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ABSTRACT

Objectives: Mental fatigue resulting from prolonged periods of demanding cognitive activity, has been
found to impair endurance exercise performance and performance in some sport-specific tasks. The
application of such research to the elite sporting environment however is limited.
Design & Methods: This article reviews the literature relevant to mental fatigue and team sporting per-
formance with aim to provide perspectives on the transferability and significance of currently available
evidence to the applied elite sporting context.
Results: Inconsistent findings in the limited available literature can be attributed to large variations in the
participants involved, the nature of the cognitively demanding tasks used to induce mental fatigue and
the tests used to assess performance outcomes. Few studies have used trained athletes in combination
with performance tests that accurately represent the physiological and technical demands experienced
by athletes in competition. While there is growing interest in the acute influence of mental fatigue on
exercise performance, a potential cumulative effect of mental fatigue on performance over, for example,
a competitive season is an area yet to be investigated.
Conclusions: If it is accepted that mental fatigue impairs the performance of some athletes, then improving
the ecological validity of research in the area of mental fatigue and sport will significantly advance our
understanding of how to better monitor and manage mental fatigue. At the elite level of competition,
where outcomes are determined by very small margins of difference, reducing the impact of mental
fatigue on performance has potential to be significant.

© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

Practical implications

¢ The extent to which mental fatigue accumulates over, for exam-
ple a competitive season, will inform training practices and help

e The limited research available suggests mental fatigue may
impair sporting performance: via changes in physical, technical,
tactical and decision-making performance.

e Studies that involve athletes and use tasks and tests that mimic
the demands of specific sports will significantly improve the
capacity of support staff to monitor MF in their athletes.

* Corresponding author.
E-mail addresses: suzanna.russell@uqconnect.edu.au (S. Russell),
d.jenkins@ugq.edu.au (D. Jenkins), mitch.smith@newcastle.edu.au (M. Smith),
shona.halson@gmail.com (S. Halson), v6.kelly@qut.edu.au (V. Kelly).
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in devising strategies to minimize its development.

¢ Identifying particular individuals who are more vulnerable to MF
will allow opportunities to develop strategies to not only identify
these athletes but also tailor programs to reduce the impact of MF.

1. Introduction

Fatigue, which has been defined as a ‘reduced capacity for max-
imal performance’! is recognized as a significant determinant of
exercise capacity and sporting performance.>* Fatigue is a multi-
faceted phenomenon®; performance in a range of tasks is known to
be influenced by fatigue that does not necessarily originate within
the neuromuscular system.® Mental fatigue (MF) is a facet of fatigue
that is rapidly gaining scientific attention in the exercise and phys-
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Fig. 1. Bibliometric counts for journal article publications from 2008-2018* inves-
tigating the impact of MF on Physical Performance or Sports-Specific Tasks. *July of
2018.

ical performance domain; Fig. 1 shows the increasing number of
publications investigating MF and physical performance with a
notable surge in research into sports-specific tasks from 2016-18.
MF is defined as a psychobiological state caused by prolonged peri-
ods of demanding cognitive activity.”® Therefore, MF manifests as
increased subjective feelings of mental (psycho) fatigue and often
decreased cognitive performance (biological), following prolonged,
challenging cognitive tasks. Separate to the field of research of self-
control or ego-depletion investigations, that typically use cognitive
tasks of short duration (see Englert? for a review of this research
in an athletic context); MF has been shown to impair aspects of
exercise performance.® Additionally, editorials have commentated
on the mental demands of team sport at the elite level.'%!! Some
research has suggested that elite athletes may be more resistant to
mental fatigue through superior inhibitory control'?; speculatively
aresult of the unique disciplinary demands placed upon athletes in
the elite sporting environment. However, due to unique environ-
mental stressors coupled with the high training and competition
demands experienced by athletes, a large potential for MF exists.
Given that success at the elite level of competition is determined by
very small margins, it is reasonable to suggest that MF can influence
the outcomes in elite sport.

Van Cutsem et al.,% in their recent systematic review, concluded
that MF has the potential to negatively impact endurance perfor-
mance. However, a disconnect remains in translating the current
largely laboratory-based research findings to the training and com-
petition practices unique to elite athletes.!®> Smith et al.!> have
highlighted this gap in soccer, emphasizing the practical impor-
tance of avoiding or attenuating the negative effects of MF. Despite
this paper progressing the application of MF research to the sport-
ing context, the broad transferability of research to the elite team
sporting environment remains sparse. The purpose of this article
is to provide perspectives on the current transferability and sig-
nificance of the available research findings in MF and performance
(physical, technical and tactical) domains to the applied elite sport-
ing context and to suggest directions for future investigations.

2. Current knowledge

Van Cutsem et al.° reported MF to be associated with both a
decline in endurance performance and an increase in perceived
exertion; they also concluded that maximal strength, power and
anaerobic work are not consistently affected by MF. Smith et al.'3

complimented this work through their specific review summa-
rizing the impact of MF on soccer-specific physical, technical,
decision-making and tactical performance. Those studies that have
investigated the influence of MF on exercise capacity have generally
employed a mentally fatiguing task or a control condition immedi-
ately prior to an exercise task. Both the tasks used to induce MF and
the exercise tasks used to assess performance or capacity have dif-
fered between investigations. Furthermore, of all the studies on MF
and athletic performance very few have involved trained or youth
elite athletes.!214-16 Thus, although previous work has led to gen-
eral conclusions on the impact of MF on physical performance, the
transferability of the research findings are limited by population
and task specificity; a lack of direct application of research findings
to the elite sporting environment thus exists.!>

The following sections of this perspectives article briefly con-
sider the more important details and findings from the available
literature examining the influence of MF on endurance exercise, on
high intensity (HI) exercise tasks and on sport-specific tasks. Limi-
tations to each study are identified to inform recommendations for
future research, particularly with regard to monitoring and reduc-
ing the potential influence of MF on elite athletic performance.

The majority of studies have found a decline in endurance
performance (i.e., sustained prolonged dynamic exercise >75s) fol-
lowing a mentally fatiguing task.’ A significant decline in mean
power output (p=0.028),'” 20-min time trial cycling performance
(p=0.014) '2 and lower time to exhaustion cycling at 80% of peak
power (p =0.003)!8 have all been found. However, no differences in
a 3-min incremental ramped maximal task,'® time to exhaustion
at critical power?? or maximal voluntary torque and activation?!
have been found in cycling tasks. Interestingly, professional road
cyclists were more resistant to MF than recreational cyclists in the
aforementioned 20-min time trial cycling performance.!? A greater
number of correct responses in the Stroop task and lesser impact
on cycling performance!? suggests that elite athletes and lesser
trained individuals may respond differently to mentally fatiguing
tasks. These findings suggest that some elite athletes may have a
greater resistance than others to MF, and thus in order for physical
performance to be affected by MF, a stronger or different mentally
fatiguing task to the 30-min modified incongruent Stroop task may
be needed. Given the inconsistencies in the endurance exercise per-
formance/MF literature, further research in this particular domain
isneeded. With regards to running performance, a significant nega-
tive influence of MF has been found over both 3000-m (p = 0.009)22
and 5000-m (p=0.008)?3 distances and MF has been associated
with a significant decline in distance covered in the Yo-Yo inter-
mittent recovery Level 1 (Yo-Yo IRT1).1424 This demonstrates an
impact on running performance and capacity to perform inter-
mittent exercise with maximal activation of the aerobic system.?>
Conversely, the use of a 10-min modified incongruent Stroop task
had no significant influence on 20-m shuttle score.!® Penna et al.!>
examined swimming endurance performance with 16 elite youth
swimmers who completed a range of strokes and events, following
a 30-min incongruent Stroop task. A 1.2% difference in completion
time was reported for 1500-m swimming performance between
conditions (p <0.05). Such research translates well into potential
competition impacts; a 0.7% time difference separated the three
medalists at the 2016 Olympic Games.!> Whilst the impact of
MF on time-trial performance can be translated to competition
events such as running, cycling and swimming, a notable limita-
tion of previous research is considering the translation of MF on
the endurance demands experienced by elite team sport athletes
during competition.26.27

In contrast to the evidence on endurance performance, the
impact of MF on high intensity (HI), maximal or all out tasks
of short duration, assessing anaerobic capacity and/or strength
and power,® is inconclusive. No significant differences between
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mental fatigue and control conditions have been found for 3-
min all out cycling performance,?® mean power output during
4 x 30-s all out sprints2? or body-weight resistance training rep-
etition completion.>° However, these previously utilized tasks do
not arguably reflect the demands of elite team sport activity, and
thus the applicability of these findings to elite team sporting per-
formance are again limited. Further investigations are required
to apply such findings to elite team sport, as many athletes per-
form repeated bouts of HI effort over an hour or longer in training
and competition environments. Indeed, many sports specific per-
formance tasks include HI components, and the impact of MF on
these is reviewed below. Repeated HI tasks which demand both
aerobic loading and anaerobic energy turnover,?> along with pro-
posed theoretical models of adenosine accumulation,®! make it
reasonable to speculate MF may negatively influence repeat HI
task performance embedded within endurance-based activities
(i.e., intermittent bouts of HI exercise performed over an extended
period). Previous findings by Smith et al.3? are acknowledged, how-
ever further investigations into the effect of MF on HI activity
towards the end of longer duration team sporting competitions>>
are required.

Much of the research that has investigated the influence of MF
on physical performance has been completed in a laboratory-based
environment using a range of discrete physiological tests. However,
there have been recent studies that have used sport-specific tasks
to evaluate the potential impact of MF on the physical, technical and
tactical components of performance.!4243234-37 This increase has
occurred in recognition that components other than those tested
using discrete laboratory-based physiological protocols are poten-
tially affected by MF. These components include effective execution
of technical®® and tactical®’ skills, response or reaction time> and
decision making.??

Veness et al.'# reported a decline in performance in the English
Cricket Board ‘run-two’ test following a 30-min incongruent Stoop
task. This test simulates running between wickets with bat in
hand and assesses components of acceleration, running at max-
imal speed, decelerating and completing a 180° turn; running a
total of 35.36-m over a duration of approximately six and a half
seconds.'* Run-two time increased significantly (p=0.002) when
mentally fatigued (6.29 +£0.17-s), compared to the control condi-
tion (6.19+0.18-s). To address the gap regarding the impact of
MF on running protocols representative of team sport demands,
Smith et al.>? developed a continuous 45-min running protocol on
a non-motorized treadmill. A 90-min AX-Continuous Performance
Task (AX-CPT) was utilized as the mentally fatiguing task, with ten
intermittent sports players with a minimum three year competitive
playing age across soccer, Australian rules football, rugby codes and
field hockey recruited.3? Overall, low intensity activity velocity and
distance were significantly lower following the mentally fatiguing
task compared to the control but there were no significant differ-
ences in HI activity velocity (70-100% of maximal effort) or peak
velocity between conditions.?? In contrast to the findings of Veness
et al.,'* the study by Smith et al.>? suggests that HI running may
not be influenced by MF.

Despite the singular laboratory study proposing MF may not
negatively influence HI running during intermittent protocols, the
decrease in overall velocity and distance®? supports the need for
future investigation into the impact of MF on sports specific inter-
mittent running protocols. Studies utilizing protocols that closely
replicate the intermittent demands of elite team sporting activity
are recommended. As such, use of the data from Global Position-
ing System (GPS) or Inertial Movement Analysis devices, regularly
collected by professional sporting organizations, may assist in eval-
uating the impact of MF on the demands in elite games. Badin
etal.>* demonstrated the potential for this, assessing physical activ-
ity profiles using GPS units during soccer small sided games (SSG) in

response to MF. Twenty soccer players, competing in the Australian
National Premier League, played 5-vs-5 SSGs on two occasions
in a cross-over design. On each testing occasion, separated by
one week, one team was exposed to a mentally fatiguing 30-min
modified incongruent Stroop task and the other, 30-min of an
emotionally neutral documentary.>* Despite a reported increase in
perceived exertion, only minor physical activity profile differences
were found; a possible positive effect for standing/walking, trivial
decrease in accelerations, and likely positive effects on repeated
sprints were reported.>* No differences for low, high or very high
speed running zones were found between conditions.>* The dis-
parity in results from previous physical performance findings were
suggested to be a result of the more ecological setting of SSGs, with
the nature of a freely paced match allowing for tactical adjust-
ments. The authors speculated that if the SSG were extended or
a regulation match undertaken, RPE would further increase and
a reduced physical activity profile would be seen with the MF
condition.># Similar results were reported by Coutinho et al.?” with
unclear effects of MF on physical performance profiles during 6-vs-
6 SSG. Despite similar distance being covered, and acceleration and
deceleration variables reported between conditions, the mentally
fatigued individuals showed a likely increase in RPE comparative
to the control condition.?” Coutinho et al.>* also tracked positional
data using GPS, analysing accelerations and distances covered in
10 amateur youth soccer players from a Portuguese regional soccer
academy during 5-vs-5 SSG. Again the 30-min modified incongru-
ent Stroop task was used as the mentally fatiguing task. In contrast
to the aforementioned findings,>*37 a decrease in physical per-
formance variables was seen in the MF condition compared to
the control with a likely ~3% decrease in total distance covered
and possible ~32% decrease in high speed distance ratio. These
findings were attributed to both teams being mentally fatigued,
opposed to one side experiencing MF and the other not. This sug-
gests that players’ movements can be influenced by contextual and
tactical factors, such as the coupling tenancy i.e. the capacity for
the behavior of one team to influence the opposition to behave
in a similar way.?> These findings emphasize the benefit of fur-
ther investigating player’s physical activity profiles in ecologically
valid game simulations using GPS devices to evaluate the effects
of MF.

The majority of team-sport applied MF research has, to date,
been undertaken in soccer.!® Smith et al.>* investigated the influ-
ence of MF on soccer-specific technical performance with 14
well-trained, competitive and ‘experienced’ soccer players. In the
MF condition, the 30-min incongruent Stroop preceded the Lough-
borough Soccer Passing (LSPT) and Shooting Tests (LSST) which
were used to assess technical performance. The LSPT assesses pass-
ing time and accuracy, whilst the LSST primarily assesses soccer
shooting skill, at the same time as incorporating passing, ball con-
trol, agility and sprinting components; two trials of each test were
completed, making the duration similar to half a soccer match.?*
For the LSPT, time taken to complete the test did not signifi-
cantly differ between conditions, however penalty time (added
for errors, inaccurate passes and slow performance), tended to be
greater in the MF condition.?* For the eight-shot sequence of the
LSST, MF decreased shot accuracy and shot speed compared to the
control.?* Combining these findings, the authors concluded that
MF may impair soccer-specific technical performance, in particu-
lar, the accuracy of skill execution. A notable strength of this study
was that it involved 14 experienced soccer players; competing in
divisions 2-7 in the Belgian leagues.?* Badin et al.>* transitioned
their previous laboratory based findings?* to a more ecologically
relevant environment and found MF to negatively affect techni-
cal performance during SSG.>* Decreased technical performance
was demonstrated through an increase in number of ball control
errors, and a lower percentage of technical involvements resulting
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in a positive outcome, possessions, accurate passes and successful
tackles.3*

Limited research has investigated the influence of MF on
response time and accuracy in sports specific contexts, despite
response time being identified as an important technical cogni-
tive component of agility and thus team sporting performance.?
To date, only the study by Smith et al.>® has assessed the impact
of a mentally fatiguing task (a 30-min incongruent Stroop task)
on soccer-specific decision making using a film simulation; par-
ticipants were instructed to select the appropriate action in
response to each scenario as quickly and accurately as possi-
ble. The MF condition was associated with a very likely lower
decision-making accuracy, and likely higher response time, com-
pared to the control.> Due to the visual search variables revealing
unclear effects between the conditions, it was proposed that visual
search behavior does not appear to be the mechanism behind the
decline in soccer-specific decision making skill.?® The study used 12
well-trained and experienced soccer players, making the findings
relevant to competitive athletic populations. Furthering research
in the area of tactics, Coutinho et al.3” investigated the impact
of MF and additional corridor pitch sector lines on physical and
tactical variables using small sided soccer games with 12 highly
trained amateur youth soccer players. A motor coordination task
was used to induce MF. The 20-min task requires participants to
perform exercises in a ladder drill whilst juggling, with the exercise
task changed when performance increases; thus, requiring whole
body coordination, sustained attention, cognitive processing and
perceptual skills.?” Following exposure to the 20-min mentally
fatiguing task, players’ positioning was impacted, with participants
demonstrating a reduced ability to effectively use environmental
information.?” The addition of a greater number of reference lines
during SSGs were also proposed to exacerbate the negative effects
of MF on soccer performance. A second study by Coutinho et al.?>
advanced the exploration into the effects of MF on soccer tacti-
cal performance during 5-vs-5 SSG with ten amateur youth soccer
players. In addition to the aforementioned physical performance
declines, clinically important changes in tactical team performance
variables were found; when both teams were mentally fatigued,
compared to both being exposed to the control condition, there
was a ~3% increase in regularity between players on the same
team, sharing the same space with intention to achieve the same
goal, a ~2% decrease in mean distances from each player to the
geometrical team center of gravity, and a ~7% decrease in time
spent synchronized in longitudinal displacements.?” These findings
demonstrate the effects of MF on soccer players’ capability to per-
ceive environmental information in a time-appropriate manner.>®
The combined findings demonstrate the potential for MF to neg-
atively impact decision making accuracy, increase response time
and impair the ability to effectively use environmental information
in a time-appropriate manner.3°~37 Decision-making capacities and
the successful application of tactical strategies to achieve optimal
performance across a number of both team and individual sports
distinguish elite from sub-elite populations.*° Thus, it is reasonable
to propose aspects of elite sporting performance may be negatively
influenced when mentally fatigued. Further studies are however
needed to inform changes in practice.

3. Future recommendations

Although the volume of research examining the influence of
MF on sports-specific outcomes is growing, a number of significant
challenges in translating the findings to the applied elite sporting
environment remain.

There is significant scope to improve the ecological validity
of both the method of inducing MF and sports-specific perfor-

mance tests. Although the incongruent Stroop task and AX-CPT
have been effectively used to invoke MF in investigations involv-
ing athletes,'#2436 Smith et al.>?> question whether such methods
to produce MF accurately represent tasks in the elite environment
that may organically lead to MF. This is an important question; such
tasks demand attentional focus requiring participants to perceive
information and make quick and accurate decisions in response to
alphabetical stimuli. However, the translation to the applied con-
text is limited and use of a mentally fatiguing task with greater
relevance may progress the translation of such findings to the
elite sporting environment. The mentally fatiguing task used by
Coutinho, Gongalves, Travassos et al.3” provides a potential solu-
tion; MF is induced through a 20-min whole body coordination
task requiring motor coordination, sustained attention, cognitive
processing and perceptual skills. The task was shown to be effec-
tive at inducing MF using the subjective visual analogue scale (VAS)
report, with a most likely increase in perception of MF (p=0.001).
Accordingly, the use of this or similar protocols will potentially
benefit future research, however as raised by Coutinho et al.,>®
the impact of the physical training stimulus should be considered.
A challenge exists in separating physical or mental fatigue as the
primary cause of deterioration in performance; the impact of phys-
ically fatiguing training in isolation (without a mentally fatiguing
stimulus) on perceived MF is yet to be examined. Considering the
complex multifaceted nature of fatigue, the potential interaction
effects should be considered, perhaps by a subjective measure of
both mental and physical fatigue. Despite these potential limi-
tations, research directed at investigating activities perceived to
cause MF in the elite sporting environment, and determining how
such activities compare to the commonly utilized Stroop and AX-
CPT, and perhaps the protocol used by Coutinho et al.3” would be a
useful addition to the field. Potential to explore a multitude of fac-
tors exist; such as differences between team and individual sports,
the number of decisions made by each positional player during
competition and the potential influence of competition equipment
or ball size. Additionally, on the premise of the response-inhibition
nature of commonly utilized mentally fatiguing tasks, the need
for an athlete emotional regulation*' to control their temper in
response to officiating calls they internally disagree with, negative
reactions from a crowd, or media interactions, are areas of future
research. Further, it should be considered that pre-competition and
match demands may differ between sports, as such different men-
tally fatiguing tasks may need to be used with different groups
of athletes.

To strengthen the application of findings to the elite setting, per-
formance tasks should be selected based on whether they replicate
the demands of competition and produce useful information on
tangible changes in elite sporting performance. In particular, more
studies that assess the impact of MF on competitive performance
outcomes, such as that by Penna et al.,'> are needed. Although there
are challenges associated with gaining access to athletes, the need
to demonstrate impact on, or effectiveness with, the targeted pop-
ulation i.e. elite or sub-elite athletes, is pertinent. The differences
in response to MF between elite athletes and recreationally active
or healthy individuals emphasizes the importance of undertaking
research with the targeted population for whom the outcomes are
intended for. Why elite and non-elite athletes potentially respond
differently is unclear. Genetics, environmental factors leading to
functional adaptations of brain areas responsible for resistance to
MF, and regular athlete exposure to MF through media intrusion
and self-regulation behaviors have been postulated.!? Factors such
as age and regular engagement with cognitively demanding activi-
ties may further influence individual athlete responses. Findings by
Fliipas et al.#? support this notion; with athletically trained school
students demonstrating resistance to the negative effects of mental
exertion on 1500 m rowing performance.
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Despite athlete fatigue being a closely monitored and carefully
considered variable from both a chronic and acute perspective in
the elite sport setting! 44344 (with 91% of individuals involved in
high performance programs indicating they implemented a form of
training monitoring*°), MF is not consistently considered by coach-
ing staff as something that can be easily assessed or changed. A
notable limitation to the current literature in relating the findings
to elite sport is the apparent focus on the acute impact of MF on
performance outcomes. Studies that investigate the potential influ-
ence of MF on performance over, for example, a competition week
or a competitive season are required. Whether MF develops over
the course of the season, or if in fact low levels of MF may act as a
training stimulus,*®#7 and thus whether there be an optimal level
of MF exposure to benefit performance requires exploration.

With MF positioned as a factor that may influence performance
in the elite sporting environment, consideration of cofounding
variables when undertaking performance research is important to
inform the true biological and performance impact of MF. Factors
such as sleep and dehydration have previously been demonstrated
to impact cognitive and physical performance variables yet are not
normally measured or controlled in research investigating MF and
physical or sports-specific performance tasks. Assessment of such
variables is commonly attained through athlete self-report mea-
sures, actigraphy or simple hydration tests in the elite sport setting;
accounting for these variables, even in the most applied of stud-
ies, is a reasonable proposition. Standardization of diet is seldom
reported in previous MF and physical performance research. Future
research should assess or control dietary factors, such as food
intake that significantly influence blood glucose concentrations
and perhaps more importantly, caffeine intake,! to confidently
determine the exclusive impact of MF. In alignment, research that
further investigates relationships between subjective reports of
MF and potential physiological or behavioral measures suitable
for use in the applied setting would be of value. Although rela-
tively well-established physiological markers of MF are known, e.g.
electroencephalography,*® the set up and potential noise of signal
make even mobile EEG impractical for use in the applied sport-
ing environment. Accordingly, the identification of a practical yet
robust physiological marker of MF may help to lessen the impact of
the potential response bias present when subjectively questioning
individuals about levels of MF.

Despite the lack of research undertaken to date examining MF
in sport, the limited available evidence suggests that not only
can MF potentially have a negative effect on performance but
that investigations examining strategies to manage MF are war-
ranted. Previous interventional studies propose that caffeine,*° a
caffeine-maltodextrin mouth rinse,”® oral creatine monohydrate
supplementation,”’ and supplementary glucose administration®2
improve physical performance. However, the effectiveness of legal
ergogenic aids to mitigate the effects of MF has not yet been exam-
ined in the elite sporting context. Further approaches, such as
training interventions to increase resistance to MF,*647 implemen-
tation of recovery practices to assist in the management of MF,>3
and optimization of competition day structure to avoid the induce-
ment and thus potential negative consequences of MF, are key
areas for future applied research. Research investigating how train-
ing or other activities commonly undertaken by athletes impacts
on MF is critical to the development of practical recommenda-
tions which can be implemented by high performance staff. For
example, investigating how differing training tasks may lead to
MF and, the maximal duration of specific drills which are not per-
ceived to induce MF, the duration of impact, and the restoration
time required to recover from MF may be useful information for
coaches to consider when structuring training. Further, scope exists
to assess the effect of drill complexity on cognitive demands and
fatigue experienced by athletes. Such information may aid selec-

tion of training details and assist in structuring pre-competition
warm-up. Accordingly, MF may become a variable that can be mon-
itored by coaching staff. The use of a subjective VAS provides a
practically feasible, evidence-based methodology to monitor MF.
As per the definition, combining reports of subjective changes, with
behavioral and physiological observations is recommended.

4. Conclusions

Available evidence suggests that MF has the potential to
negatively influence elite sporting performance not only via deteri-
oration in physical performance, but also via changes in technique,
decision-making and tactical and skill execution. However, the
majority of research undertaken holds limited applicability or
transferability to elite sporting performance. Opportunity exists to
extend the sports-specific and ecologically valid research under-
taken to date in soccer. Translatable research findings to create
evidence-based practical recommendations for MF in elite sport
are required. As such, using not only sports-specific physical tasks,
but also perceptual-cognitive sport specific tasks to understand the
full-extent through which MF may impact the many physiological,
psychological, technical and tactical components of elite sporting
performance is required. Currently, evidence suggests practition-
ers may benefit from monitoring MF and considering its potential
impact on training and competition performance.
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