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Objectives: It has been repeatedly demonstrated that athletes in a state of ego depletion do not perform
up to their capabilities in high pressure situations. We assume that momentarily available self-control
strength determines whether individuals in high pressure situations can resist distracting stimuli.
Design/method: In the present study, we applied a between-subjects design, as 31 experienced basketball
players were randomly assigned to a depletion group or a non-depletion group. Participants performed
30 free throws while listening to statements representing worrisome thoughts (as frequently experi-
enced in high pressure situations) over stereo headphones. Participants were instructed to block out
these distracting audio messages and focus on the free throws. We postulated that depleted participants
would be more likely to be distracted. They were also assumed to perform worse in the free throw task.
Results: The results supported our assumption as depleted participants paid more attention to the dis-
tracting stimuli. In addition, they displayed worse performance in the free throw task.
Conclusions: These results indicate that sufficient levels of self-control strength can serve as a buffer
against distracting stimuli under pressure.

© 2014 Elsevier Ltd. All rights reserved.
In perceptual-motor tasks it can be essential to ignore irrelevant,
potentially distracting stimuli, for instance task-irrelevant thoughts
or the audience in the stands, in order to focus attention on the
relevant stimuli (e.g., the rim of the basket; Abernethy, Maxwell,
Masters, Van der Kamp, & Jackson, 2007). In high pressure situa-
tions individuals often have difficulties regulating their attention
which can negatively affect their perceptual-motor performance
(e.g., Baumeister, 1984). An often used indicator for perceived
pressure in a given situation is the level of state anxiety (e.g.,
Gucciardi, Longbottom, Jackson, & Dimmock, 2010). Several studies
have demonstrated that higher levels of anxiety are associated with
impaired performance in different perceptual-motor tasks, for
instance in basketball free throws (Wilson, Vine, & Wood, 2009),
dart throwing (e.g., Nibbeling, Oudejans, & Daanen, 2012) or golf
putting (Gucciardi et al., 2010).
delberg.de (C. Englert), alex.
dshs-koeln.de (P. Furley), r.
According to Attentional Control Theory (ACT; Eysenck,
Derakshan, Santos, & Calvo, 2007) higher levels of state anxiety
make individuals prone to be distracted by irrelevant stimuli (e.g.,
worrisome thoughts). This increased distractibility is assumed to be
caused by a dominance of the bottom-up stimulus-driven atten-
tional system over the top-down goal-oriented attentional system
in a state of anxiety (Corbetta & Shulman, 2002). Several studies
have delivered empirical support for this assumption of ACT (e.g.,
Wilson et al., 2009).

Of particular importance to the present study, Eysenck and col-
leagues argued that individuals are generally able to counteract the
negative effects of anxiety on attention. This argument is tentatively
supported by studies inwhich anxiety was not negatively related to
perceptual-motor performance (e.g., Woodman & Hardy, 2003).
However, thus far it has not been sufficiently investigated which
processes determine whether anxious individuals can (or cannot)
counteract the negative effects of anxiety on attention. In this
respect, we argue that an individual's ability to exert self-control
might be an important variable that needs to be taken into ac-
count when investigating the relationship between anxiety, atten-
tion, and skilled performance in perceptual-motor tasks.
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Speaking in terms of the strength model of self-control, voli-
tionally regulating one's attention is a self-control act that is
dependent on momentarily available self-control strength (e.g.,
Baumeister, Bratslavsky, Muraven, & Tice, 1998). According to
Baumeister and colleagues, all acts of self-control, meaning the
process of volitionally controlling and overriding predominant
response tendencies, are energized by the same metaphorical
resource or strength of which the capacity is limited (e.g.,
Baumeister et al., 1998). After a primary self-control act, this
resource can temporarily be depleted (a state termed ego depletion).
As the resource is not immediately replenished, during this time
subsequent self-control tasks are typically not executed sufficiently.
It is important to note that the effects of ego depletion are not
domain-specific, meaning that exerting self-control in one domain
(e.g., impulse regulation) can have an effect on self-control from
seemingly unrelated domains (e.g., emotion regulation; Baumeister
et al., 1998). In general, one's self-control strength can be vital for
tasks requiring emotion regulation (e.g., Bertrams, Englert,
Dickh€auser, & Baumeister, 2013), persistence (e.g., Baumeister
et al., 1998), decision making (e.g., Furley, Bertrams, Englert, &
Delphia, 2013), and of particular importance for the current study
attention regulation (Schmeichel & Baumeister, 2010). Findings
from the field of sport psychology also support the assumptions of
the strength model of self-control: In a state of ego depletion in-
dividuals are less persistent in physical endurance tasks (e.g., Bray,
Martin Ginis, Hicks, & Woodgate, 2008), invest less effort in phys-
ical exercises (Dorris, Power, & Kenefick, 2012), display impaired
performance in skilled perceptual-motor tasks (McEwan, Martin
Ginis, & Bray, 2013), and are more likely to underperform in
stressful situations (Englert & Bertrams, 2012). A recent meta-
analysis revealed a reliable effect of ego depletion on subsequent
self-control across 83 studies (Hagger, Wood, Stiff,& Chatzisarantis,
2010).

As previously mentioned, perceptual-motor tasks require se-
lective attention so that irrelevant stimuli can be ignored (e.g.,
Wilson et al., 2009), meaning that the exertion of self-control may
be necessary for efficient attention regulation during perceptual-
motor tasks. In a series of studies, Englert and Bertrams (2012,
2013) demonstrated that the effects of pressure and related anxi-
ety on performance in perceptual-motor tasks were moderated by
momentarily available self-control strength. Anxiety only nega-
tively affected performance if participants did not have sufficient
self-control strength to counteract the debilitating effects of anxi-
ety on attention regulation. When self-control strength was intact
pressure and anxiety did not affect performance in any of the ex-
periments. Moreover, self-control strength itself had no direct ef-
fect on performance but only in interaction with pressure and
anxiety. In interpreting these results, the authors concluded that, in
line with ACT (Eysenck et al., 2007), higher levels of anxiety were
associated with increased distractibility (e.g., by worrisome rumi-
nations). Furthermore, they argued that participants with high self-
control strength were able to counteract the negative effects of
anxiety on selective attention by volitionally regulating their
attention.

The question arises, however, whether the anxious participants
with depleted self-control strength in Englert and Bertrams's (2012,
2013) studies were actually distracted by task-irrelevant stimuli. As
anxious depleted participants displayed worse performance than
anxious participants with intact self-control strength, the authors
proposed that increased distraction was responsible for these per-
formance differences. They argued that the distraction may stem
from worrisome thoughts that typically occur and may be one
major source of distraction during high pressure situations
(Oudejans, Kuijpers, Kooijman, & Bakker, 2011). However, the au-
thors did not deliver evidence for the process of distraction itself. In
the present paper we attempt to expand the findings of Englert and
Bertrams by delivering first direct evidence for the assumed
mechanism of increased distractibility under depleted self-control
strength in high-pressure situations.

In the present study we experimentally manipulated momen-
tarily available self-control strength in a between-subjects design.
Participants then performed a series of basketball free throws un-
der pressure, which can be considered a perceptual-motor task that
requires attention regulation (e.g., Wilson et al., 2009). We did not
manipulate pressure as an experimental factor as this was not the
focus of the study, but built on previous self-control research
consistently showing performance decrements only in high-
pressure situations (e.g., Bertrams et al., 2013; Englert &
Bertrams, 2012, 2013). While performing the free throws, the par-
ticipants were listening to external auditory distraction presented
via stereo headphones (for this procedure see also Furley et al.,
2013). The audio stream contained typical worrisome thoughts
athletes often experience in high pressure contexts (Oudejans et al.,
2011). By thesemeans we attempted tomodel what frequently may
distract athletes' attention during such situations. Furthermore, the
audio allowed us to measure distraction by irrelevant stimuli.
Expanding previous findings we postulated that participants in the
depletion group would be more distracted by the audio stream
compared to the non-depletion group. Therefore, depleted partic-
ipants should be more aware of changes in the audio stream than
non-depleted participants while performing the basketball free
throws under pressure. In replicating the results of Englert and
Bertrams (2012, 2013), we also assumed that depleted compared
to non-depleted participants would perform worse in the free
throw task under pressure.

Method

Participants

The sample of the current study consisted of 31 experienced
male basketball players (Mage ¼ 29.26, SDage ¼ 4.90; 1 left-handed)
from two clubs of the fourth highest German league (German
Oberliga). Participants were randomly assigned to either the
depletion group (n ¼ 16) or the non-depletion group (n ¼ 15). We
obtained written informed consent from each participant before
starting the experiment.

Materials and procedure

We conducted the study in a separate part of the gym of the
respective basketball club. All questionnaires were administered as
paper pencil versions, andwe calculated overall scores by averaging
each participant's value on the respective measure. As such, higher
scores on our measures represent higher values of the respective
variable. Participants first reported demographic information (age,
experience, mother tongue, handedness, official free throw rate
from current season).

To rule out differences in trait sport anxiety between our
experimental groups, we assessed participants' dispositional sports
anxiety by administering the German version of the Sport Anxiety
Scale-2 (WAI-T; Brand, Ehrlenspiel, & Graf, 2009). Twelve items
were answered on 4-point Likert-type scales (1 e not at all to 4 e

very much) in regard to how participants generally feel before or
during sports competitions. Four items each can be assigned to the
subscales worry (e.g., “I worry that I will play badly”; a ¼ .90),
somatic (e.g., “My stomach feels upset”; a ¼ .81), or concentration
(e.g., “I lose focus on the game”; a ¼ .85).

In a next step, we experimentally manipulated momentarily
available self-control strength with a transcription task that is a
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well-established self-control task and has been successfully applied
in previous research (Bertrams, Englert, & Dickh€auser, 2010). For
that purpose participants transcribed a neutral text on a separate
sheet of paper for 6 min. In the depletion group participants were
instructed to always omit the letters “e” and “n”, which are the
most frequent letters in German, while transcribing the text. To
follow these instructions individuals need to volitionally override
their well-learned writing habits, which can be considered a self-
control act (Bertrams et al., 2010). In the non-depletion group
participants transcribed the same text without any further
instructions.

Following this procedure, we applied a 4-item manipulation
check (e.g., “How depleted do you feel at the moment?”; a¼ .88) to
test whether our experimental manipulation of momentarily
available self-control strength worked (Bertrams et al., 2010). Par-
ticipants answered the four items on 4-point Likert-type scales
ranging from 1 (not at all) to 4 (very much).

As one could argue that the transcription task could have had
unintended effects on mood, we applied the German version of the
Positive and Negative Affect Schedule (PANAS; Krohne, Egloff,
Kohlmann, & Tausch, 1996) following the manipulation check.
Within the PANAS, negative mood (e.g., “bored”; a ¼ .69) as well as
positive mood (e.g., “strong”; a ¼ .92) were assessed via 10 items
each. With respect to how one feels at the moment, each item was
answered on a 4-point Likert-type scale (1 e not at all to 4 e very
much).

Then, participants were instructed to perform 30 free throws
from the free throw line (a distance of 4.60 m) on a regular basket
(height 3.04 m from the ground) with an official game ball. We
created a pressure situation by telling participants that their per-
formance would be compared with performance from other par-
ticipants, that their team performance would be compared to the
performance of other teams from their league, and that they would
receive personal face-to-face feedback (see also Behan & Wilson,
2008; Englert & Bertrams, 2012; Wilson et al., 2009). According
to ACT (Eysenck et al., 2007), this instruction should have led to a
dominance of the bottom-up stimulus-driven attentional system
and therefore increased distractibility (Corbetta & Shulman, 2002).

While performing the free throws all participants were listening
to distracting audio messages at a constant volume. The messages
were delivered via stereo headphones connected to an MP3 player
device that was attached to the participant's shirt. (We made sure
that the wire would not interfere with the free throw task before-
hand). The audio stream consisted of typical worrisome thoughts
athletes are experiencing in high pressure situations. These typical
thoughts were adopted from the findings of Oudejans et al. (2011)
who asked athletes about their typical thoughts and feelings in
high pressure contexts. A bilingual expert translated the English
sentences into German and a second bilingual expert translated the
sentences back into English to make sure that our German trans-
lation matched the original statements reported by Oudejans and
colleagues. This resulted in 17 sentences with a total of 129 words
(e.g., “I was worrying about my performance”). These statements
were presented by two different monotonous digital voices (a fe-
male and a male voice) which we programmed with specific soft-
ware retrieved from the AT&T Research website (http://www2.
research.att.com/~ttsweb/tts/demo.php). The digital voice
changed from male to female or from female to male after 17
sentences (i.e., after 50 s) in a counterbalanced order. The audio
stream lasted during the entire free throw task, meaning that it was
repeated till the participant finished his free throws (i.e., longest
time needed to complete the free throw task was 4.31 min). Par-
ticipants were instructed to ignore the audio stream and to solely
focus on the free throws. After performing 10 practice free throw
trials with the headphones on, participants performed the 30
experimental free throws. For analyses, we calculated each partic-
ipant's free throw percentage (number of successful free
throws � 100/30).

After finishing the free throws, we asked participants whether
they had noticed that the digital voices of the audio stream changed
while they were performing the free throw task. We assumed that
participants from the depletion group would be more distractible,
meaning that they would be more likely to notice the change of the
digital voices than participants from the non-depletion group.

Finally, we thanked the participants for participation, probed
them for suspicion, and debriefed them.

Results

Preliminary analyses

Statistically significant mean differences in the manipulation
check indicate that our experimental manipulation of momentarily
available self-control strength was successful in the present study,
F(1, 29) ¼ 32.80, p < .001, h2

p ¼ .53. Moreover, the two groups
(depletion, non-depletion) neither differed in their official free
throw success rate from the current season, nor in any of the trait
anxiety subscales, nor in positive or negative mood, ps > .17. Thus,
none of these variables could explain the effects of self-control
strength, analyzed in the following.

Main analyses

A Pearson's chi square test for independence indicated that
significantly more participants from the depletion group noticed
that there was a voice change in the audio stream (68.8%) than
participants from the non-depletion group (31.2%), c2(1,
N¼ 31)¼ 3.89, p¼ .05,F¼�.35. This supports the assumption that
depleted participants were more distracted by the audio stream
than participants from the non-depletion group. Distraction was
strongly negatively related to performance such that hearing the
change in voice was associated with worse performance, r ¼ �.55,
p ¼ .002.

Moreover, as expected, an independent samples t-test revealed
that participants from the depletion group (M ¼ 50.42%,
SD ¼ 12.99) displayed poorer performance in the free throw task
compared to participants from the non-depletion group
(M¼ 61.33%, SD¼ 12.65), t(29)¼�2.37, p¼ .03, d¼ 0.85. This effect
remained statistically significant when participants' official free
throw success rate of the current season was controlled for in an
analysis of covariance (ANCOVA), F(1, 28) ¼ 4.01, p ¼ .05, h2

p ¼ .13.
In the depletion group (Madjusted ¼ 51.75%, SE ¼ 2.81) participants
recorded a lower free throw percentage compared to participants
in the non-depletion group (Madjusted ¼ 59.92%, SE ¼ 2.90). This
finding delivers further support for our assumption that the group
differences in free throw performance were caused by differences
in momentarily available self-control strength and not by pre-
experimental differences in free throw competence.

Ancillary analyses

After demonstrating that availability of self-control strength
(i.e., the depletion manipulation) was related to distraction (i.e.,
recognizing the change in voice) as well as to free throw perfor-
mance, and that distraction was linked to worse free throw per-
formance, we sought initial evidence that distraction would
mediate the relationship between availability of self-control
strength and performance. Therefore, we additionally regressed
free throw performance simultaneously on available self-control
strength and distraction, applying multiple regression analysis.

http://www2.research.att.com/%7Ettsweb/tts/demo.php
http://www2.research.att.com/%7Ettsweb/tts/demo.php
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The analysis revealed that the relationship between self-control
strength and free throw performance disappeared when distrac-
tion was an additional predictor in the same regression model,
b ¼ .24, t ¼ 1.47, p ¼ .15. Distraction, however, still significantly
predicted free throw performance in this model, b ¼ �.46,
t ¼ �2.82, p ¼ .01. This relational pattern is indicative of the notion
that distraction mediated the effect of self-control strength on
performance (see Baron & Kenny, 1986). However, due to the small
sample size the results of this analysis have to be interpreted with
caution.

Discussion

Individuals are not always capable of displaying their best per-
formance in perceptual-motor tasks in high pressure situations
(e.g., Gucciardi et al., 2010; Wilson et al., 2009). For successful task
completion selective attention is required to block out irrelevant
information (e.g., Wilson et al., 2009). However, high pressure sit-
uations have been suggested to lead to a dominance of the bottom-
up stimulus-driven attentional system (Eysenck et al., 2007),
making individuals more distractible and thus leading to impaired
performance in tasks requiring selective attention (Corbetta &
Shulman, 2002). By investing additional effort individuals are
generally able to counteract the negative anxiety effects on atten-
tion and subsequent performance (Eysenck et al., 2007). Intact self-
control strength seems to be a protective factor in this regard
(Englert & Bertrams, 2012, 2013), as in our study participants with
intact self-control strength were more adept in ignoring distracting
stimuli and additionally displayed superior performance in com-
parison to participants with depleted self-control strength. Table 1.

Expanding previous findings by Englert and Bertrams (2012,
2013), we tested for the first time whether individuals with
depleted and intact self-control strength differed in their distract-
ibility by external stimuli. As it is difficult to measure the degree of
distractibility in high pressure situations directly we confronted
our participants with external auditory distraction presented via
stereo headphones (see Furley et al., 2013). We chose typical
thoughts of athletes in high pressure situations as our auditory
distraction, simulating and accentuating internal worries that
frequently occur under pressure (Oudejans et al., 2011). In line with
our prediction, the results indicated that depleted individuals were
more distractible as they paid more attention to these stimuli
compared to participants with intact self-control strength. Appar-
ently, participants with sufficient self-control strength were able to
volitionally shift their attention away from the irrelevant thoughts.
In addition, participants who were more aware of the audio stream
Table 1
Descriptive statistics: means and standard deviations.

Variable Experimental group

Depletion Non-depletion

M SD M SD

WAI-T worry 1.83 0.60 1.72 0.85
WAI-T somatic 1.67 0.54 1.63 0.72
WAI-T concentration 1.92 0.70 1.63 0.61
PANAS positive 1.96 0.66 1.90 0.68
PANAS negative 1.23 0.26 1.13 0.15
Free throw % current season 59.00 7.73 62.80 10.78
Manipulation Check 2.84 0.61 1.50 0.69
Free throw % in experiment 50.42 12.99 61.33 12.65

Note. n ¼ 16 in depletion group, n ¼ 15 in non-depletion group. WAI-
T ¼ Wettkampf€angstlichkeitsinventar (German version of the Sports Anxiety Scale,
SAS-2). PANAS positive ¼ German version of the Positive and Negative Affect
Schedule e positive affect. PANAS negative ¼ German version of the Positive and
Negative Affect Schedule e negative affect.
(i.e., were more distracted by it) performed significantly worse in
the free throw task. This finding supports previous findings on the
“quiet eye” (e.g., Behan & Wilson, 2008), suggesting that perfor-
mance in far-aiming tasks depends on attention being focused on
the target.

Replicating previous research (Englert & Bertrams, 2012, 2013),
the present study revealed that ego depletion impairs perceptual-
motor performance under pressure. In ancillary analyses, we also
found initial evidence that distraction mediated the effect of self-
control strength on performance under pressure. While the over-
all relational pattern was principally in line with a mediation pro-
cess (Baron & Kenny, 1986), the finding must be considered as
preliminary due to the small sample size. Future research may use
the present result as a starting point for examining mediation with
more advanced statistical techniques that require large sample
sizes or a series of experiments (e.g., Spencer, Zanna,& Fong, 2005).

The findings allow an integration of ACT (Eysenck et al., 2007)
and the strength model of self-control (Baumeister et al., 1998).
Eysenck et al. (2007) stated that the automatic tendency of anxious
individuals to process information in a bottom-up manner can be
volitionally overridden, thereby avoiding performance decrements
in tasks with relatively high requirements to concentrate. However,
the authors did not explicitly clarify which processes are respon-
sible for overriding this automatic tendency. Moreover, they did not
predict under which conditions overriding of this tendency suc-
ceeds or fails. The strength model of self-control may provide a
viable explanation as attention regulation can be considered a self-
control act (Schmeichel & Baumeister, 2010). Thus, situational or
even dispositional variables that affect the availability of self-
control strength may impact whether people gain back atten-
tional control and overcome distractibility in stressful situations.
This may explain why in some studies individuals were able to
perform at a high level in high pressure situations (e.g., Woodman
& Hardy, 2003) while in other studies they were likely to under-
perform (e.g., Beilock & Gray, 2007). It may be possible that in the
first mentioned as compared to the latter mentioned studies par-
ticipants commanded high levels of self-control strength enabling
them to counteract the effects of pressure and anxiety on attention.
The results of our study further support this assumption.

Nonetheless, there are several critical aspects to consider in the
present study. First, we presented external distraction in the form
of worrisome thoughts to our participants, assuming that these are
typical thoughts running through the mind of an athlete in a high
pressure situation. We adapted these statements from a study by
Oudejans et al. (2011) in which athletes reported their typical
thoughts and feelings in high pressure situations. However, it is not
an easy undertaking to create representative statements fitting all
participants, as worrisome thoughts are really subjective and may
differ from athlete to athlete (Oudejans et al., 2011). An alternative
would have been to ask our participants retrospectively whether
they were distracted while executing the free throws. Applying this
methodology could however confound with participants' free
throw performance, as participants with lower free throw scores
could blame an increased distractibility as the reason for their low
free throw total (cf. Zeidner, 1998). A solution to this potential
shortcoming could be to apply eye tracking technology. In several
studies it has been demonstrated that individuals under pressure in
comparison to no pressure display a less efficient gaze behavior
(e.g., Behan & Wilson, 2008; Nibbeling et al., 2012). In this
conceptualization, one's gaze behavior is indicative of the ability to
selectively pay attention towards task-relevant information (e.g.,
Behan&Wilson, 2008; Nieuwenhuys&Oudejans, 2012). Therefore,
in future studies our findings could be expanded by applying spe-
cific eye tracking technology in order to examine the role of self-
control strength for selective attention in perceptual-motor tasks.
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Second, we did not experimentally manipulate state anxiety but
instead induced anxiety in all of our participants (see Englert &
Bertrams, 2012; Study 2). However, we did this intentionally as
we were interested in examining the proposed distractibility
mechanism of how state anxiety impacts performance. As Eysenck
et al. (2007) pointed out that the top-down goal-oriented and the
bottom-up stimulus-driven attentional system should be in balance
amongst individuals in low pressure situations, these individuals
should be less affected by irrelevant stimuli. Therefore, in this case,
it should not matter whether participants' self-control strength is
running low as no self-control is necessary to volitionally regulate
one's attention. The nearly equal performance between the
depletion and the non-depletion group in participants with low
levels of anxiety reported by Englert and Bertrams (2012, 2013)
supports this claim. Hence we did not include experimental
groups with low levels of anxiety in our study design.

Third, Gray (2004; see also Beilock & Gray, 2007) provided ev-
idence that attention directed to extraneous auditory information
was beneficial for skilled perceptual-motor performance in com-
parison to attention directed towards skill execution. At first sight,
this finding seems to contradict the present finding in which
attention directed towards the extraneous auditory stream was
detrimental for perceptual-motor performance. However, as the
present auditory stream represented typical performance worries
(Oudejans et al., 2011) in comparison to an irrelevant auditory
discrimination task in Gray (2004), the nature of the respective
tasks might have accounted for the contrasting pattern of results.
On a theoretical level, it might be warranted to think of functional
attention regulation not in terms of distraction versus skill-focus
attention, but instead of task-beneficial and task-detrimental
attention regulation (see Nieuwenhuys & Oudejans, 2012; for a
similar line of argumentation regarding task-relevant versus task-
irrelevant). Therefore, future studies should investigate whether
the quality and valence of extraneous auditory information in de-
pendency of self-control strength is essential for subsequent
performance.

Finally, at the moment there is an ongoing debate on the pro-
cesses underlying the ego depletion effect and the assumptions of
the strength model of self-control. Several researchers have argued
that the depletion effect on subsequent performance may be due to
motivational shifts (e.g., Inzlicht & Schmeichel, 2012), to resource
allocation (Beedie& Lane, 2012), or to subjective theories about the
limitations of one's self-control strength (Job, Dweck, & Walton,
2010). Although these alternative accounts to the strength model
of self-control have received some empirical support, recent studies
controlling for these alternative explanations have been in favor of
the strength model of self-control (e.g., Graham, Bray, & Martin
Ginis, 2014), and also the meta-analysis by Hagger et al. (2010)
supports the claim that primary self-control acts impair subse-
quent acts of self-control. In the present work, we were interested
in the relationship among ego depletion, distraction, and skilled
perceptual-motor performance and not in the underlying mecha-
nisms leading to the well-established ego-depletion effect. None-
theless, researchers should pay close attention to this ongoing
debate in order to further understanding of the mechanisms
leading to ego depletion effects. Recently, Carter and McCullough
(2014) argued that the effect of ego depletion on subsequent per-
formance may be overestimated and that a publication bias may
have led to the large effect sizes (dþ ¼ 0.62) in the meta-analysis of
Hagger et al. (2010). The authors discuss whether the depletion
effect may simply be a result of the tendency of editors and authors
to only publish significant findings. As we agree that publication
bias may be a problem in all fields of psychological research (e.g.,
Bakker, van Dijk, & Wicherts, 2012), especially in arriving at a
reliable approximation of the “true” effect of an experimental
manipulation, we acknowledge that the fairly small sample size in
the present studymight be skewing the effect size. While we do not
question the existence of the reported effect, future research with
larger sample sizes should replicate our initial findings in order to
achieve a more reliable understanding of the effect that ego
depletion has on distraction and skilled perceptual-motor
performance.
Concluding remarks

The current results have some practical implications. As we
demonstrated that depleted individuals were more likely to be
distracted by task-irrelevant stimuli it seems beneficial to find ways
to boost one's self-control strength. By these means distraction and
related performance decrements in perceptual-motor tasks may be
mitigated or even avoided. Baumeister and colleagues compare
self-control strength to a muscle that on the one hand can become
exhausted and depleted but which, on the other hand, can also be
strengthened (for an overview, see Baumeister, Gailliot, DeWall, &
Oaten, 2006). For instance, in a study by Oaten and Cheng (2007)
an intervention group that was instructed to regularly exert self-
control with respect to their financial spending for four months
improved their self-control in an unrelated selective attention task
in the long run compared to participants from a control group who
did not receive a specific self-control training. Following themuscle
metaphor, there are also possibilities to replenish one's exhausted
self-control strength. For example, as Tyler and Burns (2008) found
out, brief active relaxation helps to revitalize recently depleted self-
control strength. Integrating such active relaxation into the
workout routines of athletes might enable them to perform at
higher levels under pressure.
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