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Abstract: Fatigue caused by exercise or mentally demanding tasks can lead to an alteration in the
cognitive functioning of athletes. Therefore, it is important to investigate whether and to what extent
fatigue influences athletes cognitive performance in sports with high cognitive demands. This scoping
review aims to map research articles dealing with the effects of acute fatigue on players cognitive
performance in team sports. The main inclusion criterium was that studies had to examine the impact
of any form of acute fatigue on (i) cognitive functions only, (ii) reactive agility, (iii) sport-specific skills
with reactive components included. In total, 12 articles met our inclusion criteria. Results indicated
that prolonged exercise causes a decline in the decision-making, attention, and perception abilities of
players. Accuracy of sport-specific tasks with cognitive components included rather deteriorated after
both exercise and mental fatigue inducement. However, alteration of players cognitive performance
depends on the intensity and duration of fatigue-inducing tasks. Mental fatigue and consequent
decision-making deterioration can be triggered by at least 30 min of a Stroop color-word task as well
as smartphone application exposure. Analysis of the studies revealed a lack of research investigating
the acute effect of fatigue on reactive agility, along with cognitive functions such as memory or
learning. Due to possible acute negative effects of fatiguing exercise or mentally demanding tasks on
human cognition, future research should consider the examination of different types and intensities
of exercise on players’ cognitive performance.

Keywords: acute fatigue; cognitive performance; team sports

1. Introduction

Adaptation to a highly variable environment (e.g., ball, opponent, teammates) is cru-
cial in a variety of sports [1,2]. Cognitive functions such as attention, decision making, and
working memory are essential for sports performance, especially in an unstable environ-
ment [3]. From the perspective of movement, the term reactive agility is widely discussed
as an important aspect of individual performance in team sports [2,4]. In specific game
conditions, players rapidly and effectively change their direction or velocity of movement
in response to external stimuli. Therefore, agility in invasive sports consists of physical,
technical, and cognitive factors [1].

Cognition, in general, plays an important role in athletes performance [5]. This is
especially the case for sports teams who perform in an open environment full of tasks that
are highly independent and cognitively demanding [6]. There is an interplay between
physical and psychological aspects of sport-specific skills and movement [7]. Open skills
are dependent on immediate changes in the environment. Therefore, cognitive components
of rapid movement in team sports depend on abilities such as visual scanning, anticipation,
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pattern recognition, and knowledge of situations [1]. For example, in sports such as
basketball or rugby, decision-making response time had a large relationship with reactive
agility [4,8]. A recent meta-analysis also suggests that cognitive assessment correlates with
motor test scores [7]. Consequently, current evidence points to the importance of cognitive
functions in relation to sport-specific skills and movement [7,9].

Athletes have greater sensory-cognitive skills; however, these skills are related to their
specific fields [10]. Cognitive abilities such as inhibition, short-term, and partially working
memory seems to be superb in elite soccer players compared to sub-elites and amateurs [11].
In addition, processing speed, quick decision making, and executive functioning appear to
be important performance factors in the open-skill environment of team sports [9,12,13].

Cognitive as well as physical performance can be impaired by fatigue. Central and
peripheral forms of fatigue influences athletes’ sport-specific skills [14-16]. In team sports,
fatigue seems to be negatively implicated with a technical and tactical aspect of perfor-
mance [14-18]. It is suggested that exercise-induced fatigue harms the executive func-
tions [19,20] and proprioceptive feedback of humans in general [21]. On the other hand,
arousal caused by acute bouts of exercise increases the brain concentration of the neuro-
transmitters and stimulates a release of the hormone cortisol [22]. Exercise can also have
a positive acute impact on cognitive performance; however, this relationship is not linear
with loading volume [19,22]. For example, submaximal aerobic exercise for up to 60 min
facilitates information processing. With a prolonged time of exercise, fatigue impairs pro-
cessing and memory functions [22]. Physical fatigue results in prioritizing activity in brain
centers responsible for movement rather than frontal parts of the brain that are responsible
for higher-order cognitive functions [23]. Diminished muscle glycogen stores, hyperther-
mia, and increased loss of fluid after intensive or long-duration exercise contributes to
decrement of cognitive performance in sport [23,24]. Additionally, neurocognitive aspects
of fatigue show evident interaction between physical and cognitive effort [25].

Prolonged cognitively demanding activity results in subjective feelings of “tiredness”
and “lack of energy” [26]. It has been found that mental fatigue impairs physical and cogni-
tive performance, even related to sport-specific environments [27]. Recent reviews unfold
possible endurance, motor skills, and decision-making performance impairments [28,29].
The effects of mental fatigue on human performance probably lie in the complex neural
mechanisms [25,27,30]. Physiological aspects related to athletes” neuromuscular system
obviously play an important role in this process [31]. Evidence supports the existence of
mental facilitation and inhibition systems that modulate the activity of task-related brain
regions to regulate cognitive performance. Impaired energy metabolism and oxidative
damage may contribute to acute cognitive decline [30].

According to recent knowledge, both exercise-induced and mental fatigue influence
the cognitive component of a players performance. Alteration in the level of cognitive func-
tions due to exercise depends on the type of exercise load (duration, intensity, specificity)
and participants fitness level. In the general population, acute positive effects of exercise
were found in specific cognitive abilities such as short-term visual memory and choice
reaction [32]. Weightlifting and resistance training [33], as well as coordinative training [34],
have shown notable positive psychological outcomes. On the other hand, prolonged acute
exercise lead to their impairment [19,20,22]. Acute effects of physical or mental load on ath-
letes” cognition remain unclear. A variability in sport-specific loads (e.g., specific external
and internal load, running speed, number and distance of sprints, sport-specific skills, game
situations) may influence players’ cognitive functioning in different ways. Despite their
importance in most team sports, the evaluation of these abilities is often underestimated at
the expense of physical abilities. Therefore, it is necessary to investigate whether and to
what extent exercise-induced and mental fatigue influence players’ cognitive performance
in sports with high cognitive demands.
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We were interested in the acute effects of fatigue on players’ cognitive performance.
The aims of this scoping review are to map: (1) research articles dealing with the effects
of acute fatigue on players’ cognitive performance; (2) assessment methods of cognitive
performance in team sports; and (3) identify gaps in the existing literature and propose
future research on this topic.

2. Methods

Three electronic databases (PubMed, Web of Science, Scopus) were chosen to search
relevant studies. Google Scholar and backward search (i.e., assessing the reference lists of
the included articles) were used for additional searches. The terms “cognitive functions”,
“cognitive performance”, or “agility” were combined with “fatigue” and “sport” to find
a title, abstract, or keywords related to our topic. The main inclusion criterium was that
studies had to examine the impact of any form of acute fatigue on (i) cognitive functions
only, (ii) reactive agility, (iii) sport-specific skills with reactive components included. Other
criteria were a publication date of 2010-2021 and article full-text availability. Studies that
failed to meet our criteria were excluded from this review.

The PRISMA flow diagram (Figure 1) adapted from Page et al. [35] illustrates the search
and selection stages. Initially, we identified 243 articles from the main databases and another
27 articles which provided additional Google Scholar search and backward search of
relevant studies reference lists. After the exclusion of duplicates, we eliminated studies that
focused on cognitive changes related to sleep deprivation or nutrition interventions, sport-
specific skills, agility without cognitive components, or did not examine team sport players.
Twelve relevant articles are included in Table 1. Pre-post differences were calculated
from the mean values and expressed as percentages. If the study did not provide the
required data, we used the abbreviation “n.d.” (no data) or the significance level. The last
column shows available additional indicators such as: (a) standard deviation (SD), (b) 90%
confidence interval (90% CI), (c) 95% confidence interval (95% CI), (d) effect size—Cohens
d (ES [d]), and (e) effect size—Partial eta squared (ES [npz]). These indicators serve to
enhance the understanding of collected data.

In summary, although the number of studies included in our review is restricted, we
consider that current research on this topic is focused rather on the general or trained
population than athletes in their specific sports.
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Figure 1. Search methodology.
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Table 1. Summary of articles dealing with pre-post fatigue differences in cognitive performance of team sport players.

Pre-Post SD [%1°
Level and . Fatigue Inducing . s . 90% CI [%] P
Author Specialization Participants Task Cognitive Abilities Type of Assessment leferenies 95% CI [%]  ES [d] 4
[Mean A%] 21 e
ES [np~]
. i Reactive Agility Test 5.7 [t]* +3.0°
Stepto et al., 2011 Austslzkl)iaerllltlgules Male (n = 13; MOdlﬁfei tYlo Yo IE Executive functions Reactive Motor Skill Test 6.0 [t]* +30P
[36] Football Plavers 22+ 3y) 30 min Decision-making Handball task —11.0[a] * +120b
y Performance index —16.0 [p/t] * +14b,0.79 4
Reactive Motor Skill Test —0.6 [t] +0.9b
Bullock et al., . Loughborough . . RMST (Reactive agility) 11[t]* +1.1°
2012 Amz;;cleglref;)ccer Mla 81e :én4— ;12’ Intermittent Shuttle Egicgsizi_f;r;itiﬁns RMST (Passing time) —2.7 [t] *** +1.2b
[37] y y Task 45 min & RMST (Passing accuracy) 3.6 [a] +33b
RMTS (Performance index) 51[p/t]* +3.6°
193 [t] * +20.62, +£0.93 4
26.8 [e] +45.42, 4058 4
a d
Executive functions Maze task 0.8[t] +2.27,037 d
Goble and Intermittent Batting Decision-making Detection 0.7 [a] +8.17%,011
. Youth Cricket Male (n = 15; . . . 1.5[t] +242 0564
Christie 2017 Exercise Attention Identification d
Players 17+ 09y) . . . 0.8 [a] +3.12,0.06
[38] 140 min Learning and One-card learning d
Memor One-back attention —14[t] +2.87,042
y ~1][a] +1.12,0434
0.7 [t] +2.92,0.18 4
~7.9a] +14.22,40.619
Passing skill test (1st—2nd set) —6.3 [a] +14.62
Hollville et al Passing skill test (1st-3rd set) —4.2 [a] +16.92,0.09 ©
2018 v Elite Field Male (n =10; 5 x RSA test (6 x 20 Executive functions Passing skill test (1st—4th set) 6.0 [a] +12.62
[39] Hockey Players 189+ 1.1y) m) Attention Passing skill test (1st-5th set) 7.5 [a] +169°
Passing skill test (2nd-5th set) 13.8 [a] * +14.6 2
Passing skill test (3rd-5th set) 11.7 [a] * +14.62
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Table 1. Cont.

Level and Fatigue Induci Pre-Post 90°S/D(:[;/(El/a] b
Author Spei;,:li;:tion Participants a lgu;asnk ucmng Cognitive Abilities Type of Assessment Differenies 95% CIO[° %] € ];S [d]d
[Mean A%] 21 e
ES [np~]
Soccer-specific visual task
Decision-making
SSVT (r-70%) n.s [a] n.d.
SSVT (70-90%) n.s [a] n.d.
SSVT (r—90%) n.s [a] n.d.
Klatt and Sub-elite Soccer Male (n = 24) Cvcling Ereometr Decision-making Object detection 2.1 [a] +17.82
Smeeton 2021 Plavere Female (1 = 6) (781 e r?d %go y HRI{) Attention SSVT (r—70%) —14.7 [a] * +13.22,0.79 ¢
[40] y (24 +23y) ° ? Perception SSVT (70-90%) —12.6[a]* +1352,0.64 4
SSVT (r-90%) 2.2 [a] +1222
Feature-recognition 8.6 [a] +10.92,0.524
SSVT (r-70%) —6.4 [a] +10.82
SSVT (70-90%)
SSVT (r-90%)
Soccer-specific course
4 > 4 min Footbonaut
Vogt et al., 2018 Youth Soccer Male (n = 33; + Executive functions Soeed of action —1.1[t] +10.32
[41] Players 135+ 1.0y) Active recovery Attention pB I 1.8 [s] +452
L all control
(jogging)
4 X 3 min
Smith et al., 2016 Sub-elite Soccer Male (n = 14; Stroop Task 30 min Decﬁi?;:ﬂ)i(mg Soccer-specific visual task —4.8 [a] ** +5.72,0.894d
[42] Players 193 +15y) P b . pectiic visuat tas 12.1]t] 4+21.22,0.49 ¢
erception
. . Executive functions
Veness etal,, 2017 Elite Cricket Male (n =21; Stroop Task 30 min Attention Batak Lite Reaction time test 9.5 [s] +11.92,0414
[43] Players £8y)

Perception
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Table 1. Cont.

Pre-Post SD [%]®
Level and . Fatigue Inducing . s . 90% CI [%] P
Author Specialization Participants Task Cognitive Abilities Type of Assessment leferenies 95% CI [%] © ES [d] ¢
[Mean A%] 21 e
ES [np~]
Loughborough Soccer Passing Test 7514 11704
Filipas et al., 2021 Youth Soccer Male (n = 36; . Executive functions Ul4 ’ o a
Stroop Task 30 min . 4.2 [t] +17.8
[44] Players 13-18 y) Attention Ule6 a
17.5 [t] *** +12.3
U18
Smith et al., 2017 Sub-elite Soccer Male (n = 14; . Executive functions . 0.2 [t] +9.42,0.00 ¢
[45] Players 19.6+351y) Stroop Task 30 min Attention Loughborough Soccer Passing Test 60 [e] * 0.39 ¢
Vogt et al., 2018 Youth Soccer Male (n = 33; Stroop Task 10 min Executive functions S 712313?2232“ —541t] * +124°2
[41] Players 135+ 1.0y) P Attention P 0.7 [s] 4402
Ball control
Stroop Task . o
. . . Decision-making index
Gantois et al., Professional Male (1 = 20; (CON, 15 ind 30 min) E]);icclilzzi_f;zitifns (in SSG) n.s [a] 0.21¢
2020 Soccer 22.6 + 3_3 ), Simulated Soccer Attention i CON-155T " [a] 0.31¢
[46] Players ’ Y . 155T-30ST * [a] 0.304
Game Perception CON-30ST
(2 x 45 min)
Smartphone
exposure Executive functions Decision-making index
Professional (CON, 15, 30, 45 min) L. . (in SSG) 1.9 [a] +9.62
Fortes et al., 2019 Male (n = 20; Decision-making SR a d
[47] Soccer 247 £ 3.6y) + Attention CON-15SMA —4.2[a]* +8.92,0.6
Players ’ oY Simulated Soccer Percention CON-30SMA —6.6 [a] * +9.72,0.64
Game P CON-455MA
(2 x 45 min)

(Note: *p < 0.05; ** p < 0.01; *** p < 0.001). t—time; s—score; e—number of errors; a—accuracy; p—points; ES—effect size; *—standard deviation (SD); b__90% confidence interval
(90% CI); “—95% confidence interval (95% CI); 4—effect size—Cohens d (ES [d]); ®—effect size—Partial eta squared (ES [npz]) ; CON—control group; SMA—smartphone exposure;
15,30,455T—duration of Stroop task [min]; SSG—simulated soccer game.
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3. Results and Discussion
3.1. Exercise-Induced Fatigue and Cognitive Performance

For the evaluation of cognitive performance pre- and post-exercise, the authors used
mostly specific assessment approaches [36,37,39-41]. Reactive motor skill tasks (RMST)
engage the motor and sensory components of specific performance [36,37]. Passing ability
after intermittent running exercise (i.e., modified Yo-Yo IE 1 task-30 min) deteriorates
in Australian rules football players (RMST handball task accuracy = —11 & 12%; RMST
performance index = —16 + 14% p/t *, d = 0.79) [36]. Different results occurred after
intermittent specific exercise in soccer players (i.e., Loughborough Intermittent Shuttle Task—
45 min). Specific fatigue inducement resulted in lower RMST passing time (—2.7 £ 1.2% *);
however, a higher performance index occurred (5.1 £ 3.6% p/t *). Passing accuracy
remained stable (3.6 = 3.3%) [37]. It is suggested that the specificity of fatigue-inducing
tasks had a positive impact on cognitive performance in sport-specific skill assessment.

The passing ability of field hockey players was assessed by a passing skill test, which
also included a decision-making component [39]. In comparison to values measured after
the 1% set of repeated sprint ability tasks (RSA), the passing accuracy of field hockey players
did not alter significantly after the 2nd, 3rd, 4th, and 5th set (—6.3 &+ 16.9%, —4.2 &+ 16.9%,
6.0 £ 12.6%, 7.5 = 16.9%). Despite these findings, significant differences were found only
between the 2nd and 5th (13.8 &= 14.6% *) as well as the 3rd and 5th set (11.7 4= 14.6% *).
These results indicated that field hockey players were able to cope with the increasing load-
ing volume of high-intensity exercise and maintain or even overpass their baseline values.
Compared to intermittent endurance run in a previous study [36], cognitive performance
decline was not present after repeated sprint effort [39]. As the importance of accurate
passing in team sports is undeniable, findings suggest the consistency of this ability even
in fatigued conditions. However, some studies that examined the passing ability of soccer
players found alterations in the total time of test execution rather than in the accuracy of
passing [37,41,44]. Hypothetically, different acute changes in the cognitive aspect of passing
ability could be present in distinct team sports.

Reactive agility time in players of Australian rules football as well as in soccer players
rose significantly after intermittent endurance tasks (5.7 & 3.0% *; 1.1 & 4.9% *) [36,37].
Total RMST time was higher after non-specific task in Australian rules football players
(6.0 £ 3.0% *) [36]. Specific fatigue inducement did not cause a significant alteration of
reactive agility in soccer players (0.6 £ 0.9%) [37]. Further research in different team
sports would be beneficial to provide an interesting insight into a possible reactive agility
performance alteration caused by fatigue inducement.

Goble and Christie [38] evaluated cognitive functions learning, detection, attention,
and executive functions after specific cricket batting simulation. Prolonged batting affected
a task that required decision-making but not simple tasks. Maze task performance im-
proved in processing speed with large effect (19.3 &+ 20.6% *; d = 0.93). Changes in the
accuracy of the maze task (26.8 £ 45.4%; d = 0.58) and the accuracy of the one-back attention
task (—7.9 £ 14.2%; d = 0.61) were not significant. Despite this, the potential impairment
of working memory and attention cannot be proven because of a non-significant difference
observed. Visual attention and vigilance did not decrease and no effect was shown in the
accuracy of the detection and identification task. After the prolonged specific intermittent
task, the higher-order cognitive functions (decision-making and executive functions) dete-
riorated only in the maze task. The time and accuracy of simple tasks remained without
notable changes.

The decision-making of soccer players was not affected by cycling ergometry at
different intensities [40]. In this study, players had to recognize sport-specific situations
shown on the immersive screen while cycling at 70 and 90% of their heart rate reserve
(HRR). Acute high loading caused the decline of players’ visual attention accuracy in
the object-detection task compared to rest condition (12.6 & 13.5% *; d = 0.64) as well as
moderate loading (12.6 = 14.7% *; d = 0.79). Detection ability in the feature-recognition task,
where participants had to detect the running direction of shown players, did not deteriorate
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significantly among the intensities. Furthermore, a moderate effect was observed between
intensities of 70 and 90% HRR (d = 0.52). Physical exercise at different intensities can
temporarily affect the attention and perception of players but does not alter their sport-
specific decision-making ability. It is questionable if the cycling ergometry used in the
previously described study [40] is an adequate fatigue-inducement method for further
cognitive assessment of team sports players.

A new method of soccer-skill assessment was observed in the study of Vogt et al. [41].
“Footbonaut” is the system developed for training and diagnostics of reactive skills and
passing accuracy in soccer. Participants performed a standardized practice (i.e., 20 balls ran-
domly drawn at 50 km/h each). Pre-post differences in mentally and physically demanding
tasks were evaluated by speed of action (time) and ball control (score). Exercise-induced
fatigue caused by soccer-specific courses (i.e., four sets of various soccer-specific tasks with
active recovery jogging between sets) did not result in a significant alteration in the speed
of action time (—1.1 = 10.3%) and ball control score (1.8 £ 4.5%). Specific exercise-induced
fatigue did not have a significant impact on complex sport-specific skills with decision-
making and attention requirements. Engagement of both motor and sensory components
of movement in the evaluation procedure of this study was relevant to sport-specific perfor-
mance. Although previous findings showed a significant deterioration of decision-making
in the maze task (p < 0.05), there were no changes in the level of cognitive abilities in other
psychological-based tests [38].

3.2. Mental Fatigue Inducement and Cognitive Performance

Mental fatigue was exclusively induced by the standardized Stroop color-word task
(ST) in most of the reviewed studies [41-46]. The duration of ST was generally 30 min;
however, in one study, the authors used protocol with 10 min only [41]. Except for Veness
et al. [43], all of the other reviewed articles in this field were dedicated to soccer. For the
evaluation of soccer-specific skills, some authors [36,37] used the Loughborough soccer
passing test (LSPT) adapted from Ali et al. [48]. This test consists of passing to the colored
target area shown on gymnasium benches and the participants’ reaction to the examinators
randomized color signals. Therefore, cognitive components play a significant role in this
evaluation approach.

Research showed no alteration in the LSPT performance time of sub-elite players
(0.1 = 9.4%) [45]; however, a significant difference was observed in the under-18 youth
players (17.5 £ 12.3% ***) [44]. Youth soccer players in categories under-14 and under-
16 were not significantly affected by mental fatigue (7.5 £ 17.0% and 4.2 £ 17.8%) [44].
One study showed no difference in LSPT total time between the pre- and post-fatigue
assessment; however, the number of errors in mental fatigue conditions rose by mean
60% * [45]. An increase of penalty time (errors) in LSPT was observed in all groups of
youth players with the highest mean values in the under-18 category (91% ***). We assume
that mentally fatigued players tended to make more errors in sport-specific performance
assessment, which includes the cognitive component. Furthermore, Smith et al. [45] did not
observe alterations of movement speed in LSPT, though intermittent running performance
in a different study [44] deteriorated in all groups of youth players. It is considered that
mental fatigue influences the motor component of movement, especially in endurance tasks.
On the other hand, in shorter bouts, the cognitive abilities related to executive functions
can alter.

In addition, the previously described “footbonaut” soccer-specific evaluation [41]
discovered a significant difference between pre and post mental fatigue conditions in
speed of action parameters (—5.4 £ 12.4% *), whilst ball control scores remained largely
unaffected (0.7 £ 4.0%). Mental fatigue impaired both the accuracy (—4.8 = 5.7% **;
d =0.89) and reaction time (—12.1 £ 21.2% *; d = 0.49) of soccer-specific visual tasks in
sub-elite soccer players [42]. This task consisted of various film-based simulations of soccer-
specific situations with a variable number of defensive or offensive players. Response
accuracy was very likely decreased in situation 5 vs. 3 formation (d = 1.00) and likely
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lower in formation 3 vs.1 (d = 0.49). Reaction time likely differed in all of the five showed
formations. Furthermore, mentally fatigued elite cricket players performed worse in a
reactive assessment based on multiple visual reactions to light sensors [43]. Reaction-
time and hand-eye coordination scores did not become significantly worse after 30 min
of ST (—9.5 + 11.9%). It is suggested that visual search and decision-making abilities
deteriorated with mental fatigue inducement, as well as visual reaction ability which was
affected slightly.

A predominantly synergic effect of both mental and physical fatigue was observed in
studies [46,47] that used in-game performance analysis of players known as a Game Perfor-
mance Assessment Instrument (GPAI). This approach, concomitantly with the equation
for decision-making index (DMI), was adapted from Memmert and Harvey [49]. Players’
performance was analyzed in simulated soccer games, which provided the additional
sport-specific load. GPAI analysis showed a decrease in passing decision-making perfor-
mance (DMI) following 30 ST compared to 15 ST (d = 0.31 *) and CON (d = 0.30 *). No
significant difference was observed after 15 ST (p > 0.05). Fortes et al. [47] used smartphone
application exposure (SMA) to induce mental fatigue in professional soccer players. Stroop
task assessment immediately after SMA pointed to the significant deterioration of accuracy
(B0 SMA: —3.7 £ 0.7% *; 45 SMA: —3.8 + 0.7% *) and response time (30 SMA: 6.2 = 1.4 s %
45SMA: 7.0 £ 1.8 s *). No significant alterations were observed in CON and 155MA groups.
In comparison to the control group, DMI decline in simulated games occurred after 30 SMA
(—4.2 £89%*; d =0.6) and 45 SMA (—6.6 £ 9.7% *; d = 0.6). Changes in DMI were not
observed in 15 SMA (1.9 & 9.6%). According to these findings, passing decision-making
performance can be impaired after at least 30 min exposure to smartphone applications.
Consequently, both studies showed a significant decline in the decision-making ability of
professional soccer players. In addition, at least 30 min of mental fatiguing task exposure is
needed to influence decision-making ability directly in soccer matches [46,47].

Based on previous results in reviewed studies, soccer players’ cognitive performance
deteriorates in mental fatigue conditions [41,42,44-47]. A decrease in youth players’ cogni-
tive performance seems to be unprobeable [41,44].

4. Conclusions

Obviously, fatigue can influence cognitive functions and subsequently change the
way players perform not only in performance tests but also in simulated games. However,
the alteration in level of cognitive functioning seems to be dependent on the duration
and intensity of the fatigue-inducing task, whilst the role of specificity is unclear. Though
performance in many team sports such as soccer, cricket, rugby, etc., is highly dependent
on cognitive functions, the literature analyzed mainly focused on their assessment in
the general population. In addition, recent studies are related to sleep deprivation and
nutritional interventions rather than acute mental or exercise-induced fatigue.

Both types of fatigue can cause an alteration in players levels of attention and percep-
tion. Fatigue triggered by prolonged intermittent exercise (30 to 140 min) affects higher-
order cognitive functions (decision-making, response selection, response execution) in
amateur and sub-elite team sport players. On the other hand, cycling ergometry does not
significantly impair sport-specific decision making. Sport-specific testing methods revealed
a decline in passing accuracy, especially in adult soccer players, whilst the total execution
time of specific tasks remained stable. Mental fatigue triggered by at least 30 min of the
Stroop color-word task and smartphone application exposure led to a decline in cognitive
performance in sport-specific tests (Loughborough Soccer Passing Test) and directly in
soccer games (Decision Making Index). Therefore, coaches should raise attention to players’
exposure to smartphones prior to competitions as it may influence their upcoming cognitive
performance.

Besides previous findings, there is a lack of evidence about the effect of acute fatigue
on memory, learning, and reactive agility. Additionally, the target population of our review
is mainly soccer players as only three studies were related to other sports (i.e., Australian
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rule football, field hockey players, cricket). The limitations of our research are heterogeneity
and, in some cases, small sample sizes of selected studies.

Modern technologies offer various cognitive evaluation approaches therefore further
research on this topic is possible and necessary. More research is needed to investigate
whether and to what extent acute fatigue influences players’ cognition, especially related
to matches or training. It would also be beneficial to focus on different types of training
loads and their effects on cognitive performance. Useful considerations for training design
or warm-up setup prior to demanding cognitive tasks (e.g., competitive match) could be
discovered in further investigations.

Author Contributions: Conceptualization, ES. and E.Z.; methodology, E.S.; validation, ES.; formal
analysis, ES. and E.Z.; investigation, F.S. and E.Z.; resources, FS.; data curation, F.S.; writing—
original draft preparation, ES. and E.Z.; writing review and editing, F.S. and E.Z.; visualization,
ES.; supervision, E.Z.; project administration, F.S. and E.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Scientific Grant Agency of the Ministry of Education, Sci-
ence, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences (No. 1/0089/20).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data available in a publicly accessible repository.

Acknowledgments: The authors would like to thank Comenius University, Faculty of Physical
Education and Sport, for financially supporting this research. This work was also supported by
the Scientific Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak
Republic and the Slovak Academy of Sciences (No. 1/0089/20).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Young, W.B,; Dawson, B.; Henry, G.J. Agility and Change-of-Direction Speed are Independent Skills: Implications for Training for
Agility in Invasion Sports. Int. J. Sports Sci. Coach. 2015, 10, 159-169. [CrossRef]

2. Young, W,; Rayner, R.; Talpey, S. It's Time to Change Direction on Agility Research: A Call to Action. Sport. Med. Open 2021, 7, 12.
[CrossRef] [PubMed]

3. Walton, C.C.; Keegan, R.J.; Martin, M.; Hallock, H. The Potential Role for Cognitive Training in Sport: More Research Needed.
Front. Psychol. 2018, 9, 1121. [CrossRef] [PubMed]

4. Gabbett, T.; Benton, D. Reactive agility of rugby league players. J. Sci. Med. Sport 2009, 12, 212-214. [CrossRef]

5. Yarrow, K.; Brown, P; Krakauer, ].W. Erratum: Inside the brain of an elite athlete: The neural processes that support high
achievement in sports. Nat. Rev. Neurosci. 2009, 10, 692. [CrossRef]

6. Reimer, T.; Park, E.S.; Hinsz, V.B. Shared and coordinated cognition in competitive and dynamic task environments: An
information-processing perspective for team sports. Int. J. Sport Exerc. Psychol. 2006, 4, 376—-400. [CrossRef]

7.  Scharfen, H.E.; Memmert, D. The relationship between cognitive functions and sport-specific motor skills in elite youth soccer
players. Front. Psychol. 2019, 10, 817. [CrossRef]

8.  Scanlan, A.; Humphries, B.; Tucker, P.S.; Dalbo, V. The influence of physical and cognitive factors on reactive agility performance
in men basketball players. ]. Sports Sci. 2014, 32, 367-374. [CrossRef]

9.  Voss, M\W.; Kramer, A.F; Basak, C.; Prakash, R.S.; Roberts, B. Are expert athletes ‘expert’ in the cognitive laboratory? A
meta-analytic review of cognition and sport expertise. Appl. Cogn. Psychol. 2010, 24, 812-826. [CrossRef]

10.  Nuri, L.; Shadmebhr, A.; Ghotbi, N.; Attarbashi Moghadam, B. Reaction time and anticipatory skill of athletes in open and closed
skill-dominated sport. Eur. J. Sport Sci. 2013, 13, 431-436. [CrossRef]

11.  Verburgh, L.; Scherder, E.J.A.; Van Lange, P.A.M.; Oosterlaan, J. Do elite and amateur soccer players outperform non-athletes on
neurocognitive functioning? A study among 8-12 year old children. PLoS ONE 2016, 11, e0165741. [CrossRef]

12. Wylie, S.A.; Bashore, T.R.; Van Wouwe, N.C.; Mason, E.J.; John, K.D.; Neimat, J.S.; Ally, B.A. Exposing an “Intangible” cognitive
skill among collegiate football players: Enhanced interference control. Front. Psychol. 2018, 9, 49. [CrossRef]

13. Hodges, N.J.; Starkes, J.L.; MacMahon, C. Expert Performance in Sport: A Cognitive Perspective; Cambridge University Press:
Cambridge, UK, 2012; pp. 471-488. [CrossRef]

14. Badin, O.O.; Smith, M.R.; Conte, D.; Coutts, A.]. Mental Fatigue: Impairment of Technical Performance in Small-Sided Soccer

Games. Int. ]. Sports Physiol. Perform. 2016, 11, 1100-1105. [CrossRef]


http://doi.org/10.1260/1747-9541.10.1.159
http://doi.org/10.1186/s40798-021-00304-y
http://www.ncbi.nlm.nih.gov/pubmed/33580424
http://doi.org/10.3389/fpsyg.2018.01121
http://www.ncbi.nlm.nih.gov/pubmed/30018585
http://doi.org/10.1016/j.jsams.2007.08.011
http://doi.org/10.1038/nrn2700
http://doi.org/10.1080/1612197X.2006.9671804
http://doi.org/10.3389/fpsyg.2019.00817
http://doi.org/10.1080/02640414.2013.825730
http://doi.org/10.1002/acp.1588
http://doi.org/10.1080/17461391.2012.738712
http://doi.org/10.1371/journal.pone.0165741
http://doi.org/10.3389/fpsyg.2018.00049
http://doi.org/10.1017/CBO9780511816796.027
http://doi.org/10.1123/ijspp.2015-0710

Appl. Sci. 2022, 12,1736 12 of 13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Rampinini, E.; Impellizzeri, EM.; Castagna, C.; Azzalin, A.; Bravo, D.E,; Wisleff, U. Effect of match-related fatigue on short-passing
ability in young soccer players. Med. Sci. Sports Exerc. 2008, 40, 934-942. [CrossRef]

Smith, M.R.; Coutts, A.].; Merlini, M.; Deprez, D.; Lenoir, M.; Marcora, S.M. Mental fatigue impairs soccer-specific physical and
technical performance. Med. Sci. Sports Exerc. 2016, 48, 267-276. [CrossRef]

Rostgaard, T.; Iaia, EM.; Simonsen, D.S.; Bangsbo, J. A test to evaluate the physical impact on technical performance in soccer. J.
Strength Cond. Res. 2008, 22, 283-292. [CrossRef]

Rampinini, E.; Bosio, A.; Ferraresi, I.; Petruolo, A.; Morelli, A.; Sassi, A. Match-related fatigue in soccer players. Med. Sci. Sports
Exerc. 2011, 43, 2161-2170. [CrossRef]

McMorris, T.; Sproule, J.; Turner, A.; Hale, B.J. Acute, intermediate intensity exercise, and speed and accuracy in working memory
tasks: A meta-analytical comparison of effects. Physiol. Behav. 2011, 102, 421-428. [CrossRef]

Schmit, C.; Brisswalter, J. Executive functioning during prolonged exercise: A fatigue-based neurocognitive perspective. Int. Rev.
Sport Exerc. Psychol. 2020, 13, 21-39. [CrossRef]

Gandevia, S.C. Spinal and supraspinal factors in human muscle fatigue. Physiol. Rev. 2001, 81, 1725-1789. [CrossRef]
Tomporowski, P.D. Effects of acute bouts of exercise on cognition. Acta Psychol. 2003, 112, 297-324. [CrossRef]

Donnan, K.; Williams, E.L.; Stanger, N. The Effects of Heat Exposure During Intermittent Exercise on Physical and Cognitive
Performance Among Team Sport Athletes. Percept. Mot. Ski. 2021, 128, 439-466. [CrossRef] [PubMed]

Gaoua, N.; Racinais, S.; Grantham, J.; El Massioui, F. Alterations in cognitive performance during passive hyperthermia are task
dependent. Int. . Hyperth. 2011, 27, 1-9. [CrossRef] [PubMed]

Marcora, S.M.; Staiano, W.; Manning, V. Mental fatigue impairs physical performance in humans. J. Appl. Physiol. 2009, 106,
857-864. [CrossRef] [PubMed]

Alex, M.; Boksem, S.; Boksem, M.A.S.; Tops, M. Mental fatigue: Costs and benefits Mental fatigue: Costs and benefits. Brain Res.
Rev. 2016, 59, 125-139.

Habay, ].; Van Cutsem, J.; Verschueren, J.; De Bock, S.; Proost, M.; De Wachter, J.; Tassignon, B.; Meeusen, R.; Roelands, B. Mental
Fatigue and Sport-Specific Psychomotor Performance: A Systematic Review. Sport. Med. 2021, 51, 1527-1548. [CrossRef]
Pageaux, B.; Lepers, R. The effects of mental fatigue on sport-related performance. In Progress in Brain Research; Marcora, S.,
Sarkar, M., Eds.; Elsevier: Amsterdam, The Netherlands, 2018; Volume 240, pp. 291-315, ISBN 9780444641878.

Kunrath, C.A.; da Cardoso, ES.L.; Calvo, T.G.; da Costa, I.T. Mental fatigue in soccer: A systematic review. Rev. Bras. Med. Esporte
2020, 26, 172-178. [CrossRef]

Ishii, A.; Tanaka, M.; Watanabe, Y. Neural mechanisms of mental fatigue. Rev. Neurosci. 2014, 25, 469—479. [CrossRef]

Enoka, R.M. Mechanisms of muscle fatigue: Central factors and task dependency. J. Electromyogr. Kinesiol. 1995, 5, 141-149.
[CrossRef]

Chang, Y.K.; Labban, J.D.; Gapin, ].I; Etnier, ].L. The effects of acute exercise on cognitive performance: A meta-analysis. Brain
Res. 2012, 1453, 87-101. [CrossRef]

Nagamatsu, L.S.; Handy, T.C.; Hsu, C.L.; Voss, M.; Liu-Ambrose, T. Resistance training promotes cognitive and functional brain
plasticity in seniors with probable mild cognitive impairment. Arch. Intern. Med. 2012, 172, 666—668. [CrossRef]

Budde, H.; Voelcker-Rehage, C.; Pietrabyk-Kendziorra, S.; Ribeiro, P.; Tidow, G. Acute coordinative exercise improves attentional
performance in adolescents. Neurosci. Lett. 2008, 441, 219-223. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

Stepto, N.K,; Shipperd, B.B.; Hyman, G.; McInerney, B.; Pyne, D.B. Effects of high-dose large neutral amino acid supplementation
on exercise, motor skill, and mental performance in Australian Rules Football players. Appl. Physiol. Nutr. Metab. 2011, 36,
671-681. [CrossRef]

Bullock, W.; Panchuk, D.; Broatch, J.; Christian, R.; Stepto, N.K. An integrative test of agility, speed and skill in soccer: Effects of
exercise. J. Sci. Med. Sport 2012, 15, 431-436. [CrossRef]

Goble, D.; Christie, C.J.A. Cognitive, physical and physiological responses of school boy cricketers to a 30-over batting simulation.
J. Sports Sci. 2017, 35, 1148-1154. [CrossRef]

Hollville, E.; Le Croller, V.; Hirasawa, Y.; Husson, R.; Rabita, G.; Brocherie, F. Effect of Prior Fatiguing Sport-Specific Exercise on
Field Hockey Passing Ability. Int. ]. Sports Physiol. Perform. 2018, 13, 1324-1330. [CrossRef]

Klatt, S.; Smeeton, N.J. Attentional and perceptual capabilities are affected by high physical load in a simulated soccer decision-
making task. Sport. Exerc. Perform. Psychol. 2021, 10, 205-216. [CrossRef]

Vogt, T.; Gassen, S.; Wrede, S.; Spielmann, J.; Jedrusiak-Jung, M.; Hértel, S.; Mayer, J. Football practice with youth players in the
“Footbonaut”. Ger. |. Exerc. Sport Res. 2018, 48, 341-348. [CrossRef]

Smith, M.R.; Zeuwts, L.; Lenoir, M.; Hens, N.; De Jong, L.M.S.; Coutts, A.]. Mental fatigue impairs soccer-specific decision-making
skill. J. Sports Sci. 2016, 34, 1297-1304. [CrossRef]

Veness, D.; Patterson, S.D.; Jeffries, O.; Waldron, M. The effects of mental fatigue on cricket-relevant performance among elite
players. J. Sports Sci. 2017, 35, 2461-2467. [CrossRef]

Filipas, L.; Borghi, S.; La Torre, A.; Smith, M.R. Effects of mental fatigue on soccer-specific performance in young players. Sci.
Med. Footb. 2021, 5, 150-157. [CrossRef]


http://doi.org/10.1249/MSS.0b013e3181666eb8
http://doi.org/10.1249/MSS.0000000000000762
http://doi.org/10.1519/JSC.0b013e31815f302a
http://doi.org/10.1249/MSS.0b013e31821e9c5c
http://doi.org/10.1016/j.physbeh.2010.12.007
http://doi.org/10.1080/1750984X.2018.1483527
http://doi.org/10.1152/physrev.2001.81.4.1725
http://doi.org/10.1016/S0001-6918(02)00134-8
http://doi.org/10.1177/0031512520966522
http://www.ncbi.nlm.nih.gov/pubmed/33076764
http://doi.org/10.3109/02656736.2010.516305
http://www.ncbi.nlm.nih.gov/pubmed/21070137
http://doi.org/10.1152/japplphysiol.91324.2008
http://www.ncbi.nlm.nih.gov/pubmed/19131473
http://doi.org/10.1007/s40279-021-01429-6
http://doi.org/10.1590/1517-869220202602208206
http://doi.org/10.1515/revneuro-2014-0028
http://doi.org/10.1016/1050-6411(95)00010-W
http://doi.org/10.1016/j.brainres.2012.02.068
http://doi.org/10.1001/archinternmed.2012.379
http://doi.org/10.1016/j.neulet.2008.06.024
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1139/h11-073
http://doi.org/10.1016/j.jsams.2012.03.002
http://doi.org/10.1080/02640414.2016.1211731
http://doi.org/10.1123/ijspp.2017-0686
http://doi.org/10.1037/spy0000228
http://doi.org/10.1007/s12662-018-0514-3
http://doi.org/10.1080/02640414.2016.1156241
http://doi.org/10.1080/02640414.2016.1273540
http://doi.org/10.1080/24733938.2020.1823012

Appl. Sci. 2022, 12,1736 13 of 13

45.

46.

47.

48.

49.

Smith, M.R,; Fransen, J.; Deprez, D.; Lenoir, M.; Coutts, A.J. Impact of mental fatigue on speed and accuracy components of
soccer-specific skills. Sci. Med. Footb. 2017, 1, 48-52. [CrossRef]

Gantois, P; Caputo Ferreira, M.E.; de Lima-Junior, D.; Nakamura, F.Y.; Batista, G.R.; Fonseca, F.S.; de Fortes, L.S. Effects of mental
fatigue on passing decision-making performance in professional soccer athletes. Eur. J. Sport Sci. 2020, 20, 534-543. [CrossRef]
Fortes, L.S.; Lima-Junior, D.; Nascimento-Junior, J.R.A.; Costa, E.C.; Matta, M.O.; Ferreira, M.E.C.; Lima, D.; Nascimento, J.R.A.;
Costa, E.C.; Matta, M.O.; et al. Effect of exposure time to smartphone apps on passing decision-making in male soccer athletes.
Psychol. Sport Exerc. 2019, 44, 35-41. [CrossRef]

Ali, A.; Williams, C.; Hulse, M.; Strudwick, A.; Reddin, J.; Howarth, L.; Eldred, J.; Hirst, M.; McGregor, S. Reliability and validity
of two tests of soccer skill. J. Sports Sci. 2007, 25, 1461-1470. [CrossRef]

Memmert, D.; Harvey, S. The Game Performance Assessment Instrument (GPAI): Some Concerns and Solutions for Further
Development. J. Teach. Phys. Educ. 2008, 27, 220-240. [CrossRef]


http://doi.org/10.1080/02640414.2016.1252850
http://doi.org/10.1080/17461391.2019.1656781
http://doi.org/10.1016/j.psychsport.2019.05.001
http://doi.org/10.1080/02640410601150470
http://doi.org/10.1123/jtpe.27.2.220

	Introduction 
	Methods 
	Results and Discussion 
	Exercise-Induced Fatigue and Cognitive Performance 
	Mental Fatigue Inducement and Cognitive Performance 

	Conclusions 
	References

