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Abstract Fatigue is a complex state with multiple physi-
ological and psychological origins. However, fatigue in
soccer has traditionally been investigated from a physio-
logical perspective, with little emphasis on the cognitive
demands of competition. These cognitive demands may
induce mental fatigue, which could contribute to the fati-
gue-related performance decrements observed during and
after soccer matches. Recent research investigating the
relationship between mental fatigue and soccer-specific
performance supports this suggestion. This leading article
provides an overview of the research in this emerging field,
outlining the impact of mental fatigue on soccer-specific
physical, technical, decision-making, and tactical perfor-
mances. The second half of this review provides directions
for future research in response to the limitations of the
existing research. Emphasis is placed on translating the
current body of knowledge into practical applications and
developing a greater understanding of the mechanisms
underpinning the negative impact of mental fatigue on
soccer performance. A conceptual model is presented to
help direct this future research.
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Key Points

Mental fatigue impairs multiple aspects of soccer-
specific performance.

Future research should focus on understanding the
mechanisms underlying performance impairments
and applying these findings within the performance
environment.

Soccer clubs should consider strategies to avoid and/
or attenuate the negative effects of mental fatigue on
soccer performance.

1 Introduction

Soccer requires prolonged low-intensity activity inter-
spersed with repeated short bouts of high-intensity activity
[1]. This physically demanding activity profile causes
fatigue, which may reduce distances covered towards the
end of a match and following high-intensity periods of a
match [2—4]. This “match-related fatigue” may also reduce
the quantity and quality of technical performance towards
the end of a match [5].

The perceptual-cognitive demands of soccer competi-
tion are also extremely challenging [6]. Indeed, soccer
players must remain alert for extended periods, constantly
scanning their dynamic performance environment and
attending only to relevant information. Players must then
integrate this information with tactical strategies and
opposition and teammate tendencies (previously stored in
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memory) to make accurate decisions under strict time
constraints [7]. Competing at a high level with potentially
congested playing schedules may increase these psycho-
logical demands [8]. Therefore, players likely experience
mental fatigue during competition, which may contribute
to the performance reductions observed towards the end of
a match.

Mental fatigue is a psychobiological state characterised
by feelings of tiredness and a lack of energy and induced
by prolonged periods of demanding cognitive activity
[9, 10]. The negative impact of mental fatigue on endur-
ance performance is well-established and has been attrib-
uted to increased perception of effort (for review see Van
Cutsem et al. [11]). Comprehensive evidence also
demonstrates that mental fatigue impairs cognitive [9, 12]
and skilled motor [13, 14] performances. These impair-
ments have been attributed to altered attentional focus [9],
reduced performance monitoring/adjustment [10], slower
and less accurate reactions [12], and poor use of visual cues
for action preparation [12, 15]. Therefore, as these execu-
tive functions are important for sport-specific performance,
researchers have recently begun investigating the effects of
mental fatigue on soccer performance [16-20].

This review summarises the recent literature on mental
fatigue and soccer performance and provides direction for
future research in this emerging field. The paper comprises
two sections: (1) a review of existing literature, outlining
the impact of acute mental fatigue on various factors
associated with successful soccer performance and (2)
suggested avenues for future research, based on the limi-
tations of the existing literature. This second section
emphasises the practical application of this research and
provides a conceptual mechanistic model to direct future
research.

2 Current Knowledge
2.1 Physical Performance

Time—motion analysis investigations have revealed reduc-
tions in physical activity as matches progress [2—4]. Most
existing research attributes these changes to cardiorespi-
ratory, metabolic, and neuromuscular mechanisms of fati-
gue (physical fatigue) [1]. However, our understanding of
fatigue in soccer is broadening, acknowledging the sig-
nificant psychological stress of competition and its impact
on performance [8, 21]. Therefore, several recent investi-
gations have assessed the impact of mental fatigue on
soccer-specific physical performance [16-18, 22].

Using a non-motorised treadmill protocol simulating the
activity profile of team sport gameplay, Smith et al. [22]
demonstrated that mental fatigue impairs intermittent
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running performance. In this investigation, ten team sport
athletes performed a 45-min intermittent running protocol
following a 90-min cognitively demanding computer task
(mental fatigue) and a control treatment (documentary).
Mental fatigue reduced running velocities at low intensi-
ties, while high-intensity and peak sprint velocities
remained similar between conditions. These observed
impairments of performance were attributed to higher
perception of effort in the mentally fatigued condition
rather than physiological differences [22].

A subsequent study was conducted to verify these initial
findings using the Yo-Yo Intermittent Recovery Test,
Level 1 (Yo-Yo IR1), a validated protocol correlated to
match running profiles [23] and more familiar to soccer
players [18]. Results of this study confirmed previous
findings, as all 12 recreational soccer players ran shorter
distances in the Yo—Yo IR1 following a 30-min mentally
fatiguing Stroop task, compared to an emotionally neutral
control. In line with previous investigations [22, 24, 25],
this reduction in running performance in mentally fatigued
players was mediated by an increased perception of effort.

In contrast to laboratory-controlled conditions, mental
fatigue has an unclear influence on soccer-specific physical
performance in applied settings [16, 17, 26]. Badin et al.
[16], and Coutinho et al. [17] investigated the effects of
mental fatigue on performance during 5 vs. 5, and 6 vs. 6
(plus goalkeeper) small-sided games (SSGs), respectively,
with only one mentally fatigued team per SSG. Coutinho
et al. [26] mentally fatigued both teams before 5 vs. 5 (plus
goalkeeper) SSGs and compared performance with that of
a control vs. control SSG. Perception of effort during the
SSG was likely higher in mentally fatigued players in
Badin et al. [16], and Coutinho et al. [17], but, players’
physical activity profiles, assessed using global positioning
systems, were not clearly different between conditions.
[16, 17]. Indeed, differences in most physical performance
variables (distances covered, accelerations and decelera-
tions) were either unclear or trivial. Coutinho et al. [26] did
not assess ratings of perceived exertion during the SSG but
reported a likely small reduction in total distance (possibly
small reductions in moderate- and high-intensity ratios;
likely trivial differences in low-intensity ratio) in mentally
fatigued players. Therefore, although it is possible, whether
mental fatigue influences soccer-specific physical perfor-
mance in applied settings is unclear and is likely to depend
on the fatigue status of the opposition. The contrast in
findings between laboratory-based (clear impairment) and
applied settings (unclear influence) is likely due to the open
nature of SSGs, which involve technical skills, tactical
considerations, decision making, and competition against
an opposing team [27]. During SSGs, these factors likely
dictate player movement patterns to a greater extent than
does perception of effort.
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2.2 Technical Performance

Although physical activity profiles are important in soccer,
technical skill performance generally determines match
success [28]. Some [5, 28], but not all [2], research indi-
cates that performance of technical skills declines over the
course of a match. Again, these changes are typically
associated with physical fatigue [5]. However, recent
research demonstrated that mental fatigue impairs perfor-
mance of fundamental motor skills (manual dexterity,
anticipation timing, and goal-directed arm movements)
[13, 29]. Additional evidence suggests that these mental-
fatigue-related impairments to fundamental motor skills
transfer to soccer-specific skills [16, 18, 20].

Recent studies have investigated the impact of mental
fatigue on technical performance in both controlled and
applied settings. Following a 30-min Stroop task, 14 well-
trained players performed less accurate passes, and slower,
less accurate, shots on goal in the Loughborough Soccer
Passing (LSPT) and Shooting Tests (LSST) [18, 20]. No
between-condition differences existed for players’ move-
ment speed during the tests, suggesting that a possible
speed-accuracy trade-off exists. Similar reductions in
LSPT performance have previously been observed fol-
lowing a soccer match [5], indicating that mental fatigue
may contribute to performance decrements during compe-
tition. However, results from the LSPT must be interpreted
with care, as recent research suggests that this test has
impractical criterion validity in elite youth soccer players
[30]. Nevertheless, research assessing the impact of mental
fatigue on soccer skills during SSG supports the hypothesis
that mental fatigue contributes to technical impairments
during match play [16]. Indeed, mental fatigue reduced
players’ passing accuracy during the SSG. Additionally,
mentally fatigued players had a lower percentage of posi-
tive involvements and possessions, less successful tackles,
and more ball control errors. Taken collectively, these
findings show that mental fatigue impairs several offensive
and defensive soccer-specific technical skills and may be
partially responsible for reductions observed during com-
petition [5, 28].

2.3 Decision-Making and Tactical Performance

Soccer players’ capability to quickly identify and interpret
relevant cues and formulate an appropriate response is
critical for successful performance [31-33]. Players utilise
these perceptual-cognitive skills to decide on appropriate
technical involvements and movements based on the
positioning of other players and the ball (tactical beha-
viour). Indeed, players with superior perceptual-cognitive
skills are typically better decision makers [34] and play at a
higher competitive level [33]. Research has shown that

mental fatigue impairs perceptual—cognitive performance
during computer-based tasks [9, 10, 12, 15]. Therefore,
researchers have recently investigated whether mental
fatigue also affects soccer-specific perceptual-cognitive
performance [17, 19].

Preliminary findings suggest that mental fatigue impairs
perceptual—cognitive performance of soccer players
[17, 19]. Smith et al. [19] studied 12 well-trained soccer
players as they performed a film-based soccer-specific
decision-making task [33, 34] following a 30-min Stroop
task or control treatment. Mental fatigue impaired both the
speed and the accuracy of soccer-specific decisions but had
minimal impact on visual search behaviour [19]. The
investigations by Coutinho et al. [17, 26] (see Sect. 2.1.
Physical Performance) also assessed the impact of mental
fatigue on tactical performance in SSG. When mentally
fatigued, players in Coutinho et al. [17] possibly spent less
time synchronised in the lateral direction. Mental fatigue
also possibly reduced the speed of team dispersion and
very likely reduced the speed of team contraction. Mentally
fatigued players in Coutinho et al. [26] likely spent less
time synchronised in the longitudinal direction, possibly
increased the regularity in distance between player dyads,
and possibly decreased team dispersion. The differences
between these findings are again likely a result of the
fatigue status of the opposition (fatigue vs. control, or
fatigue vs. fatigue).

In summary, the existing literature demonstrates that
mental fatigue impairs soccer-specific physical, technical,
and perceptual-cognitive performances. However, addi-
tional research is required to confirm whether these
impairments, observed mainly in controlled settings,
translate into performance reductions during competition.
The following section of this review expands on this need
and outlines additional avenues for future research.

3 Future Directions

The investigations reviewed above provide preliminary
evidence that mental fatigue impairs soccer performance.
However, two clear lines of additional research are
required to assist coaching staff and players in managing
mental fatigue. First, researchers should aim to integrate
theory and practice, studying mental fatigue and soccer
performance with an applied approach. Second, future
investigations should attempt to clarify the mechanisms
behind the observed influence of mental fatigue on soccer-
specific performance. Several suggestions for this future
research are provided below.

@ Springer
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3.1 Applied Research

The reductions in performance observed due to mental
fatigue appear to align with changes that have been
attributed to match-related fatigue [2-5]. However, there is
no empirical evidence that soccer players experience
mental fatigue during competition. Mashiko et al. [35] used
the Profile of Mood State (POMS) questionnaire to assess
mood before and after rugby union matches and reported
an increase in mental fatigue. However, as the fatigue
subscale of the POMS does not differentiate between
mental and physical fatigue [36], it is difficult to determine
whether the increased fatigue was due to mental or physical
exertion or a combination. Additionally, no such investi-
gations exist in soccer players. Therefore, future investi-
gations should directly assess mental fatigue pre- and post-
game using as many subjective (specific to mental fatigue)
and objective (electroencephalography [37], electroocu-
lography [38], reaction time and accuracy [39]) assessment
tools as practical. These investigations should ideally col-
lect data from several games across a season, as factors
such as winning/losing, quality of opposition, fixture con-
gestion, and stage of season are likely to affect at least
subjective assessments [40]. This research should also
consider the positive impact of exercise on arousal and
cognitive performance, which may influence results [41].
Another limitation of the existing research is the use of
prolonged computer- or paper-based cognitive tasks (e.g.
Stroop) to induce mental fatigue. Although the cognitive
demands of these tasks (i.e. sustained attention and inhi-
bitory control) are also present during soccer competition,
players do not perform these tasks prior to taking the field.
Coutinho et al. [17] partially addressed this limitation,
inducing mental fatigue with a motor task. Players per-
formed a series of agility ladder drills for 20 min while
juggling a tennis ball to increase attentional demands. This
novel motor task is an improvement on computer-based
tasks but is also an atypical pre-match activity for soccer
players. However, it is possible that some pre-match
activities/routines (e.g. prolonged tactical sessions, player
interviews, or playing video games) do induce mental
fatigue. Indeed, activities requiring sustained vigilance
[9, 42] and/or emotional regulation [43] can induce mental
fatigue and impair subsequent performance. The timing of
mentally fatiguing tasks is also critical, as periods of rest
can reduce mental fatigue [44]. While players typically rest
immediately prior to a match, most existing investigations
do not incorporate a break between mentally fatiguing
tasks and performance tests. Therefore, future research
should investigate whether common pre-match activities
induce mental fatigue and assess their impact on perfor-
mance (after realistic periods of rest). Where this approach
is not possible, researchers should induce mental fatigue
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using ‘soccer-specific’ tasks as did Coutinho et al. [17],
rather than computer- or paper-based tasks.

Although recent investigations have attempted to utilise
more applied environments (i.e. SSG) [16, 17], assessing
the impact of mental fatigue on performance during a
90-min match (and extra time where possible) would
advance our current knowledge. Indeed, Badin et al. [16]
suggested that, in their investigation, the short duration of
the SSG may explain why mental fatigue had no impact on
physical performance. It is possible that if participants
played a full-length match, perception of effort would have
increased further, decreasing the physical activity profile of
mentally fatigued players. Given the likely impairments,
researchers should not attempt to mentally fatigue players
before competitive matches. Rather, future investigations
should assess the impact of mental fatigue on performance
during full-length practice matches.

Whether mental fatigue impairs soccer performance of
elite players remains unclear. Indeed, the existing literature
has investigated well-trained or recreational soccer players.
The pressure of elite-level competition likely places greater
cognitive demands on elite players as they regulate emo-
tions prior to a match [8]. These demands may induce
mental fatigue in elite players during competition. How-
ever, recent evidence indicates that professional cyclists
are more resistant to mental fatigue than lower-level
cyclists [45]. The authors attribute this resistance to the
athletes’ familiarity with highly demanding cognitive
activity during training and competition. Considering the
demands of elite soccer training and competition, it is
likely that soccer players share this resistance. Neverthe-
less, research should assess whether soccer-specific cog-
nitively demanding activity induces mental fatigue and/or
impairs performance in an elite population. This research
may have additional implications for planning training and
recovery schedules in an attempt to increase the cognitive
demand (e.g. using SSGs rather than general or semi-
specific physical training) and allow for appropriate
recovery from physiological and psychological stresses.

The findings of Martin et al. [45] also warrant investi-
gation into the efficacy of intentionally training under
conditions of mental fatigue to increase resistance and
improve performance. Indeed, preliminary evidence sug-
gests that systematically training under conditions of
mental fatigue reduces perception of effort and improves
endurance exercise performance [46]. Future research
should examine whether this novel training strategy
enhances soccer-specific performance. If so, additional
research will be required to identify the most practical and
effective prescription guidelines (e.g. optimal timing, vol-
ume, frequency, and format of mentally fatiguing activity).

Finally, in elite players, mental fatigue may interact with
sleep restriction/deprivation and/or congested schedules to
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influence performance. For example, research has shown
that sleepiness and mental fatigue may work synergistically
to impair cognitive performance [44]. This may be
important for elite soccer players, as the physical and
psychological demands of training and competition can
reduce the quality and quantity of athletes’ sleep, which
may affect subsequent performance [47]. Additionally,
although congested fixtures appear to have minimal influ-
ence on physical performance, injury rates seem to increase
during these periods [48]. It is possible that mental fatigue
contributes to this increase in injury rates during congested
periods. Indeed, many of the mechanisms proposed to
impair skilled performance under conditions of mental
fatigue (see below) have been linked to increased injury
risk in a laboratory-based slipping task [49]. Therefore,
future research should examine the interactive influence of
mental fatigue, sleep restriction, and fixture congestion on
soccer performance and injury incidence/susceptibility.

3.2 Mechanisms

The mechanisms of fatigue in soccer are complex, with
multiple physiological and psychological processes con-
tributing to performance declines [31, 48]. Understanding
these mechanisms may assist in the development of novel
interventions to attenuate performance impairments. The
current research on mental fatigue and soccer performance
provides little information regarding the mechanisms
responsible for the observed impairments. Nevertheless,
fundamental investigations on mental fatigue provide
insight into certain mechanisms that appear to align with
the results of soccer-specific research. Based on this
information, we propose a conceptual mechanistic model
(Fig. 1) for the impact of mental fatigue on soccer per-
formance. This model was not designed to comprehen-
sively analyse the multifactorial genesis of fatigue, as
additional mechanisms are undoubtedly involved in this
complex process. Rather, it outlines one mechanistic
pathway of many that likely contribute to fatigue-related
impairments in soccer. Therefore, this model acts as a tool
to direct future research into the mechanisms of mental
fatigue in soccer.

As seen in Fig. 1, cognitively demanding tasks requiring
response inhibition [50-52], sustained vigilance [9, 42, 53],
and monotony [54, 55] induce mental fatigue. These tasks
activate the anterior cingulate cortex (ACC), likely leading
to elevated adenosine, and a corresponding decrease of
dopamine in this brain region [10, 56-61]. The ACC plays
a critical role in many executive functions, including
effort-based decision making [62], attentional allocation
[9, 63], action preparation [12, 15], and performance
monitoring/adjustment [10, 12, 64]. Impairments to these
functions may be responsible for the observed decrements

in soccer-specific tactical, decision-making, and technical
performance [16-20]. However, future investigations
should directly assess the accuracy of these proposed
mechanisms. For example, utilising dual-task procedures
and players of varying skill level may clarify whether
attentional changes are responsible for the observed
reductions in technical performance. Indeed, highly skilled
players require less attentional resources to perform well-
learned motor skills [65]. Therefore, if mental fatigue
reduces the allocation of attention to task demands, highly
skilled players may maintain a higher standard of perfor-
mance than their lesser skilled counterparts when a sec-
ondary task is added.

Research demonstrates that mental fatigue increases
perception of effort, subsequently reducing endurance
performance [11, 24, 25, 66, 67]. However, the mecha-
nisms underlying these observed increases in perception of
effort are not clear. Similar to impairments in technical and
decision-making performance, altered adenosine/dopamine
concentrations in the ACC may be responsible [68, 69].
This suggestion is based on the following theory: (1) the
ACC contributes to effort-based decision making [70, 71];
(2) mentally fatiguing tasks (e.g. Stroop) activate the ACC,
increasing extracellular adenosine [50, 52, 60, 72]; (3)
animal studies show that elevated concentrations of ade-
nosine in the brain impair endurance performance [57]; and
(4) the ergogenic effect of caffeine on endurance perfor-
mance has been attributed to its role as an adenosine
antagonist [57]. Although this proposed mechanism is
plausible, further studies in both animals and humans
should directly examine the role of adenosine/dopamine
interactions in the ACC (and other neurological mecha-
nisms) in regulating perception of effort and endurance
performance. More specific directions for future research in
this area have been discussed in a previous review [11].

Understanding the mechanisms of mental fatigue will
allow for the implementation of tailored interventions to
attenuate its negative effect on soccer performance.
According to our proposed model (Fig. 1), interventions
altering adenosine/dopamine levels, actions and interac-
tions may be particularly effective. As stated above, caf-
feine counteracts mental fatigue [73], at least in part, by
blocking adenosine receptors in the brain [57]. This
mechanism appears to underpin the cognitive and physical
performance benefits of caffeine [74, 75]. Indeed, caffeine
consumption reverses the negative impact of mental fatigue
on physical performance [76] and improves soccer-specific
physical and technical performance [77-79]. Therefore,
caffeine and mental fatigue have contrasting effects on
soccer-specific performance, potentially due to their
opposing impact on adenosine/dopamine concentrations.
However, additional research is required to assess the
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Fig. 1 Conceptual model
outlining a potential
mechanistic pathway for the
impact of mental fatigue on
soccer performance. ACC
anterior cingulate cortex. The
gray line indicates evidence
from animal research, and the
broken line indicates proposed
mechanism lacking empirical
evidence

[s6]

interaction between mental fatigue, caffeine consumption,
and soccer performance.

4 Conclusions

The recent literature indicates that mental fatigue may
contribute to performance decrements associated with
“match-related fatigue” in soccer. Indeed, induced mental
fatigue impairs soccer-specific physical, technical, deci-
sion-making, and tactical performance. These findings
provide initial experimental evidence and confirm anec-
dotal reports of the influence of mental fatigue on soccer
performance. However, this remains an emerging field of
research, requiring additional investigation. The primary
limitation of the existing literature is a lack of direct
application to the performance environment. Therefore,
future investigations must aim to reconcile research and
practice by studying mental fatigue and soccer perfor-
mance with an applied focus. A deeper understanding of
the mechanisms that underpin the negative impact of
mental fatigue on soccer performance may assist in
directing this future research. A conceptual mechanistic
model has been presented for this purpose. Although fur-
ther research is required in this emerging field, the existing
literature provides adequate evidence that soccer clubs
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should consider strategies to avoid and/or attenuate the
negative effects of mental fatigue on soccer performance.
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