maximal sprint cycling. European Journal of Applied

Physiology and Occupational Physiology, 74(5), 461-469. https://doi.org/10.1007/BF02337727

Brooks, G. A. (2018). The science and translation of lactate shuttle theory. Cell Metabolism,
27(4), 757-785. https://doi.org/10.1016/j.cmet.2018.03.008

Craig, N. P., & Norton, K. L. (2001). Characteristics of track cycling. Sports Medicine, 31(7), 457-468.
https://doi.org/10.2165/00007256-200131070-00001

Coaching and Sports Science Division of the United States Olympic Committee. (2004). Wingate
Anaerobic Test.

https://educationalathletics.weebly.com/uploads/2/9/9/0/29907311/wingate_testing.pdf

Dale, J., Muniz, D., Cimadoro, G., & Glaister, M. (2022). The short-term recovery of sprint cycling
performance. Journal of Science and Cycling, 11(3), 33-46.
https://doi.org/10.28985/1322.jsc.11



https://doi.org/10.2165/00007256-200838030-00004
https://doi.org/10.2165/00007256-200838030-00004
https://doi.org/10.1080/02640410600898087
https://doi.org/10.1007/s00421-011-2110-1
https://doi.org/10.1249/MSS.0b013e3181f6ee3b
https://doi.org/10.1152/jappl.1996.80.3.876
https://doi.org/10.1007/BF02337727
https://doi.org/10.1016/j.cmet.2018.03.008
https://doi.org/10.2165/00007256-200131070-00001
https://educationalathletics.weebly.com/uploads/2/9/9/0/29907311/wingate_testing.pdf
https://doi.org/10.28985/1322.jsc.11

27

de Jong, J., van der Meijden, L., Hamby, S., Suckow, S., Dodge, C., de Koning, J. J., & Foster, C.
(2015). Pacing strategy in short cycling time trials. International Journal of Sports Physiology
and Performance, 10(8), 1015-1122. https://doi.org/10.1123/ijspp.2014-009

Devlin, J., Paton, B., Poole, L., Sun, W., Ferguson, C., Wilson, J., & Kemi, O. J. (2014). Blood lactate
clearance after maximal exercise depends on active recovery intensity. The Journal of Sports

Medicine and Physical Fitness, 54(3), 271-278.

Dorado, C., Sanchis-Moysi, J., & Calbet, J. A. (2004). Effects of recovery mode on performance, O2
uptake, and O2 deficit during high-intensity intermittent exercise. Canadian Journal of Applied
Physiology, 29(3), 227-244. https://doi.org/10.1139/h04-016

Dupont, G., Moalla, W., Matran, R., & Berthoin S. (2007). Effect of short recovery intensities on the
performance during two Wingate tests. Medicine and Science in Sports and Exercise, 39(7),

1170-1176. https://doi.org/10.1249/mss.0b013e31804c9976

Durnin, J. V., & Womersley, J. (1974). Body fat assessed from total body density and its estimation
from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years.

British Journal of Nutrition, 32(1), 77-97. https://doi.org/10.1079/bjn19740060

Edwards, A. M., Dutton-Challis, L., Cottrell, D., Guy, J. H., & Hettinga, F. J. (2018). Impact of active
and passive social facilitation on self-paced endurance and sprint exercise: encouragement
augments performance and motivation to exercise. BMJ Open Sport & Exercise Medicine, 4(1),

Article e000368. https://doi.org/10.1136/bmjsem-2018-000368

Ellis, P. D. (2010). The essential guide to effect sizes: Statistical power, meta-analysis, and the

interpretation of research results. Cambridge: Cambridge University Press.

Faria. I. E. (1992). Energy expenditure, acrodynamics and medical problems in cycling. An update.
Sports Medicine, 14(1), 43-63. https://doi.org/10.2165/00007256-199214010-00004

Fitts, R. H. (2016). The role of acidosis in fatigue: pro perspective. Medicine and Science in Sports and
Exercise, 48(11), 2335-2338. https://doi.org/10.1249/MSS.0000000000001043

Gladden, B. L. (2008). A ‘lactatic’ perspective on metabolism. Medicine and Science in Sports and
Exercise, 40(3), 477-485. https://doi.org/10.1249/MSS.0b013e31815fa580

Glaister, M., Pattison, J. R., Dancy, B., & Mclnnes, G. (2012). Perceptual and physiological responses
to recovery from a maximal 30-second sprint. Journal of Strength and Conditioning Research,

26(10), 2850-2857. https://doi.org/10.1519/JSC.0b013e3182430198



https://doi.org/10.1123/ijspp.2014-009
https://doi.org/10.1139/h04-016
https://doi.org/10.1249/mss.0b013e31804c9976
https://doi.org/10.1079/bjn19740060
https://doi.org/10.1136/bmjsem-2018-000368
https://doi.org/10.2165/00007256-199214010-00004
https://doi.org/10.1249/MSS.0000000000001043
https://doi.org/10.1249/MSS.0b013e31815fa580
https://doi.org/10.1519/JSC.0b013e3182430198

28

Glaister, M., Towey, C., Jeffries, O., Muniz-Pumares, D., Foley, P., & Mclnnes, G. (2019). Caffeine
and sprint cycling performance: effects of torque factor and sprint duration. International
Journal of  Sports Physiology and Performance, 14(4), 426-431.
https://doi.org/10.1123/ijspp.2018-0458

Hulleman, M., de Koning, J. J., Hettinga, F. J., & Foster, C. (2007). The effect of extrinsic motivation
on cycle time trial performance. Medicine and Science in Sports and Exercise 39(4), 709-715.

https://doi.org/10.1249/mss.0b013e31802eff36

Kirkpatrick, M. L., & Burrus, B. M. (2020). Effects of recovery type on blood lactate and performance
in repeated Wingate tests in females. Comparative Exercise Physiology, 16(3), 207-215.
https://doi.org/10.3920/CEP190053

Kordi, M., Folland, J. P., Goodall, S., Menzies, C., Patel, T. S., Evans, M., . . . Howatson G. (2020).
Cycling-specific isometric resistance training improves peak power output in elite sprint
cyclists. Scandanvain Journal of Medicine & Science in Sports, 30(9), 1594-1604.
https://doi.org/10.1111/sms.13742

Lakens, D. (2022). Sample size justification. Collabra: Psychology, §(1), 33267.
https://doi.org/10.1525/collabra.33267

Marcora, S. M. (2008) Do we really need a central governor to explain brain regulation of exercise
performance?  European  Journal of  Applied  Physiology,  104(5), 929-931.
https://doi.org/10.1007/s00421-008-0818-3

Marcora, S. M., & Staiano W. (2010). The limit to exercise tolerance in humans: mind over muscle?
European Journal of Applied Physiology, 109(4), 763-770. https://doi.org/10.1007/s00421-010-
1418-6

McLellan, T. M., & Skinner, J. S. (1982). Blood lactate removal during active recovery related to the
aerobic  threshold. [International Journal of Sports Medicine, 3(4), 224-229.
https://doi.org/10.1055/s-2008-1026092

Meijen, C., McCormick, A., Anstiss, P. A., & Marcora, S. M. (2022). “Short and Sweet”: a randomized
controlled initial investigation of brief online psychological interventions with endurance

athletes. The Sports Psychologist, 36(1), 20-28. https://doi.org/10.1123/tsp.2020-0088

Menzies, P., Menzies, C., Mclntyre, L., Paterson, P., Wilson, J., & Kemi, O. J. (2010). Blood lactate

clearance during active recovery after an intense running bout depends on the intensity of the


https://doi.org/10.1123/ijspp.2018-0458
https://doi.org/10.1249/mss.0b013e31802eff36
https://doi.org/10.3920/CEP190053
https://doi.org/10.1111/sms.13742
https://doi.org/10.1525/collabra.33267
https://doi.org/10.1007/s00421-008-0818-3
https://doi.org/10.1007/s00421-010-1418-6
https://doi.org/10.1007/s00421-010-1418-6
https://doi.org/10.1055/s-2008-1026092
https://doi.org/10.1123/tsp.2020-0088

29

active recovery. Journal of Sports Science, 2809), 975-982.
https://doi.org/10.1080/02640414.2010.481721

Newell, J., Higgins, D., Madden, N., Cruickshank, J., Einbeck, J., McMillan, K., & McDonald, R.
(2007). Software for calculating blood lactate endurance markers. Journal of Sports Science,

25(12), 1403-14009. https://doi.org/10.1080/02640410601128922

Parsons, B. (2010). Resistance training for elite-level track cyclists. Strength and Conditioning Journal

32(5), 63-68. https://doi.org/10.1519/SSC.0b013e3181e97d97

Pageaux, B. (2014). The psychobiological model of endurance performance: an effort-based decision-
making theory to explain self-paced endurance performance. Sports Medicine, 44(9), 1319-
1320. https://doi.org/10.1007/s40279-014-0198-2

Pazin, N., Bozic, P., Bobana, B., Nedeljkovic, A., & Jaric, S. (2011). Optimum loading for maximizing
muscle power output: the effect of training history. European Journal of Applied Physiology,
111(9), 2123-2130. https://doi.org/10.1007/s00421-011-1840-4

Schabort, E. J., Hawley, J. A., Hopkins, W. G., & Blum, H. (1999). High reliability of performance of
well-trained rowers on a rowing ergometer. Journal of Sports Sciences, 17(8), 627-632.

https://doi.org/10.1080/026404199365650

Shi, X., Kavussanu, M., Cooke, A., Mclntyre, D., & Ring, C. (2021). I'm worth more than you! Effects
of reward interdependence on performance, cohesion, emotion and effort during team
competition.  Psychology  of  Sport and  Exercise, 55, Article 101953,
https://doi.org/10.1016/].psychsport.2021.101953

Skorski, S., Thompson, K. G., Keegan, R. J., Meyer, T., & Abbiss, C. R. (2017). A monetary reward
alters pacing but not performance in competitive cyclists. Frontiers in Physiology, 29(8), Article

741. https://doi.org/10.3389/fphys.2017.00741

Vieria, P. (2016). Results book: Rio 2016/Organising Committee for the Olympic and Paralympic
Games in Rio in 2016. Track Cycling.
https://library.olympic.org/Default/doc/SYRACUSE/165312/results-book-rio-2016-

organising-committee-for-the-olympic-and-paralympic-games-in-rio-in-2016? lg=en-GB

Westerblad, H. (2016). Acidosis is not a significant cause of skeletal muscle fatigue. Medicine and
Science in Sports and Exercise, 48(11), 2339-2342,
https://doi.org/10.1249/MSS.0000000000001044



https://doi.org/10.1080/02640414.2010.481721
https://doi.org/10.1080/02640410601128922
https://doi.org/10.1519/SSC.0b013e3181e97d97
https://doi.org/10.1007/s40279-014-0198-2
https://doi.org/10.1007/s00421-011-1840-4
https://doi.org/10.1080/026404199365650
file:///C:/Users/Julian%20Dale/Documents/PhD/Money/Shi%20(2021)%20Iâ��m%20worth%20more%20than%20you!%20Effects%20of%20reward%20interdependence%20on.htm%23!
file:///C:/Users/Julian%20Dale/Documents/PhD/Money/Shi%20(2021)%20Iâ��m%20worth%20more%20than%20you!%20Effects%20of%20reward%20interdependence%20on.htm%23!
file:///C:/Users/Julian%20Dale/Documents/PhD/Money/Shi%20(2021)%20Iâ��m%20worth%20more%20than%20you!%20Effects%20of%20reward%20interdependence%20on.htm%23!
file:///C:/Users/Julian%20Dale/Documents/PhD/Money/Shi%20(2021)%20Iâ��m%20worth%20more%20than%20you!%20Effects%20of%20reward%20interdependence%20on.htm%23!
https://doi.org/10.1016/j.psychsport.2021.101953
https://doi.org/10.3389/fphys.2017.00741
https://library.olympic.org/Default/doc/SYRACUSE/165312/results-book-rio-2016-organising-committee-for-the-olympic-and-paralympic-games-in-rio-in-2016?_lg=en-GB
https://library.olympic.org/Default/doc/SYRACUSE/165312/results-book-rio-2016-organising-committee-for-the-olympic-and-paralympic-games-in-rio-in-2016?_lg=en-GB
https://doi.org/10.1249/MSS.0000000000001044

30

Wittekind, A. L., Micklewright, D., & Beneke ,R. (2011). Teleoanticipation in all-out short-duration
cycling. British Journal of Sports Medicine, 45(2), 114-119.
https://doi.org/10.1136/bjsm.2009.061580



https://doi.org/10.1136/bjsm.2009.061580

