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Skill performance was assessed using a field hockey skills task. Capillary blood samples, for

and post-field hockey skills task. Cognitive tests of attention (RVIP and Flanker tasks) were
completed following the field hockey skills task.

Participants made more errors in the latter stages of the field hockey skills task following
self-control exertion (trial*time interaction, p = 0.041). Participants also made more errors on
the RVIP task following self-control exertion (p = 0.035); yet the time taken to complete the
hockey skills task, performance on the flanker task, and plasma cortisol concentrations were
unaffected (all p > 0.05).

Overall, these findings suggest that prior self-control exertion has detrimental effects on
subsequent sporting skill performance (more errors made on the field hockey task), which may
be explained by poorer sustained attention (lower accuracy on the RVIP task). This suggests

that athletes should aim to avoid self-control exertion before a competitive match to optimize

performance.
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1 | INTRODUCTION their goals'; and is a fundamental feature of executive func-

tion, including the sub-domains of inhibitory control and
Self-control refers to abilities that enable individuals to exert cognitive flexibility.z'4 High levels of trait self-control are be-
control over their behaviors, emotions, thoughts, and to pursue lieved to be important for physical activity behavior’ and are
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associated with a stronger relationship between physical ac-
tivity intentions and behaviors.* Self-control has been viewed
as a specific form of self-regulation, in which an individual
exerts deliberate and conscious effort to control the self,
whereas self-regulation is considered a global term that en-
capsulates automatic and nonconscious regulatory processes.1
Specifically, self-control is linked to many positive behavioral
outcomes,’ including sport and exercise performance.7 For in-
stance, individuals are required to successfully perform com-
plex, sport-specific, skill-based tasks (eg, in sports such as
basketball, soccer, and hockey), which necessitates the control
of one's emotional, cognitive, and motor processes.8

Self-control capacity can vary between individuals (ie,
trait self-control), as well as within individuals across situa-
tions (ie, state self—control).9 For instance, some researchers
posit that the resources responsible for self-control are finite
and become diminished when an individual regulates his or
her behaviors, a state commonly termed “ego depletion.”1
Accordingly, the individual will have a reduced capability to
perform any subsequent behavior that requires self-control,
with this “limited resource” perspective having received
meta-analytic support.10 However, some researchers have
challenged this resource explanation. For example, studies
have shown that when participants were in a state of ego de-
pletion, performance on a subsequent task was not impaired if
they were adequately motivated, using techniques such as pro-
viding incentives'' and offering choice.'? This raises doubts
regarding the idea that self-control failure is the result of a re-
source that becomes depleted.13 As aresult of theoretical criti-
cisms, other researchers have postulated the shifting priorities
model; suggesting that following the exertion of self-control
individuals experience shifts in motivation and attention that
undermine performance on subsequent tasks that also require
self-control.'*!?

Despite the ongoing theoretical debate regarding the pro-
cesses governing self-control, meta-analytic evidence has
demonstrated that following the exertion of state self-control
on one task, performance on a subsequent, ostensibly un-
related physical task requiring self-control, is reduced.'®!’
For example, individuals who completed a task requiring
self-control (incongruent Stroop task) were unable to sustain
an isometric handgrip squeeze for as long, compared with
individuals who completed a task requiring no self-control
(congruent Stroop task).'s" Squeezing a handgrip essen-
tially requires muscular endurance, yet overcoming fatigue
or pain and superseding the desire to quit are acts that neces-
sitate self-control.’ However, the existence of this depletion
effect has been questioned,21 with a Registered Replication
Report not finding support for the negative effects of prior
self-control exertion on subsequent tasks also requiring self-
control.*> Consequently, many commentaries and debates
have implied that publication bias may have led to an overes-
timation of the size of the depletion effect.?!?

Building on this literature and to address the replication
crisis, researchers have begun to improve the ecological va-
lidity of the findings, in an attempt to formulate conclusions
regarding more complex sports performance. For instance,
depletion effects have been demonstrated for effort-based
physical tasks, such as cycling performance,m’25 wall-sit task
performance,zﬁ’27 and press-up and sit-up performance.28
Evidently, self-control exertion appears to impair subsequent
performance that requires prolonged effort. In addition, from
a mental fatigue perspective, research has found that when
participants completed a 90-min demanding cognitive task
(the AX-Continuous Performance Task) perceived exertion
was significantly higher, and participants disengaged ear-
lier, during a subsequent cycling task to exhaustion at 80%
peak power output, compared with when they completed a
control task (90 min of watching emotionally neutral docu-
mentaries).29 It is important to note, however, there are some
significant differences between self-control exertion and
mental fatigue.” Typically, tasks that are employed within the
mental fatigue literature last substantially longer (~90 min),
compared with the tasks that are utilized in self-control de-
pletion research (~4—10 min). Despite the differences, both
self-control depletion and mental fatigue seem to lead to
performance decrements on physical tasks that require pro-
longed effort.'®

Regarding self-control depletion, researchers have begun
to explore the effects of self-control exertion on subse-
quent skill-based sports tasks, which require numerous self-
regulation behaviors, including regulating one's attention,
emotions, and motor skill execution.>® For instance, follow-
ing a task requiring self-control (incongruent Stroop task),
participants demonstrated poorer accuracy on a dart-throwing
task, compared with when they completed a task requiring no
self-control (congruent Stroop task).>® The ability for self-
control exertion to affect subsequent skill-based performance
has been corroborated during basketball free-throw shooting
tasks,>*! as well as a golf-putting task.*

Although these studies provide valuable insight into
the effects of self-control exertion on subsequent skill-
based performance, it is currently unknown whether
self-control exertion impairs more complex skill-based
performance; for example in team sports where skill per-
formance is a key determinant of success.>® Furthermore,
the underpinning physiological mechanisms which may
explain the effects of self-control exertion on subsequent
sporting performance remain unknown. Glucose has been
proposed as a potential resource within the limited re-
source model of self-control, with initial research high-
lighting that exerting self-control reduced blood glucose,
leading to impaired performance on subsequent tasks. >
Furthermore, consuming glucose-based drinks has attenu-
ated the reductions in performance following the exertion
of self-control.>* However, recent findings have not found
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support for the moderating role of g.glucos<3,24’35’36 raising

doubts as to whether glucose is the resource that governs
self-control.*’~*

Subsequently, it is speculated that cortisol may have a
role to play, given that cortisol has recently been shown to
be elevated to a greater extent following combined men-
tal and physical exertion, when compared to physical ex-
ertion alone® and following a task (30-min Stroop task)
designed to induce mental fatigue.40 Furthermore, among
numerous physiological effects,*! elevated cortisol levels
have been shown to negatively affect subsequent cognitive
performance, in particular attention.*” This is an important
consideration as attention is a key cognitive domain for suc-
cessful sporting skill performance,43 and is one of the pro-
posed mechanisms within the shifting priorities model of
self-control.'*" Indeed, previous research has demonstrated
decrements in visual attention (gaze behavior) following the
exertion of self—control,44 yet this has not been examined in
a sport-specific context. Thus, to our knowledge, no studies
to date have examined the effects of self-control exertion on
cortisol or cognitive tests of attention in a sporting context;
both of which could explain any subsequent effects upon
sporting skill performance.

Therefore, the primary aim of the present study was to
determine whether self-control exertion influences sub-
sequent sporting skill performance on a field hockey task.
Furthermore, a secondary aim of the study was to examine
whether self-control exertion affects plasma cortisol concen-
tration and subsequent attention, to consider whether these
may be mechanisms that explain any effects on subsequent
sporting skill performance. Based on the effect of self-
control exertion on isolated skill performance,30 it was hy-
pothesized that self-control exertion would result in reduced
performance on the field hockey skills test (hypothesis 1).
Furthermore, it is hypothesized that plasma cortisol levels
would increase (hypothesis 2), and performance on tests of
attention would be lower (hypothesis 3), following the exer-
tion of self-control.

2 | MATERIALS AND METHODS

2.1 | Participants and study design

Following approval from the institution's ethical advisory
committee, 13 sub-elite (competing in national or regional
competitive leagues) male hockey players (age: 20 + 1 years
old; height: 179.3 + 5.5 cm; body mass: 78.4 + 4.3 kg)
volunteered to take part in this study. All participants pro-
vided their written informed consent to participate and had
no medical condition that could affect their participation in
the study, as determined by the University-approved health

screen questionnaire, which assessed physical, psychologi-
cal, and neurological health. The study employed a ran-
domized, order-balanced, single-blind, crossover design.
Following two familiarization sessions, participants com-
pleted two main experimental trials (self-control exertion
and control), each separated by at least 48 h.

A power calculation (G*Power, version 3.1),45 based on
repeated measures ANOVA (within factors, power = 0.95,
o = 0.05) specified that a minimum sample size of n = 12
would be satisfactory to detect a medium effect size (0.50),
which is representative of other skill-based self-control
studies.™

2.2 | Experimental protocol

During the first familiarization session, the experimental
protocol and measures were explained to the participants in
full and they were provided an opportunity to ask any ques-
tions. Following this, participants were provided with an
opportunity to practice the hockey skills test and cognitive
function tests; a further opportunity to practice these tests
was provided at the second familiarization session. Two fa-
miliarization sessions have previously been recommended
when using the hockey skills test, to enhance reliability and
eliminate any potential learning effect.*®

Prior to each main experimental trial, participants were
asked to refrain from strenuous physical activity and alcohol
consumption for 24 h. All testing took place in a University
sports hall. Upon arrival to the testing session, participants
completed a daily stress and physical fatigue questionnaire.
Daily stress was measured using seven items from the Daily
Inventory of Stressful Events questionnaire,47 and physical
fatigue was measured using two items from the fatigue sub-
scale of the Profile of Mood States (POMS) questionnaire.48
Both of these measures have been used successfully to con-
trol for daily stress and fatigue in self-control studies of a
similar nature.”

Following these baseline measurements, participants
completed a 5-min self-selected warm-up, followed by a cap-
illary blood sample (see section 2.6) for the determination
of plasma cortisol concentration. Following this, participants
completed the Stroop task, which was used in the present study
to manipulate self-control (see section 2.3). Immediately fol-
lowing the Stroop task, participants completed the CR-10
scale to rate their mental exertion (see section 2.3.1) and had
a further capillary blood sample taken, before commencing
the hockey skills task (see section 2.4). Immediately follow-
ing the hockey skills task, participants had a final capillary
blood sample taken and then completed two tests of atten-
tion (Flanker task and Rapid Visual Information Processing
(RVIP) task; see section 2.5).
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2.3 | Manipulation of self-control

Self-control was manipulated using a Stroop task, in line with
many previous self-control exertion studies.””*’ In brief, par-
ticipants completed the congruent Stroop task on the control
trial and the incongruent Stroop task on the self-control ex-
ertion trial. Both Stroop tasks involved a central “stimulus”
word being presented on the screen, with the target (correct
answer) on one side of the screen and a distractor (incorrect
answer) on the other side. For the congruent Stroop task, the
target word and the font color were congruent (eg, “red” writ-
ten in red font). On the incongruent Stroop task, the target
word and font color were incongruent (eg, “red” written in
green font), and the participant had to override their dominant
response of selecting the word itself, and select the font color
instead (in this example, the correct response would be green).
The Stroop task was presented on a laptop computer using
custom-made software, which participants viewed at a head-
to-monitor distance of 80-100 cm; with participants using the
keyboard arrow keys to make their responses. Both Stroop
tasks contained six practice stimuli where feedback was pro-
vided on whether the response was correct or not; followed by
160 stimuli (lasting approximately 4 min), with each stimulus
remaining on the screen until a response was registered. This
duration of the Stroop tasks was employed as previous re-
search has successfully employed this task for the same length
of time (ie, 4 min).?**">

2.3.1 | Manipulation checks

The singe item Borg CR-10 scale®' was completed following
the Stroop task to measure mental exertion. Participants re-
spond by selecting a number between 0 (“extremely weak™)
and 10 (“absolute maximum”) to indicate their mental exer-
tion on the Stroop task. This is a commonly used manipula-
tion check in self-control research.?%273

2.4 | Hockey skills test

The hockey skills test utilized in the present study was the field
hockey skill test of Sunderland et al. (2006),*® which has pre-
viously been shown as having excellent testretest reliability
(r = 0.96) and validity (r = 0.61-0.83), comparing favorably
to alternative tests of sporting skill performance.5 % In brief, the
hockey skill test required participants to start from a line 16
yards from a standard hockey goal, before dribbling round a
series of cones, making a pass against a rebound board and then
shooting to either the left or right side of the goal. At the comple-
tion of the dribbling phase, the players break an infra-red beam
which triggers a light on either side of the goal (left or right) and
start the “decision-making time” timer. The participant must

shoot to the opposite side of the goal to the light that is illumi-
nated, with the decision-making time stopped by an automatic
sound-based trigger which detects the ball hitting the goal. The
player then runs back to the start line; with each set consisting
of six repeats of the task. Participants completed four sets (each
of six repeats), with each set separated by 90 s rest. If any er-
rors were made (eg, touching a cone when dribbling, missing
the rebound board, or missing the target), an error was recorded
(which also adds 2 s, per error, to the overall performance time).
The variables of interest were total performance time (includ-
ing error penalties), average decision-making time, and the
number of errors made. For a full description of the hockey skill
test design and implementation, please refer to Sunderland et al.
(2006).* This hockey skills test requires numerous self-control
behaviors, including the regulation of attention, emotions, and
motor skill execution. For instance, during the test, participants
are required to use their self-control to inhibit their immediate
desire to shoot to the side of the goal where the light is illumi-
nated, but instead to shoot to the opposite side of the goal to the
light that is illuminated. In addition, the hockey skills test re-
quires the execution of complex motor skills in a high-pressure
situation,5 3 which also requires self-control.

2.5 | Tests of attention

Following completion of the hockey skill task, participants
completed two tests of attention; the Flanker task and RVIP
task. These tests were administered using custom-made soft-
ware on a laptop computer and are described in detail else-
where (Flanker task54; RVIP taskss). In brief, the Flanker task
is a test of attention®® and required participants to select the
direction of a central arrow on congruent (ie, all arrows point-
ing in the same direction, eg, < < < < <) and incongruent
(ie, central arrow points in a different direction, eg, < < > <
<) stimuli. Participants responded using the arrow keys on the
laptop computer and the test consisted of 60 stimuli in total
(30 congruent and 30 incongruent, in a random order). The
RVIP task™ is a test of sustained attention (5-min duration)
and required participants to monitor a stream of digits (2-9),
presented at a rate of 100 digits-min~" on a laptop screen, and
identify target sequences of 3 odd or even numbers (eg, 2—8-6,
7-3-9 etc.) by pressing the space bar. A correct response could
be registered during the presentation of the last digit of a target
and the following 1500 ms. For both the Flanker and RVIP
tasks, the variables of interest were the response times of cor-
rect responses and the proportion of correct responses made.

2.6 | Capillary blood samples

For the determination of plasma cortisol concentration,
capillary blood samples were taken. A single-use lancet
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TABLE 1 Hockey skill performance test across the self-control exertion and control trials. Data are mean + SD

Set
Variable Trial 1 2 3 4 Overall
Total performance  Self-control exertion 105.4 +12.3 100.8 + 8.7 100.6 + 10.3 101.1 + 8.3 407.9 + 39.6
time [s] Control 109.7 +12.0 102.2 + 9.4 99.6 £10.9 1013121 412.8 + 44.4
Decision-making Self-control exertion 5.78 + 0.94 5.70 + 1.07 5.65 +£1.20 5.84 +1.40 23.0 +4.60
time [s] Control 583+ 1.18 5.39+0.73 528 +0.71 529+082  21.8+3.44
Errors [n] Self-control exertion 48+ 14 55+1.5 59+2.1% 6.2 +2.2% 22.4 + 5.0*
Control 50+ 1.6 47+14 39+13 44+17 18.0+4.5
*Significant difference between trials (p < 0.05).
(Unistik, Extra, 21G gauge, 2.0 mm depth, Owen Mumford 3 | RESULTS
Ltd, UK) was used and the blood was collected into a 300 pl
EDTA-coated microvette (Sarstedt Ltd, UK). The sample ~ 3.1 | Pre-trial manipulation checks

was then centrifuged at 1000 g for 4 min at 4°C (Eppendorf
5415C, Hamburg, Germany) and the plasma pipetted into
a 500 pl plastic vial, before being frozen at —80°C until
subsequent analysis. Plasma cortisol concentration was
determined in singular using a commercially available kit
(ELISA, R&D Systems Europe Ltd., UK), with an intra-
assay coefficient of variation of 11.3% based on eight repeat
measurements.

2.7 | Statistical analysis

Data were analyzed using SPSS (version 26; SPSS Inc.,
Chicago, IL, USA). To examine baseline differences be-
tween the trials and confirm the manipulation of self-control,
daily stress, physical fatigue, and mental exertion were com-
pared between the trials using a paired-samples ¢ test, with
effect sizes reported as Cohen's d, interpreted as per conven-
tion (ie, small: 0.2; medium: 0.5; large: 0.8).

The outcome variables (total performance time, decision-
making time, and number of errors) from the hockey skills
test were examined using two-way (trial [self-control exertion
vs. control] * set [set 1, 2, 3 and 4]) repeated measures anal-
ysis of variance (ANOVA), with effect sizes reported as par-
tial eta squared (;1,,2) interpreted as per convention (ie, small:
0.01; medium: 0.06; large: 0.14). Where a significant trial
* set interaction existed, post-hoc analyses were conducted
using Bonferroni corrected paired-samples ¢ tests. Plasma
cortisol concentration was also assessed using a two-way
(trial * time) repeated measures ANOVA. Response times
and accuracy from the initial Stroop test and subsequent tests
of attention were compared between the trials using paired-
samples t tests, with effect sizes reported as Cohen's d. All
data are reported as mean + standard deviation, and statisti-
cal significance was accepted as p < 0.05.

There was no difference in baseline stress (p = 0.700) or
fatigue (p = 0.104) between the self-control exertion and
control trials. However, the manipulation of self-control was
successful in affecting mental exertion, as assessed via the
CR-10. Specifically, participants reported greater mental
exertion following the incongruent Stroop task on the self-
control exertion trial, compared with following the congru-
ent Stroop task on the control trial (self-control exertion:
4.2 + 1.4, control: 2.8 + 1.4; 145, = 3.5, p = 0.005, d = 1.0).
This was confirmed with differences in Stroop test perfor-
mance between the self-control exertion and control trials,
whereby participants responded slower (self-control exer-
tion: 1958 + 310 ms, control: 1584 + 261 ms; ) = 3.8,
p < 0.001, d = 1.31) and with lower accuracy (self-control
exertion: 96.2 + 3.8%, control: 97.8 + 2.1%; ty,) = —2.9,
p =0.016, d = 0.54), following self-control exertion.

3.2 | Hockey skill test performance

The total performance time, decision-making time, and num-
ber of errors across the four repeats of the hockey skill test
on both the self-control exertion and control trials can be
seen in Table 1.

3.2.1 | Total performance time

Overall, there was no difference in total performance time
between the self-control exertion and control trials (main ef-
fect of trial, p = 0.566), although total performance time did
improve on both trials across the four sets (main effect of
time, F36) = 9.5, p < 0.001, np2 = 0.443). However, the
pattern of change in total performance time across the four
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sets was not different between the self-control exertion and
control trials (trial * time interaction, p = 0.553).

3.2.2 | Decision-making time

Overall, there was also no difference in decision-making time
between the self-control exertion and control trials (main
effect of trial, p = 0.301), nor did decision-making time
change across the four sets (main effect of time, p = 0.441).
Furthermore, the pattern of change in decision-making time
across the four sets was the same between the self-control ex-
ertion and control trials (trial * time interaction, p = 0.490).

3.2.3 | Errors

Overall, participants made more errors, per set, on the self-
control exertion trial, compared with the control trial (self-
control exertion: 5.6 + 1.2, control: 4.5 + 1.1; main effect of
trial, F(y 15y = 8.2, p = 0.014, np2 = 0.405); yet the number of
errors did not change across the four sets of the test (main ef-
fect of time, p = 0.733). However, there was a significant trial *
time interaction, whereby participants made more errors in the
latter sets of the hockey skill test following self-control exer-
tion, when compared to the control trial (trial * time interaction,
F6 =3.1, p = 0.041, ’7p2 = 0.202; Figure 1). Specifically,
following self-control exertion, participants made more errors
on set 3 (f45) = 3.0, p = 0.011, d = 1.18) and set 4 (¢4, = 2.8,
p =0.017,d = 0.92), when compared to the control trial.

3.3 | Tests of attention
Response times and accuracy for the Flanker task and RVIP
task can be seen in Table 2.

3.3.1 | Flanker task

Response times on the Flanker task were not different between
the self-control exertion and control trials for either the congru-
ent (p =0.618) or incongruent (p = 0.914) stimuli. Furthermore,
accuracy was also similar between the trials for both the con-
gruent (p = 0.672) and incongruent (p = 0.657) stimuli.

3.3.2 | RVIP task

Response times on the RVIP task were not different be-
tween the self-control exertion and control trials (p = 0.579).
However, participants achieved a lower proportion of correct
responses on the self-control exertion trial when compared to
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FIGURE 1 Number of errors made (mean +SD) across the 4 sets

of the hockey skill test on the self-control exertion and control trials
(main effect of trial, p = 0.014; trial * time interaction, p = 0.041;
*self-control exertion >control, p < 0.05).

the control trial (self-control exertion: 47.5 + 18.5%, control:
55.0 £ 20%; 115y = —2.4, p = 0.035, d = 0.39).

3.4 | Plasma cortisol concentration

Overall, plasma cortisol concentration was not different be-
tween the self-control exertion and control trials (main effect
of trial, p = 0.216), nor did it differ across time (main effect
of time, p = 0.213). Furthermore, the pattern of change in
plasma cortisol concentration over time was similar between
the self-control exertion and control trials (trial * time inter-
action, p = 0.279).

4 | DISCUSSION

The findings of the present study provide novel evidence that
following self-control exertion participants made more er-
rors on the field hockey task; specifically, these errors were
made toward the end of the task (in sets 3 and 4). However,
there was no effect of self-control exertion on overall perfor-
mance time and decision-making on the field hockey task.
Overall, this suggests that complex sporting skill perfor-
mance was detrimentally affected by prior self-control exer-
tion. Furthermore, performance on the RVIP task (a test of
sustained attention) was lower (ie, more errors were made)
following self-control exertion; however, there was no effect
on plasma cortisol concentration.

A key finding of the present study was that following a
task requiring self-control, participants made more errors on
a field hockey task, relative to when they completed a task
requiring no self-control. This is in accordance with previous
research using isolated skill-based tasks,&‘n’3 2 with the present
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TABLE 2 Response times and accuracy
for the Flanker and RVIP tasks on the self-

Self-control

. . Test Variable Test level exertion Control
control exertion and control trials. Data are
mean + SD. Flanker task ~ Response time [ms] Congruent 477 £ 55 467 + 57
Incongruent 507 + 65 509 + 65
Accuracy [%] Congruent 99.7+0.9 99.5+1.8
Incongruent 972 +4.0 96.7 +3.6
RVIP task Response time [ms] - 510 + 96 496 + 96
Accuracy [%] - 47.5 + 18.5 55.0 +£20.0 *

*ignificant difference between trials (p < 0.05).

study extending these findings to show that self-control exer-
tion led to impaired accuracy on a subsequent task requiring
complex sporting skill-based performance. More specifically,
following a task requiring self-control, participants made
more errors toward the end of the field hockey task (ie, in sets
3 and 4), compared with when they completed a task requiring
no self-control. This finding suggests that self-control exer-
tion could have a greater impact on sporting skill performance
in the latter stages of a competitive game. However, despite
affecting accuracy on the field hockey task, prior self-control
exertion did not affect overall performance time. This finding
is in line with previous research suggesting that self-control
exertion affects accuracy, but not speed, on a subsequent
skill-based task.*” It could also be argued that this finding is
in accordance with theories of self-control,"'* whereby prior
self-control exertion led to decreased self-control in the sub-
sequent field hockey task, which manifests as being unable or
unwilling to self-regulate accuracy toward the end of the per-
formance task, rather than a slower performance time overall.

In addition to the effects on sporting skill performance,
the findings of the present study suggest that the accuracy of
sustained attention (as assessed by the RVIP task) was lower
following self-control exertion, when compared to the con-
trol trial. Conversely, performance on the Flanker task was
unaffected by self-control exertion. To the author's knowl-
edge, this is the first study to demonstrate the detriment in
sustained attention, in a sport-specific context, following
self-control exertion, which is of interest given that atten-
tion is one of the proposed mechanisms within the shifting
priorities model of self-control.'* Furthermore, attention
is an important requirement for successful sporting perfor-
mance;30 thus, the poorer accuracy of sustained attention
could explain the fact that more errors were made toward
the latter stages (sets 3 and 4) of the field hockey skills task.
These findings are in line with evidence from mainstream
psychology that prior self-control exertion leads to decre-
ments in subsequent visual attention.** The present study
extends these findings, by demonstrating that sustained at-
tention is negatively affected following self-control exertion;
which is hypothesized to, at least in part, explain the poorer
sporting skill performance. Although the findings of the
current study are in line with the shifting priorities model

from an attentional perspective, we did not examine the mo-
tivational aspect of this model. Recent research has revealed
that motivation to perform task goals may be an important
explanatory mechanism behind performance decrements on
physical tasks following self-control exertion.””" Future re-
search should make efforts to explore whether the exertion of
self-control leads to a reduction in motivation during subse-
quent complex sporting skill performance.

The present study is the first to examine the effects of
self-control exertion on plasma cortisol concentration. It was
hypothesized that self-control exertion would lead to an in-
crease in plasma cortisol concentration, given that combined
physical and mental exertion has been shown to result in el-
evated cortisol.> However, there was no difference in corti-
sol between the self-control exertion and control trials at any
time point. Therefore, the present study provides preliminary
evidence that cortisol is not an underpinning mechanism ex-
plaining the negative effects of self-control exertion on sub-
sequent sporting skill performance and sustained attention.
However, the present study is the first to examine this, with
future studies required to confirm this initial finding.

Although the findings of the present study provide novel
evidence that self-control exertion led to impaired accu-
racy on a subsequent task requiring complex skill-based
performance, we cannot generalize our results to other
sports. Therefore, it would be valuable for other research-
ers to conduct similar experiments on complex skill-based
tasks in other team sports (eg, soccer). Similarly, future re-
search could explore the effects of self-control exertion on
subsequent complex skill performance during a competitive
match (eg, a hockey match); this would improve the eco-
logical validity of our findings. However, the multitude of
factors which could impact skill performance in such situa-
tions would be incredibly difficult to control. Furthermore,
in the current study we utilized a 4-min congruent and in-
congruent Stroop task; however, recent research has implied
that engaging in longer durations of the initial self-control
task (ie, the Stroop task in the current study) leads to greater
detrimental effects on subsequent physical performance.’’
Future research could employ an initial self-control task
for a longer duration, to provide further insight into the
potential for the duration of the initial self-control task to
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influence subsequent complex skill-based performance. It is
also important to acknowledge that we did not measure trait
self-control in the current study. It is possible that individ-
uals with low trait self-control will be more susceptible to
becoming depleted compared with those with high trait self-
control. This is because those with low trait self-control may
utilize effort-based strategies that may lead to self-control
failure, whereas those with better trait self-control may have
developed adaptive techniques that do not rely on the active
resistance of temptations, and thus less vulnerable to deple-
tion.” Future research should explore the role of trait self-
control within the depletion effect, and specifically within a
sport-specific context.

Moreover, in light of the findings of the present study,
it would be beneficial for researchers to examine potential
intervention strategies to reduce the effects of self-control
exertion, and improve subsequent skill-based performance.
Such intervention strategies could include behavioral and
cognitive training methods to enhance self-control;*®
ever, such strategies are yet to be tested in a real-world sport-
ing performance setting.

how-

5 | CONCLUSION

The present study provides novel evidence that the prior
exertion of self-control leads to detrimental effects on sub-
sequent sporting skill performance. Furthermore, sustained
attention was also detrimentally affected by the prior exer-
tion of self-control; with this being a potential mechanism
to explain the poorer sporting skill performance in the latter
stages of the field hockey task in the present study. However,
there was no effect of self-control exertion on cortisol
concentrations, suggesting that this is not the mechanism
through which prior self-control exertion negatively affects
sporting skill performance and sustained attention. These
findings have important implications for those interested in
optimizing sports performance, suggesting that coaches and
athletes should aim to avoid self-control exertion before a
competitive match.

6 | PERSPECTIVES

The present study shows that following the prior exertion
of self-control, skill performance (on a field hockey task) is
reduced; as evidenced by the hockey players making more
errors during the skills task, particularly in the later stages.
This increase in errors was accompanied by poorer sustained
attention (evidenced by lower accuracy on the RVIP task),
suggesting that changes in sustained attention may be the
mechanism responsible for the poorer skill performance
following self-control exertion. These findings have very

important implications for athletes for whom skill perfor-
mance is a key element of their overall performance (eg,
team sport players), and suggest that these athletes should
aim to prevent exerting self-control prior to competitive
matches. Furthermore, this paper demonstrates, for the first
time, that prior self-control exertion negatively affects com-
plex sporting skill performance on an ecologically valid task
and thus provides the underpinning rationale for future in-
terventions aimed at enhancing self-control in athletes for
whom optimizing skill performance is important.
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