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ABSTRACT

INTRODUCTION: Mental fatigue is a psychobiological state experienced following exposure to
cognitively demanding tasks. Anecdotal evidence shows that mental fatigue can impair football
(soccer) performance based on the cognitive demands of match play, fixture congestion, receiving
high volumes of tactical information and internal and external pressures to succeed. In six original
investigations, induced mental fatigue has negatively influenced football specific skill, physical,
tactical and decision-making performance. However, these studies share consistent limitations,
which include the use of cognitive tasks with low ecological validity to induce mental fatigue, as well
as the recruitment of sub-elite or recreational players. Further research is required to address the
limitations of the current research, investigate the relevance of current methods employed to
induce mental fatigue, and to understand the true cognitive demands experienced by elite level
football players. Therefore the aims of this thesis were as follows: i) to evaluate the applicability of
the current mental fatigue research to elite football settings, ii) understand the relevance of the
modified Stroop task in inducing mental fatigue, plus its impact on using implicit and explicit
information, and iii) use a mixed methods approach to elucidate cognitive demands and influence on
performance in elite male, female and academy football players.

METHODS: i) A literature review was conducted to understand the collective impact of induced
mental fatigue on football specific performance. ii) A current opinion article critically examined the
methodology of the current mental fatigue in football research, with recommendations provided for
future study designs. iii) The modified Stroop task was assessed for its impact on using implicit and
explicit cues, plus boredom, a construct similar to the demands of mental fatigue. In addition, the
impact of a brief rest period from cognitively demanding activity was measured. iv) English Football
League and National League players completed an online survey which investigated the impact of
football and lifestyle specific cognitive activities on perceived mental fatigue and impact on
performance. v) An additional survey was completed by elite English academy football players (U14
— U23) which explored the effects of football and adolescent specific activities on perceived mental
fatigue and impact on performance. vi) Focus group interviews explored the psychological demands
of elite female football.

RESULTS: i) Mental fatigue studies have used repetitive cognitive tasks with low contextual
interference which do not resemble the real-life cognitive demands (i.e. high contextual interference
in a dynamic environment) of elite football. ii) The modified Stroop elicits high subjective mental
fatigue and boredom ratings which significantly reduce (but not to baseline levels) following a short
break. iii) In elite English Football League/National League and academy football, any cognitive tasks
completed are short and frequent (intake of tactical information, media commitments, travel) with a
negligible influence on perceptions of mental fatigue and performance. A contrast was evident in
elite female football, where travel, intake of excessive tactical information and internal pressure to
succeed were commonly cited as psychological demands.

DISCUSSION: Mental fatigue may be a transient sensation that subsides following a rest period. Due
to predominantly extensive experience in football, elite football players may become accustomed to
daily cognitive stressors, or the tasks completed may be too brief compared to the protocols that
have been applied in studies to mental fatigue. Conversely mental fatigue may be more prevalent in
environments where football is accompanied by additional commitments (full time work/education).
The previous research inducing mental fatigue immediately prior to task performance may also be
an irrelevant time period where mental fatigue is experienced in elite settings, likely due to high
arousal induced by caffeine intake, listening to music and the players general intrinsic motivation to

Xi



play. Future research is required to investigate the impact of other time periods (e.g. latter stages of
a match, 24 hours post-match) and longitudinal durations (i.e. daily monitoring throughout a season)
and subsequent risk of mental fatigue.
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1-INTRODUCTION

1.1 - Background

Mental fatigue is a psychobiological state experienced following exposure to cognitively demanding
tasks (Boksem, Meijman & Lorist, 2005; Lorist, Boksem & Ridderinkhof, 2005). Following the first
study to measure the impact of prolonged exposure to cognitive activity on performance
decrements (Mosso, 1891), research has examined the impact of mental fatigue in travel (Borghini,
Astolfi, Vecchiato et al. 2014; Zhao, Zhao, Liu et al. 2012; Hankins & Wilson, 1998), work
environments (Akerstedt et al. 2004; Grandjean, 1979) and education (Winch, 1912). More recently,
research has investigated the impact of mental fatigue in sport and exercise performance. Since the
first known study (Marcora et al. 2009), three literature reviews have discussed the effects of acute
mental fatigue in sport and exercise. The first review (analysing studies up to 2014) revealed that
exposure to acute mental fatigue ranging from as little as 3-min 40 seconds up to 90-min had a
detrimental effect on physical performance (Silva-Junior et al. 2016). A more recent review (which
analysed articles up to April 2016) reported that induced mental fatigue impaired endurance
performance (via greater test completion time and decreased time to exhaustion and self-selected
power output), but did not significantly impact anaerobic, power or maximal strength performance
(van Cutsem et al. 2017). Furthermore, mental fatigue did not affect physiological endurance
exercise variables including heart rate, cardiac output, oxygen uptake, maximal aerobic capacity and
blood lactate. A subsequent meta-analysis and systematic review concluded that whilst mental
fatigue impacted on physical performance, the heterogeneity of the data showed that differences
are likely due to random error (McMorris et al. 2018).

Several studies have investigated the effects of induced mental fatigue on team sport performance
(REFS). These studies have highlighted the role of cognitive skills required for sport performance.
Indeed, it was suggested that with the exception of military combat, team sport performance is
more cognitively demanding than any other physical activity (Walsh, 2014). This has since led to
research in basketball (Moreira et al., 2018), handball (Penna et al., 2018), cricket (Veness et al.,
2017), and association football (soccer) (Coutinho et al., 2018; Coutinho et al., 2017; Smith et al.,
2017; Badin, Smith, Conte et al., 2016; Smith et al., 2016a; Smith et al., 2016b) which examined the
influence of cognitive fatigue on various aspects of performance. Despite this research interest, the
real-life cognitive demands of sporting activity remain unknown. Further work has postulated that
several cognitive stressors related to football match-play (prolonged vigilance, decision-making,
constantly receiving and processing information in a dynamic environment) and lifestyle factors
(expectations from coaches, supporters, sponsors and the media) result in mental fatigue (Coutts,
2016). At present, six original investigative studies measuring the impact of mental fatigue on
football-specific performance have been conducted. Three investigated the effects of induced
mental fatigue in match-play settings (small-sided games), which have found unclear effects on
physical performance (distance covered per minute and the number of accelerations and
decelerations) (Coutinho et al., 2017), likely negative effects for technical performance (match
involvement, match possession, tackle success) (Badin et al., 2016), plus reductions in tactical
performance (i.e. team synchronisation) (Coutinho et al., 2018). Negative effects of mental fatigue
were also reported in three laboratory studies which measured football-specific skill performance in
Loughborough Soccer Shooting Test (LSST) and Loughborough Soccer Passing Test (LSPT) (Smith et
al., 2017, Smith et al., 2016) and visual search behaviour in a football-specific decision-making test
(Smith et al., 2016).



1.2 - Research problem

All but one of the research articles investigating the role of mental fatigue in football performance
have used either a computerised (Coutinho et al., 2018; Badin et al., 2016) or pen-and-paper (Smith
et al., 2017; Smith et al., 2016a; Smith et al., 2016b) version of the 30-min modified Stroop task
(Stroop, 1935) to induce mental fatigue. The other study used a more sport-specific 20-min motor
task (that consisted of juggling a tennis ball whilst completing agility ladders, and incorporated
motor coordination, sustained attention, cognitive processing and perceptual skills) to induce
mental fatigue (Coutinho et al., 2017). Such protocols unlikely resemble the cognitive demands
experienced in football-specific settings, and could also induce boredom as well as mental fatigue.
Moreover, the cohorts in these studies consist of recreational or sub-elite level football players,
making it difficult to transfer the findings to elite settings which carry greater pressure (internal and
external expectation to succeed) and intensity (frequent fixture congestion and travel demands).
Therefore, there is a requirement to challenge and critically evaluate the current methodology
adopted in mental fatigue in football research and understand the real-life cognitive demands
experienced by elite football players. Indeed, the development of mentally fatiguing tasks with high
ecological validity is essential for determining the extent to which mental fatigue occurs in elite
football (Carling et al., 2018).

1.3 - Aims of the thesis

The primary aims of the thesis are threefold. Firstly, the thesis aims to examine the current mental
fatigue in football literature and critically evaluate the existing methodological practice. Next,
perceptions of mental fatigue and boredom following the most commonly used method of inducing
mental fatigue (30-min modified Stroop task) will be measured in attempt to distinguish between
mental fatigue and boredom, which has been under-researched (Pattyn et al., 2008). This study will
also examine post-task mental fatigue to understand its residual effects (i.e. in order to elucidate if
mental fatigue is acute or chronic). Lastly, the thesis will investigate the lifestyle and football-related
cognitive demands and perceived presence of mental fatigue in professional male, elite academy
and elite female football players. It is anticipated that findings from this thesis will lead to a greater
understanding of the existence of mental fatigue in elite football and the development of more
ecologically valid tasks to induce mental fatigue in subsequent football research.



2 — LITERATURE REVIEW

2.1 - Introduction

Mental fatigue is a psychobiological state experienced following exposure to cognitively demanding
tasks (Boksem et al., 2005; Lorist et al., 2005). Feelings of tiredness and a reduction in energy are
typically associated with mental fatigue (Boksem & Tops, 2008). Mental fatigue has been shown to
impair attention (Chaudhuri & Behan, 2004), task planning (van der Linden, Frese & Meijman, 2013)
reaction times (Boksem et al., 2005) and speed of adjustments to task performance after errors
(Lorist et al., 2005). The literature investigating the effects of mental fatigue on human performance
dates to the late nineteenth century (Mosso, 1891) in the book ‘La Fatica’. In this simple study, it was
shown that muscular endurance of the index finger was reduced following oral examinations and
lectures delivered by two Physiology lecturers. More recent work has since examined the impact of
mental fatigue on tasks such as (but not limited to) car driving and long haul aircraft flights (Borghini
et al., 2014; Zhao et al., 2012; Hankins & Wilson, 1998), daily working activities (Akerstedt et al.,
2004; Grandjean, 1979) education (Winch, 1912), and sport and exercise performance (McMorris et
al., 2018; van Cutsem et al., 2017; Silva Junior et al., 2016).

2.2 - Mechanisms of mental fatigue

Itis firstly important to understand the mechanisms of mental fatigue in order to reduce or even
prevent its occurrence. In recent years, researchers have theorised several mechanisms of mental
fatigue related to biological and personality factors. Four proposed mechanisms of mental fatigue
are outlined below.

Dopamine and adenosine

Dopamine is an important neurotransmitter that influences high order cognitive processes
(Nieoullon, 2002), and the release of adenosine inhibits dopamine release (Davis et al., 2003).
Pageaux et al., (2014) first postulated that changes in dopamine and adenosine concentrations in
the anterior cingulate cortex (ACC) cause subjective feelings of mental fatigue. It has been theorised
that during demanding cognitive tasks, extracellular cerebral adenosine accumulates within active
regions of the brain. It has been suggested that adenosine acts in two ways: by increasing perception
of effort during task performance, and impairing motivation by interaction with dopamine in the
ACC (Martin et al., 2018). However, as these theories have not been measured in-vivo, the level of
evidence to definitively link mental fatigue to dopamine and adenosine concentrations remains low.

Locus-coeruleus norepinephrine system

The locus-coeruleus norepinephrine (LC-NE) system is also suggested to be responsible for the
development of mental fatigue (van der Linden, 2011). The LC-NE is a region of the brain responsible
for central norepinephrine levels (Aston-Jones, Ratjkowski & Cohen, 1999). Norepinephrine is seen
as a neuromodaulator for arousal, which Aston-Jones & Cohen (2005) describe as readiness of the
brain for perceptual input. Studies have shown that pharmaceutical agents that raise
norepinephrine levels reduce fatigue (Stahl, 2002). In addition, indirect measures of mental fatigue
(electroencephalography, pupil diameter) have suggested a link between the LC-NE and mental
fatigue (van der Linden, 2011; Aston-Jones & Cohen, 2005; Nieuwenhuis, Aston-Jones & Cohen,
2005).



Reward

It has also been proposed that feelings of mental fatigue are influenced by the perceived evaluation
of the effort/reward related to the task (Boksem & Tops, 2008), meaning that a high effort/low
reward task can be subjectively more mentally demanding than a high effort/high reward task.
Indeed, it has been found that a short period of high effort/low reward activity is subjectively more
mentally fatiguing than a significantly longer time period of high effort/high reward task action (Park
et al., 2001; Sparks et al., 1997). According to this theory, low-ability individuals would be able to
match high-ability individuals in a task if superior motivation is channelled into the task, but this
comes at a greater cost of fatigue to the low-ability individual. In a sporting context, athletes that
are highly intrinsically motivated could be able to match the performance levels of higher-skilled
athletes with reduced motivation levels but expend more energy in the process.

Personality traits

It has been postulated that common character traits such as high perfectionism and neuroticism
may provide a greater resistance to fatigue (Johnson et al., 1996; Prins et al., 2006; Magnusson et
al., 1996; White & Schweitzer, 2000). Boksem & Tops (2008) stated in reference to these personality
types that “these people just do not know when to quit; either because they set their goals too high,
are afraid that their achievements will not be perceived as up to the mark by others, or because they
are more concerned with being punished for bad results than with being rewarded for good results”.
Such theories may transfer to the difference in performance levels between elite and non-elite
individuals. It has been demonstrated that induced mental fatigue negatively influenced cycling
performance in non-elite cyclists, but elite cyclists were able to attenuate performance levels
(Martin et al., 2016). Taken together, experienced elite performers who are extremely driven may be
less prone to the potential effects of mental fatigue.

Summary

Several mechanisms have been reported to explain the occurrence of mental fatigue. The variation
in mechanisms and difficulty in conducting in-vivo studies to provide evidence to theory (i.e.
dopamine and adenosine, LC-NE system) confirms the complexity in understanding how individuals
experience mental fatigue and which cognitive tasks induce mental fatigue. Indeed, reward and
personality traits likely reduce the impact of mental fatigue, however further applied research in
relevant settings is required. The following section of the literature review will provide an overview
of the current tasks employed to induce mental fatigue.

2.3 - Inducing mental fatigue

In the mental fatigue literature, several paper and computer-based tasks have been used to induce
mental fatigue. These activities differ in duration and task demands. To evoke mental fatigue in
research, it is necessary to use a task which provides the required cognitive stimulus. Conversely in
applied settings to prevent mental fatigue before competition, it is essential to understand which
tasks are cognitively demanding enough to elicit mental fatigue. The following section will outline
five cognitive activities that have induced mental fatigue in the present literature, followed by a
summarisation of their validity in inducing mental fatigue.



Modlified Stroop task

The modified Stroop task is a response inhibition/sustained attention task, and the most commonly
used method of inducing mental fatigue. Engagement in a modified Stroop task elevates the
activation of the ACC and dorsolateral prefrontal cortex (DL-PFC), which are collectively responsible
for attention, decision-making and cognitive flexibility (Banich et al., 2015; MacDonald, Cohen,
Stenger et al., 2000). In this task, coloured words (“red”, “blue”, “green” and “yellow”) are
presented in a repeated fashion, and participants must identify the colour of the word, ignoring the
meaning of the word itself. For example, if the word is presented as “yellow”, but in green font, the
correct answer would be “green”. To increase task difficulty and response inhibition requirements,
when a word is presented in red ink the correct response corresponds to the meaning of the word
(e.g. if “blue” is written in red font, the correct answer is “blue” and not “red”), making the test a
“modified” Stroop task. In the sport and exercise science literature, a modified Stroop task is
completed continuously either on a computer or via a paper-based version for 30-min (Smith et al.,
2018; van Cutsem et al., 2017).

AX-Continuous Performance Task

The AX-Continuous Performance Task (AX-CPT) is a cognitive control task which examines context
processing and goal maintenance, and activates the DL-PFC, which is related to working memory and
goal maintenance (Lopez-Garcia, Lesh, Salo et al., 2016). In this task, participants sit in front of a
computer screen with individual letters of the alphabet randomly presented (except for Kand Y
based on their resemblance to X) for 30 ms with a 1200 ms interval, immediately followed by a new
letter. When the letter A is followed by the letter X, participants must press the right-sided button,
whereas any other two letter orders requires the left-sided button to be pressed (based on a right
handed participant). The remaining letters of the alphabet are presented on the screen to serve as
invalid cues and non-target probes. A beep sounds for missed or incorrect responses as a prompt to
increase speed and accuracy. This task has been adopted in several mental fatigue in endurance
performance studies, each lasting 90-min (Smith et al., 2015; MacMahon et al., 2014, Marcora et al.,
2009).

Eriksen Flanker Test

The Eriksen Flanker Test is a response inhibition task predominantly engaging the DL-PFC and dorsal
anterior cingulate cortex (dACC) (Blasi, Goldberg, Weickert et al., 2006), which requires a fast and
accurate recognition of alphabetic letters. Participants are placed in front of a computer screen and
presented with a horizontal row of three uppercase letters. In previous mental fatigue studies using
continuous two-hour protocols (Faber et al., 2012; Lorist et al., 2005), the central letter is the target,
whilst the remaining letters act as “flankers”. When the central letter is an S, participants must
quickly respond by pressing the button situated in their right hand, and conversely when the central
letter is an H, a quick response is required with the left hand. Each row of letters remains on the
screen for a maximum period of 1200 ms, and if the initial response is incorrect, participants are
provided with an additional 500 ms to select an alternative response. To increase task difficulty, the
target letter is presented in green on a black background for 50% of the trials, and in red during the
remaining 50% of the trials. In addition, the “flankers” have the same identity and colour as the
target letter during 50% of the trials (HHH or SSS), whilst in the other half of the trials, flankers have
a different identity and colour than the target letter (e.g. SHS or HSH). A pre-cue of 150 ms is also
displayed 1000 ms before the row of letters, denoting the response hand (left and right) or colour
(red and green).



Sustained Attention to Response Task

The Sustained Attention to Response Task (SART) is a response inhibition task which has induced
mental fatigue in military personnel using 4 x 10-min blocks (Dillard et al., 2017). Sustained attention
tasks have been shown to increase alpha brain activity, which denotes an impairment in attention
and increase in drowsiness (Okogbaa et al., 1994). In an SART, participants are placed on a chair and
are presented with a single digit (1-9) placed on the screen in front of them. The participant must
correspond the number on the screen with the number on the keypad in front of them (e.g. tapping
the number 1 keypad button when number 1 is presented on the screen), except for the number 3,
which must be ignored. Each number is shown on screen for 250 ms and is followed by a 900 ms
mask. The numbers are presented in the same font, but the font size varies between 48, 72, 94, 100,
and 120 mm, along with a variation in the height of the font (12 and 29 mm). Response times are
measured in the SART, and penalties occur for inappropriately responding to ‘No-Go’ stimuli and
inappropriately withholding response to ‘Go’ stimuli.

Go/NoGo task

The Go/NoGo is a response inhibition task which requires fast reaction times and response accuracy.
The ACC and prefrontal cortex (PFC) have been shown to be highly active during a Go/NoGo task,
which suggests the role of attention, planning complex cognitive behaviour and decision-making
(Menon, Adleman, White et al., 2001). In a Go/NoGo test, participants are seated in a dimly lit room
with a keypad placed in both hands. On a screen located in front of the participant, four different
types of stimulus are presented individually, consisting of “Go left”, “Go right”, “NoGo left” and
“NoGo right”. When presented with “Go left” or “Go right”, participants must press the
corresponding keypad button in reaction to the stimulus (e.g. using the left handed keypad to
confirm “Go left”), whereas a “NoGo left” or “NoGo right” stimulus must be ignored. The left and
right stimuli are randomly presented in an equal fashion, and participants are encouraged to
respond to the stimuli as quickly and accurately as possible. The Go/NoGo task has previously
induced mental fatigue in a general healthy population using a 60-min protocol (Kato et al., 2009).

Summary

Several computer/paper based tasks have been used to induce mental fatigue in the literature. Each
have a shared purpose of providing varying task complexity (i.e. congruent/incongruent trials) to
increase brain activity and induce mental fatigue. Whilst validated and simple to administer, a
shared limitation of these tasks is their prolonged repetitive nature, which is often irrelevant to real-
life tasks. Indeed, low contextual interference tasks (i.e. repetitive and predictable tasks) are not as
cognitively engaging as high contextual interference tasks (i.e. unpredictable with constantly
changing challenges) (Lelis-Torres et al., 2017), and likely provides a cognitive “underload” (Pattyn et
al., 2008). Compared to “overload” tasks (i.e. high cognitive engagement), an “underload” task
provides a reduced cognitive challenge and is associated with mind wandering (i.e. boredom) (Pattyn
et al., 2008). Whilst the aforementioned computer tasks used to induce mental fatigue may
resemble some real-world tasks with prolonged vigilance and low cognitive engagement (i.e.
repetitive factory or office-based tasks), more dynamic tasks (e.g. sport and exercise) require a more
ecologically valid protocol to induce mental fatigue in future studies. Therefore, further research is
necessary to understand real-life mentally fatiguing tasks to increase ecological validity in various
settings.



2.4 - Measuring mental fatigue

Mental fatigue can be assessed using several different indicators (performance, psychological or
physiological). Being able to measure mental fatigue aids the understanding of the cognitive
demands of selected tasks, which can then aid research and practice. The available methods of
inducing mental fatigue are discussed below.

Electroencephalography

One of the most commonly utilised method used to assess mental fatigue is electroencephalography
(EEG), which measures spontaneous electrical brain activity in four regions of the brain - delta, theta,
alpha and beta (Teplan, 2002). The existence of electrical currents in the brain was discovered in
1875 by English physician Richard Caton, who initially observed the EEG from the exposed brains of
animals (Teplan, 2002). A typical EEG measurement consists of a cap worn on the scalp with
electrodes connected on up to 128 channels, amplifiers which allow for the signals to be read, a
converter change data from analogue to digital, and a personal computer for data storage and
display (Teplan, 2002). The technology remains predominantly wired, but wireless technology is also
available and increasingly developing (Berka, Levendowski, Cvetinovic et al., 2004). The use of EEG
has shown high test retest reliability when measuring brain activity during cognitive tasks (McEvoy,
Smith & Gevins, 2000).

The tasks which are measured using EEG are predominantly static in nature, and have consisted of
driving (Zhao et al., 2012; Ting, Hwang, Doong et al., 2008; Lal & Craig, 2002) and computer-based
vigilance tasks (Berka, Levendowski, Lumicao et al., 2007; Berka, Levendowski, Cvetinovic et al.,
2004; Gevins, Smith, Leong et al, 1998). Conducting studies which incorporate physical activity
proves difficult due to light disturbances, sweat, noise and excessive movement, which can
negatively influence the strength of the EEG signal, which is critical to the quality of the data
collection (Britton, 2016; Reinecke, Cordes, Lerch et al., 2011). Nevertheless, EEG has been used to
measure brain activity in treadmill endurance performance (Brownsberger et al., 2013), knee
extension exercises (Baumeister, Reinecke, Schubert, Schade & Weiss, 2012), golf (Reinecke, Cordes,
Lerch et al, 2011; Baumeister, Reinecke, Liesen, & Weiss, 2008), and physically active computer
games (Baumeister, Reinecke, Cordes, Lerch, & Weiss 2010). Technological advances are likely
required to accommodate for activities with greater physical task demands (i.e. team sports). Recent
research has adopted glasses with built-in EEG technology that acquires movement of the pupil and
blinking from the light reflected from the eye, but presented mixed results in measuring brain
activity in a cognitive task (Sampei et al., 2016).

Functional Near-Infrared Spectroscopy

Functional Near-Infrared Spectroscopy (fNIRS) is a haemodynamic-based technique which assesses
functional activity in the brain (Hoshi, 2003). Typically, optodes (a sensor device) are placed on the
skin over the PFC to measure blood oxygenation during cognitive tasks (Xu et al., 2017; Mehta &
Parasuraman, 2014). Previous research using fNIRS has demonstrated the accumulation of mental
fatigue during prolonged driving activity (Gao, Pan, Li, & Li 2016), and has also been incorporated in
conjunction with EEG (Nguyen, Ahn, Jang et al., 2017; Aghajani & Garbey, 2017), and with both EEG
and Electrocardiogram (ECG) readings to measure mental fatigue (Ahn, Nguyen, Jang et al., 2016).
Despite the low amount of research utilising this method, fNIRS may be a desirable option to assess
mental fatigue given its portability, wireless capability, use in real-world settings and low cost
(Mehta et al., 2016).



Heart rate variability

Heart rate variability (HRV) has been measured in several studies investigating cognitive load in task
performance. During flight simulation, significantly increased heart rates were only recorded for long
haul pilots during the take-off and landing phases of the journey (Hankins & Wilson, 1998). Research
in simulated office working environments has demonstrated an increased heart rate frequency with
increased mental workload and stress (Taelman et al., 2011; Hjortskov et al., 2004; Garde et al.,
2002). Despite these findings, caution must be noted when using heart rate as an indicator of mental
workload in isolation. Further work showed that monitoring traffic density in a busy city elicited
greater heart frequencies during periods of higher traffic flow, irrespective of shift pattern, and was
correlated with increases in stress and mental fatigue (Fallahi et al., 2016).

Pupillary response

In pupillary response monitoring, video analysis captures changes in pupil diameter under exposure
to cognitive tasks. An increased pupil diameter has been recorded for individuals exposed to
prolonged cognitive tasks such as reading text (Yong, Guo’en, & Yanli, 2004), truck driving (Morad et
al., 2009) and piloting (LeDuc et al., 2005). This method is a non-invasive, cost effective and portable
tool which is simple to administer. However, as pupil diameter can be influenced by many different
factors (e.g. light, arousal, sleep duration), it is recommended that this approach is measured in
conjunction with other physiological measurements of mental fatigue (e.g. fNIRS, EEG).

Galvanic skin response

Galvanic skin response represents a change in electrical resistance in the skin when exposed to
emotional stressors. It is most commonly associated with lie detector (polygraph) tests (Hovarth,
1979), but has long been utilised to measure the mental effort exerted in a cognitive task (Geldreich,
1941; Nourbakhsh, Chen, Wang, & Calvo, 2017; Widyanti et al., 2017). The readings from galvanic
skin response have established correlations between the effect of stressors and cognitive functions
(McEwen & Sapolsky, 1995). This method has been found to cost effective, but less effective in
comparing varying levels of mental workload in comparison to HRV and NASA-TLX (Widyanti et al.,
2017), suggesting a limited ability to measure mental fatigue. An explanation of this finding was not
discussed in the study, but like aforementioned measurements of mental fatigue, using galvanic skin
response to determine mental fatigue in isolation should be met with caution due to the potential
influence of other emotions such as anxiety or stress.

Task performance

General cognitive tasks

It has been suggested that task performance is the gold standard measurement of mental fatigue
(Hockey, 2011). Indeed, research has shown that reaction times are impaired by time on task. In one
study (Lorist et al., 2005), 15 participants performed a 2-hour Eriksen Flanker test and showed a
significantly greater decline in reaction times during the final 30-min period in comparison to the
initial 90-min of the task. In further work using a 3-hour continuous sustained attention task, it was
demonstrated that when the task time was broken down into four separate periods (4 x 45-min),
there was a linear increase in reaction times and percentage of targets missed (Boksem et al., 2005).
Similar trends were reported following a 50-min auditory task (Moore, Key, Thelen, & Hornsby,
2017), with higher reaction times and lower response accuracy in the final 25-min of the activity.
This was also accompanied by subjective data which reported a decline in motivation to complete
the task and attention on the task. In comparison to the more expensive and complex measures (e.g.
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EEG), task performance is an inexpensive and simple to administer method of measuring task
performance.

Auditory mental fatigue

Prolonged listening in various environments (e.g. presentations, meetings and classes) may be
considered tiring, despite one often being seated and not seemingly expending energy. Indeed, one
must sustain attention and inhibit alternative actions (i.e. focussing attention on another activity)
much like the demands of cognitive tasks such as the AX-CPT. Only recently has sustained listening
and its impact on arousal and mental fatigue been investigated in normal hearing populations. In
one study (McGarrigle, Dawes, Stewart, Kuchinsky, & Munro 2017), participants performed a
speech-picture verification task in different signal-to-noise ratios (SNRs) while their pupil size was
monitored and response times recorded. In the more challenging SNR, a significant increase in pupil
diameter was observed in the second half of the trial, suggesting a reduction in physiological
arousal. In subsequent research, Moore et al., (2017) incorporated a 50-min auditory choice task,
quantifying mental fatigue using subjective (self-report) and behavioural (response time and
accuracy) measures, as well as event-related potential (ERP) measures indexing motivation and
general arousal. The ERPs revealed changes in neural activity consistent with decreased arousal. The
decrease in arousal revealed a significant, positive correlation with subjective report of reduced
motivation. These studies are limited by the relevance of the auditory tasks to real-life situations.
Future work is required in more ecologically valid settings (e.g. replicated meetings or relevant
classes/lectures).

Car driving

Several studies have highlighted the impact of monotonous driving protocols on subjective and
objective measures of mental fatigue. Using EEG, it was found that following 90-min of driving
simulation activity, that there was a significant increase in alpha brain activity and a significantly
lower decrease in beta brain activity in comparison to baseline levels (Zhao et al., 2012). A rise in
alpha brain activity is associated with decreased attention levels, and a reduction in beta brain
activity is associated with lower arousal levels (Okogbaa et al., 1994). Further research revealed that
up to two hours of monotonous motorway simulation driving caused a significantly greater delta and
theta brain activity, suggesting a reduction in alertness (Lal & Craig, 2002). This study also used a
Brunel Mood Scale (BRUMS) questionnaire revealing greater subjective trait anxiety, tension—
anxiety, fatigue—inertia and reduced vigour—activity. Moreover, long distance driving (90-min) has
resulted in greater reports of sleepiness, and decrements in driving performance and reaction times
(Ting et al., 2008).

Subjective measures

Despite the simplicity and cost-effective nature of using task performance to measure mental
fatigue, its implementation in isolation is unlikely to detect mental fatigue. Indeed, other factors
such as incentive and motivation can impact on the variation in task performance levels (Brown &
Bray, 2017; van der Linden, 2011), which necessitates the use of further measures to understand
individual variation in fatigue. The following section will examine three subjective measurements of
mental fatigue.

Profile of Mood State & Brunel Mood Scale

The Profile of Mood State (POMS) is a valid and reliable psychometric questionnaire that consists of
65 adjectives (e.g. annoyed, confused, depressed, exhausted, anxious, active) rated on a five-point

10



Likert scale (0 = not at all, 1 = a little, 2 = moderately, 3 = quite a bit, 4 = extremely) (McNair et al.,
1985). The Brunel Mood Scale (BRUMS) questionnaire is a reduced version of the POMS that
contains 24 items divided into the same six respective sub-categories as the POMS, as well as the
same five-point Likert scale and scoring system (Terry, Lane & Fogarty, 2003). Mental fatigue has
been measured using the POMS (Martin, Thompson, Keegan, Ball, & Rattray 2015; MacMahon et al.,
2014; Suzuki et al., 2004) and BRUMS (Smith et al., 2015; Rozand et al., 2014; Pageaux et al., 2014;
Pageaux et al., 2013; Marcora et al., 2009), however the measurement of fatigue is general (i.e.
assesses “tiredness”), and therefore unable distinguish between physical and mental fatigue.

Visual Analogue Scale

The visual analogue scale (VAS) is a valid and reliable method of measuring fatigue (Lee, Hicks &
Nino-Murcia, 1991) and has measured mental fatigue in previous sport and exercise science
research (Smith et al., 2018; van Cutsem et al., 2017). When using a VAS, participants are presented
with a statement (e.g. “ am mentally fatigued”) or a question (e.g. “How mentally fatigued are
you?”) and instructed to use a 0 — 100 mm scale to denote their answer, with 0 being a minimal
value (i.e. no mental fatigue) and 100 being maximal (extremely mentally fatigued). This can be
conducted using a 0 — 100 numerical slider scale on an electronic device (i.e. tablet) or by using a
pen to draw a vertical line on a 100 mm horizontal line on paper. The VAS is cheap and simple to
administer, but caution is advised when using terms that participants are not aware of. Indeed, the
term “mental fatigue” is challenging to define, and research participants may misinterpret it with
similar constructs such (e.g. boredom, sleepiness, physical fatigue), making the use of clear
definitions imperative in study designs.

Summary

Several methods have been used in the literature to measure mental fatigue. The use of EEG to
measure mental fatigue currently has the strongest level of evidence, with several studies
demonstrating its suitability to measure brain activity in numerous cognitive tasks. However, EEG
has been used in statically situated activities with minimal movement and perspiration (i.e. general
cognitive tasks and driving protocols) in order to minimalise the quality of the signal. In addition to
lengthy setup times and wired technology, these are limitations which are difficult to overcome in
dynamic activities (i.e. football), which in ecologically valid settings requires excessive movement
and results in perspiration. However, due to the limited available evidence, further research is
required to determine the efficacy of using physiological measures such as fNIRS, HRV, pupillary
response and galvanic skin response for measuring mental fatigue. Furthermore, changes in brain,
heart and skin function may only be partially explained by mental fatigue and are likely related to
other factors such as stress, arousal and physical fatigue.

Conversely, task performance and psychological measurements are simpler to implement. Due to a
greater sensitivity in subject response (0-100 mm) and ability to directly query perceived mental
fatigue, the VAS is a more accurate psychological measuring tool than the POMS and BRUMS, which
measure fatigue in a general sense. However, when implementing a VAS, a clear definition of mental
fatigue must be provided to participants to ensure the understanding of the term. Task performance
is advocated as a measurement of mental fatigue, but further research (i.e. similar to current driving
research) is required to measure task performance which is relevant to the population of the study
(e.g. a sport-specific task for an athlete). However, in isolation both measurement tools are limited
in their ability to accurately identify mental fatigue due to additional factors such as reduced
motivation, boredom or other changes in mental state. It is recommended that a variety of
simultaneous methods (e.g. EEG, ecologically valid task performance and VAS) are used to measure
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mental fatigue in order to separate the construct from physical fatigue and emotional states. Indeed,
using all three measuring tools takes additional time to implement (i.e. set-up times as well as task
duration), and will often prove challenging to conduct in future research.

2.5 - Reducing mental fatigue

With the recent increase in mental fatigue literature, research is beginning to understand solutions
to reduce the effects of mental fatigue on physical and cognitive performance. This concept is
important in applied sporting settings to understand the impact and practicality of different
methods available to prevent or reduce feelings of mental fatigue. The following section will discuss
the effects of brain endurance training, caffeine supplementation and financial incentive.

Brain Endurance Training

One novel concept of increasing endurance performance is to incorporate the simultaneous
completion of prolonged cognitive tasks alongside physical training. This was investigated in recent
research which created a novel training method called “brain endurance training” (BET) (Marcora,
Staiano, & Merlin, 2015). Subjects (n=35) cycled at 60% of VO, max for 60-min, 3 times a week for 12
weeks. The subjects were randomly split into two groups, which consisted of a BET group who
completed a cognitively demanding task on a computer (AX-CPT) whilst completing all the cycling
sessions, plus a control group who only participated in the cycling trials. From the pre- and post-
testing results (a time to exhaustion test at 75% VO, max), time to exhaustion was significantly
longer in the BET group (pre-test 28 £9 min; mid-test 39 £ 11 min; post-test 55 £ 17 min) compared
to the control group (pre-test 18 £ 5 min; mid-test 23 + 7 min; post-test 28 + 12 min). Whilst suitable
for statically situated activities (i.e. stationary bike, treadmill), the present study design (being
seated at a keyboard and focusing on a computer monitor) would be unsuitable for sporting
disciplines with more multifaceted physical patterns (i.e. team sports), as the equipment is not
portable. Dynamic activities could consider the use of dual task paradigms in future research designs
(i.e. sport specific activity interspersed with cognitive problem-solving tasks) to increase cognitive
load and allow the brain to adapt to various stimuli and stressors.

Caffeine

Another proposed protective agent against mental fatigue is caffeine consumption. Mechanistically,
caffeine inhibits adenosine receptors (Fredholm, 1995), reducing the inhibition of dopamine
receptors, which is related to the onset of mental fatigue (Martin et al., 2018). Caffeine has been
shown to enhance task switching ability (Eindther et al., 2010), reduce reaction times (Jacobson &
Edgley, 1987), and increase arousal (Barry et al., 2005). The demonstrated positive effects of caffeine
supplementation may therefore reduce the subjective feelings of mental fatigue and attenuate or
even increase physical and cognitive performance levels.

In the first study to test this theory (Azevedo, Silva-Cavalcante, Gualano, Lima-Silva & Bertuzzi,
2016), eight physically active cyclists completed a cycling to exhaustion test at 80% of maximal
power output under four different conditions (control, mental fatigue, mental fatigue and caffeine,
and mental fatigue and placebo). The selected mental fatigue and control tasks were the AX-CPT test
and a nature documentary, respectively (both 90-min duration). Caffeine was administered (5 mg
kg-") to the mental fatigue and caffeine group approximately 90-min before the cycling test. It was
shown that the mental fatigue and caffeine condition resulted into a longer time to exhaustion than
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the control, mental fatigue, and mental fatigue and placebo treatments. The mental fatigue and
caffeine condition also significantly increased perceived vigour compared to the control and mental
fatigue trials. Aside from oral caffeine ingestion, a recent study measured the impact of a caffeine
mouth rinse on mental fatigue (van Cutsem, De Pauw, Marcora, Meeusen, & Roelands, 2018). Ten
participants completed a 90-min Stroop task either side of a 3-min Flanker task (before the start of
the Stroop and following each 12.5% of the trial), whilst administered a caffeine-maltodextrin mouth
rinse or a placebo (artificial saliva). Findings showed an attenuated performance in the Stroop task
(significantly greater performance in the final 12.5% of the task) and a significantly lower subjective
mental fatigue rating in the caffeine maltodrextrin mouth rinse condition. Further research is
required to investigate the effectiveness of caffeine in real-life situations over repeated trials, as
chronic caffeine consumption reduces improvements in reaction time and visual vigilance (Judelson
et al., 2005).

Financial reward

In addition to cognitive training and ergogenic aids, research has demonstrated that a financial
incentive can increase motivation and maintain task performance following exposure to a mentally
fatiguing task (Brown & Bray, 2017). Participants (n=82) completed two isometric handgrip trials
separated by a 12-min incongruent Stroop task (5 x 2-min blocks with 4 x 30-s rest periods), using a 2
(high cognitive control/low cognitive control) x 2 (incentive/no incentive) design. Whilst mental
fatigue was higher in both high cognitive control conditions (high cognitive control/no incentive,
high cognitive control/financial incentive), isometric handgrip performance only decreased in the
high cognitive control/no incentive trials. These findings showed that financial incentive can
attenuate physical performance and alter central drive to motor units. However, caution is advised
when interpreting such results in acute settings, which may not replicate physical tasks with a longer
duration, which are typically accompanied by more discomfort and fatigue.

Summary

There is a small amount of evidence which has demonstrated an ability to reduce feelings of mental
fatigue. The use of BET has been shown to provide cognitive training relevant to decrease the
perception of effort and increase endurance performance, however further innovative tools must be
developed to prove effective in dynamic tasks which would require wireless technology/protocols.
Moreover, there is evidence that a financial incentive attenuates short term physical and cognitive
performance, but additional research is required to understand its effectiveness in tasks with greater
duration and cognitive complexity/physical strain. Caffeine supplementation is the optimal method
to reduce mental fatigue due to its ability to increase arousal and dopamine levels, and attenuate
physical and cognitive task performance. The availability of caffeine is widespread, cheap and is
produced in different forms to suit individual preference (i.e. drinks, shots, gels, tablets).

13



2.6 - Mental fatigue and physical performance

In the past decade, many studies have investigated the effects of induced mental fatigue on physical
performance. The following section will initially outline the impact of mental fatigue on endurance
(cycling, running and swimming) and neuromuscular (endurance and maximal) performance. This
will be followed by a consensus on the level of evidence for effects of mental fatigue on each
parameter of physical performance discussed.

Impact of mental fatigue on endurance performance
Cycling
Time to exhaustion

In the first known study to assess the effects of mental fatigue on endurance exercise performance
(Marcora et al., 2009). Sixteen moderately active subjects cycled to exhaustion at 80% of maximal
power output following exposure to a 90-min cognitively demanding (AX-CPT test) or neutral
(watching railway and car related documentaries) task. Results from a BRUMS questionnaire found a
significantly higher state of subjective mental fatigue following the cognitively demanding task,
which significantly reduced time to exhaustion in comparison to the neutral task condition. This was
also accompanied by a higher perception of effort during the exercise test. In more recent work,
eleven trained cyclists completed two time to exhaustion tests to determine critical power and
curvature constant under a mental fatigue (30-min modified Stroop task) and control (30-min of
reading magazines) condition (Salam et al., 2018). Perception of effort was significantly higher in the
mental fatigue condition, although no significant differences in heart rate or critical power were
reported between conditions. Pre-post performance blood lactate measures were significantly lower
in the mental fatigue condition, suggesting a reduced physical workload capacity.

Self-paced performance

In the only study of its kind, self-paced cycling performance was examined following an unspecified
90-min unspecified continuous cognitive activity (CCA) task (Brownsberger et al., 2013). In
comparison to a control condition (who watched an emotionally neutral documentary), power
output was significantly lower during 10-min cycling bouts at fairly light (RPE = 11) and hard (RPE =
15) intensities. Prior to exercise, perceptions of fatigue were significantly higher in the CCA task
condition, whilst beta-band activity recorded using EEG was also significantly greater following CCA
completion. A rise in beta-band activity is observed under prolonged cognitive tasks (Boksem et al.,
2005), potentially being a causation of the feeling of mental fatigue.

Time trial performance

Pires et al., (2018) investigated the effect of mental fatigue on long distance time trial and cognitive
performance. Eight recreational cyclists performed a 20-km cycling time trial following either a 30-
min rapid visual processing task (mental fatigue) or seated rest (control). The PFC EEG was measured
during the rapid visual processing takt and at 10 and 20 km of the cycling time trial. Cyclists in the
mental fatigue condition performed 2.7% slower than in the control condition and displayed a higher
theta band power during the rapid visual processing task and at 20 km of the cycling time trial.
Rating of perceived exertion increased more rapidly in the mental fatigue condition and was
accompanied by significantly greater decreases in motivation and felt arousal during the time trial.
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Maximal aerobic performance

One recent study has investigated the impact of mental fatigue on cycling performance and
cognitive function. In a randomized counterbalanced, 2 x 2 cross-over study, ten junior cyclists
completed a cognitive performance test (d2 test) 20 m multistage fitness test to measure VO.max
and velocity at which VO2max occurs (vWO2max) under two separate conditions (30-min Stroop task
and 30-min reading control task) (Slimani et al., 2018). Subjective ratings of mental fatigue were
significantly higher following the Stroop task. Concentration performance and total number of errors
in the d2 test, along with vWO;max, and estimated VO.max values were all negatively affected by
mental fatigue.

Multiple cycling session performance

Research has also examined the impact of mental fatigue when placed between two incremental
cycling tests (Vrijkotte et al., 2018). Nine trained cyclists participated in a single blind, randomised,
placebo-controlled study, where either a rest period (control) or a computer-based Stroop task
(induced mental fatigue) were performed for 90-min in-between two maximal cycling tests. Results
showed no differences in cognitive (Eriksen Flanker task) or physical performance (blood lactate,
heart rate values and power output) between conditions. However, subjective ratings of mental
fatigue (using a VAS), POMS and RPE were significantly higher in the mental fatigue condition. The
insignificant difference in physical performance in these trained cyclists across the conditions may
be explained by their training status. Previous work by Martin et al., (2016) also showed that the
physical performance of elite cyclists was unaffected by a mentally fatiguing task (30-min Stroop
task) when compared to non-elite cyclists.
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Table 1 — Mental fatigue in cycling

Subjects

Study design

Mentally

fatiguing

Measure of

mental fatigue

Exercise

Main

findings

task

Marcoraetal.,, 16 regular Randomised 90-min AX- BRUMS Cycling TTE N RPE
(2009) exercisers crossover CPT 4 TTE
(m=10, f=6)
Salam et al,, 11 well trained Randomised 30-min 10-point scale  Cycling TTE N PE
(2018) male cyclists crossover Stroop (1=not at all, at40-100% No
and of VO2peak difference in
10=extremely) HR or critical
power
Brownsberger 12 regular Randomised 90-min AX- VAS 10-min self-  {, Power
etal., (2013) exercisers crossover CPT paced cycling output
(m=8, f=4) (RPE locked
at 11 & 15)
Pires et al., 8 recreational Randomised 30-min Rapid EEG 20-km M EEG theta
(2018) male cyclists crossover Visual Shortened cycling time  band power
Processing version of the trial during RVP
Task POMS test
™ RPE
{ Time trial
performance
Slimanietal.,, 10juniormale Randomised 30-min BRUMS 20m ™ RPE
(2018) cyclists crossover Stroop multistage J VO2max
fitness test
Vrijkotte et 9 trained male Single blind, 90-min POMS 2 X ™ RPE
al., (2018) cyclists randomised, Stroop incremental No
placebo cycling tests  difference in
controlled physical
performance
Running

Time trial performance

In the first known study to investigate mental fatigue on running performance (Pageaux et al., 2014),
twelve physically active participants completed a 5-km time trial on a treadmill after completing
either an incongruent Stroop task involving response inhibition or a congruent Stroop task without
response inhibition (control), each lasting 30-min. Although no significant difference in subjective

feelings of mental fatigue was found following task completion, 5-km performance was significantly
slower in the incongruent Stroop task condition compared to the control condition. The differences
in performance could be explained by the greater perception of effort reported by participants
during the time trial following the incongruent Stroop task condition.

In a further study, twenty experienced runners completed two 3000 m trials on an indoor under
mentally fatiguing (90-min AX-CPT test) and control (90-min documentary) conditions. The 3000 m
running performance was significantly slower in the mentally fatiguing condition (MacMahon et al.,
2014). Throughout the running trials there were no significant differences in heart rate, blood
lactate or RPE. It is therefore unclear as to why performance was impaired in the cognitively

16



demanding task. One suggestion may be that mentally fatigued runners slowed to attain a similar
RPE to the control group condition in order to complete the test.

Intermittent running

It has also shown mental fatigue to negatively impair intermittent running performance (Smith,
Marcora & Coutts, 2015). Ten team sport athletes performed two self-paced intermittent running
trials on a treadmill for 45-min, separated by seven days under a mentally fatiguing (90-min AX-CPT
test) or a control task (90-min documentary). Results demonstrated that the mentally fatiguing task
reduced the distance covered at low running activity (LIA), but had no significant effects on high
intensity activity (HIA) including running distances or peak velocities, which may be explained by the
short duration of those intensities, which do not appear to be affected by mental fatigue (van
Cutsem et al., 2017). Session RPE (recorded 30-min after the running protocol) was significantly
greater in the mentally fatiguing condition, suggesting an influence of mental fatigue on perception
of effort whilst running. Subsequent work compared the impact of a high cognitive load
(incongruent Stroop task) and a low cognitive load task (congruent Stroop task) on beep test
performance in 13 active athletes (MacMahon, Hawkins & Schiicker, 2019). It was shown that
participants dropped out of the beep test earlier in the high cognitive load task, with no difference
between conditions for heart rate and motivation.

Table 2 — Mental fatigue in running.

Subjects Study design Mentally Measure Exercise
fatiguing  of
task mental
fatigue
Pageauxet 12 physically Randomised 30-min BRUMS 5-km running > RPE
al., (2014) active crossover Stroop time trial J' Average running
subjects (paper) speed
(m=8, f=4)
MacMahon 20 Randomised  90-min POMS 3-km running  {, Average running
etal.,, experienced  crossover AX-CPT time trial speed
(2014) runners No difference in RPE
(m=18, f=2)
Smithetal.,, 10 male Randomised  90-min BRUMS 45-min J LIA velocity
(2015) team sport crossover AX-CPT intermittent  No difference in HIA
players running or RPE
protocol
Swimming

The impact of mental fatigue on swimming performance is presently limited to one known study.
Penna et al., (2018) investigated the influence of mentally fatiguing task (30-min Stroop Colour Word
Test) on subjective markers of mental fatigue, heart rate variability and swimming performance
(1500 m time trial) in 16 experienced junior swimmers. Compared to a control condition (watching
an emotionally neutral video for 30-min), the Stroop Colour Word Test reported significantly greater
levels of mental fatigue and mental effort. Time trial performance was 1.2% slower in the mental
fatigue condition, despite no significant differences between trials for rating of perceived exertion
and heart rate variability. Whilst a decrease of 1.2% in performance appears small, this is greater
than the differences (0.72 s) which separated the three medallists in the 1500 m Rio 2016 Olympic
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final (Penna et al., 2018). This evidence shows that mental fatigue can elicit negative alterations in
performance which may significantly impact on competition outcome.

2.7 - Impact of mental fatigue on neuromuscular activity

Neuromuscular endurance performance

Three studies have investigated the impact of mental fatigue on neuromuscular endurance
performance, with varied findings. In the first known investigation (Bray, Martin, Hicks & Woodgate
2008), forty nine sedentary undergraduates performed an isometric endurance task (a maximum
endurance isometric contraction of their dominant hand at 50% of their maximal voluntary
contraction (MVC) using an isometric handgrip dynamometer) following exposure to either an
unmatched or matched Stroop test. Following a brief exposure to the tasks (3-min 40 s), it was found
that the unmatched Stroop task condition caused a significantly greater degradation in performance
and an increased EMG activity in comparison to the matched Stroop task condition. In later research
(Pageaux et al., 2013), ten participants performed a single prolonged submaximal contraction of the
knee extensors (20% MVC) until exhaustion, under either a 90-min mentally fatiguing or time
matched control task (wildlife documentary) condition. Following the endurance task, no significant
differences were found for the decline in MVC torque, voluntary activation level or peripheral
parameters of neuromuscular function. However, RPE (measured every 20 s) was found to be
significantly higher in the mentally fatiguing condition. In additional work (Pageaux et al., 2015),
twelve participants performed a mentally fatiguing task (incongruent Stroop task) or control task
(congruent Stroop task) for 30-min. Following the task condition, participants cycled for 6-min at
80% of their maximal power output. The results showed that whilst the mentally fatiguing condition
significantly raised the RPE during the cycling task, no significant differences were reported for MVC
torque, maximal voluntary activation or resting twitch. It is possible that the endurance task was too
short for the altered perception of effort to have a negative influence on physical performance.

Maximal neuromuscular performance

Other work has investigated the effects of a longer exposure (22-min) of the modified Stroop task on
MVC during handgrip exercise (Bray, Graham, Martin & Hicks, 2011). Following 1-min of the
modified Stroop task and at the end of 7 x 3-min intervals, participants performed a 4 s handgrip
squeeze using a hand dynamometer. A significant decline in linear force production in handgrip
performance was found compared to the control condition (matched Stroop task), which was
accompanied by significantly higher ratings of perceived mental exertion. Although this early work
has provided evidence on the effects of mental fatigue on neuromuscular task performance, the
small musculature examined (muscles of the hand) creates a difficulty in translating the results into
whole body performance (i.e. running, cycling etc). In contrast, recent research has demonstrated
that a mentally fatiguing task does not affect maximal muscle activation (Rozand et al., 2014). In this
study, ten subjects performed 10 intermittent maximal voluntary contractions of the knee extensors
(duration — 4 s) under three contrasting levels of mental exertion each lasting 27-min; high mental
fatigue (incongruent Stroop task), medium mental fatigue (congruent Stroop task) and low mental
fatigue (watching a movie). No significant differences in maximal voluntary torque and force
production were found between the three conditions. These findings may be explained by the brief
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nature of the performance task, where the central nervous system is able to fully recruit for such a
short period of time.

Table 3 — Mental fatigue and neuromuscular performance

Subjects Mentally Measure of Exercise Results
fatiguing mental
task fatigue
Brayetal., 49 sedentary Randomised 3-min40  7-point Isometric { Isometric
(2008) undergraduate crossover second Likert scale  endurance  endurance
students Stroop task (50% performance
MVC) N EMG activity
Pageaux et al., 10 (no Randomised 90-min BRUMS Submaximal { MVC torque
(2013) description of  crossover AX-CPT contraction I RPE
the cohort) of the knee
extensors
(20% MVC)
Pageaux et al., 12 (no Randomised 30-min BRUMS 6-min ™ RPE
(2015) description of  crossover Stroop cycling at No differences
the cohort) 80% MPO in MVC torque
and maximal
voluntary
activation
Bray et al., 38 Randomised 22-min VAS 4-s maximal { Linear force
(2011) undergraduate crossover Stroop handgrip production
students squeeze ™ RPE
(m=25, f=13)
Rozand et al., 10 active Randomised 27-min BRUMS 4-s maximal No difference in
(2014) males crossover Stroop handgrip 4-s MVC
(paper) squeeze

Summary

Research has generally demonstrated a negative impact of induced mental fatigue on physical

performance. Mental fatigue impairs time to exhaustion, self-paced, time trial and maximal aerobic

performance in cycling, time trial and low intensity running performance in running, swimming time

trial performance, yet has limited impact on submaximal and maximal neuromuscular performance.

The negative impact of mental fatigue is more prevalent in steady state physical tasks with longer

durations as opposed to acute activities (i.e. MVC). This is likely due to the greater RPE values

reported in endurance studies by individuals in a mental fatigue condition group. Indeed, a task with

short duration (4 s MVC) may be too brief to be affected by mental fatigue, as motivation is high

enough to complete the short task. Future research is required in more maximal performance tasks

with greater relevance to sport and exercise (i.e. a weightlifting exercise as opposed to a handgrip

dynamometer test). Ecological validity must also be considered for the choice of cognitive task used

before the performance test, as it is unlikely the cognitive demands of the Stroop task would reflect

the cognitive activities engaged by an athlete in the lead up to competition.
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2.8 - Impact of mental fatigue on sport-specific performance

Along with physical running demands, both individual and team sports consist of technical demands
that promotes frequent complex decision-making activities throughout a match (Vickery et al., 2018;
Carling & Dupont 2011, Rampinini, Impellizzeri, Castagna, Coutts & Wislgff, 2009). Some (but not all)
research has suggested that physical fatigue can negatively impact on technical performance. In team
sports, technical involvements in rugby league appear to be influenced by match-related fatigue, along
with a similar impact on passing ability in young football players (Rampinini et al., 2008). Furthermore,
research has demonstrated that physical fatigue negative impacts technical performance in tennis
(Davey, Thorpe & Williams, 2010). It was previously suggested that physical and technical decline in
matches is predominantly attributed to physical fatigue (Rampinini et al., 2008), but with the rise in
mental fatigue in sport and exercise science research, the impact of mental fatigue on performance
decline is growing in evidence. The following section will outline the current research to investigate
the impact of mental fatigue on performance in team and individual sports.

Basketball

In a recent study, 32 junior Brazilian State Championship level basketball players competed in small-
sided-games following exposure to either a 30-min incongruent Stroop task or control condition
(sitting quietly in front of the computer screen completing a simple task for 10-min, immediately
followed by relaxing in the room for a further 20-min) (Moreira et al., 2018). Salivary testosterone,
cortisol, and alpha-amylase responses were measured pre Stroop/control condition and technical
performance was analysed throughout the small sided games. A large increase was reported in pre-
control treatment to post-small sided games for salivary testosterone and alpha-amylase, along with
a small difference from pre-Stroop-task to post-SSG in salivary cortisol and a moderate difference for
alpha-amylase. Small changes in cortisol for both conditions were observed. Regarding technical
performance, significantly greater number of turnovers was observed in the small sided games from
the Stroop condition.

Handball

Research has shown that mental fatigue impairs physical performance without affecting
physiological markers of fatigue (Penna, Campos, Pires et al., 2018). Twelve recreational handball
players completed a YoYo IR1 test on two occasions separated by at least 72 hours, preceded by a
mental fatigue (30-min Stroop Colour-Word Test) or control (30 minute emotionally neutral video)
condition. Significantly higher ratings of mental fatigue and mental effort were reported following
the Stroop Test condition. Running performance was only impaired in mental fatigue condition (with
a significantly higher RPE compared to the control condition), however no differences in heart rate
recovery and blood lactate levels were reported across conditions. These results show that exposure
to cognitively demanding tasks before sport-specific action increases perception of effort without
increasing physiological variables.

Cricket

To date, there is one study that has assessed the effects of mental fatigue on cricket related
performance (Veness et al., 2017). Ten elite cricket players performed a cricket specific sprinting test
(run-two test) which simulates running between wickets with a bat in hand, a Batak Lite reaction
test and a Yo-Yo Intermittent Recovery Level 1 (Yo-Yo IR1) test after completing either a 30-min
control condition or a 30-min Stroop task. Compared to the control task (reading magazines), run-
two test performance and Yo-Yo IR1 distance were significantly lower in the mental fatigue
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condition. The time scale to complete the battery of tests in this study is likely to be considerably
shorter than the duration of a cricket match, meaning additional research is warranted to explore
the effects of mental fatigue on real match performance.

Table tennis

The impact of mental fatigue on table tennis performance is also limited to one study (Le Mansec et
al., 2017). French regional — national level table tennis players (n=22) completed a table tennis
specific performance task (performing 45 forehand strokes, hitting three alternate targets
positioned in central and left/right sided locations) following completion of four different protocols.
These were an eccentric elbow flexor exercise (biceps fatigue), an eccentric knee extensor exercise
(quadriceps fatigue) a mentally fatiguing trial (90-min AX-CPT) and a control condition (watching a
movie for 90-min). Only the biceps fatigue and mental fatigue conditions induced a decrease in
accuracy in the performance task. This decrease in accuracy is likely explained by an increased ball
speed in the biceps fatigue condition, and a decreased ball speed in the mental fatigue condition.
Table 4 — Mental fatigue in sport

T

Study Subjects Mentally Measure Exercise

fatiguing
task

Moreira 32 male state Randomised 30-min s-RPE 10-min SSG ‘M Hormonal
etal,, championship crossover Stroop response
(2018) basketball J Technical
players performance
Pennaet 12 Randomised 30-min VAS YoYo IR1 J YoYo IR1
al., (2018) recreational crossover Stroop performance
handball MRPE
players No
difference in
HR or BLa
Venesset 10 elite Randomised 30-min VAS YoYo IR1 J YoYo IR1
al., (2017) cricket crossover Stroop Run-two test & run-two
players Batak Lite test
reactiontest  performance
LeMansec 22regional—- Randomised 90-min VAS Table tennis- |, Technical
etal,, national level AX-CPT specific performance
(2017) table tennis performance
players task

2.9 - Summary

There is overwhelming evidence in isolated task performance conditions that exposure to cognitive
activity before sport-specific activity will decreases several aspects of performance at recreational
competition level. Several studies have demonstrated that induced mental fatigue (30-min modified
Stroop task) impairs sport-specific physical performance (Penna et al., 2018; Veness et al., 2017),
technical performance (Moreira et al., 2018; LeMansec et al., 2017) and hormonal response
(Moreira et al., 2018). However, these findings should be approached with caution. For example, the
sport-specific performance tests are shortened and isolated aspects of full completion, meaning the
impact of mental fatigue on competition performance (i.e. full match-play) remains unknown.
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Furthermore, the participants in each of the studies do not compete at an elite level, and the
modified Stroop task unlikely reflects the real-life cognitive demands of elite athletes. Therefore,
future research in sport must consider the use of more ecologically valid mentally fatiguing protocols
and performance tasks, with the inclusion of elite level athletes.
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3 - WHAT IS THE PRESENT IMPACT OF MENTAL FATIGUE ON FOOTBALL-
SPECIFIC PERFORMANCE?

3.1 - Rationale

Six investigative studies have investigated the impact of induced mental fatigue on football-specific
performance. The following chapter of the thesis aims to examine the current level of evidence for
the impact of induced mental fatigue in football.

3.2 - Mental Fatigue and Soccer: Current Knowledge and Future Directions.
This section contains the following published manuscript:

Smith MR, Thompson C, Marcora SM, Skorski S, Meyer T, Coutts AJ. Mental Fatigue and Soccer:
Current Knowledge and Future Directions. Sports Medicine. 2018 Apr 5:1-8.

The citations and references of this manuscript are formatted to the requirements of Sports
Medicine. These citations only relate to the reference list in this thesis chapter and not to the
reference list included at the end of this thesis.
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Abstract

Fatigue is a complex state with multiple physiological and psychological origins. However, fatigue in
soccer has traditionally been investigated from a physiological perspective, with little emphasis on the
cognitive demands of competition. These cognitive demands may induce mental fatigue, which could
contribute to the fatigue-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 performances. The second half of this review provides directions for future
research in response to the limitations of the existing research. Particular 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

e  Mental fatigue impairs multiple aspects of soccer-specific performance.

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

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

Soccer requires prolonged low-intensity activity interspersed 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 competition 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 memory) to make accurate decisions under strict time constraints [7]. Competing at a high level
with potentially congested playing schedules may increase these psychological 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 endurance performance is well-established, and has been attributed to increased
perception of effort (for review see [11]). Comprehensive evidence also demonstrates that mental
fatigue impairs cognitive [9, 12] and skilled motor [13, 14] performances. These impairments 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 executive 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 is structured in two sections: (i) a review
of existing literature, outlining the impact of acute mental fatigue on various factors associated with
successful soccer performance; and (ii) suggested avenues for future research, based on the
limitations of the existing literature. This second section emphasises the practical application of this

research, and provides a conceptual mechanistic model to direct future research.
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2. CURRENT KNOWLEDGE
2.1. Physical Performance

Time-motion analysis investigations have revealed reductions in physical activity as matches progress
[2-4]. Most existing research attributes these changes to cardiorespiratory, metabolic, and
neuromuscular mechanisms of fatigue (physical fatigue) [1]. However, our understanding of fatigue in
soccer is broadening, acknowledging the significant psychological stress of competition, and its impact
on performance [8, 21]. Therefore, several recent investigations 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 running performance. In this
investigation, 10 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 intensities, while high-intensity and
peak sprint velocities remained similar between conditions. These observed impairments to
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 (SSG), respectively, with only one mentally fatigued team per SSG.
Coutinho et al., [26] mentally fatigued both teams before 5 vs 5 (plus goalkeeper) SSG, and compared
performance to 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] , however, players’ physical

activity profiles, assessed using global positioning systems, were not clearly different between
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conditions. [16, 17]. Indeed, differences in most physical performance variables (distances covered,
accelerations and decelerations) were either unclear or trivial., Coutinho et al., [26] did not assess RPE
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, it is possible, but unclear whether mental fatigue influences soccer-specific
physical performance in applied settings, 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 SSG, which involve technical skills, tactical
considerations, decision-making, and competition against an opposing team [27]. During SSG, these

factors likely dictate player movement patterns to a greater extent than perception of effort.
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 indicates 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 demonstrates that mental fatigue impairs performance
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’
movement speed during the tests, suggesting that a possible speed-accuracy trade-off exists. Similar
reductions in LSPT performance have previously been observed following a soccer match [5],
indicating that mental fatigue may contribute to performance decrements during competition.
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
positive 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-
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specific technical skills and may be partially responsible for reductions observed during competition

[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 behaviour). Indeed, players with superior perceptual-cognitive skills are
typically better decision-makers [34] and play at a higher competitive level [33]. Previous 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 speed and accuracy of soccer-specific decisions, but had
minimal impact on visual search behaviour [19]. The aforementioned investigations by Coutinho et
al., [17] and Coutinho et al., [26] (see section 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, additional 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, there are two clear lines of additional research required to assist coaching

29



staff and players in managing mental fatigue. Firstly, researchers should aim to integrate theory and
practice, studying mental fatigue and soccer performance with an applied approach. Secondly, 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.
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, reporting an
increase in mental fatigue. However, as the fatigue subscale of the POMS does not differentiate
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 investigations exist in soccer
players. Therefore, future investigations should directly assess mental fatigue pre- and post-game
using as many subjective (specific to mental fatigue), and objective (electroencephalography [37],
electrooculography [38], reaction time and accuracy [39]) assessment tools as practically possible.
These investigations should ideally collect data from several games across a season, as factors such as
winning/losing, quality of opposition, fixture congestion, and stage of season are likely to impact 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 inhibitory 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 performed 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
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research should investigate whether common pre-match activities induce mental fatigue and assess
their impact on performance (after realistic periods of rest). Where this approach is not possible,
researchers should induce mental fatigue using ‘soccer-specific’ tasks like 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. Due
to 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.

It remains unclear whether mental fatigue impairs soccer performance of elite players. 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 emotions
prior to a match [8]. These demands may induce mental fatigue in elite players during competition.
However, 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. Nevertheless,
research should assess whether soccer-specific cognitively 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
SSG 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 investigations into the efficacy of intentionally training
under conditions of mental fatigue to increase resistance and improve performance. Indeed,
preliminary evidence suggests 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, volume, frequency, and format of mentally fatiguing activity).
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Finally, in elite players, mental fatigue may interact with sleep restriction/deprivation and/or
congested schedules to 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 influence 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 contributing 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 (Figure 1)
for the impact of mental fatigue on soccer performance. This model was not designed to
comprehensively analyse the multifactorial genesis of fatigue, as there are undoubtedly additional
mechanisms involved in this complex process. Rather, it outlines one (of many) mechanistic pathway
that likely contributes 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.

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.
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As seen in Figure 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 performance than their lesser skilled

counterparts when a secondary task is added.

Previous research demonstrates that mental fatigue increases perception of effort, subsequently
reducing endurance performance [11, 24, 25, 66, 67]. However, the mechanisms underlying these

observed increases in perception of effort are not clear. Similar to impairments in technical and
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decision-making performance, altered adenosine/dopamine concentrations in the ACC may be
responsible [68, 69]. This suggestion is based on the following theory: (i) the ACC contributes to effort-
based decision-making [70, 71]; (ii) mentally fatiguing tasks (e.g. Stroop) activate the ACC, increasing
extracellular adenosine [50, 52, 60, 72]; (iii) animal studies show that elevated concentrations of
adenosine in the brain impair endurance performance [57]; and (iv) the ergogenic effect of caffeine
on endurance performance 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
mechanisms) 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 (Figure 1), interventions altering adenosine/dopamine levels, actions and interactions may be
particularly effective. As stated above, caffeine counteracts mental fatigue [73], at least in part, by
blocking adenosine receptors in the brain [57]. This mechanism appears to underpin caffeine’s
cognitive and physical performance benefits [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 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, decision-making, and tactical performance. These findings provide initial
experimental evidence, and confirm anecdotal 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 performance 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.
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Although further research is required in this emerging field, the existing literature provides adequate
evidence that soccer clubs should consider strategies to avoid and/or attenuate the negative effects

of mental fatigue on soccer performance.
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4 — WHAT ARE THE LIMITATIONS OF THE CURRENT MENTAL FATIGUE IN
FOOTBALL LITERATURE?

4.1 — Rationale

The literature review in chapter 3 concluded that induced mental fatigue has negatively influenced
football specific physical, technical, tactical and decision making performance in six original
investigative studies (Coutinho et al., 2018; Coutinho et al., 2017; Smith et al., 2017; Badin, Smith,
Conte, & Coutts 2016; Smith et al., 2016a; Smith et al., 2016b). Limitations of the research were also
briefly discussed yet warrants further investigation in order to strengthen future study designs.
Therefore, the purpose the following study was to critically examine the methodology of the current
mental fatigue in football literature, with a focus on the current methods of inducing mental fatigue,
measuring mental fatigue and the playing standard of the participants recruited.

4.2 - Mental fatigue in football: is it time to shift the goalposts?
This section contains the following published manuscript:

Thompson, C. J., Fransen, J., Skorski, S., Smith, M. R., Meyer, T., Barrett, S., & Coutts, A. J. (2018).
Mental fatigue in football: Is it time to shift the goalposts? An evaluation of the current
methodology. Sports Medicine, 49(2), 177-183.

The citations and references of this manuscript are formatted to the requirements of Sports
Medicine. These citations only relate to the reference list in this thesis chapter and not to the
reference list included at the end of this thesis.
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ABSTRACT

Research in football for a long time has focused on the physical nature of fatigue as opposed to its
mental aspects. However since 2016, six original articles have investigated the effects of induced

mental fatigue in football on isolated physical, skill and decision making performance tests, along
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with physical, technical and tactical performance outcomes in small-sided-games. Whilst these
studies have overall shown a negative impact of mental fatigue on task performance, this current
opinion aims to critically examine the methodological approach to this problem, most notably the
lack of ecological validity when inducing mental fatigue and the present approach to measuring
mental fatigue using visual analogue scales. It is suggested that future research on mental fatigue in
football may benefit from the use of surveys/interviews to understand the true cognitive demands
of elite football players. Additionally, future research should aim to reduce the reliance on using
visual analogue scales (VAS) to measure mental fatigue as it may be confounded by several response
biases. In conclusion, this article highlights the need for mentally fatiguing tasks that adequately
represent football-associated mental fatigue and assessments of mental fatigue that minimise the

confounding effect of response bias.

Key points

Induced mental fatigue has negatively influenced physical, technical and tactical performance in

football-specific tests.

The current mental fatigue literature consists of shortcomings in its present methodological

approach.

Future research must seek to understand real-life causations of mental fatigue in elite football, and

must also reduce the reliance on the visual analogue scale as a measurement of mental fatigue.

Acknowledgments

The authors wish to thank Adam Beavan and Ruth Boat for editing and proofreading the article.

Compliance with Ethical Standards

Chris Thompson, Job Fransen, Sabrina Skorski, Mitchell R. Smith, Tim Meyer, Steve Barrett and

Aaron J. Coutts declare that they have no conflict of interest.

No funding was provided for completion of this manuscript.

42



1. INTRODUCTION

In recent years, there has been a growing interest in the effects of mental fatigue on performance in
team sports, in particular football. Whilst football is clearly physically demanding, it is also likely to be
cognitively demanding as a result of the high quantity of decision making and the requirement for
rapid information processing during match play [1]. In fact, it has been suggested that with the
exception of military combat, team sport performance is more cognitively demanding than any other
physical activity [2]. The high technical and tactical demands of football match play with the frequent
pressure to meet club expectations may well place a mental demand on an elite football player.
Therefore, there is clear rationale for investigating the effects of mental fatigue on football

performance.

Currently, six original studies have been conducted to assess the influence of mental fatigue on
football related performance, which were recently presented in a review article [3]. Here we
summarised that induced mental fatigue negatively influences football-specific physical and technical
performance in a lab setting [4-5], with similar effects on technical, but not physical performance in
small-sided games [6-7], and impairs decision-making skill [8], despite no influence on visual search
behaviour. The most recent of these studies showed that induced mental fatigue resulted in a
reduction in team synchronisation and times spent at moderate to high running speeds in small-sided-

games [9], the latter being a contradictory finding to previous research [10].

Whilst there is some indication that mental fatigue may be detrimental to football performance,
several limitations in the current literature remain to be discussed. More specifically, the
aforementioned studies use mentally fatiguing tasks that have questionable ecological validity, and
are completed by recreational or sub-elite level football players. In addition, the study designs often
rely on subjective measures of mental fatigue, which despite their frequent use, are at risk of being
confounded by self-assessment biases [11]. Therefore, this current opinion article aims to critically
examine the current methodological practice (inducing and measuring mental fatigue) of mental

fatigue research in football, and provide recommendations for future studies in this field.

2. INDUCING MENTAL FATIGUE

At present, all but one of the research articles investigating the role played by mental fatigue in
football performance has used either a computerised or paper version of the 30-minute modified
Stroop task to induce mental fatigue [4-6, 8-9]. The remaining study used a 20-minute sport specific
motor task protocol to induce mental fatigue (please refer to “2.3. Developing a more ecologically

valid mental fatigue protocol” for a more detailed description) [7]. The Stroop task is a response
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inhibition/sustained attention task which causes an increased activation of the anterior cingulate
cortex, which may cause feelings of mental fatigue due to reduction in transmission of dopamine to
the striatum and anterior cingulate cortex [12-13]. Preliminary findings [14] showed that response
inhibition tasks such as the Stroop task induce greater perceptions of mental fatigue when compared

to a simpler Psychomotor Vigilance Task.

2.1. Limitations of using a modified Stroop task

Despite frequently relating prolonged exposure to a modified Stroop task to a perceived state of
mental fatigue, the Stroop protocol demonstrates little relevance to the ecological environment of
football. During games, footballers are subjected to environmental, task and individual constraints
that allow them to exhibit coordinated behaviour in function of highly dynamic and ever-changing
contexts [15]. For example, a player in possession of the ball must constantly use information on the
position, running direction and velocities of his teammates (and those of the opposition players), in
relation to his own position, while deciding whether to pass, shoot or dribble the ball under high or
low amounts of defensive pressure. These collective actions are coordinated relative to the quality
and type of playing surface, crowd interaction, and ambient light available during the game. Therefore,
players constantly find functional movement solutions to movement problems posed by situations
that involve varying and interacting constraints [16]. With this in mind, the current mental fatigue in
football studies may lack ecological validity required to make inferences on how mental fatigue that

originates from playing football affects sports performance.
2.2. Contextual interference

While playing football is characterised by high degrees of contextual interference (Cl, high variability
in the consecutive execution of skills), a 30-minute modified Stroop task is more likely associated with
much lower amounts of Cl. High ClI has been associated with high degrees of cognitive engagement
and problem solving while low CI tasks are associated with less cognitive engagement and the
repetition of a solution to the same problem from trial to trial., For example, a recent study compared
the task engagement associated with high and low ClI practice schedules (a key-pressing task with two
goals: learning the relative timing dimension and learning the absolute timing dimension) and found
that greater cognitive effort was associated with high CI than with low Cl practice [17]. Furthermore,
with increasing time-on-task, task engagement and mental workload decreased more in the low CI

practice schedule.

These findings have important implications for research on mental fatigue. First, task engagement and

cognitive workloads associated with a repetitive 30-minute modified Stroop task are likely lower than
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those associated with the constant problem solving based on ever-changing individual, environmental
and task constraints associated with football match play. Moreover, the perception of the modified
Stroop task from elite football players may be that of boredom and reduced arousal, ultimately
providing a different effect on performance in comparison to “football-specific” mental fatigue.
Therefore, research investigating the effect of mental fatigue in football should employ mentally
fatiguing protocols using tasks with higher degrees of contextual interference that bear more

relevance to football match-play.
2.3. Developing a more ecologically valid mental fatigue protocol

To date, one known study has attempted to establish an ecologically valid mentally fatiguing protocol
in football research. This consisted of a 20-minute whole-body coordination task which consisted of
juggling a tennis ball whilst completing agility ladders, and incorporated motor coordination,
sustained attention, cognitive processing and perceptual skills to induce mental fatigue [7]. This was
compared to a control condition which consisted of light general aerobic exercises including skipping,
jogging, running backwards, and side stepping. Although commendable in its attempt to use a more
ecologically valid fatiguing task, methodological considerations such as sport specificity and response
bias must be considered. This still points to a pivotal question — what is actually a real-life causation

of mental fatigue in football?
2.4. Potential real-life causations of mental fatigue

An editorial article [18] postulated several potential mental stressors resulting from football match
play (prolonged vigilance, decision making, constantly receiving and processing information in a
dynamic environment) and lifestyle factors (expectations from coaches, supports, sponsors and the
media). A further editorial cites the monetary pressure, pressure to perform, plus the influence of
media outlets that are quick to glorify the successful and critical to those who fail [19]. However to
date, only a limited amount of evidence is available to aid the understanding of football-specific tasks

and their relation to mental fatigue.
2.5. Perceived cognitive demands of elite match play

The perceived cognitive demands of elite football (despite the vast amount of decision making and
information procession involved in match play) are currently an under-researched area limited to one
study. Recent work [20] collected differential RPE (d-RPE) data which consisted of three components
(breathlessness (RPE-B), leg muscle exertion (RPE-L) and technical/cognitive exertion (RPE-T)) being
measured 15-30 minutes post match by an English Premier League team across one season.

Significantly higher RPE-T scores were reported following matches against the higher ranked teams
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(top six), plus positional data showed that full backs reported substantially higher RPE-T scores than
any other position in the team. This single case study, while beneficial, may only be reflective of that
team and their style of play. While novel, the use of RPE-T within football at all levels (both match play
and training) requires further investigation to assess what influences affect it and if this is reflective

of mental fatigue.
2.6. Lifestyle activities

Aside from football-specific cognitive demands, it could be suggested that lifestyle factors may also
contribute to mental fatigue. For example, many elite football players are likely to use a car as their
mode of transport to and from the club’s training facilities, a task which has been frequently reported
to induce mental fatigue subjectively and objectively [21-23]. However in these studies the driving
protocols lasted between ninety minutes and two hours, and the prevalence and duration of car
driving is unknown amongst football players. Another task that may be performed by elite football
players is playing video games, which require sustained attention, rapid reaction times and decision
making. In one study [24], 32 subjects participated in a 32 team tournament system on the popular
franchise video game FIFA 15, with mental fatigue being assessed by performance in a mathematical
test (Paced Auditory Serial Addition Test). Whilst it was reported that FIFA 15 gameplay had no effect
on mental fatigue, the findings of this study are difficult to interpret as there was no control group
and the length and number of games played were not reported. Whilst these studies highlight the
cognitive demands of some potential real-life activities, future research must first understand the daily
tasks completed by elite footballers leading up to a match, and their potential influence on football

related performance.
2.7. Future research

To further understand mental fatigue in elite football, several steps are suggested. Firstly, the use of
surveys/interviews to chart the mental demands of high-level football, on and off the field will allow
researchers to understand which tasks, if any, players find mentally fatiguing. This will enable the
design of more ecologically valid studies to investigate the effect of these “mentally fatiguing” tasks
on performance, providing a more realistic understanding of the real-world impact of mental fatigue
on football performance. Additionally, future research should attempt to use tasks with high levels of
contextual interference to induce feelings of mental fatigue in participants, as these may better reflect

the potential levels of mental fatigue experienced by football players during a game.
3. MEASURING MENTAL FATIGUE

3.1. What has been used to measure mental fatigue so far?
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All but one of the current studies investigating mental fatigue in football [4-6, 8-9] have utilised a 100
mm Visual Analogue Scale (VAS) [25] to assess subjective mental fatigue. The only exception to this is
the remaining study which only used rating of perceived exertion (RPE) to measure perceived
workload [7]. In the mental fatigue in football literature, participants completed a VAS before and
after the mentally fatiguing/control conditions, plus immediately after the small-sided-games [4-6, 8-
9]. Whilst recognising the VAS as a valid way to measure subjective mental fatigue, there are some
shortcomings with this method as the primary measurement of mental fatigue in football research. In
this section, issues related to bias of the VAS, respondent’s uncertainty over the definition of “mental
fatigue”, and the difficulties associated with masking the aims of mental fatigue research studies using
this measurement tool will be discussed. In addition, the use of objective methods as an alternative

to measuring mental fatigue will also be examined.
3.2. Response bias and defining “mental fatigue”

In mental fatigue research, the response bias and the difficulty participants have in personally defining
the meaning of “mental fatigue” should not be underestimated. The participants in these studies may
be prone to different types of response bias. More specifically, participants in studies using VAS to
assess mental fatigue may suffer from acquiescence bias, a response bias related to a tendency to
agree with questions posed by investigators [11]. Furthermore, participants in these studies may also
provide altered responses because they understand they are part of an experiment investigating
mental fatigue and therefore want to exhibit behaviour that is suitable in such an experimental
context. This type of response bias has been termed ‘demand characteristics’ [26]. Moreover,
participants in studies that investigate mental fatigue may be prone to self-assessment bias, especially
if participants lack the ability to truly understand what is meant by ‘mental fatigue’ (in other words,
they may lack metacognition). Therefore it is likely that participants with relatively high or low levels
of actual mental fatigue, who are asked to self-report their perceived mental fatigue, over- or
underestimate their actual mental fatigue, especially when they lack a clear understanding of the

term.

In scientific research, response bias is inevitable, however steps can be taken to minimise its effects.
Response bias resulting from demand characteristics can be accounted for by limiting the exposure
participants have to the VAS aimed at assessing mental fatigue, as repeated exposure to these
subjective ratings might increase the likelihood of participants identifying the true intentions of the
experiment. A potential solution may be to adopt a matched group design, rather than a crossover
design. However when adopting this design, researchers should be aware that larger sample sizes are

required, and groups must be well-matched. Finally, it has been indicated that self-assessment bias
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can be overcome by increasing participant’s metacognitive skills [27]. Therefore, the potential
assessment bias associated with the self-reporting of mental fatigue can be overcome by providing a

clear and uniform operational definition of mental fatigue and any other subjective measures.
3.3. The use of objective methods to measure mental fatigue

Future mental fatigue in football research may benefit from the use of objective methods which
measure psychophysiological (i.e. neural, optical and cutaneous) responses to cognitive tasks. Many
examples exist, such as Galvanic Skin Response, Functional Near-Infrared Spectroscopy and pupillary
response, which have all assessed mental workload during cognitively demanding tasks [28-30].
However, the most common psychophysiological objective method used to assess mental fatigue is
electroencephalography (EEG), a measurement of spontaneous electrical activity in the brain. Across
the Sport Science literature, EEG activity has been measured in treadmill endurance performance [31],
knee extension exercises [32], golf [33-34], and physically active computer games [35]. Conducting
studies in this field proves difficult due to issues caused by excessive movement and sweat, in addition
to noise and light disturbances which can negatively influence the data collection [34, 36]. Despite the
aforementioned findings in a challenging research area, all of these studies were completed in a static
motion or with minimal head movement to enhance the quality of the EEG signal, questioning their
practicality to the dynamic nature of football. With the current technology, research in football using
EEG may be restricted to measuring the mental demands of zero to minimal movement quantity tasks

such as football-specific decision making trials [37] or virtual reality technology.

Aside from psychophysiological measures, cognitive task performance is another common
measurement of assessing mental fatigue. Previous investigations that have examined time on task
performance across general populations have shown mental fatigue causes a decrement in goal
directed attention, impairs performance adjustments after making errors and disturbs anticipation
timing [12, 38-39]. Based on the high quantity decision making and rapid information processing
demands of team sports, these findings may transfer into a football environment [1]. However further
research is required, as the only football-specific study to investigate this reported that cognitive
performance (i.e. football decision making) was negatively influenced by induced mental fatigue [8].
Such research may in fact be simpler to implement in an elite football environment in comparison to

psychophysiological objective measurements due to its less invasive nature.

Overall, further research is required to elucidate the effects of football-specific tasks on mental fatigue
using various objective methods. It must be noted however that studies using psychophysiological
objective methods (i.e. EEG) may only be possible to conduct in a laboratory setting with non-elite

football players based on the practical difficulties in elite settings. For example the equipment set up
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times required, invasive properties of the protocol and frequently removing elite players from a
congested playing and training schedule may collectively prove too difficult to successfully implement.
Developments in technology and/or the emergence of other objective methods (ecologically valid
cognitive task performance protocols) may help to allow future research projects to better integrate
particularly with elite environments, plus also help to differentiate feelings of mental fatigue and
boredom, which is currently challenging when using solely subjective measurements to measure

mental fatigue.
4. CONCLUSIONS

To date, available studies suggests induced mental fatigue negatively influences physical, skill,
decision making, technical and tactical aspects of football performance, both in isolated performance
tests and small-sided-games. However, these studies are limited by tasks with low ecological validity
to induce mental fatigue and the use of the VAS to measure mental fatigue, which must be addressed
in future research. We suggest that future research should monitor the cognitive stress reported from
match play and training via the use of a validated protocol such as d-RPE, an appropriate method to
differentiate between physical and cognitive elements of performance. Follow up research should use
surveys/interviews with elite football players to better understand the source of mental fatigue. These
findings inform the development of mentally fatiguing protocols with greater ecological validity than

the existing options.

Future study designs may benefit from reduced reliance on VAS to measure mental fatigue and
participants being provided with a clear definition of mental fatigue, which may lower response bias.
Whilst objective measurement technology has proven effective in measuring mental workload during
cognitively demanding tasks, the current likelihood of its involvement away from a laboratory setting
is minimal due to its invasive nature and the inevitable time constraints in (elite) football settings.
Therefore, we recommend further studies investigating objective responses to mentally fatiguing
protocols in football to consider the use of more practical and less time consuming protocols to help

bridge the gap between research and applied settings.
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5 - HOW RELEVANT IS THE MODIFIED STROOP TASK IN MENTAL FATIGUE IN
FOOTBALL RESEARCH?

5.1 — Rationale

In five of the six investigative studies to measure the impact of induced mental fatigue on football-
specific performance, the modified Stroop task has been used (Coutinho et al., 2018; Smith et al.,
2017; Badin, Smith, Conte, & Coutts 2016; Smith et al., 2016a; Smith et al., 2016b). As highlighted in
chapter 4, the modified Stroop task was suggested to be an inappropriate task to induce mental
fatigue in football due to its low contextual interference, and subsequent irrelevance to the high
contextual interference nature of football. Indeed, the modified Stroop task may incur boredom, a
similar construct to mental fatigue. Such a claim is speculative and requires further research.
Football is also a sport which requires a quick and accurate response to implicit and explicit sources
of information, and little is known on how mental fatigue impacts this ability. In addition, it remains
unknown if mental fatigue is a transient or chronic sensation. The aim of the following study was to
elucidate the effects of a modified Stroop task on mental fatigue and boredom, congruent and
incongruent reaction times, followed by the investigation of a short rest period on perceived
recovery.

5.2 - Understanding the influence of a cognitively demanding task on motor response
times and subjective mental fatigue/boredom.

This section contains the following published manuscript:

Thompson, C., Fransen, J., Beavan, A., Skorski, S., Coutts, A., & Meyer, T. (2020). Understanding the
influence of a cognitively demanding task on motor response times and subjective mental
fatigue/boredom. Brazilian Journal of Motor Behavior, 14(01), 33-45.

The citations and references of this manuscript are formatted to the requirements of the Brazilian Journal
of Motor Behavior. These citations only relate to the reference list in this thesis chapter and not to the
reference list included at the end of this thesis.
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Abstract

Several methods are used to induce mental fatigue; most predominantly the modified Stroop task.
Whilst this task has demonstrated an ability to induce mental fatigue, its relevance to daily lifestyle
tasks is questionable. The purpose of the current study was to investigate the influence of exposure
to a 30-min modified Stroop task on subjective ratings of mental fatigue, mental effort and
boredom, along with participants’ ability to use congruent and inhibit incongruent precues in a
choice reaction time task (CRTT), and the impact of a 5-min rest period from mentally fatiguing
activity. Using a 0-10 cm arbitrary unit (AU) scale, significantly higher subjective ratings of pre-post
condition mental fatigue (pre: 2.43+1.31 AU, post: 6.42+2.08 AU) and boredom (PRE: 1.65+1.49 AU,
POST: 5.03+2.92 AU) were reported following the modified Stroop task condition compared to the
control (reading magazines) condition mental fatigue (PRE: 1.62+1.17 AU, POST: 2.10+£0.92 AU) and
boredom (PRE: 1.94+1.52 AU, POST: 3.32 + 1.66 AU). In addition, a 5-min rest was not enough to
return to subjective baseline measures of mental fatigue (POST-5: 5.26+1.49 AU) and boredom
(POST-5: 3.85+2.07 AU). No significant differences were found between conditions for the extent to
which participants’ response times were affected by congruent (p=0.481) or incongruent (p=0.225)
precues. Future research must further investigate the practicality of the modified Stroop task in real-
world settings, adopt cognitive activities with greater task relevance with higher contextual
interference for greater ecological validity, and elucidate the impact of rest on recovery from mental
fatigue.

Keywords

Mental fatigue, boredom, Stroop.
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1. Introduction

To induce mental fatigue, previous studies have used a range of cognitively demanding tasks. These
include (but are not limited to) a 90-min AX-Continuous Performance Task (Marcora et al., 2009,
MacMahon et al., 2014, Smith et al., 2015), a 60-min Go/NoGo Task (Kato, Endo & Kizuka, 2009), a 2-
hour Eriksen Flanker test (Faber et al., 2012; Lorist et al., 2005), a blocked 4 x 10-min Sustained
Attention to Response Task (Dillard et al., 2014), and most commonly, a 30-min modified Stroop task
(Smith et al., 2018; Van Cutsem et al., 2017). The modified Stroop task is a response
inhibition/sustained attention task that elevates the activation of the anterior cingulate cortex
(MacDonald, Cohen, Stenger et al., 2000), which appears to play a significant role in the onset of
mental fatigue. It has been theorised that following prolonged exposure to a cognitively demanding
task such as the modified Stroop task, mental fatigue results from a reduction in the transmission of
dopamine to the striatum and anterior cingulate cortex (Martin et al., 2018; Lorist et al., 2005).
Based on the current evidence, the use of the modified Stroop task can be regarded as a feasible
activity to generally induce mental fatigue.

A limitation of the modified Stroop task is that it may not be representative of how mental fatigue is
experienced in real life settings (Thompson et al., 2018). For instance, a driver would not complete a
modified Stroop task before entering a car, nor would an athlete before a competition, making the
practical validity of using a modified Stroop task questionable in high contextual situations. The
repetitive nature of continually solving the same task problem may become monotonous and evoke
lower levels of contextual interference than real life tasks such as driving, military activity and sport.
Lelis-Torres et al., (2017) compared the task engagement associated with high and low contextual
interference practice schedules (a key-pressing task with two goals: learning the relative timing
dimension and learning the absolute timing dimension) and found that greater cognitive effort was
more closely associated with high contextual interference than with low contextual interference
practice (Lelis-Torres et al., 2017). It has also been proposed that if a task is perceived to be
repetitive, meaningless and does not challenge the subject, it may result in boredom (Pattyn et al.,
2008). Pattyn et al., (2008) explain an “underload” and “overload” performance hypothesis, where a
cognitive task with an “underload” (i.e. low cognitive demand) is subjectively associated with mind
wandering (boredom), whilst an “overload” task consists of a subjectively high cognitive demand
when completing the NASA-TLX test (mental fatigue). It is plausible that the modified Stroop task
may be regarded as boring by participants, but it remains unknown if impaired performance levels
are partly caused by boredom due to low intrinsic motivation to engage in the task, rather than the
demands of the task itself (Thompson et al., 2018; Hockey, 2011). Despite the widespread use of a
30-min modified Stroop task as a means of inducing mental fatigue in the literature (Smith et al.,
2018; van Cutsem et al., 2017), its difference or independence to boredom is yet to be investigated.

We recently identified the need to supplement subjective perceptions of mental fatigue with more
objectively quantifiable assessments (Thompson et al., 2018). One solution could be to assess the
effect of mental fatigue on motor response times. Motor response times represent the ability of an
individual to detect relevant information sources, process that information and use it to generate an
appropriate movement response. Moreover, response times represent the difference between the
moment a stimulus appears and the subsequent execution of a motor response (Schmidt & Lee,
2013). It is understood that an increase in response times represents decrements in neuromuscular
performance. Therefore, response time paradigms may be able to detect inefficiencies of the motor
control system as a result of fatigue, including mental fatigue (Kato et al., 2009; Lorist et al., 2009).
However, simple or even choice response time tasks also bear little relevance to performance in
cognitively demanding activities such as driving or sport. Alongside being able to respond rapidly to
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a single stimulus (i.e. simple reaction time) or deciding between different responses based on a
variety of stimuli (i.e. choice reaction time), such populations need to demonstrate fast and accurate
decision making that includes the ability to use advanced information or suppress irrelevant stimuli.
For example, a soccer player may decide to pass the ball to an available teammate but choose not to
when observing that that teammate is suddenly covered by a defender or another teammate isin a
better position to receive the ball.

Limited evidence is also available on the amount of rest required to overcome subjective feelings of
mental fatigue. A break (and not necessarily sleep) from a mentally fatiguing task will result in some
recovery (Balkin & Westensten, 2011), but the duration of that break is unknown. Understanding the
timing and duration of a rest break required to diminish the effects of mental fatigue is a crucial step
to further understand the relationship between mental fatigue and motor performance, as it may
help mitigate the potentially negative effects of mental fatigue on performance.

Therefore, the aim of the current study was twofold. First, to investigate the effects of a modified
Stroop task on participants’ ability to use precued information in a choice response time task in
which participants execute or suppress a motor response based on a congruent or incongruent
precue preceding the stimulus. The secondary aim of the study was to understand the relationship
between measures of mental fatigue, mental effort and boredom to understand whether the
modified Stroop task represents an appropriate method to induce mental fatigue. It was
hypothesised that 1) a 30-min modified Stroop task would negatively affect the ability for
participants to inhibit a motor response, 2) a 30-min modified Stroop task would significantly
increase subjective ratings of mental fatigue, mental effort and boredom, and 3) an acute rest
period (5-min) from cognitive activity would be sufficient to elicit significant reductions in subjective
ratings of mental fatigue.

2. Methodology
2.1. Participants

Fifteen university students aged 18 — 27 years (24.3 + 2.3 years) with normal or corrected to normal
vision volunteered to participate in the study. Ethical approval for all procedures was attained from
the Saarland University Ethics Committee under the Declaration of Helsinki.

2.2.Procedures

The study outline consisted of two separate protocols completed in a randomised counter-balanced
order. Participants were informed that they would be completing a computer task and a reading task
on two separate occasions, four weeks apart, in the same location at the same time of day.
Following this, participants provided their informed consent to participate. In both conditions,
participants were placed in a rigid chair facing a desktop table containing a laptop computer and a
customised four button controller. The controller was placed "between the computer and the
participant, precisely 8 cm from the edge of the computer. The dominant hand of the participant
was placed flat on the table 3 cm away from the controller system, and the non-dominant hand was
situated either on their thigh or the table. The familiarisation protocol consisted of a brief (12 trials)
congruent version of the choice reaction time task (CRTT), a 60s trial of the modified Stroop and a
description of the reading task.

A pre-task (PRE) visual analogue scale (VAS) for mental fatigue and boredom were then completed,
followed by the first CRTT trial. Next, participants were exposed to 30-min of either the modified
Stroop task or the magazine reading condition. The test was completed with the researcher seated
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two metres behind the participant to ensure study compliance. Immediately post-task (POST),
participants again completed VAS for mental fatigue, boredom and mental effort, which
corresponded to the amount of perceived mental effort that was required to complete the
preceding task. The CRTT was then immediately completed for a second time, followed by a five
minute rest period where the participant sat alone in the testing room with the instructions to relax
and avoid any task engagement. To facilitate this, personal items (i.e. mobile phones, laptops,
mobile phones) were securely stored outside of the testing room during the test. Finally, participants
completed a final VAS for mental fatigue and boredom immediately following the five minute rest
period (POST-5).

2.3.Response inhibition

The response inhibition task (Unity, Version 5.4.0f3, 2016) consisted of 24 trials grouped into 12
congruent and 12 incongruent trials on a 14.3” laptop screen, lasting a total of three minutes. Across
all trials, a three second countdown was followed by the appearance of four white circles with a
black outline (all of which consist of a diameter of 512 pixels and an edge width of 5 pixels)
presented in a horizontal position. Following a randomised two — four second delay, one of the four
circles turned yellow. The participant was required to accurately press the button on the controller
(Lioncast, Berlin, Germany) which corresponded to the yellow circle as quickly as possible. The
precue in the congruent trials was a small black dot (26 pixels) which appeared in a white circle (512
pixels) 86 ms before it turned yellow. Conversely in the incongruent trials, the same black dot acted
as a decoy by appearing in a white circle 86 ms before an opposing circle turned yellow. In both
trials, the precue was presented on the screen for a duration of 43 ms according to the procedures
outlined in one of the experimental conditions of an implicit precue paradigm used by Fransen et al.,
(under review), but adapted to include a measure of response inhibition.

2.4. Modified Stroop task

”n

In the modified Stroop task, four words (“blue”, “yellow”, “red”, “green”) repeatedly appeared on a
Windows Powerpoint Presentation document screen in a randomised fashion. The correct answer in
the trial will be the colour of the ink (blue, yellow, red, green), and not the word. However, to
increase task difficulty, any word presented in red ink the correct response corresponds to the
meaning of the word. The test was translated into German, the first language of the participants.
Each participant completed 900 trials, each separated by 2000 ms. All trials required a verbal
response to the researcher, who was seated two metres behind the participant to avoid acting as a
visual distraction during the test.

2.5. Control condition

In the control condition, participants were presented with a selection of four magazines of varying
topics to read (sport, cars, fashion and lifestyle). They were instructed to read any of the chosen
magazines for a period of 30-min whilst seated in front of the lead researcher. The choice of
magazines was influenced by previous pilot testing.

2.6.Visual analogue scale

A visual analogue scale (VAS) was used to measure three subjective parameters; 1) boredom
(“Please state your current level of boredom”), 2) mental fatigue (“Please state your current level of
mental fatigue”) and 3) mental effort (“Please state the mental effort of the task you have just
completed”). On a 100 mm horizontal line scale, the answer selection ranged from “none at all” to

“maximal”. Using a paper version, participants were instructed to draw a vertical line over a selected

57



area of the scale to select their subjective rating of each parameter, which was later measured by
the lead researcher to create arbitrary units (AU).

2.7. Statistical analyses

To investigate the effect of the experimental condition (i.e. the reading task (control) or the
modified Stroop task and timing of the measurement (PRE, POST & POST-5) on both cognitive
(mental fatigue, mental effort and boredom) and response times (congruent and incongruent task
performance), a series of linear mixed models was developed. A stepwise approach was used in
which additional predictors were added to the model with each step, and model fit was evaluated
using the Akaike’s Information Criterion (AIC), observation of increases in degrees of freedom, a -2
log-likelihood ratio test and the normal distribution of the models’ residuals. The cognitive variables
and response times were entered as response variables in each of the four linear mixed models. The
experimental condition and the time of measurements (fixed factors) were entered as predictor
variables in addition to each participant’s unique identifier (random factor) to account for the
random variance associated with the clustering of participants’ repeated measures within each
participant. Prior to the analysis, pre-modelling assumption checks (i.e. linearity of relationships,
homogeneity of variance) were carried out. Following the analysis, the appropriateness of each
model was analysed through the normality of the distribution of model residuals using visual
inspection through boxplots and a Shapiro-Wilk test. The significance level for the -2 log-likelihood
ratio tests was set at p < 0.05, and an estimate precision was provided using Wald-based 95%
confidence intervals.

3. Results

The best fit was achieved using a random intercepts model (participant ID) and through the
introduction of a time*experimental condition interaction effect to explain the variance in mental
fatigue and boredom. However, no significant predictors of congruent and incongruent response
times were observed in this study (p>0.05). As mental effort was only recorded during the post-test,
a random intercept model with the experimental condition as the only fixed effect best explained
the variance in mental effort (AIC = 112.42, df = 1-,4, p = <0.001, conditional explained variance =
75%). A random intercepts model that incorporated both the condition and time main effects as well
as the condition*time interaction effect best explained the variance in subjective ratings of mental
fatigue and boredom (mental fatigue: AIC = 326.39, df = 2,8, p = <0.001, conditional explained
variance = 66%; boredom: AIC = 371.14, df = 3,8, p = <0.021, conditional explained variance = 54%).
All model parameters organised by dependent variable can be found in Table 1.

As shown in Figure 1, a significant condition*time interaction effect (p<0.001) was observed in
ratings of mental fatigue. Mental fatigue values increased from PRE (2.43 + 1.31 AU) to POST (6.42
2.08 AU; p<0.01) in the modified Stroop task condition. Furthermore, despite the POST-5 mental
fatigue values decreasing (5.26 + 1.49 AU; p<0.01) from the POST test values, they still remained
higher (p<0.01) compared to the PRE test values within the Stroop task condition. Contrastingly no
observable differences (p>0.05) were recorded in the control condition across the PRE, POST or
POST-5 time points (see Table 1).

Subjective rating of boredom followed a similar trend to mental fatigue for both conditions, and a
significant condition*time interaction effect (p=0.021) was also observed. In the modified Stroop
condition, ratings of boredom increased from PRE (1.65 + 1.49 AU) to POST (5.03 + 2.92 AU; p<0.01).
Aligned with the trends of mental fatigue ratings, POST-5 boredom values (3.85 + 2.07 AU) also
decrease from POST values, but remained higher (p<0.01) from the initial PRE test values. Ratings of
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boredom were also similar to the ratings of mental fatigue in the control condition, where no
significant differences (p>0.05) were observed across PRE, POST, and POST-5 time points.

Furthermore, a conditional main effect (p<0.001) was observed for mental effort scores recorded at
POST, as participants reported higher ratings of mental effort in the modified Stroop condition (6.67
+1.72 AU) compared to the control condition (1.87 + 1.05 AU). Lastly, there were no differences in
congruent or incongruent response times between the modified Stroop task and control conditions
(see Table 1). The estimated marginal means, standard errors and associated 95% confidence
intervals derived from the best fitting models for each dependent variable are presented in Table 2.
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AIC 2 (-2 log likelihood Chi* df R’fixedonly Conditional R’ random

ratio test) (%) + fixed (%)
Congruent
Final Model: Congruent ~ 1 + (1[ID)
Condition main effect -210.18 0.733 0.116 14 <0.1 64
Time mam effect -210.48 0519 0416 14 02 64
Time + Condition main effect -208.59 0.766 0533 25 03 64
Interaction effect -208.53 0.481 2468 36 14 65
Incongruent
Final Model: Incongruent ~ 1 + (1/ID)
Condition main effect -220.48 0611 0259 14 0.1 78
Time mai effect -220.26 0.848 0037 14 <01 78
Time + Condition main effect 21852 0.862 0296 25 01 77
Interaction effect -220.28 0.225 4061 36 14 7
Mental fatigue
Final Model: Mental fatigue ~ Time*ExpCond + (1ID)
Condition main effect 37031 <0.001 43663 14 38 38
Time + Condition main effect 346.80 <0.001 27514 26 54 54
Interaction effect® 326.39 <0.001 24412 2 64 66
Mental effort
Final Model: Mental effort ~ ExpCond + (1/ID)
Conditional main effect* 112.42 <0.001 41801 14 75 75
Boredom
Final Model: Boredom ~ Time*ExpCond + (1/ID)
Condition main effect 399.52 0.134 2248 14 2 29
Time mai effect 37487 <0.001 28891 25 19 50
Time + Condition main effect 373.54 0.068 3328 16 21 51
Interaction effect® 371.14 0.021 97301 38 24 54

Table 1. Models that explain the effect of condition and time of measurement on participants’ cognitive and physical variables. * indicates the
best fitting model based on AIC value and -2log-likelihood ratio test. ID = individual participant identification number, Time = time of
measurement (i.e. pre-test, post-test or post-test + 5 minutes break), ExpCond = experimental condition (i.e. Control or Stroop).
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Expermmental Condition Time of Measurement Estimate  Std Emor Lower CI Upper CI  tvalue

Congruent (zec)

Reading Pre-test 0.618 0.0132 0.591 0.645 46.750
Reading Post-test 0.612 0.0132 0.585 0.632 -0.509
Stroop Pre-test 0.604 0.0132 0.577 0.632 -1.200
Stroop Post-tast 0.620 0.0132 0.593 0.647 1.358

Incongruent (zec)

Reading Pre-test 0.635 0.0143 0.605 0.664 44,531
Reading Post-test 0.621 0.0143 0.591 0.650 -1.491
Stroop Pre-test 0.625 0.0142 0.596 0.655 .0.990
Stroop Post-test 0.637 0.0143 0.607 0.666 1.914

Mental Fatigue VAS (aw)

Reading Pre-test 1.627 0.364 0.903 2351 4470
Reading Post-test 2,100 0.364 1.376 2824 0.946
Reading Post-test + 5 min 1.793 0.364 1.069 2517 0.333

Stroop Pre-tast 2427 0.364 1.703 3,151 1.599
Stroop Post-test 6.420 0.364 5.696 7.144 4.973

Stroop Post-test + 5 mm 5.260 0.364 4.536 5,984 3.768
Mental Effort VAS (aw)

Reading Post-test 1.873 0.369 1.118 2,628 5.083

Stroop Post-test 6.673 0.369 5.918 7428 9.209
Boredom VAS {au)

Reading Pra-test 1.947 0.525 0.850 3.003 3.708
Reading Post-tast 3.320 0.325 22 4376 2.387

Reading Post-test + 5 mm 3413 0.525 2.337 4470 2.549
Stroop Pre-test 1.633 0.525 0.597 2.710 -0.510
Stroop Post-test 5.033 0.525 3977 6.090 2.466
Stroop Post-test + 5 mm 3.847 0.525 2.790 4.903 0.893

Table 2. Least square means, 95% confidence intervals (Cl), standard error (Std. Error), t-values and random effect parameters from four linear mixed
models investigating the effects of condition and time of measurement on participants’ cognitive and physical variables. VAS = Visual Analogue Scale.



4, Discussion

Historically, many different cognitive tasks have been used to induce mental fatigue (Smith et al.,
2015; Dillard et al., 2014; MacMahon et al., 2014, Faber et al., 2012; Kato et al., 2009; Marcora et al.,
2009; Lorist et al., 2005), with the 30-min modified Stroop task being the predominant method
(Smith et al., 2018; van Cutsem et al., 2017). This has recently been challenged for its low contextual
interference and irrelevance to daily tasks (Thompson et al., 2018), which may lead to low intrinsic
motivation to engage in the activity and ultimately subjective boredom. Furthermore, the amount of
time required to rest from mentally fatiguing tasks is yet to be investigated in the literature. Our
study has demonstrated that in comparison to a control condition (reading magazines), 30-min
exposure to the modified Stroop resulted in significantly greater subjective mental fatigue, mental
effort and boredom, but did not significantly impair motor task performance. Moreover, a 5-min rest
period was not enough to provide a full subjective recovery of mental fatigue and boredom. The
results of the current study provide an insight into the applicability of the modified Stroop task in
inducing mental fatigue, impact of rest from mentally fatiguing activity, and future suggestions for
inducing mental fatigue in subsequent research.

The primary finding in the current study was the greater subjective boredom reported following the
modified Stroop task condition in comparison to the control task. These findings support the
argument that the modified Stroop task is boring, and this boredom may subsequently influence the
perception of mental fatigue. Ultimately the modified Stroop task may not be a relevant task to
induce mental fatigue due to its irrelevance to many real-world tasks (Thompson et al., 2018). It has
been suggested that boredom is linked to monotony (Perkins, 1985), and that impaired task
performance is associated with low intrinsic attractiveness of the task (Hockey, 2011). In the present
study, the modified Stroop task is likely to have been met with low intrinsic motivation and task
engagement due to its irrelevance to daily activities and no perceived reward. The nature of the task
is highly repetitive with little variation and low contextual interference. Indeed, low contextual
interference tasks provide a lesser cognitive engagement than high contextual interference tasks
(Lelis-Torres et al., 2017), and likely provides a cognitive “underload” (Pattyn et al., 2008). Here it
was theorised that compared to “overload” tasks (i.e. high cognitive engagement), an “underload”
task provides a reduced cognitive challenge and is associated with mind wandering (i.e. boredom).
This evidence suggests that whilst the modified Stroop task may bear a resemblance to some real-
world tasks with prolonged vigilance and low cognitive engagement (i.e. repetitive factory or office-
based tasks), more dynamic tasks (e.g. sport, military activity) require a more ecologically valid
protocol to induce mental fatigue in future studies. To develop such protocols, future research must
further understand real-world (such as lifestyle or task specific) cognitive demands experienced by
individuals in dynamic task performers.

Despite significant increases in subjective mental fatigue and boredom, congruent and incongruent
response times were unaffected by exposure to a 30-min modified Stroop task. The results are
contrary to the hypothesis and somewhat surprising given the available literature. It has previously
been reported that participants performing a 60-min Go/NoGo recorded significantly greater
reaction times, number of errors, and mental fatigue scores with time spent on the task (Kato et al.,
2009). These results demonstrate a decrement in response inhibition performance, along with an
impairment of the intensity of response execution. Additionally, when exposed to a 30-min modified
Stroop task, Smith et al., (2016) demonstrated very likely lower decision-making accuracy and likely
higher response times in a soccer specific soccer decision making test in comparison to a control
condition (reading magazines). There may be multiple explanations as to why these results differed
to the current study. Firstly, the 60-min Go/NoGo task used by Kato et al., (2009) was twice the
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duration of the 30-min modified Stroop task. In addition, Smith et al., (2016) used a soccer-specific
task in a sample of soccer players, thus using a sport-specific stimulus may complicate the
comparison of the results of these two studies. However, the fact that congruent and incongruent
response times remained unaffected in the current study, increases in subjective ratings of mental
fatigue and boredom may be due to the modified Stroop task’s inability to elicit true mental fatigue
or the ability to use implicit information to inform action is unaffected by mental fatigue.

The present findings show that a five minute rest period following the modified Stroop task
significantly reduced subjective ratings of mental fatigue and boredom but did not fully dissipate to
baseline levels after the rest period. Despite the inability to fully recover, the study shows that even
a five minute period was enough to significantly reduce subjective mental fatigue. This suggests that
mental fatigue is transient and stimulus dependent, which supports the suggestion that mental
fatigue in many real-world settings is not as problematic as theorised (unless cognitive activities are
followed by a short rest and further cognitive activity which may elicit more chronic states of mental
fatigue). Alternatively, as each subject in the current study participated in the protocol at varying
times (but consistent within each subject) of the day (morning to early evening), the ability to
subjectively recover from the modified Stroop may have been influenced by this variability and
future study designs interested in the acute effects of mental fatigue on performance should aim to
assess each participant at the same time of the day. Other considerations in relation to this are the
present workload experienced by the participants, as well as sleep duration, which was not
measured in the study. Additionally, whilst periods of rest or time away from cognitive tasks have
been previously advocated as methods to reduce feelings of mental fatigue (Wesensten, Belenky et
al., 2004, Balkin and Wesensten 2011), the timing and dosing of recovery following mentally
fatiguing tasks remains unknown. However, it must be emphasised that clearly interpreting post task
subjective measurements of mental fatigue and boredom is challenging. Participants in the current
study were required to sit alone with no stimulation (i.e. in silence with no mobile phone/laptop
access), which in longer periods may even further exacerbate subjective feelings of mental fatigue
and boredom, which has been likened to a high level of frustration (Hill & Perkins, 1985).

In summary, this study demonstrated that despite greater subjective mental fatigue, boredom and
mental effort in the modified Stroop condition, participants’ ability to use congruent and suppress
incongruent precues was maintained in comparison to a control condition. Moreover, a five minute
break reduced subjective mental fatigue and boredom in the modified Stroop condition, but still
resulted in an incomplete recovery. We suggest that the modified Stroop task may not be a “one size
fits all” approach to inducing mental fatigue when considering the level of contextual interference of
a particular task. High contextual interference tasks have been associated with high degrees of
cognitive engagement and problem solving while low contextual interference tasks are associated
with less cognitive engagement and the repetition of a solution to the same problem from trial to
trial (Lelis-Torres et al., 2017). Whilst the low contextual interference associated with the modified
Stroop task may resemble monotonous repetitive tasks such as some factory operation and office
working roles, other tasks with higher levels of contextual interference may require greater
ecological validity. In the military for example, rifle marksmanship is a high pressure task which
requires intact motor and cognitive system functioning (Chung et al., 2006). Furthermore in sport,
athletes perform in highly dynamic and ever-changing contexts under environmental, task and
individual constraints (Aradjo et al., 2004). To allow for further understanding of how such complex
cognitive tasks are influenced by mental fatigue, it is recommended that future research
understands real-life activities experienced by complex task performers. This will in turn create more
ecologically valid protocols which bear a greater resemblance than the modified Stroop task.
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6 — WHAT ARE THE REAL-LIFE CAUSATIONS OF MENTAL FATIGUE IN
PROFESSIONAL FOOTBALL?

6.1 — Rationale

In the current mental fatigue literature, it was recommended in chapter 4 that more ecologically
valid protocols are developed to induce mental fatigue in applied football settings. The findings in
chapter 5 strengthened this claim by suggesting that the modified Stroop task may not be an
appropriate task to induce mental fatigue in dynamic tasks based on its low contextual interference
(and subsequent inability to impact on congruent and incongruent reaction times) and significant
impact on subjective boredom. It is also worth noting that in the current football literature, the
participants recruited have consisted of junior Australian National Premier League players (Badin et
al., 2016), Belgian national or provincial (division 2 - 7) players (Smith, Fransen 2017, Smith, Zeuwts,
2016; Smith, Coutts, et al., 2016), regional level youth players (Coutinho et al., 2018; Coutinho et al.,
2017) and recreational players (Smith, Coutts, et al., 2016). These findings necessitate the need to
further investigate the real-life cognitive tasks experienced by professional football players.
Understanding this will allow for greater ecological validity in cognitive tasks employed in mental
fatigue research. Thus, the aim of the following study was to use an online survey to query cognitive
tasks completed and their subsequent impact on fatigue in English Football League and National
League players.

6.2 - Understanding the cognitive demands experienced by professional soccer players: A
perspective of English Football League and National League players.

The following section contains the following manuscript under review with the European Journal of
Sport Science:

Understanding the cognitive demands experienced by professional soccer players: A perspective of
English Football League and National League players.

The citations and references contained herein apply to this manuscript only and are formatted to
the requirements of Science and Medicine in Football. The citations relate to the reference list
within this section only and not to the reference list included at the end of this thesis.
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Abstract

Research investigating the impact of induced mental fatigue in soccer has demonstrated impairments
in physical, skill and tactical performance in soccer-specific tasks and small-sided-games. Limitations
of the research are the low ecological validity of the tasks used to induce mental fatigue and the lack
of research investigating professional players. To inform the development of more ecologically valid
methods of inducing mental fatigue in soccer, the aim of the current study was to investigate the real-
life cognitive tasks performed pre-match and the presence of mental fatigue during training weeks
and when exposed to match-play in professional soccer settings. First team male squad players (n =
167) from the 2" to 5 tier of professional English soccer (English Football League (EFL) and National
League (NL)) completed an online survey querying the prevalence of subjective mental fatigue from
travel, media, pre-match activity, match-play and fixture congestion. Results showed there was a
moderate prevalence of subjective mental fatigue at full-time (55 arbitrary units (AU), 0 — 100 scale),
24-hours post-match (45 AU), and for frequent bouts of match-play (39 AU) and travel (42 AU) in
congested fixture periods. There was a minimal prevalence of subjective mental fatigue following
exposure to acute tasks in-season, including team meetings (28 AU), travel to training (23 AU), and
media commitments (19 AU). The results demonstrate that match-play and frequent bouts of travel
have the greatest impact on mental fatigue in professional soccer. This study provides directions for

future research in developing ecologically valid methods to induce mental fatigue.
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Introduction

In association football (soccer) research, the physical demands of match-play are well understood,
with varying physical performance levels being dependent on playing standard and playing position
[1-3], and decrements in physical performance reported at various stages of a match caused by
physiological mechanisms of fatigue [4]. The risk of physical fatigue may be increased when matches
are played in congested schedules, with some professional players exposed to over sixty matches per
season [5]. Aside from the impact of neuromuscular/metabolic fatigue commonly researched in
professional soccer [6], a further consideration is the impact of mental fatigue. Indeed, fatigue is a
complex term, and post-match fatigue in soccer has been related to several different factors including
dehydration, glycogen depletion, muscle damage, and mental fatigue [7]. Further work elaborated on
the risk of mental fatigue in soccer by discussing the high technical and tactical demands of match-
play (i.e. frequent decision-making, adhering to team tactics and reacting to multiple external stimuli)
and the frequent pressure to meet internal (i.e. manager, players, staff) and external (i.e. media,
supporters) expectations in professional environments [8-9]. Mental fatigue is a psychobiological state
experienced following exposure to cognitively demanding tasks [10-11] and has been demonstrated
to negatively impact on endurance (running, cycling) performance [12]. However, relatively limited

evidence is presently available in soccer.

Several studies have investigated the impact of induced mental fatigue on soccer-specific performance
[13-18]. Negative effects of mental fatigue were reported in three laboratory studies which measured
soccer-specific passing (Loughborough Soccer Passing Test) and shooting (Loughborough Soccer
Shooting Test) performance [13-14] and visual search behaviour in a soccer-specific decision-making
task [15]. In subsequent work measuring the impact of mental fatigue on small-sided-game
performance, unclear effects of induced mental fatigue were found for physical performance (distance

covered per minute and the number of accelerations and decelerations) [16], whilst likely negative
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effects were reported for technical (match involvement, match possession, tackle success)

performance [17], and significant reductions in tactical performance (team synchronisation) [18].

Despite novel findings, a limitation of these studies is the use of low ecologically valid tasks to induce
mental fatigue. For instance, five of the six aforementioned studies induced mental fatigue using a 30-
min modified Stroop task [13-15, 17-18]. The modified Stroop task is a response inhibition/sustained
attention task, and the most commonly used method of inducing mental fatigue [12]. The remaining
study that examined mental fatigue in soccer [16] induced mental fatigue by incorporating a 20-min
whole-body coordination task (juggling a tennis ball whilst completing agility ladders) which required
motor coordination, sustained attention, cognitive processing and perceptual skills. Indeed, these
mentally fatiguing tasks may not resemble the more varied and complex cognitive demands
experienced by professional soccer players. During match-play, players are exposed to frequent bouts
of decision-making in relation to the actions of their team-mates and opposition, whilst contending
with external factors such as playing surface, crowd interaction and ambient light available during the
match [8]. Players must consequently seek solutions to situations that involve varying and interacting
constraints greater than the present methods of inducing mental fatigue [19]. Therefore, despite the
response inhibition/sustained attention demands of the modified Stroop task, the limit in response
variation and irrelevance to soccer-specific demands requires the investigation of real-life causes of

mental fatigue in soccer.

To date, no known studies have examined the impact of mental fatigue on professional players. The
subjects in the present mental fatigue in soccer literature were Australian National Premier League
players [17], Belgian national or provincial (Division 2 - 7) players [13, 15], regional level youth players
[16, 18] and recreational players [14]. Research has shown that elite athletes are less prone to sport-
specific performance decrements following exposure to mentally fatiguing tasks. It has been

demonstrated that the physical performance of professional cyclists was unaffected by a mentally
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fatiguing task (30-min Stroop task) when compared to non-professional cyclists [20]. Despite these

results, the exact cause/presence of mental fatigue in professional soccer is yet to be investigated.

It is therefore necessary to understand the daily lifestyle and soccer-specific tasks performed by
professional soccer players and the prevalence of mental fatigue. Gathering valuable information from
a professional demographic will aid practitioners in soccer to identify risk factors for mental fatigue
and allow future studies to use mentally fatiguing tasks with greater ecological validity. Therefore, the
purpose of this study is to explore professional soccer players” daily activity profiles during a training
week (travel, team meetings, media commitments), pre-match activities of players, and perceptions

of mental fatigue prior to, during and acutely post-match, plus the impact of fixture congestion.

Methods

Participants

Professional male soccer players (n = 167) voluntarily completed an online survey from July —
December 2018. The sample consisted of first team squad players from the English Championship (n
= 49), League One (n = 37), League Two (n = 50), and the National League (n = 31), which represent
the second—fifth tiers of professional English soccer, respectively. The players varied in age (16 to 20
=33(19.8%), 21 to 25 =79 (47.3%), 26 to 30 = 30 (18%), 31 to 35 =19 (11.4%), 36 or over = 6 (3.6%)),
position (goalkeeper = 21 (12.6%); full back = 28 (16.8%) central defender = 36 (21.6%); central
midfielder = 36 (21.6%); wide midfielder = 17 (10.2%); striker = 29 (17.4%)) and years of professional
playing experience (0to 5 years =89 (53%), 6 — 10 years =46 (27.5%), 11 — 15 years = 18 (10.8%), more
than 15 years = 14 (8.4%)). Ethical approval was obtained by the host institution under the Declaration

of Helsinki.

Procedure

An initial survey containing 38 items was created by the lead researcher using an online electronic

platform (Survey Monkey, California, USA). This was developed with the aid of three practitioners
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working in professional soccer, two researchers specialised in survey design and a mental fatigue
researcher. The survey was piloted with 38 professional and 61 semi-professional soccer players, who
were instructed to provide verbal feedback on the relevance and clarity of the questions provided.
Following discussions with survey respondents and members of the research team, several questions
were deleted (due to survey length and perceived irrelevance and repetition of questions) and
replaced with new questions, several questions were rephrased, and clear definitions were
subsequently included where deemed appropriate. The revised survey comprised of 34 items and was
separated into six sections. Section 1 (“Participant information and perceptions of mental and physical
fatigue”, 6 items), consisted of questions related to age, playing position, playing standard and
experience, plus a checklist of words and phrases which players selected as perceived definitions of
mental and physical fatigue. In Section 2 (“Travel”, 4 items), the modality of transport used to reach
the club training facilities, the length and frequency of these journeys and the perceived cognitive
demand of travel was queried. Section 3 (“Tactical information and media commitments”, 6 items)
focused on frequency, duration and perceived cognitive demand of team meetings and media
engagements. Section 4 (“Pre-match activity”, 8 items) questioned the activity engagement of players
two hours prior to kick-off, the use of caffeine, and the duration and perceived cognitive demand of
the pre-match team talk. Section 5 (“Match-play”, 5 items) consisted of statements related to the
cognitive demands of several match-play scenarios, whilst Section 6 (“Fixture congestion”, 5 items)
also used statements based on the perceived cognitive demands of congested fixture periods,
repeated bouts of travel, enthusiasm to play in matches and the idea of a winter break in English
soccer. The survey consisted of multiple-choice responses, checkboxes to select more than one
answer where appropriate, blinded (for opinion based questions) and unblinded (for duration based
guestions) 0-100 arbitrary unit (AU) scales and empty text boxes to give the opportunity for

respondents to provide further information if required.
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Survey completion

Survey invitations were sent via email to practitioners from 116 English soccer clubs (20 Premier
League, 72 Football League and 24 National League). Enclosed was a participation information sheet
outlining the background and rationale for the study, a PDF of the survey questions for non-playing
staff to read, and an online link to the survey for players to complete. Subsequent reminder emails
were sent to clubs who had not replied within 28 days of the original invitation. The average

completion time of the survey was 8 minutes 16 seconds.

Statistical analysis

Preliminary screening identified missing data, problematic outliers, and assessed univariate normality
for scaled variables. The main analyses examined each section of the survey in turn. Initially, words
used to describe physical and mental fatigue (section 1) were explored relative to demographic
information using chi-square. Section 2 of the survey (travel) included both nominal and scaled
variables. Nominal variables were assessed according to demographic information using chi-square,
while scaled variables were assessed using a one-way ANOVA with planned pairwise comparisons for
position, age, playing experience, and division. Section 3 (team meetings and media commitments)
included some ordinal variables, which were examined using a Kruskal-Wallis test, and scaled variables
were subjected to a similar one-way ANOVA as described above. Section 4 (pre-match activity)
nominal variables were assessed using chi-square while the scaled variables were assessed using a
one-way ANOVA. Similar ANOVAs with planned pairwise comparisons were conducted for all variables

in section 5 (match-play) and section 6 (fixture congestion).

The large quantity of data obtained required multiple comparisons. To correct for the likelihood of
type one errors resulting from this, we calculated the False Discovery Rate (FDR) recommended by
Benjamini and Hochberg [21]. This method calculates a g value that p must be lower than to not be
deemed a false discovery. We also conducted 2000 bootstrapped samples of all analyses and the null

hypothesis was rejected if and only if p < g and, for scaled variables, the 95% confidence interval did
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not contain zero. Magnitude of effect was interpreted using Ferguson’s recommendations for

minimum practical effect [22].

Results

Descriptions of physical and mental fatigue

Table 1 presents the frequency of selection for each descriptor for physical fatigue and mental fatigue.
Generally, mental fatigue was considered much more broadly than physical fatigue, which is

illustrated by the relative similarity of word size in Figure 1.

Table 1.

Physical fatigue and mental fatigue descriptors indicated by participants with chi-square values.

*p<q

Descriptor Physical (%) Mental (%) X2 p
Difficulty in reacting to mistakes 15 44.9 6.34 0.012*
Reduced motivation 18.6 51.5 4.02 0.045
Tense 9 18 .85 0.357
Exhausted 68.9 42.5 4.26 0.039
A difficulty in maintaining concentration 27 56.9 5.08 0.024*
Reduced reaction times 41.3 43.7 6.17 0.013*
Feeling sleepy drowsy 28.7 31.7 12.87 <0.001*
Reduced arousal 9 14.4 13.97 <0.001*
On edge 3.6 19.2 .81 0.369
Sluggish 61.7 37.1 4.96 0.026*
Pain soreness 41.9 7.2 5.81 0.016*
Angry 6.6 25.8 19.36 <0.001*
Reduced energy levels 77.8 35.9 .79 0.373
Confusion 1.2 19.8 1.17 0.280
Weak 39.5 20.4 17.24 <0.001*
Slow 52.7 30.5 14.02 <0.001*
Panicky 1.2 21.6 7.37 0.007*
A difficulty in maintaining performance levels 37.1 41.3 31.97 <0.001*
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Figure 1. Selected descriptors of physical fatigue (A) and mental fatigue (B) with size representative of

frequency.
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Travel to training

Most (97.6%) of participants travel to training by car. The majority of these indicated that they drive
(77.2%), with the remainder in a carpool (17.4%), or a passenger (3.0%). Only three participants (1.8%)
walked to training and only one (0.6%) cycled. The players rated mental fatigue from travelling (“My
journey to training is mentally fatiguing”) at just 23 on a scale of 0-100 AU (0 — never, 100 - always).
Unsurprisingly, the length of a journey was positively correlated with how tiring participants perceived
their journey to be (r = .61, p <.001, 95% Cl = .50, .70). There was however, no divisional effects on
perceived mental fatigue of journey to training (F(3,163) = .69, p = .56). Further, there was no
substantive effect on perceived mental fatigue of journey to training for age (F(4,162) = 2.30, p = 0.06)

or playing experience (F(3, 163) = .33, p = .80).

Team meetings

Team meetings took place on average twice per week with a mean duration of 26 minutes. There were
no significant differences in frequency of team meetings for age, playing experience, or position. The
frequency of team meetings was positively related to length of team meetings (r = .27, p <.001, 95%
Cl = .13, .41). The players rated mental fatigue from team meetings ("l find team meetings mentally
fatiguing") at 28 on a scale of 0-100 AU (0 — never, 100 - always). Both the frequency (r=.29, p <.001,
95% Cl = .14, .42) and the length (r = .37, p < .001, 95% CI = .23, .50) were significantly positively
associated with perceived mental fatigue from team meetings. There was no age, playing experience,

or position effects on length of team meetings or perceived fatigue from team meetings.

Media commitments

Overall, 44.9% of participants spoke to the media once every few months, 25.2% indicated that they
spoke to the media once a month, 15.6% stated once a fortnight, 2.4% stated every week, and just
three (1.8%) indicated that they spoke to the media more than once a week. Almost 1 in 10 (9.6%)

stated that they never communicated with the media. The average length of a media commitment
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was 14 minutes. This was different between divisions (F(3,147) = 4.34, p < 0.01), and playing
experience (F(3,147) = 3.13, p < 0.05). Specifically, the length of media commitments for those in the
Championship (Mt = 6.52, p < q, d = .74) and in League One (Muitr = 5.37, p < q, d = .87) were greater
than in the National League. Moreover, there were no mental fatigue effects for division, age, playing
experience, or position. On average, participants rated mental fatigue from speaking with the media

at just 19 AU (0 — never, 100 - always).

Pre-match

Pre-match activity

In the two hours prior to kick-off, the most commonly cited activity was listening to music (77%). Many
players also noted communicating with friends or family (54%), discussing team tactics with
teammates or coaching staff (50%), and using social media (43%). Just under a third (29.94%)
completed psychological techniques, 27% completed superstitious rituals, 26% watched videos, and

21% played card games.

Caffeine consumption

A majority (71.9%) of the sample indicated that they consumed caffeine before a match. This was
significantly related to age (p < g, V = .36) and playing experience (p < g, V = .32). Indeed, > 90% of
those aged over 25 consumed caffeine before a match, while 69.6% of 21-25 and only 45.5% 16-20

year old players used caffeinated products.

Team talk

On average, players indicated that they received a team talk approximately 18 minutes before a
match. This was not significantly affected by division (F(3,116) = 1.55, p =.21). However, the length of
the team talk was significantly (F(3/116) = 5.02, p < .01) shorter in the Championship than in League
Two (Mt = -2.30, p < g, 95% Cl =-3.79, -.81) and in the National League (Muir =-3.01, p < g, 95% Cl =

-4.83, -1.19). Players rated mental fatigue from listening to a pre-match team talk at just 11 AU (0 —
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never, 100 - always). There was no significant correlation between the length of time before kick-off

a team talk took place and the perceived mental fatigue from the team talk (r = .05, p = .58, 95% Cl =

-.13, .29).

Match-play

We reflectively explored perceptions of mental fatigue immediately prior to, during, and after a match

with a series of questions requiring a response from 0 to 100 AU (0 — never, 100 - always), as presented

in Table 2. There was a statistically significant effect for time (F(2.62, 387.75) = 49.50, p < 0.001), as

mental fatigue increased significantly (all p < g) at each time point until full-time, before declining 24-

hours post-match. However, there were no statistically significant interaction effects with division or

age and time.

Table 2.

Descriptive statistics (meantSD) for perceptions of mental fatigue immediately prior to, during, and

after a match by division (0 - 100 AU, scale: never - always).

Championship  League One League Two I\Il-aeglggzl
(n=49) (n=37) (n=50) (n=31) (n

Mental fatigue 5 minutes

before kick off 22.6(22.3) 22.7(245)  19.36(20.8)  17.4(18.5) go.

Mental fatigue at half-time 30(18) 30(18.9) 29.6 (20.2) 32 (16)

Mental fatigue at full-time 55.3 (25.7) 51.7 (23.5) 57 (26.6) 57.5(15.9) 30.

Mental fatigue 24 hours aftera /) <508y 49.7(24.1)  42.1(26.4) 48.6 (25) 2>

match 44

Negative impact of mental 40.5(27.2)  47.5(23.90) 37.6(26.6)  41.7(25.2) 8

fatigue on match

Top class opposition more 30 (21.8) 42.3(22.3) 42 (30.1) 48 (27.4) 4

mentally fatiguing .
39.
7

Fixture congestion
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Table 3 displays questions pertained to the influence of fixture congestion on mental fatigue. Despite
only a moderate perceived cognitive demand of congested match-play (39123 AU) and frequent travel
demands (42421 AU), players supported a winter break (70+28 AU). Following FDR corrections, there
were no effects for division, playing experience, or position. However, there were some age-related
effects. Specifically, players aged 16-20 reported the match scheduling as significantly (F(4,162) = 4.29,
p < .01) less mentally fatiguing than players aged 21-25 (Muitr = -12.67, p < q, 95% Cl = -21.71, -3.64, d
=.54), 26-30 (Muirr = -15.19, p < g, 95% Cl =-26.19, -4.19, d = .78), and 31-35 (Muairt = -25.05, p < q, 95%
Cl = -37.61, -12.50, d = 1.28). Further, there was a significant decline in match enthusiasm with age
(F(4,162)=3.42, p =.01). Following corrections for FDR (p < g), the only statistically significant finding
in this category was the difference (d = 1.05) in enthusiasm between 16-20 year old participants (73

AU) and participants aged 31-35 (45 AU).

Table 3.

Descriptive statistics (mean +SD) for total responses to questions pertaining to fixture congestion (0
—100 AU, strongly disagree — strongly agree)

Mean + SD
“The regular travel commitments are mentally fatiguing” 42421
“The frequent match scheduling is mentally fatiguing” 39423
“I enter each match with the same enthusiasm” 61+29
“I sometimes become bored of frequently playing football matches” 21425
“A winter break is beneficial for maintaining performance levels 70428

throughout the whole season”
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Discussion

The present study aimed to identify the real-life cognitive demands experienced by professional
football players (travel, team meetings, media), pre-match activity (player activity, team talks), as well
as the prevalence of mental fatigue throughout match-play, post-match and during congested fixture
periods. The results showed that tasks performed by professional soccer players (both pre-match and
during a regular training week) do not elicit the cognitive engagement/complexity to the same extent
demonstrated (predominantly via the modified Stroop task) in previous literature [13-18]. These
findings show that players do not enter matches with high levels of mental fatigued. Moreover,
subjective mental fatigue increases at the end of match-play and remains elevated 24-hours post-
match. The travel demands associated with fixture congestion also appear to elicit mental fatigue for
some players, and most professional players support the idea of a winter break. Overall, these findings
suggest that the prevalence of mental fatigue in soccer has been overestimated in previous literature

[9].

A primary aim of the current study was to establish the tasks completed by players in the lead up to a
match. In the two hour period before kick-off, music and communication with teammates/staff were
the most common pastimes, which did not induce subjective mental fatigue. Music has been shown
to increase arousal, facilitate task-relevant imagery and improve motor task performance in sport-
specific physical and cognitive activities [23-24]. Further research [25] demonstrated that compared
to a control condition (i.e. quiet room), music played in a warm-up period prior to physical activity
(resistance training) reduces post-activity rating of perceived exertion (RPE) and cardiovascular
responses (heart rate and blood pressure). Caffeine consumption pre-match was also prevalent
amongst the current sample, which has been shown to enhance cognitive function and soccer-specific
(Loughborough Soccer Passing Test) performance [26], plus reduce perceptions of mental fatigue [27].
Indeed, caution is advised with the interpretation of caffeine effectiveness, as chronic use can reduce

improvements in reaction time and visual vigilance [28]. Overall, real-life tasks performed by
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professional soccer players pre-match are not cognitively complex or challenge to negatively impact
on soccer-specific performance. These findings demonstrate that the current method of inducing
mental fatigue immediately before a performance task [13-18] does not accurately represent the
activities performed in a performance environment. Indeed, the aforementioned studies were
experimental models, and the current findings may lead to more accurate representations (i.e. choice

of mentally fatiguing task) of mental fatigue in soccer research.

Our study also showed that professional football players predominantly experience feelings of mental
fatigue at the end of match-play. Similar findings were reported in a study of an English Premier League
club, which reported an elevated perceived technical/cognitive exertion 15-30 min post-match, with
significantly greater ratings when playing against top 6 teams (when compared to bottom 6 teams)
[29]. Whilst the current study has demonstrated elevated subjective mental fatigue post-match, a
limitation of the survey was not further identifying time points (i.e 60 — 75-min, 76 — 90 min) in which
the onset of perceived mental fatigue occurred. However, it must be acknowledged that this is difficult

for respondents to accurately recall and quantify.

The immediate post-match perception of mental fatigue suggests that this feeling may have also been
experienced at the latter stages of a match. Previously research has demonstrated that the lowest
high intensity running values are evident in the final 15 min of a match [30], and the greatest number
of goals are scored in the final 15 min period [31]. Moreover, match-specific fatigue has been shown
to impair technical performance of elite Serie A players (Rampinini et al., 2008 [32] and short-passing
ability in young soccer players (Rampinini et al., 2009) [33]. Indeed, performance decrements could
be partly explained by mental fatigue, which when using non-sport-specific tasks in laboratory settings
has impaired attention [34], reaction times [10], plus the monitoring of performance and slower
adjustments in performance after errors [11]. To understand the onset of mental fatigue in soccer,

further research is required using soccer-specific mentally fatiguing tasks (i.e. 90-min match-play) and
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quick and simple to administer measures of mental fatigue (e.g. VAS) in regular time intervals (i.e.

during brief pre-determined pauses in a match).

A further aim of the survey was to investigate the cognitive demands experienced by players
throughout a typical in-season week to identify risk factors for mental fatigue. A low prevalence of
mental fatigue was evident for players exposed to media demands and team meetings, as well as the
frequent journeys to training sessions. These findings are explained by their brief duration (media
commitment — 14 minutes; team meeting - 26 minutes; journey to training — 38 minutes) in relation
to previous research which induced mental fatigue via prolonged listening and driving. In a prolonged
listening study, exposure to a 50 min auditory choice task (i.e. responding to audible cues using a
keypad) resulted in a significant increase in mental fatigue and significant decreases in arousal,
motivation and response time/accuracy measures [35]. Similarly, despite previous research detailing
the impact of 90 — 120-min driving protocols on subjective and objective mental fatigue [36-37], the
lower journey duration (38-min) and low perceived feeling of mental fatigue (23 AU) demonstrates
this duration of travel does not generally induce mental fatigue. A car journey to training sessions may
also be accompanied by music, which can have a positive impact on arousal and driving performance
[38]. Therefore, everyday cognitive tasks performed by professional soccer players are acute in nature,
performed frequently in a weekly routine and do not meet the duration or complexity to elicit mental

fatigue.

Overall, the present study has revealed lifestyle and soccer-specific tasks completed by professional
players and prevalence of mental fatigue resulting from travel, training and match-play. These findings
provide alternative tasks with greater ecologically validity to induce mental fatigue in future research,
thus replacing non-soccer-specific tasks used in previous experimental models [13-18]. Further work
is also required to determine the time-point in which mental fatigue should be induced in research
studies, as professional players surveyed in the current study report that they do not enter matches

in a mentally fatigued state. As mental fatigue is not reported in the pre-match or half-time period in
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the current study, mental fatigue in soccer-specific contexts (i.e. match-play) could be induced in the
middle or later phases of a future study’s performance task to match the subjective demands of
professional players from the current study. A limitation of the current study was the survey focussing
primarily on acute mental fatigue, meaning chronic mental fatigue definitions necessitates future
research. The impact of season-long campaigns, international call-ups and accumulative training and
travel loads are just a few real-life scenarios which may elicit mental fatigue. Moreover, other
professional demographics such as academy and female players must also be considered in future
work. Indeed, academy and female settings are typically accompanied by other cognitive demands
(i.e. combining full-time soccer with education/work commitments) which are not typically

experienced by professional male players.

Conclusion

The present study sought to investigate common lifestyle and soccer-specific tasks amongst English
Football League and National League players with relation to perceptions of mental fatigue. Feelings
of mental fatigue were reported to be prevalent at the end of a match, and remained elevated 24-
hours post-match. Overall it was found that many cognitive tasks (i.e. pre-match and training days)
are performed routinely in short periods, with little perceived presence of mental fatigue. This is likely
due to the complexity and duration of the tasks, which are significantly lower than tasks that have
been used in experimental mental fatigue research. Despite the current findings, individual
differences are likely evident between players and stages of the season, and practitioners are advised
to monitor this fluctuation using such protocols as including mental fatigue in wellness questionnaires
or via regular communication with players. Future research is also required to address additional

factors relevant to soccer in different playing demographics.
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7 — WHAT ARE THE REAL-LIFE CAUSATIONS OF MENTAL FATIGUE IN ELITE
ACADEMY FOOTBALL?

7.1 — Rationale

Chapter 6 revealed a minimal prevalence of mental fatigue in elite senior male football when
completing frequent and short duration tasks that were both football- and non-football specific.
Whilst these findings are novel and provide practical applications to elite settings, other demographics
in elite football may also be prone to mental fatigue. For instance, academy players likely face greater
cognitive exposure than senior elite players as they must balance the demands of football with full
time educational commitments. Indeed, playing experience and standard may also impact on
susceptibility to mental fatigue, as shown in the differences in performance decrement in elite and
recreational cyclists by Martin et al., (2015) when exposed to a mentally fatiguing task. Therefore, the
aim of the following study was to investigate the cognitive demands experienced by elite English
academy age players (U14 — U23) and subsequent perception of mental fatigue and performance.

7.2 - Understanding the presence of mental fatigue in English academy soccer players.
This section contains the following published manuscript:
Understanding the presence of mental fatigue in English academy soccer players.

The citations and references contained herein apply to this manuscript only and are formatted to
the requirements of Journal of Sports Sciences. The citations relate to the reference list within this
section only and not to the reference list included at the end of this thesis.
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Abstract

Research has demonstrated that induced mental fatigue impairs soccer-specific technical, tactical
and physical performance in soccer players. The findings are limited by the lack of elite players and
low ecological validity of the tasks used to induce mental fatigue, which do not resemble the
cognitive demands of soccer. The current study collected survey data from English academy soccer
players (n = 256; age groups - U14 — U23), with questions comprising of five themes (descriptors of
physical and mental fatigue, travel, education, match-play and fixture congestion). The survey
consisted of multiple choice responses, checkboxes and blinded/unblinded (for duration based
questions) 0-100 arbitrary unit (AU) slider scales. Listening to music (81.6% of players), using social
media (58.3%) and watching videos (34.3%) were the most common pre-match activities. Pre-match
subjective mental fatigue was low (18.7+£18.8 AU), and most frequently reported at the end of a
match (47126 AU) and remained elevated 24-hours post-match (36127 AU). Travel (29124 AU),
fixture congestion (44425 AU) and education (30+26 AU) demonstrated a low to moderate presence
of subjective mental fatigue. These findings provide an overview of activities performed by English
academy soccer players pre-match, and demonstrate that mental fatigue is experienced as a result

of match-play.
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Introduction

In elite academy soccer, physical loading (e.g. total running distance, high intensity running
distances, number of sprints) placed on players during match-play incurs physical fatigue [1, 2].
Research investigating fatigue in soccer has predominately been measured from a neuromuscular
and metabolic standpoint [3], although a further emerging topic is the role of mental fatigue [4].
Indeed, players frequently make quick and accurate decisions with reference to ball location and the
actions of team-mates and opposing players, whilst influenced by physical, technical and tactical
factors [5]. These processes require prolonged vigilance, decision making, constantly receiving and
processing information, which have been theorised to contribute to mental fatigue during match-
play [6]. Subsequent literature [7] proposed that non-soccer-specific factors (travel, screen exposure
and lifestyle stressors) provide an increased risk of mental fatigue. However, the presence and
impact of mental fatigue in soccer remains unknown for several reasons; 1) a lack of research in the
area, 2) a lack of elite players recruited in the literature and 3) the low ecological validity of the tasks

used to induce mental fatigue.

In the six original investigative articles assessing the impact of mental fatigue on physical, technical
and tactical soccer performance (for a review, please consult Smith et al. 2018 [8]), participants were
either recreational or sub-elite youth soccer players, which questions the presence of mental fatigue
in highly skilled players. Previous research has demonstrated a difference in resilience to mental
fatigue between competitive level. Following a 30-min incongruent Stroop task, elite cyclists
displayed greater performance preservation in a 20-min cycling time trial test compared to
recreational cyclists [9]. It is therefore possible that highly skilled soccer players are less prone to
subjective mental fatigue than lower-skilled counterparts, although this remains unknown.
Moreover, the cognitive tasks used to induce mental fatigue in soccer research have been
guestioned due to low ecological validity [7, 10]. To induce mental fatigue prior to a soccer-specific

performance test, participants completed a 30-min computer or paper based version of the modified
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Stroop task [11-15] or a 20-min whole-body motor coordination task (completing agility ladders
whilst juggling a tennis ball) requiring motor coordination, sustained attention, cognitive processing
and perceptual skills [16]. Although this research has identified the negative effects of mental
fatigue on performance, such generic non-specific tasks fail to reflect the cognitive demands of
soccer-specific actions, which consist of greater task complexity and variability under pressure. More
specifically, the low contextual interference of the modified Stroop task (i.e. repetitive activity) does
not represent the high contextual inference (i.e. unpredictable activity with greater variation in task
demand) of soccer [7]. As recently stated by Carling et al [10], it is therefore essential to determine
the extent to which mental fatigue occurs in soccer players by developing mentally fatiguing tasks

with high ecological validity.

Understanding the real-life cognitive activities performed by highly skilled soccer players and the
subjective presence of mental fatigue can aid future research by developing mentally fatiguing
protocols with greater ecological validity. This information will also allow practitioners to identify
interventions to reduce the impact of mental fatigue on performance. Access to elite soccer
environments for research purposes can be challenging due to time, identity exposure and
equipment concerns, meaning a more simplistic anonymous approach must be considered.
However, the use of online surveys was recently advocated [17] to bridge the gap between research
and practice in sport science. Indeed, surveys are quick and easy to administer and can reach a large
cohort with anonymity. Therefore, the purpose of this study is to implement an online survey for
English academy soccer players which investigates the real-life cognitive activity exposure, and
presence of subjective mental fatigue in soccer-specific (i.e. match-play), education, travel and

lifestyle scenarios.
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Methodology

Participants

The sample consisted of youth soccer players (n = 256) representing Category 1 & 2 (the two highest
tiers of English academy soccer) teams in England. The players varied in age (U14 — 38 (14.8%); U15 -
15 (5.9%); U16 — 46 (18%); U17 — 15 (5.9%); U18 — 94 (36.7%); U19 — 14 (5.5%); U20 -1 (0.4%); U21 —
1(0.4%); U23 —32 (12.5%)), position (goalkeeper = 31 (12.1%); full back = 44 (17.2%) central defender
=51 (19.9%); central midfielder = 63 (24.6%); winger = 39 (15.2%); striker = 28 (10.9%)) and period of
time contracted to a professional academy system (0 — 3 years = 90 (35.2%); 4 — 6 years = 65 (25.4%);
7 — 9 years = 73 (28.5%); 10 years or more = 28 (10.9%)). Ethical approval was obtained by the host

institution under the Declaration of Helsinki.

Procedure

An invitation email was sent to practitioners connected to academy clubs in the English Premier
League (n = 20) and Football League (n = 72). Recipients were informed that the survey was
investigating the perceived presence of mental fatigue in academy soccer, would take no longer than
10-min to complete, and could be conducted on a laptop, a tablet device or mobile phone.
Subsequent reminder emails were sent to practitioners if there was no response to the initial

contact after 28 days.

Survey design

An initial survey containing 32 items was created using an online platform (Survey Monkey,
California, USA). The initial survey was piloted with 19 elite and 64 regional academy soccer players.
Verbal and written feedback was obtained from respondents based on the clarity and relevance of
the questions used. Based on this feedback and further discussions with the research team, a revised
29 item survey consisting of five sections was created. Section 1 (“Participant information and

perceptions of mental and physical fatigue” - 5 items) collected baseline information related to age
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category, playing experience and playing position. This section also contained two opinion-based
questions which asked players to select from a list of words (e.g. “a difficulty in maintaining
performance levels”, “reduced reaction times”, “reduced motivation”) which they would associate
with the terms “physical fatigue” and “mental fatigue”. In Section 2 (“Travel” - 4 items), the
modality, frequency and duration of journeys to training were queried, along with the perceived
presence of mental fatigue from the journeys. The education commitments and perceived influence
of education on soccer commitments were explored in Section 3 (“Education” - 4 items), whilst
Section 4 (“Pre-match activity and match-play” - 12 items) examined activity profiles of players in the
final two hours prior to kick off and perceived subjective mental fatigue of travelling to away
matches, pre-match team talks and match-play. Section 5 (“Fixture congestion” - 4 items)
investigated the frequency of academy match-play and the perceived cognitive demand of playing in
congested schedules. The survey consisted of multiple choice responses, checkboxes to select more
than one answer where appropriate, blinded (for opinion based questions) and unblinded (for

duration based questions) 0-100 arbitrary unit (0-100) slider scales and empty text boxes to provide

the opportunity for respondents to provide further information if required.

Statistical analysis

Survey data were initially screened for missing data and outliers. Univariate skewness and kurtosis
were also examined. Each section of the survey was then analysed sequentially. Firstly, words used
to describe physical and mental fatigue in section 1 (Participant information and perceptions of
mental and physical fatigue) were explored relative to demographic information using chi-square.
This section also included both nominal and scale variables. Nominal variables were assessed
relative to demographic information examining chi-square. Scale variables from section 2 (Travel)
were examined using a one-way ANOVA with planned pairwise comparisons for position, age,
playing experience, and division. In section 3 (Education), ordinal variables were examined using a
Kruskal-Wallis test, while scale variables were subjected to a similar one-way ANOVA as described
above. Section 4 (Pre-match activity and match-play) contained nominal and scale variables.
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Nominal variables were assessed using chi-square, while scale variables were examined using a one-
way ANOVA. As section 5 (Fixture congestion) contained only scale variables, ANOVAs with planned

pairwise comparisons were conducted.

In total, there were significant multiple comparisons and therefore it was necessary to correct for
these to reduce the likelihood of a type one error. To correct for this, we calculated the False
Discovery Rate (FDR) recommended by Benjamini and Hochberg [18]. This method requires the
calculation of a g value that must be greater than p to not be deemed a false discovery. All analyses
were subjected to 2000 bootstrapped samples and the null hypothesis was rejected if and only if p <
g and, for scale variables, the 95% confidence interval did not contain zero. Effect sizes were
interpreted using Ferguson’s recommendations for minimum practical effect [19]. Specifically,
strength of association (e.g., Cramer’s V for chi-square) indices were practically significant when V 2
.20 and group differences (e.g., Cohen’s d for pairwise comparisons) were considered to be of

practically significant when d = .41.

Results

Descriptions of physical and mental fatigue

There were clear distinctions in how participants described perceptions of physical fatigue and
mental fatigue. The most prominent descriptors of physical fatigue were “Exhausted” (72%),
“Reduced energy levels” (62.7%), and “Sluggish” (55.2%). For mental fatigue, the most common
descriptors were “A difficulty in maintaining concentration” (55%), “Reduced motivation” (43.5%),
and “Difficulty in reacting to mistakes” (37.3%). Chi-square (x?) associations in Table 1 represent the
extent to which individuals identify the descriptor as being only related to physical fatigue or mental
fatigue. Overall, physical fatigue was largely associated with energy, while mental fatigue was

associated with cognition.
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Physical

Descriptor (%) Mental (%) Va p Cramer’s V
“Difficulty in reacting to mistakes” 18.5 37.3 .59 444 .05
“Reduced motivation” 21 43.5 3.45 .063 A1
“Tense” 13.3 16.2 1.09 .296 .06
“Exhausted” 72 30.3 3.12 .078 A1
“Angry” 10.3 30.7 12.11 .001* 21
“A difficulty in maintaining concentration” 25.1 55 12.62 <.001* .22
“Reduced reaction times” 32.8 34.7 3.75 .053 12
“Feeling sleepy/drowsy” 38 32.8 16.35 <.001* .25
“Reduced arousal” 6.3 15.5 9.13 .003* .18
“On edge” 5.2 18.1 15.21 <.001* .24
“Sluggish” 55.4 21.8 .90 .32 .06
“Pain soreness” 51.3 5.2 .01 921 .01
“Reduced energy levels” 62.7 21.4 .62 423 .05
“Confusion” 6.6 325 10.28 .001* .20
“Weak” 39.1 14 13.21 <.001* .22
“Panicky” 3.3 25.1 13.75 <.001* .23
“A difficulty in maintaining performance levels” 32.1 21.4 15.42 <.001* .24
*p<q
Table 1.

Physical fatigue and mental fatigue descriptors indicated by participants with chi-square values.

Travel

86% of participants travelled to training by car, primarily as a passenger (59%). While only 22
participants (8.8%) noted that they used public transport to travel to training; they all represented
the U15 & U19 squads. This contributed to a significant age group effect on mode of travel (x> =
194.15, p < .001, V = .35). Unsurprisingly, a significant variation in the frequency of training sessions
for different age groups was found (F(8,259) = 43.65, p < g). As illustrated in Figure 1, U20 to U23
players trained at least five times per week. Three training sessions per week was most common for

U14 to U16 players.
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Self-report frequency of training per week by age group.
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The average length of the journey to training was 32.1£18.7-min. Participants rated the subjective
mental fatigue related to their average journey to training at 29+25 AU (0 — never, 100 - always).
This was not significantly impacted by age group (F(8,262) = 1.66, p = .11). The correlation between

journey length and journey fatigue was small to moderate (r =.36, 95% Cl = .35, .46, p < .001).

Education

All U17 players were in full-time education, and all but two of the 98 U18s were also in education.
However, of those in the U19 and U23 age groups, only 36.5% were currently in education. Less than
1in 10 (7.7%) of participants from age groups U19 and upwards were in higher education. As
education is compulsory up to 16, days in education were close to 5 per week for such groups. This
was substantively fewer however for U17 (Mhours per week = 8.63), U18 (Mhours per week = 9.1£3.1), U19
(Mhours per week = 624.7), and U23 players (Mhours per week = 5.1%4.3). There was a low positive correlation
between hours in education and the mental aspects of education (i.e. classroom lessons,
coursework, exam preparation) having a perceived negative impact on soccer-specific performance
(r=.27,p <.001, 95% Cl = .15, .39). A similar association existed between hours in education and
physical aspects of education (i.e. physical education and extracurricular sport) having a perceived
negative impact on soccer-specific performance (r = .24, p <.001, 95% Cl = .11, .36). However, the
negative perceived impacts were largely contained to U14 players (Mmental = 494£33 AU, all other ages
M < 33 AU; Mphysical = 40428 AU, all other ages M < 21 AU). Overall, there was a clear trend that the
mental aspects of education had a greater negative effect on performance than physical aspects

(Mdiff = 8.9, t(230) = 5.05, p < .001).

Pre-match activity

Listening to music was the most commonly cited activity players engaged in during the final two

hours prior to kick-off on a match day (81.6%). Over half (58.3%) reported using social media in this
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time. Around one-third (34.3%) of participants indicated that they watched videos, 21.4% slept,
12.6% prayed, 12.2% played mobile app games, 8.5% played video games, 7% played card

games/puzzles, and 2.2% of players reported reading before games.

Travelling to away matches

Three modes of transport for away matches were identified by participants; travelling on a team bus
(67.9%), passenger in a car (29.4%), and driving (2.7%). There was a significant effect for age (x* =
53.72, p <.001, V = .45), as younger participants were more reliant upon being driven to away
matches. For age groups U19 and above, travel was almost exclusively on the team bus. The majority
(79.1%) of participants indicated that they reached the match location between 1-2 hours prior to
kick-off. Overall, the journey to an away match (Q18 - "The journey to an away match is mentally
fatiguing") was considered somewhat mentally fatiguing (39124 AU; 0 — never, 100 - always). The
age group affected most by travel was the U14s (45131 AU). Overall, there was a moderately strong
positive correlation between the perception of how fatiguing the journey was and that the journey

had a negative impact on performance (r = .64, p <.001, 95% Cl = .56, .71).

Match-play

Perceptions of mental fatigue on match day are presented in Table 2. The average length of a pre-
match team talk was 10+4.8-min and occurred, on average, 32+17.3-min prior to kick off. Listening
to a team-talk had a low perceived subjective impact on mental fatigue (11118 AU). Five minutes
prior to kick off, subjective mental fatigue was greater, though still not substantial (19+19 AU).
Subjective mental fatigue at half-time was greater still (32420 AU), but peaked immediately after the
match (47426 AU). This was affected by age (F(6,249) = 4.21, p < q), where it was significantly higher

in the U19s than the U15s and U16s, and significantly higher in the U18s than in the U16s. Subjective
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perceptions of mental fatigue reduced only moderately 24 hours post-match (36127 AU), and was

unaffected by age group.

Mental fatigue Under 14s Under 15s Under 16s Under Under18s  Under19s  Under 23s

indicator (n=38) (n=15) (n=48) 17s (n=96) (n=15) (n=36)
(n=15)

Journey to away 49428 31121 32+20° 36120 38+25 3713 43120

match

From team talk 30+32 6+7° 5+8° 5+82 9+142 662 8+10°

5-min before kick- 28126 9+132 15+17° 12116 2019 14+10 20116

off

At half-time 33125 17t16 27120 38+18 32419 35116 38+15°

Immediately after 43429 31+25 37+27 55+25 53+25¢ 61+27b¢ 51+20

match

24 hours after 37435 31+23 29+25 30122 36126 44+29 43427

match

Table 2. Mean and SD (0-100 AU) of mental fatigue indicators on match day by age group.

aStatistically significantly different (p < q) from under 14s, bunder 15s, ‘under 16s.

Match congestion

36.2% of participants played soccer in addition to their academy club commitments. This was

significantly affected by age group (¥? = 70.99, p < .001, V =.51). The proportion who played away

from the academy by age was 48.7% (U14s), 73.33% (U15s), 76% (U16s), 12.5% (U17s), 16.2%
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(U18s), 20% (U19s), and 24.3% (U23s). Age groups up to and including U16s were typically also
involved in school soccer (66.4%). Participation in other additional soccer activities was minimal.
Three players indicated that they played Sunday League soccer (1.1%), four (1.5%) played 5-a-side,

nine (3.3%) played county soccer, and nine (3.3%) played internationally.

On average, participants played 1.5+0.8 matches per week. This varied significantly by age group
(F(6,249) = 2.57, p < q). While there was a general trend that the younger participants played more
frequently, post-hoc analyses corrected for multiple corrections did not specify any statistically
significant comparisons. The frequency of matches was not related to responses for the item “It is
mentally fatiguing to frequently play in competitive soccer matches” (r =-.00, p =.99, 95% Cl = -.12,
.12). The response to this item was 44+25 AU on the 0-100 scale (0 — strongly disagree, 100 —
strongly agree) and was not significantly affected by age group (F(6,249) = 1.70, p > q). The
frequency of competitive matches was also not significantly related to perceptions of boredom (r =
.06, p =.35,95% ClI =-.07, .18). In response to the item “I become bored of frequently playing
competitive soccer matches”, players typically scored this very low (i.e., strongly disagree; 11+17
AU). This did depend somewhat on age group (F(6,249) = 3.16, p < qg), as U14s players scored
statistically significantly higher than those in the U18s age group (Muiff = 13.45, SE = 3.18, p < g, 95%
Cl =3.69, 23.21). Indeed, the U14s scored higher on perceived boredom than all groups, though
these were not statistically significant after correcting for multiple comparisons. There was a small
positive relationship between mental fatigue from frequency of competitive matches and boredom

(r=.23,p<.001,95% Cl = .11, .34).

Discussion

The present study aimed to identify the real-life cognitive demands experienced by English academy
soccer players in non-soccer specific activities (travel, education), pre-match activities (player activity,

team talks), and the presence of mental fatigue throughout match-play, post-match and during
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congested fixture periods. The results showed that tasks performed by English academy soccer players
(both pre-match and during a regular training week) do not elicit the cognitive
engagement/complexity demonstrated (predominantly via the modified Stroop task) in previous
literature [11-16]. These findings determine that players do not enter matches mentally fatigued, but
subjective perceptions of mental fatigue increase throughout match-play and remains elevated 24-
hours post-match. Other factors (travel, education, intake of tactical information) generally did not
incur subjective mental fatigue. Whilst the current findings demonstrate that the presence of mental
fatigue in soccer has been overestimated in previous literature [6], differences are likely to occur in

other elite settings (i.e. adult elite players), who face different commitments and pressures to win.

The first section of the survey determined the association English academy soccer players made with
the terms “physical fatigue” and “mental fatigue”. Indeed, mental fatigue is a novel and complex
phenomenon, and participants may be unable to accurately define the meaning of the term [7]. In
the current study, players selected phrases (“a difficulty in maintaining concentration”, “reduced
motivation”, and “difficulty in reacting to mistakes”) which resonated with the impact of induced
mental fatigue reported in the literature. More specifically, mental fatigue impairs attention [20],
reaction times [21], performance monitoring and slower adjustments in performance after errors
[22]. In recent research [23], focus groups with 32 athletes and coaches in professional sport
identified several descriptors of mental fatigue (disengagement, decreased motivation and
enthusiasm, increased displays of emotion and withdrawal, changes in concentration, decreased
discipline and attention to detail) similar to the findings of the current study. These findings show
that athletes can distinguish between physical fatigue and mental fatigue, demonstrating a
competency in the understanding of mental fatigue. The ability for players to define mental fatigue

could aid practitioners in detecting fluctuations in mental fatigue and identifying interventions to

reduce its impact.

105



One of the other main objectives of the current study was to establish common activities performed
in the two hour period of preparation before a match. Understanding this time window is important
due to the present use of tasks with low ecological validity to induce mental fatigue in soccer
research [7]. The results showed that screen-based activities (using social media, watching videos
(e.g. YouTube/Netflix), playing mobile app games and playing video games) were prevalent before a
match. Previous research investigating screen based activities have provided contrasting results.
Firstly, a 30-min smartphone puzzle application (“Brain it on”) impaired Yo-Yo Intermittent Recovery
Test level 1 and Loughborough Soccer Passing Test performance in academy soccer players
(compared to a resting control group) [24]. Whilst an improvement in ecological validity compared
to previous research, the nature of the task (complex puzzles) likely provides a greater cognitive
demand than the more prevalent use of social media, videos and games in the current cohort.
Conversely, in a university student population, mental fatigue (measured by pre to post change in
mathematical task performance) was unaffected by video game participation (FIFA 15, Electronic
Arts) [25]. This study was limited by a failure to include a control group or report the number of
games played/duration of games. Along with screen based activities, listening to music proved to be
a popular choice of activity pre-match. Music has proven effective in increasing motor task
performance, emotional regulation and arousal for sport-specific physical and cognitive activities
[26-27]. Based on the low perceived subjective feeling of mental fatigue 5-min before kick-off, music
likely has a positive impact on arousal and motivation, and despite the prevalent use of screen time
activity, it did not provide a cognitive demand great enough to induce mental fatigue. Contrary to
previous research which induced mental fatigue before a soccer-specific activity [11-16] the pre-
match time period does not appear to be a prevalent time-point for the occurrence of mental

fatigue in English academy soccer players.
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Following the limited presence of subjective mental fatigue following pre-match activity, it is
necessary to discuss other time periods which may induce mental fatigue. English academy soccer
players in the current study are exposed to frequent travel commitments (i.e. travel to training and
matches) and intake of tactical information (i.e. team talks) from coaching staff. However, these
activities were not perceived to induce mental fatigue. This may be explained by their duration (10-
min) and complexity of information received. Previous literature [28] has demonstrated that
prolonged auditory processing (50-min auditory processing task) impaired cognitive task
performance, decreased arousal and motivation, and increased mental fatigue. Exposure to
cognitively demanding speech-picture verification tasks of contrasting difficulty levels in different
signal-to-noise ratios (SNRs) has also been shown to increase pupil diameter, denoting a reduction in
physiological arousal [29]. However in real-life soccer scenarios, a pre-match team talk likely
contains a summary of themes previously discussed and prepared for in training, providing little
novel complex information and therefore minimal cognitive demand. A low perceived presence of
mental fatigue from travel to training may be explained by a shorter mean duration of travel time
(32-min) compared to previous studies (90-120-min) which have demonstrated mental fatigue
through monotonous simulated road travel [30-31]. Travel duration to away matches proved difficult
to implement in the pilot survey due to such a high variation in journeys throughout a season and
difficulty in recalling the information, meaning it was removed from the final survey. Therefore
despite a minimal presence of mental fatigue when travelling to away matches, this perception is
likely open to fluctuation based on the location of the club and frequency of long travel durations.
Future research could monitor travel fatigue experienced on long monotonous coach journeys to

understand the impact of varying travel distances.

The current study also demonstrated a minimal impact of fixture congestion on perceived mental

fatigue. This is the first known study to investigate this, as previous fixture congestion research has
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focused on physical performance decrements [32-35]. These findings may be explained by the lack
of exposure to congested fixture periods (mean number of games per week = 1.5+0.8). The low
prevalence of congested periods at academy level may provide a difficulty in players providing an
educated and experienced response to such questions, in comparison to senior elite players who can
be exposed to more than sixty games per season [36]. Education commitments (physical and mental)
were also shown to have minimal perceived impact on soccer-specific performance. Combining
education and sport can be challenging, as shown by research which cited schedule clashes and
fatigue as limiting factors to sporting performance [37] and a perceived cause of mental fatigue [23].
The contrast in findings can be explained for several reasons. Firstly, elite academy soccer players
may be given a clear distinction between time committed to soccer and education, with special
dispensation for exam and coursework deadlines based on soccer commitments, therefore
minimising the stress of education. Conversely, the current survey may have lacked enough depth in
guestioning to elucidate the impact of education on performance. The timing of questioning can also
have an impact on response. The survey was completed between July — December, a time
traditionally free of exams and demanding coursework deadlines in the UK. It is recommended that
future research frequently administers a survey throughout a season to understand fluctuations in

responses.

Conclusion

This study provides novel findings which demonstrates English academy soccer players’
understanding of mental fatigue and perceptions of mental fatigue when exposed to tasks cited as
potentially detrimental to performance in previous work (Thompson et al. 2018; Coutts, 2016). The
results show that mental fatigue is not prevalent at pre-match, nor in several other soccer-specific
scenarios, but is subjectively present post-match and 24-hours post-match. These findings provide a

reference point for subsequent research which incorporates ecologically valid protocols in mental
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fatigue studies. Such studies could include the impact of relevant screen time exposure (social
media/watching videos) on soccer-specific performance, or the impact of music on the alleviation of
mental fatigue. Travel is potentially more problematic for players based on team location, and future
surveys could factor for this by splitting cohorts into geographical regions of the country.
Additionally, the timing of future surveys must also be considered. Indeed, certain themes in the
survey are likely to fluctuate in the season, such as the impact of education on soccer-specific
performance (during exam periods) or fixture congestion (during a tournament phase), and future
survey designs must be conducted frequently with comparisons made to early, mid and late phases

of the season.
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8 — WHAT ARE THE REAL-LIFE CAUSATIONS OF MENTAL FATIGUE IN ELITE
FEMALE FOOTBALL?

8.1 — Rationale

Following chapter 6, chapter 7 provided revealed a low prevalence of mental fatigue in common
football specific activities, and also educational commitments in youth footballers. The football and
lifestyle specific tasks in question were typically frequent and short duration. Another elite
demographic potentially prone to mental fatigue is elite female players representing both domestic
and international teams. Indeed, international football alone is conversely associated with
infrequent gatherings and longer duration tasks, such as greater travel demands. Further potential
stressors include a condensed period of tactical preparation, fixture congestion and internal and
external pressures to succeed. An additional challenge in a female demographic is balancing
international commitments not only with domestic football scheduling, but often with education
and/or employment commitments. The aim of the following study was to use focus groups to
understand the psychological demands (driven by anecdotal and research-based claims) experienced
in elite female football.

8.2 - Understanding the presence of mental fatigue in elite female football

The following section contains the following manuscript under review with Qualitative Research in
Sport, Exercise and Health:

Understanding the presence of mental fatigue in elite female football.

The citations and references contained herein apply to this manuscript only and are formatted to
the requirements of the International Qualitative Research in Sport, Exercise and Health. The
citations relate to the reference list within this section only and not to the reference list included at
the end of this thesis.
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Abstract

Previous research investigating the impact of induced mental fatigue on football (soccer)
performance has demonstrated associated performance decrements in physical, technical, tactical
and decision-making performance. A common limitation amongst these articles is the protocols used
to induce mental fatigue which provide low ecological validity, and the inclusion of recreational or
sub-elite players. Understanding the presence of mental fatigue in elite football can provide insight
into protocols with greater ecological validity. The current study used focus group interviews with 10
elite female football players, focusing on five topics (travel, fixture congestion, receiving tactical
information, pre-match routine and pressure to win) related to the perceived causes mental fatigue
in elite football (directed by anecdotal quotes in elite football and research-based theories). Several
themes emerged from the data; travel fatigue, inability to switch off from football, fatigue
experienced following team meetings, use of pre-match music and internal pressure to succeed.
These findings present practical recommendations to reduce mental fatigue in elite football settings,
and ecologically valid mentally fatiguing protocols for future research. Coaches are advised to
consider the timing, content and duration of team meetings, provide players with free time/rest
where possible, and consider modality of coaching instructions during matches.

Keywords

Female football, mental fatigue.
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Introduction

In elite female football (soccer), the physical demands of match-play (i.e. total distance run, volume
of high-intensity running, number of sprints) are well understood (Datson et al., 2017; Bradley et al.,
2010), however the mental demands remain unknown, and are limited to editorials, which are
considered a low level of evidence. Bauman (2016) theorises the monetary pressure, pressure to
perform, plus the influence of the multiple media outlets that are quick to glorify successful athletes
and critical to those who fail. Coutts (2016) has also speculated that mental fatigue is present in elite
football, but this has yet to be assessed empirically. Mental fatigue is a psychobiological state,
characterised by feelings of tiredness and a lack of energy, and is induced by prolonged periods of
demanding cognitive activity (Boksem, Meijman, and Lorist 2005, Lorist, Boksem, and Ridderinkhof
2005). Mental fatigue is suggested by Coutts (2016) to be experienced by elite football players from
pressures received from coaching staff, supporters, the media and club sponsors. Players are also
likely exposed to mental fatigue during matches, due to the requirement to remain vigilant and
adapt to opposition movements and to the match tactics of their own coach (Coutts 2016). Such
decisions must be made quickly and accurately under high levels of pressure in a dynamic
environment (Williams 2000). At present however, the evidence detailing the presence of mental
fatigue in elite female football is limited by the lack of female representation in the literature.

Only six original studies have examined the effect of mental fatigue on football-specific performance
(see Smith et al., 2018 for a review); all of which have been conducted using recreational or sub-elite
academy age male players. Three of these were laboratory investigations which reported impaired
football-specific skill performance (Loughborough Soccer Shooting Test and Loughborough Soccer
Passing Test) (Smith et al., 2017, Smith, Coutts et al., 2016) and visual search behaviour in a football-
specific decision making task (Smith, Zeuwts et al., 2016). In small-sided-games, mental fatigue has
had unclear effects on physical (distance covered per minute and the number of accelerations and
decelerations) performance (Coutinho et al., 2017), negative effects for technical (match
involvement, match possession, tackle success) performance (Badin et al., 2016), along with
reductions in tactical performance due to decreased team dispersion and movement
synchronisation (Coutinho et al., 2018). Indeed, these findings may not resemble the demands
experienced by elite female football players, who are under-represented in psychological research
(Gledhill, Harwood and Forsdyke, 2017). Bensing et al., (1999) describe a psychological framework
hypothesising a contrast in how males and females cope with physical symptoms, emotions and
stress, and that there may even be a difference in personality structure. Future research is required
to understand the psychological demands experienced in elite female football and its impact on
performance. Moreover, it is of interest to understand the real-life causations of mental fatigue, as
the current tasks used to induce mental fatigue provide little ecological validity in football-specific
settings (Thompson et al., 2018; Carling et al., 2018). The aforementioned studies have used either a
30-min modified Stroop task (Coutinho et al., 2018; Smith et al., 2017; Badin et al., 2016; Smith,
Coutts et al., 2016; Smith, Zeuwts et al., 2016b) or a 20-min whole-body coordination task (juggling a
tennis ball whilst completing agility ladders) (Coutinho et al., 2017) to induce mental fatigue. These
tasks do not resemble the real-life cognitive activities experienced by football players, and as stated
by Carling et al., (2018), it is important for future mental fatigue research to develop ecologically
valid protocols to induce mental fatigue in football-specific environments.
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Without an understanding of the real-life causations of mental fatigue in football, and no
representation of female players in the literature, the aim of the current study is to use focus groups
with elite female football players to explore the presence of mental fatigue and impact on
performance. Indeed, elite female football players must balance domestic (and potentially
international) training/match-play demands with full time/educational commitments, leaving less
time for a break in comparison to elite male counterparts (e.g. off-season, winter break, recovery
days in-season). It is expected that the findings from this study will guide practitioners in
understanding causations of mental fatigue and how to minimise its presence, as well as develop
mentally fatiguing protocols with greater ecological validity.

Methods

Participants

Ten elite female football players (age — 27.1 + 4.8 y) were recruited for the study. All players
represented the same international team (collective number of senior international appearances -
411), and were contracted to domestic clubs in England, Scotland and Northern Ireland. The players
were exposed to a full domestic season in their respective leagues (English Women’s Soccer League
— 18 matches; Scottish Women’s Premier League — 21 matches; Northern Ireland Premier League —
18 matches), as well as several call-ups to international fixtures per season, both in and out of the
domestic season period. Moreover, players all combined football with full-time education,
employment (part-time and full-time), or a combination of the two.

Procedures

Following university ethical approval, permission was obtained by the head coach of an international
female football team to recruit players from the squad to participate in the study. All players were
informed of the purpose and aims of the study and were provided a guarantee of confidentiality
throughout the process of conducting the focus groups.

Focus group procedure

Two focus groups (2 x 5 players) each lasting approximately sixty minutes were conducted to enable
players to engage in an open discussion and share their opinions in a comfortable environment
(Smith, Harré, and Van Langenhove 1995). As a guideline for the focus groups, a pre-prepared list of
guestions and phrases pertinent to the aims of the study was created. This approach was taken due
to previous research which has demonstrated or theorised the impact of football-related actions (i.e.
travel, prolonged listening, match-play, fixture congestion) on the presence of mental fatigue
(Thompson et al., 2018; Smith et al., 2018; Coutts, 2016; Moore et al., 2017). Moreover, a news
article related to the question was initially presented to the group before each question to facilitate
discussion and help depersonalise the question and potential responses. Each article contained a
guotation from a player, manager, practitioner or official related to their exposure to mental fatigue,
and players in the focus group were then asked to provide their opinion on the article and discuss
whether it related to their own experiences.

The focus groups consisted of an introductory phase and a list of five question topics with sub-
guestions. In the introductory phase, the lead researcher built a rapport with the group by speaking
about themes related to football, explaining the nature of the focus group and providing a
reassurance that any information gathered would remain confidential. The first topic explored the
118



group’s perception of travel demands (“How do you find having to travel frequently with your
teams? What, if any, mental demand does this have on you? Can you give me any examples?”).
Second, the relationship between fixture congestion and mental fatigue was examined (“I have here
an article from an international football manager who speaks about the risk of mental fatigue in the
lead up to tournaments, particularly from players playing in England without a winter break. What
do you think about this?”). Third, the group’s opinion about a magazine article which spoke of the
potential “analysis paralysis” of receiving high amounts of tactical information from coaches was
explored (“Do you have any experience of this? If so, can you describe what happened and how you
felt?”). The fourth topic focused on the players’ pre-match routine, beginning with an anecdotal
account from a high profile retired football player’s pre match routine, followed by the probing of
the group’s own routines (“What, if any, typical routines do you have on the day of a match before
kick-off? Why do you do this? How, if at all, does it make you feel mentally?”). The final topic was
examined using a quotation from a news article by a high profile football manager related to the
mental pressure associated with match outcome success (“I have here an article from a manager
who speaks about the huge pressure to win and how it may be more mentally — than physically —
difficult to win matches. How would you describe the pressure to win matches?). Throughout the
focus group, sub-questions from the pre-prepared script were used to collect further information if
required. Additional open-ended probes were also used if more detail was required from a
participant (e.g. “Why?”, “What makes you say that?”, “Could you expand on that last point
please?”) (Smith et al., 1995).

Data analysis

The recorded interviews were transcribed verbatim. The transcripts were then read several times by
the lead author to enhance familiarity with the data, which was subsequently analysed inductively
and thematically (Braun & Clarke, 2006). Following the thorough reading of the transcripts, initial
codes were generated. This phase involved the production of initial codes from the transcripts which
linked to a common theme or idea and refer to the most basic segment, or element, of the raw data
(Boyatzis, 1998). Next, similar codes (i.e. quotations/themes) were identified throughout the
transcripts, which were then sorted and extracted into groups to develop higher order themes.
These higher order themes were categorised into singular topics which formed the results of the
study. To ensure trustworthiness of the data and enhanced credibility of the data’s interpretation
(Smith, 2018), a relativist approach was adopted (Smith & McGannon, 2017). The lead author
frequently discussed the analysis and findings of the transcripts with members of the research team,
who acted as “devil’s advocate”, questioning the lead author on the method of analysis and the
themes generated from the transcripts. In order to enable naturalistic generalisability of the data,
contextual detail using direct quotations and interactions between the participants and the
researcher were presented to allow the reader to make connections to their own experiences
(Smith, 2018).
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Results

The following results have been broken down into five sections: travel fatigue, inability to switch off
from football, perception of team meetings, listening to music and internal pressure to succeed.
Names and locations have been removed where appropriate in the interest of anonymity.

Travel fatigue

Fatigue from travel was cited by several members of the squad, with greater perceptions of fatigue
dependent on travelling distance.

Participant 7 — | think that’s one of the main things, because over the season we’ll do most likes of
eight or nine away trips to London, pretty much, Brighton, so it is mentally demanding, but | think it’s
a lot worse if you’re not used to it.

Participant 8 — Yeah | think it’s like that with us, we’re in full time, so we’re in everyday, so we get
like one day off a week, but then like on a weekend so we played XXXXXX at the weekend and erm, so
we have been in all week, and then it comes to Saturday morning and we’re traipsing all the way up
to XXXXXX, and it’s just like, you know, you don’t get a break from it, so when it’s an away trip it can
be quite, mentally take over, just kinda feel like it’s consumed you almost and yeah you’re not getting
time to switch off, so when you come home on a Friday, you know you’ll sit down and have your
dinner but then you’re up again the next day and travelling and you’re away for the whole weekend.

Erm so sometimes you know just the luck of the draw if you have a long place to travel to it can be
quite mentally exhausting, yeah.

Travel had an additional effect on perceived training readiness and performance

Participant 2 — So we’ve had times where its took us that long to travel and by the time we get there,
the next day we’re training and stuff, so it is tough to recover from that......you know, yeah...

Participant 5 - | think we’re obviously fortunate that probably XXXXXX is a lot smaller than what
XXXXXX would be, and that the travel wouldn’t be sort of the extreme relation to this article. Like, I’d
say for the majority of us it would be about less than 30 miles each way, like, but, obviously yes for
international matches abroad we’d seem to go out of like, XXXXXX which is two hours on top of
before you even start to fly.

Interviewer — Yeah.

Participant 5 — And then just through no fault sometimes of the XXXXXX, they go the less direct way,
so we go via somewhere else, erm, just probably to save a bit of cost, but yeah so, by the time you
get there you probably are mentally sort of drained ‘cause you have been on your feet or you have
been travelling or you’ve maybe worked the day before and then had the travel with football teams.
So, the last thing you want to do is go out and train the next day. But erm, we would normally go out
and train obviously the next day after all the travelling for maybe 24 hours, it’s just, it’s tiring like.

Participant 1 — Erm, some- sometimes like there’s are situations you’re not getting there til 2 o clock
in the morning, and then you’re being asked, obviously we get up at normal time, even if the time
zone has changed, you know, were trying to stick, getting in their time zone. We’re getting up at 9
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o’clock and training by maybe 11 or 12 that day, so, ah, it’s just what the girls are saying there, about
you being mentally fatigued as well as physical.,

Inability to switch off from football

Likely due to a more infrequent playing schedule in comparison to men’s football, the impact of
match-play in isolation received little attention in the focus groups. However, the general overall
perceived heavy exposure to football related activity was frequently mentioned.

Participant 9 - Yeah | just think about everything | do is football. When | go home, my dad'’s got
football on and it’s like all of a sudden “how was your game?” and it’s like “fu-".

Laughter

Participant 9 — To talk about it again, then you go on social media, and all, all you’ll see is FA
(Football Association), the WSL (Women’s Super League) you know, so it’s all football. It’s...you can’t
get away from it, don’t get me wrong, | love social media, | go on it all the time, but it is everywhere.
You go watch it on TV, you’ve now got Alex Scott and sportswomen working on there. You can’t
literally get away from it.

Laughter

Participant 9 — Which is good, brilliant for the women’s game, but we are in this bubble at the
minute, we can’t get out of.

Participant 6 — Yeah.

Laughter

Participant 8 — We just need to stop her talking!
Laughter

Interviewer — No. Be as honest as you want!

Participant 8 — But | get what you mean, about like, say like I've just had a heavy week, and the
game’s on at the weekend like, it’ll be on in the house, and | can’t think of anything...

Participant 9 - Yeah.

Participant 8 - ...like, | don’t even wanna watch it like. That, because I’m like “this is still football
like”, and that’s all | hear. Sometimes | just wanna switch off.

Participant 9 — and Match of the Day is on, and the woman from the WSL (Women’s Super League)
show hasn’t even come on yet, oh top!

The need for a break from football was raised.

Participant 2 - We don’t really get a break, especially in the campaign. So we have a few weeks off in
Christmas time, but apart from that, we’re just like constant.
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Participant 1 — Because we finished last season, we finished end of August and then we’re straight
into these qualifiers, and then we obviously had erm, XXXXXX and, erm, oh, is that this year?

Participant 2 — XXXXXX?

Participant 1 — Oh yeah, XXXXXX last year and XXXXXX. This year’s been kinda constant since, since
then. Because the way this season works, it usually coincides with our season finished, and a new
campaign is starting, and it’d be the - the same next year because the qualifiers start again in
September.

Participant 2 - Yeah.
Participant 3 — Even though your body needs it physically as well, mentally you do need a break like.
Participant 2 - Yeah.

Participant 3 - You’re with the same people all year like three or four times a week. Sometimes it’s
nice just to get two weeks off where you don’t have to think about football. Just have some
downtime where you can kinda do whatever you want with your evenings.

Participant 1 - Be normal for once. Be a normal person.

Participant 2 - Yeah. Because we’re obviously cause we’re not like professional setup, we train in the
evenings and we train on weekends. So there’s sometimes we’ll be out on a Sunday all day because
that’s when our club trains. Sunday morning and then Sunday afternoon, and then Monday, like
Tuesday was. Thursday, so we’ll be out a lot training. And obviously you’re working in the day and
stuff. So there is points in the year where you’re like, just need....

Participant 5 - Need a holiday.

Participant 2 — You do, you do like, you become tired, a wee bit tired.

Fatigue experienced in team meetings

A key point commonly raised in the focus groups was the perceived unnecessary length of the team
meetings used to prepare for upcoming international matches. These team meetings, they
suggested, could last up for two hours.

Participant 6 — But if it’s constant, ergh, just flat and going over the same thing over and over and
over, it just kills me, drains the life out of me.

Participant 8 — Yeah. | think in this environment as well, you come into camp and today like we’ve
had like heavy day, we’ve been trained twice and like everyone’s physically and mentally already
drained, and then you have a meeting and it’s like, oh my God, | mean the meetings have lasted a
good two hours.

Participant 6 — Yeah.

Participant 8 — And when the meeting’s done, you’re going to bed. You’re sitting in the meeting,
trying not to fall asleep like, it gets that bad but it’s the information like XXXXXX says, it’s repetitive,
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and it’s repetitive and it’s going round in circles. Yeah and then obviously you’re going to bed and
then the next day you’re waking up and you’re shattered, like, it’s just pointless really.

Participant 6 — Yeah.
Participant 8 — There’s just no point. There’s no need for it.

Participant 7 — | think in the last camp that happened, and we didn’t have like one minute for the
first like four days.

Participant 6 — Yeah.

Participant 7 - It was like a meeting in the morning, and at lunchtime there was a meeting about
somebody else had come wanting something. And then in the afternoon there was another meeting,
oh in the night time, there was another meeting. It came to a point where | was like, | don’t mind a
meeting, but | don’t know what’s going on here. | don’t know why we’re having this meeting like.

To improve team meetings, a shorter duration length with more concise information was proposed.

Participant 8 — There’s just no need to have prolonged meetings like, like literally only need to be 20
— 30 minutes max, like.

Participant 9 - Yeah.
Participant 8 — There’s just no need. Anything more than that, it’s just repetition.

Participant 9 — The thing is, if you don’t have that meeting there, you just say, look we’ll have a quick
five minutes before, ok, everyone could have had that nap in their room, then got psyched up a bit
more in here, and we’re on the bus listening to our music ready to go. Instead we’re doing it in the
reverse order when we have to be down here an hour and a half early, and then we’re there and then
we’re knackered.

Half time team talks were also critical in their delivery.

Participant 1 - Just for me personally, sometimes | know it’s not before kick-off, but at half time like,
if a coach comes in and talks for the whole fifteen minute period at half time, | just find that really
draining.

Participant 2 - Yeah.
Participant 3 - Yeah.

Participant 1 — Because at half time | just want say three or four points of either what we’re doing,
you know a mixture of make sure what we’re doing well and what we need to improve on, but | want
it, like short concise instead of fifteen minutes of talking because it’s yourself as a player, you want a
few minutes to switch off and relax again at half time before you obviously go back out again. I just
find it draining sometimes if someone just talks constantly, you know for the fifteen minutes.
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Participant 5 - Yeah, | agree.
Interviewer — What are your opinions on the half time then, team talk?

Participant 3 — Yeah even getting yourself ready, if the manager’s talking, you feel like you can’t get
up and go to the bathroom and get a drink and get something you know, to eat, cause you feel like
you need to sit there and give him your attention, and then when he’s finished you’re rushing yourself
to get back out and get on the pitch again so, so | think as XXXXXX said, making it short, concise, two
or four points you can kinda remember.

Anecdotes of effective half time team talks at domestic clubs were shared.

Participant 2 - What | like, like at our, at our club, erm, when we come in at half time, our coach
kinda stays in the background, kinda gives us a minute, that...

Participant 4 - Yeah.
Interviewer — Yeah.
Participant 4 - Amongst ourselves.

Participant 2 - Kinda a discussion amongst ourselves and get erm, your drinks or your snacks or
whatever, and he gives us our time to kinda, just have a good chat amongst yourselves, and that’s
when he comes in. But as XXXXXX says like, | think it’s key that you do get told about this is what we
need to fix, and this is how we need to fix it. So when we go out for the second half, we can obviously,
you can, yeah, fix what’s not working.

Listening to music

Music played a large role in player preparation before a match. The role of music acted as both
relaxation in the hours leading up to the match.

Participant 1 - | think a lot of us on the way to games and stuff, lots of people prefer to listen to
music by themselves, or there are a couple of people with headphones in, but all of our team would
try and zone out, try and get themselves in the zone, try and listen to some music, you know if you’re
traveling by bus or whatever to the game. Erm because obviously, everyone has a preference of what
they’re gonna listen to before the game. Erm but that’s on the way to the game, most people would
kinda do that.

Participant 2 - | think it’s very different in terms of club matches and international match days, it’s
completely different for everyone. Well maybe not you, you don’t do anything!

Laughter
Participant 2 — Club matches you’re going from work, and kinda picking people up whatever.

Interviewer - Yeah.
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Participant 2 — But in terms of international games like, it’s nice to, you know when you get time
during the day, to just lie and chill and listen to your music, to just lie on top of your bed and just
yeah, get some peace for a while.

Music acted as more of a motivating factor closer to kick-off.

Participant 6 — It’s changing room, music on, getting ready to warm-up, and then going out warming
up.

Participant 9 — Yeah 45 minutes before innit, when we go out isn’t it?

Participant 6 — | think it’s the same after you come in from the warm-up, music on again, kinda
buzzing, everybody’s kinda geeing each other up.

Internal pressure to succeed

Players frequently cited a pressure from within their own team to succeed, which negatively
impacted on perceived performance.

Participant 8 — It comes from those around you like, like in the environment it could be coaches or it
could even be players in some, erm situations. Like it could be part of the team, or the players really
get on at each other, and if you do, you’re doing something bad straightaway, they’re on your case.
And then that could lead you to feel under pressure every time you get the ball, and do it right this
time, we need to do it right, or they’re getting on you again, or it could be coming from the coaches.
So | feel it could be coming from around as well, erm, yeah.

Participant 10 - | think like, | think worst thing is when you know you’ve done something wrong, and
you hear it coming from the sideline, and you’re like, | know, I just did it myself, like, | don’t need
someone screaming at me telling me I’'ve done it.

Interviewer — Yeah.

Participant 10 — And then like XXXXXX said, the next time you get the ball, the last thing you wanna
do is mess up.

Participant 8 — Uh huh.

Participant 10 — But then you just get into this mindset, and then like, just put pressure on yourself.
Participant 9 - Yeah.

Participant 8 — Yeah, yeah.

Participant 10 — And you’re more likely to actually make a mistake.

Participant 9 — But then like as well, with XXXXXX | start thinking what does he want me to do? I've
got the ball at my feet and | should be able to make my own decisions, | can see the pitch. But I’'m
thinking actually...

Participant 6 — It becomes robotic.
125



Participant 9 —...he wants me to hit that, | know he does. And you hesitate, and by the time you
hesitate someone’s straight on you and takes the ball off you.

Participant 6 — Yeah.

Participant 9 — But really you should just play the game with freedom, and that’s why you’re here, do
you know what | mean?

Interviewer — Yeah.

Participant 9 — You should, you’ve got your strengths, use them, but unfortunately, | think that’s a lot
of pressure, and some team mates are like that, some team mates would be like, erm not here, but
like that.

The pressure to succeed appeared to negatively impact on younger and inexperienced players.
Participant 7 — But | think we’re alright because we’re older, but the kids.

Participant 8 — Yeah the kids.

Interviewer — Really?

Participant 7 - Yeah go into holes, they’re really good players but they just don’t want to play.

Participant 6 — Like XXXXXX for example, she couldn’t handle the pressure like. She was a good player
that was in before, and she just couldn’t handle the pressure, the constant pressure that was under,
so it’s just not....

Interviewer — Yeah.

Participant 7 — ...and there’s loads of girls in about a year, loads that have just had a fall out over it,
who maybe aren’t strong enough to, you know.

Interviewer — Yeah.

Participant 7 — Some of us are more, right | enjoy this experience, more than worrying about what
you’re gonna say.

Participant 8 - Yeah.

Participant 7 — And the things that they’ve been told over the years. It’s like if we weren’t mentally
tough, there’s girls who just haven’t, never come back.

Participant 8 — Crumble...

Participant 7 — Actually just stuck through it for some reason.
Participant 9 - Yeah.

Participant 7 — But | don’t know why!

Laughter

Participant 8 — We’ve just managed to come back again.

Interviewer — Yeah.
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Participant 8 — And so many talented players have just walked away because they can’t handle it.
Can’t put themselves through it again, can’t cope with the pressure and, you know, it’s not fair is it?

Differences were apparent between international and domestic settings.

Interviewer — How do you compare that to domestic football?

Participant 2 — You definitely feel more of a confident player in terms of club level, | would say.
Participant 3 - Yeah.

Participant 2 - You kinda get to express yourself more | suppose. And obviously, erm, probably be in
that kind of environment a lot more, you know with other, like you spend a lot of time with club, club,
erm, mates obviously so, | suppose you don’t really have the pressure, like it doesn’t compare.

Participant 3 — Yeah
Participant 2 - It just doesn’t compare at international level. Like, at all.
Interviewer — Yeah.

Participant 2 — Erm, yeah obviously you wanna go in and win. | suppose we go in the club games
wanting to win them. Especially this year like, we go in wanting to win because we know we’re
capable of winning them, so yeah.

Participant 4 - It’s a lot different for me because I’m one of the younger ones here. So it’s like, less
pressure but there’s more pressure because | have to prove I’'m good enough to be. | go out in the
club I’'m still one of the younger ones but more experienced in their groups.

Participant 2 - Yeah.

Participant 4 — But with me being, so there’s that different expectation or pressure. | feel that, yeah.
Participant 2 - Yeah.

Interviewer — What about yourself, anything to add?

Participant 3 - Yeah | don’t really know, | don’t really know how to describe the difference between
international and club, it is just different emotion whenever you go out to play.

Participant 2 - Yeah.

Participant 3 — But if you do get in to play league, cups, finals like that, there still is that expectation
that you have to step up and like, the international players have to be big players on those occasions,
and you have to perform well, but | don’t know, you probably don’t get as overwhelmed, or in awe of
the occasion as you would at international level.
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Discussion

Whilst the physical demands of elite female football have been well investigated (Datson et al.,
2017; Bradley et al., 2010), little is known about the impact of mental fatigue. Despite six original
studies investigating the effects of mental fatigue on football-specific performance (Smith et al.,
2018), they were limited by the ecological validity of the tasks used to induce mental fatigue, and
lack of female representation. The aim of the present study was to therefore identify the real-life
causes of mental fatigue in elite female football players, using several relevant topics from anecdotal
quotes in elite football and themes theorised/demonstrated in recent publications to inform the
choice of questions (Thompson et al., 2018; Smith et al., 2018; Coutts, 2016; Moore et al., 2017). The
focus groups revealed a perceived negative impact of travel, combining work/education
commitments with football, and the nature of team meetings as mentally fatiguing and detrimental
to football-specific performance. The information gathered from these focus groups have provided a
novel insight into “real-world” psychological issues which may aid future mental fatigue research
and practice.

The impact of air travel on lower sleep duration and impaired football training performance amongst
several players in the squad was cited in the focus groups. Knowledge on the impact of travel on
sleep duration is not available in female football research, gender differences in sleep problems have
been reported in the literature, with females from a general population experiencing more trouble
falling asleep, waking during the night and feeling un-refreshed upon waking than males (Groeger,
Zijlstra, and Dijk, 2004). Previous literature in air travel and sleep quantity is limited to elite male
football, but has demonstrated that international flights (10-18 hours) significantly reduces sleep
guantity in the early phases of an international training camp (Fullagar et al., 2016; Fowler et al.,
2015). In both studies, negligible effects were found for the effects of air travel on perceived
recovery and preparedness to train and play, which was contrasting to the current findings from the
focus groups. This may be explained by the validity of the psychometric tools used, or perhaps a
more prominent psychological issue associated with a series of transient negative effects,
collectively referred to as 'travel fatigue', which consists of anxiety concerning the journey and the
significant change to daily routine associated with international matches (Waterhouse, Reilly, and
Edwards 2004). Indeed, many of the players in the current study voiced such concerns as taking time
away from work and the anxiety of travelling home to return to work, domestic duties and club
football commitments. To improve sleep, players may benefit from education and support with
sleep quality/quantity. In elite female netball, a 60-minute education program on sleep hygiene with
practical advice (sleep routine, lighting, avoidance of caffeine and light emitting technology, and
relaxation strategies) significantly resulted in increased sleep quantity during a pre-season training
camp (O’Donnell and Driller, 2017). Sleep hygiene education has also improved sleep
quality/quantity for females in full-time employment (Chen, Kuo, and Chueh, 2010). Further
research is required in elite female football to understand the impact of travel on sleep
quality/quantity, preparedness to train, and the impact of sleep hygiene education programs.

The education and work commitments of players led them to support proposals for a break from
football-related activity. In order to commit to international call ups, players were required to take
annual leave from their jobs or reduce the focus placed on education and work commitments. With
players studying and/or working full-time and domestic football matches predominantly played on
weekends and consisting of frequent travel demands, it is challenging for elite female players to find
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free time to unwind physically and mentally. Previous focus group research in elite female
footballers (Gledhill and Harwood, 2015) cited the difficulty of combining education and football
commitments and a lack of female football career opportunities. This study subsequently proposed
that players, coaches, teachers and parents should adaptively interact to produce an optimal talent
development learning environment for elite football players. Examples of this support included
football-specific advice and guidance (e.g. psychological skill development), realistic expectations
and role strain management. Future research and practice are required to further investigate and
implement a support network to decrease the strain of dual career, therefore allowing more time to
focus on football-specific activity and reducing feelings of mental fatigue.

An additional theme captured from the focus groups was negative connotations towards prolonged
information intake from coaching staff, predominantly in team meetings and in the half time period
of matches. The information received in meetings was often perceived to be irrelevant or repetitive,
and led to feelings of decreased arousal and increased mental and physical fatigue. Only recently has
sustained listening and its impact on arousal and mental fatigue levels been investigated in normal
hearing populations. Using a 50-min auditory choice task, Moore et al., (2017) reported decreased
task performance and increased subjective mental fatigue pre-post trial, whilst event-related
potentials revealed changes in neural activity consistent with decreased arousal. This decrease also
revealed a significant, positive correlation with subjective report of reduced motivation. Indeed,
many of the meetings detailed in the focus groups were significantly longer than the 50-min task
used by Moore et al., (2017). In addition, despite the topic of football likely to be more interesting
than a generic auditory task to an elite playing population (and therefore in theory less likely to incur
changes in arousal and fatigue), it is evident that the perceived irrelevant content and repetition of
information is what likely caused the negative emotions towards the meetings. In a training week
preparing for a match, the length of time spent together in elite female football is brief but full of
many commitments (i.e. training, playing, media), making it challenging for a coach to deliver the
information necessary to be prepared for the upcoming opposition. However, the findings from the
focus groups suggests that coaches must adopt a concise approach free from repetition which
engages the concentration of the players.

Of particular interest in the current study was to elucidate the activity profile of elite female football
players in the lead up to a match. The focus groups revealed that music played a large role in the
dressing room pre-match. Mixed effects of music are evident in female football literature, with
warm-up music shown to have a positive impact on repeated sprint ability in female footballers
(Tounsi et al., 2019), and conversely no influence on football-specific running and heart rate/rating
of perceived exertion (Young et al., 2009). Indeed, as these are isolated performance tasks, the
impact of warm-up music on match-play is unknown in female football. However, research in male
academy football has shown that music in conjunction with imagery is associated with increased
perceived match performance (Pain, Harwood, and Anderson, 2011). Music therefore appears to
have the ability to inspire, motivate and heighten perception of task performance. The focus groups
showed that routines are typically regimented (i.e. set routine of a warm-up, listening to music,
receiving a team talk and entering a team huddle) and do not elicit mental fatigue. These findings
demonstrate that players in the current study do not enter match-play mentally fatigued, which is
interesting considering that mental fatigue has been consistently induced immediately prior to the
football-specific performance task (Smith et al., 2018). Future research is required to investigate the
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presence of mental fatigue at different time points (e.g. during/after match-play, pre and post-
training, post-media commitments) to understand its potential onset period in real-life settings.

A further finding from the focus groups was the perceived greater internal pressure to win matches
at international level in comparison to the players’ respective domestic leagues. This was possibly
due to low world ranking place of the nation and results in previous international tournament
qualification campaigns of those interviewed, which likely lessens external (supporters, media)
expectations. This internal pressure appeared to come from the style of coaching during already high
pressurised match-play scenarios. Indeed, it is commonplace for athletes to receive tactical
information, instructions and feedback to enhance performance (Porter, Wu and Partridge 2010),
which can come in explicit (consciously clear and obvious) or implicit (the need for an athlete to take
more ownership of a scenario) forms. Research has shown that explicit forms of feedback are
inversely related with playing experience and can be detrimental to sporting performance (Buszard,
Farrow, and Kemp 2013). The reported overuse of explicit feedback during match-play from the
focus groups appears to stifle concentration levels and freedom of thought. Elite players are likely to
benefit from implicit instructions which allow them to solve movement patterns and environmental
cues in a match, something which has been previously shown to improve perceptual cognitive skills
(Farrow and Abernethy 2002).

Conclusion

The present study aimed to provide novel findings related to the real-life experiences of mental
fatigue from elite female football players. Many players felt a discomfort in being taken away from
their daily routine and felt over absorbed by the constant exposure to football related activity. In
addition, team meetings were often perceived as being unnecessarily long and met with frustration
and low arousal. These findings provide useful applications for both future research and practice.
Subsequent research on prolonged listening (using a simulated team talk or an auditory task) could
aid in the development of a more ecologically valid task to induce mental fatigue, as opposed to the
commonly used modified Stroop task (Thompson et al., 2018). Practitioners and coaches may also
wish to consider alterations to daily practice in training camps, such as the timing, content and
duration of team meetings, providing players with free time if possible, and the modality of coaching
instructions during matches.
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9 - DISCUSSION

9.1 — Summary of thesis findings

Mental fatigue in football is a novel research area limited to six original investigations. These
previous studies possess several limitations including the low ecological validity of the tasks used to
induce mental fatigue and lack of elite player representation. The present thesis aimed to challenge
and examine the methodology of the mental fatigue in football research, investigate the relevance
of the modified Stroop task (the most commonly used task to induce mental fatigue) in mental
fatigue research, and subsequently investigate the real-life causations of mental fatigue in elite
football. Chapter 4 provided a narrative review of the methodology, highlighting the significant
challenge of measuring mental fatigue in elite football settings, and the low ecological validity of the
tasks used to induce mental fatigue. Chapter 5 subsequently highlighted limitations of using the
modified Stroop task in mental fatigue in football research by revealing its subsequent impact on
subjective boredom (which could not be distinguished from subjective mental fatigue). In chapters 6
and 7, surveys revealed a limited impact of football and lifestyle related tasks on mental fatigue and
performance in professional male and academy players respectively. This included travel to
matches/training, intake of tactical information, media demands and educational commitments, of
which some have previously been theorised to be associated with experiencing mental fatigue in
football (Coutts, 2016). Conversely, focus groups with elite female football players highlighted the
negative psychological impact of international travel, prolonged and excessive team meetings,
managing football commitments with work and education, plus internal “pressure to win”.

The following discussion will integrate the findings to address the following themes; i) how relevant
are the cognitive tasks currently used to induce mental fatigue in football research? ii) what are the
real-life pre-match cognitive activities performed by elite football players? iii) at which other time
points may mental fatigue impair football performance? The discussion also addresses the
limitations of the thesis and provides suggestions for future research and practical applications.

9.2 - How relevant are the cognitive tasks currently used to induce mental fatigue in
football research?

Demands of the cognitive tasks

The first aim of the thesis was to challenge the use of the current cognitive tasks to induce mental
fatigue in mental fatigue in football research. Research has used predominantly the 30-min modified
Stroop task (Coutinho et al., 2018; Smith et al., 2017; Badin, Smith, Conte, & Coutts 2016; Smith et
al., 2016a; Smith et al., 2016b) and 20-min sport-specific motor task (Coutinho et al., 2017). As
discussed in chapter 4, the tasks used in these studies likely do not match the high degree of
variability in cognitive challenges related to football match-play. Elite football players frequently
compete in various conditions, relating to playing surface, crowd interaction and ambient light
available during the game. In addition, players are required to perform relevant defensive (e.g.
committing to a tackle) or attacking (e.g. pass, shoot, dribble) actions under low or high amounts of
pressure, whilst continually using information on the position, running direction and velocities of
their teammates (and those of the opposition players) in relation to their own position. These
decisions in match-play situations differ to the decision-making demands of a modified Stroop task.
Decision making in elite sport can be difficult to quantify and explain. In elite sport, decision-making
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processes from a motor response are often made unconsciously without a thought process (Raab &
Laborde, 2011; Kida, Oda & Matsumura, 2005). Decision-making in elite sport is often intuitive and
enters consciousness only for a brief moment, and the information processed and ultimately acted
on quickly accurately can be dependent on information specific to the situation (Sheppard & Young,
2006). If an action is highly trained and the decision to act upon it is made unconsciously, then it may
be less likely to elicit a cognitive demand. Conversely, some actions in football are consciously made
and require sustained attention and response inhibition (e.g. marking an opposing player, adhering
to the tactical shape of the team), similar to the demands of the modified Stroop task. Chapter 5 of
the current thesis demonstrated that the modified Stroop only reflects conscious congruent and
incongruent task performance, and not unconscious performance (likely because the modified
Stroop task is a novel task for participants which requires greater attentional demands). In summary
it is concluded that the modified Stroop task only partially reflects the cognitive demands
experienced in match-play, and further research must investigate real-life cognitive tasks performed
by elite football players.

Presence of boredom when completing the cognitive tasks

A further pertinent issue with mental fatigue research is that it is difficult to distinguish between
boredom using the available tools (Pattyn et al., 2008). Chapter 5 showed that when exposed to a
30-min modified Stroop task, participants reported increased boredom, demonstrating that the two
constructs (mental fatigue and boredom) are not perceived as being entirely different. It is possible
that intrinsic motivation was low when engaging in the modified Stroop task, which manifested in
boredom. Cognitive activities such as the modified Stroop task likely provides a cognitive
“underload” (Pattyn et al., 2008). Pattyn et al., (2008) theorised that compared to “overload” tasks
(i.e. high cognitive engagement), an “underload” task provides a reduced cognitive challenge and is
associated with mind wandering (i.e. boredom). These findings suggest that whilst the modified
Stroop task may bear a resemblance to some real-world tasks that require prolonged vigilance and
low cognitive engagement (i.e. repetitive factory or office-based tasks), more dynamic tasks like
football require ecologically valid protocols to induce mental fatigue in future studies. Moreover, the
emotional state of elite players in the 30-min period before a match is likely to vastly differ to the
findings of the present research (mental fatigue, boredom). For example, it is more likely that elite
players will experience feelings such as nerves, stress, anxiety, high arousal and high motivation.
However, it remained unknown which activities players are exposed to in the acute stages before a
match, which warranted further investigation. This will now be discussed in the following section.

9.3 - What are the real-life pre-match cognitive activities performed by elite football
players?

Chapters 6, 7 and 8 investigated the activities performed by elite football players in the acute
periods (up to two hours pre-match) leading up to a match. The purpose of these studies was to find
a more relevant task to induce mental fatigue compared to the modified Stroop task. The results
showed that players reported pre-match activities (i.e. listening to music, screen time activities)
which had a generally low impact on mental fatigue. These main findings and their relation to
previous research will be discussed in the following section.
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Screen time

Survey studies (chapters 6 and 7) revealed that professional male and elite academy (U14 — U23)
players cited screen time activities as a common past time in a two hour period before kick-off.
These activities included watching videos (e.g. YouTube/Netflix), playing video games and using
smartphone apps. In the current literature, little research has investigated the cognitive demands of
these activities. Watching television (which may be a common pastime on a coach to a match orin a
hotel prior to travelling) has been associated with “visual fatigue”, when measured using surveys
and objective eye blink rate frequency (Lambooij, Fortuin, Heynderickx, & ljsselsteijn, 2009). The use
of video games and smartphone apps have had a mixed effect on mental fatigue. In one study, the
use of a 30-min smartphone puzzle app (“Brain it on”) resulted in increased subjective mental
fatigue and impaired performance in the Loughborough Soccer Passing Test (LSPT) (Greco et al.,
2017). Whilst a progression in ecological validity, it is still questionable if football players would
complete a cognitively demanding puzzle for an uninterrupted period of 30-min before a match, or if
the LSPT is representative of the skill and decision-making demands of football match-play. Further
work with higher ecological validity concluded that 30-min & 45-min of continuous exposure to
social networking apps (e.g. WhatsApp, Facebook & Instagram) impaired passing decision-making in
a 90-min simulated match. The study also revealed that 15-min exposure to the same condition did
not impair passing decision-making (Fortes et al., 2019). Whilst pre-match activity duration was not
measured in chapters 6 & 7 of the thesis, it is unlikely that professional male and academy players
would be able to continuously use their smartphones 30/45-min in the two hours leading up to kick-
off. Conversely, the use of video games has been associated with increased mood and reduced stress
in university students (Russoniello, O’Brien, & Parks, 2009). Indeed, Aliyari et al., (2015) found that
university students playing the popular video game FIFA 15 reported no impact on mental fatigue.
These results must be interpreted with caution, as the duration of the games were not reported, nor
was there a control group.

To summarise, watching videos, playing video games and using smartphone apps that are of intrinsic
interest to an individual are unlikely to cause mental fatigue. In addition, during the two hour period
before a match begins, it is also likely that due to other commitments (i.e. warm up, communicating
with staff/team mates, team talk) such activities are brief in duration and interrupted, significantly
reducing the time on task compared to aforementioned research (Fortes et al., 2019; Greco et al.,
2017; Lambooij et al., 2009).

Music

The thesis demonstrated that music played an integral part of pre-match activity for professional
male, elite academy and elite female players (chapters 6, 7 and 8). In professional male (chapter 6)
and elite academy players (chapter 7), listening to music was the most common pre-match activity,
whilst elite female players (chapter 8), cited music as being effective for both relaxation (several
hours leading up to a game) and motivation (in the hour leading up to a match). This was in
agreement with previous survey research (Laukka & Quick, 2013) which reported that music was
used by elite Swedish athletes during pre-event preparations, warm-up, and training sessions; with
the most common motives for listening to music being to increase pre-event activation, motivation,
performance levels and to experience flow. Indeed, music has been shown to have a relaxing
influence (Pelletier, 2004; Stratton & Zalanowski, 1984), increase levels of arousal (Bishop et al.,
2014), decrease RPE during a sport-specific warm up period (Arazi, Asadi & Purabed, 2015) and
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improve perceived football match-play performance (Pain et al., 2011). Previous research has also
shown that mental fatigue can be negated by high motivation/willingness to complete to a task
(Boksem & Tops, 2008). Accordingly, it is likely that music has a positive influence on player
preparation, through psychophysiological effects including increased motivation, readiness to play
and arousal.

Caffeine

Caffeine is a stimulant which has been shown to enhance task switching ability (Einéther et al.,
2010), reduce reaction times (Jacobson & Edgley, 1987), increase arousal (Barry et al., 2005) and
increase football specific (LSPT) skill performance (Foskett, Ali & Gant, 2009). The consumption of
caffeine pre-match was prevalent amongst professional male and elite female football players in
chapters 6 and 8 (caffeine use was not queried in academy players in chapter 7). Consumption was
in the form of beverages (e.g. tea, coffee, taurine drinks), tablets, gels, shots and chewing gum,
which was typically ingested around an hour before a match by professional male players in chapter
6 (but unspecified by elite female players in chapter 8). This appears to be an optimal time period
considering that caffeine has been shown to reach a peak plasma volume level between 30-75-min
post-ingestion (Quinlan, Lane & Aspinall, 1997). Mechanistically caffeine increases the signalling
availability of dopamine in the brain (Nall, Shakhmantsir, Cichewicz et al., 2016; Volkow, Wang,
Logan et al., 2015), and previous work has theorised that decreases in dopamine (and increases in
adenosine) occur during states of mental fatigue (Martin et al., 2018, Pageaux et al 2014). This may
explain why caffeine has proven effective in reducing mental fatigue and subsequent cognitive task
performance (van Cutsem et al., 2018; Azevedo et al., 2016).

Team talk

Receiving tactical information has been suggested as a risk factor for the development of mental
fatigue (Coutts. 2016). This relates to prolonged listening (40 — 50-min) protocols which have been
linked to reduced arousal and motivation (McGarrigle et al., 2017; Moore et al., 2017). In elite male
domestic (chapter 6) and academy players (chapter 7), team talks were delivered approximately 20
and 30-min before kick-off and lasted approximately 7 and 10-min respectively. It is highly likely that
these durations were not long enough to elicit mental fatigue (particularly when considering the
duration of previous prolonged listening protocols). The content of these team talks is likely to
consist of information already discussed in the lead up to matches (i.e. team meetings, general
conversations between staff and players), and therefore include little novel information which
ultimately is unlikely to provide a cognitive demand. Furthermore, it would be anticipated that a
team talk would contain uplifting and positive sentiments which motivate players, thereby
increasing arousal and readiness to play.

Overall impact of common pre-match activities on mental fatigue and performance in elite
football

In elite male domestic and academy settings, a pre-match team talk was reported to have a minimal
effect on subjective mental fatigue (chapters 6 and 7). In addition, feelings of subjective mental
fatigue 5-min pre-match were seldom reported. These findings suggest that despite mental fatigue
being induced pre-task using 20 to 30-min protocols in the current research (Coutinho et al., 2018;
Coutinho et al., 2017; Smith et al., 2017; Badin, Smith, Conte, & Coutts 2016; Smith et al., 2016a;
Smith et al., 2016b), this is not a time point where mental fatigue is likely to occur in elite football.
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Due to the mixture of pre-match activity (i.e. warm-up, receiving tactical information, changing into
match kit), the cognitive activities cited by professional male and elite academy players in chapter 6
& 7 (watching videos, using smartphone apps, playing video games) are unlikely continuously
engaged in for 30-min. Moreover, the use of music and caffeine likely increases arousal, motivation
and readiness to play, thereby further reducing the likelihood of mental fatigue. The present
evidence suggests that pre-match activities do not act as suitable time-point to implement
ecologically valid protocols to induce mental fatigue.

9.4 - At which other time points may mental fatigue impair football performance?

The findings of chapters 6, 7 and 8 reported a minimal impact of pre-match activity on perceptions
of mental fatigue and impaired performance in elite football, which contradicts suggestions in all
previous literature investigating sub-elite and recreational players (Coutinho et al., 2018; Coutinho
etal., 2017; Smith et al., 2017; Badin, Smith, Conte, & Coutts 2016; Smith et al., 2016a; Smith et al.,
2016b). Therefore, it is imperative to understand different time points in which mental fatigue may
negatively impact on football performance. The results of chapters 6, 7 and 8 provide discussion
points for alternative causations of mental fatigue, with contrasting findings between gender and
competitive level.

Match-play

Football match-play consists of prolonged vigilance, decision-making, constantly receiving and
processing information in a dynamic environment, which is theorised to be mentally fatiguing
(Coutts, 2016). Indeed, due to the dynamic nature of a football match, players rapidly process
information from the location of the ball, teammates and the opposition. A match will also consist of
frequent decision-making activities which are influenced by team tactics, technical ability and
physical capacity (Williams, 2000). In this thesis, professional male players (chapter 6), elite academy
players (chapter 7) and elite female players (chapter 8) all cited cognitive demands related to match-
play. Chapters 6 and 7 reported that the most prevalent time period of perceived mental fatigue was
immediately post-match. This was also found in research which reported post-match cognitive
differentrial RPE (dRPE) 30-min post-match across a Premier League season (Barrett et al., 2018).
Although only subjectively reported post-match, it is also possible that mental fatigue is experienced
in the latter stages (i.e. final 15-min) of match-play. The latter stages of a match (final 15-min) have
previously shown a decrease in running distances (Bangsbo, Krustrup & Mohr, 2005), goals scored
(Abt et al., 2002), technical involvements (Rampinini et al., 2009), and technical performance
(Rampinini et al., 2008). Whilst decrements in match-related performance have been associated
with physical fatigue (Rampinini, Impellizzeri et al., 2008), it is possible that mental fatigue is a
contributing factor, considering the impact of mental fatigue on impairment in attention (Chaudhuri
& Behan, 2004), reaction times (Boksem et al., 2005), and slower adjustments in performance after
errors (Lorist et al., 2005) during non-sport-specific cognitive tasks.

Based on these findings, caffeine may be a suitable ergogenic aid during the first half or at half time
to reduce the risk of mental fatigue in latter stages of match. These time periods of a match may be
optimal when considering the duration required (30 to 75-min) for caffeine to reach peak plasma
levels (Quinlan et al., 1997). Caution is advised when prescribing caffeine, as considerations are
advised for dosage, use of other nutritional aids (carbohydrates), tolerance, hydration status and
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plateau in performance gains from chronic use (Judelson et al., 2005; Quinlan et al., 1997). Despite
individual differences, mental fatigue also showed continued elevation in some professional male
and elite academy players 24 hours post-match (chapters 6 and 7). This may be related to quality of
sleep, which is significantly impaired on match days (Fullagar et al., 2016a). In addition, clubs may
plan recovery/training sessions the day after a match, and driving to training whilst already tired
may also exacerbate the risk of mental fatigue. These suggestions are merely speculative and require
future research.

Team meetings

Findings from professional male (chapter 6) and elite female (chapter 7) players showed that team
meetings are a frequent activity experienced in elite football settings (team meetings were not
investigated in elite academy players in chapter 7). Team meetings are often used to analyse
previous matches, identify individual or team-based performance and tactically prepare for
upcoming opposition. These meetings will consist of (but not limited to) watching video footage and
listening to coaching instructions. The duration of these meetings varied in the studies, ranging from
average duration of 26-min in elite male domestic football (chapter 6) and up to two hours in elite
female settings (chapter 8).

The perception of these meetings vastly contrasted between studies. In professional male football
(chapter 6), a team talk was met with a low perceived subjective feeling of mental fatigue, whilst the
negative impact of team meetings on motivation and arousal were reported by elite female players
whilst away on international duty (chapter 8). These differences can be explained by several factors.
Firstly, the duration of the meetings (up to two hours) was significantly longer than previous
aforementioned prolonged listening protocols which negatively impacted on motivation and arousal
(McGarrigle et al., 2017; Moore et al., 2017). Secondly, domestic clubs likely have more frequent
meetings which are shorter in duration, due to the greater amount of time spent together compared
to international settings. For international players, the infrequent nature of international call-ups
and lack of time together may result in longer meetings to address a greater amount of information
required to be given in team meetings. This increased duration raises the requirement to listen for
prolonged periods and intake additional information, therefore heightening the risk of mental
fatigue. However, as the focus groups with elite female players (chapter 8) consisted of one
international team (therefore all reporting to the same coaching staff), it remains difficult to
generalise these findings. The variation in teams that participated in the professional male football
survey (chapter 6) may have masked the negative perception of one individual club which may have
also reported mentally fatiguing team meetings. The survey design also means it is difficult to probe
deeper into meeting content and additional perceptions which may share similarities to mental
fatigue (e.g. boring, tiring, draining), Conversely, qualitative research is flawed by the difficulty in
recruiting sample sizes necessary to differentiate between various teams/playing standards. Future
studies may benefit by combining both methods by incorporating a follow-up focus group interview
based on the initial findings gathered from a survey.

Travel

Chapters 6 (professional male players) and 7 (elite academy players) of the thesis investigated the
impact of travel to training sessions and away matches, whilst chapter 8 (elite female players)
explored the demands of international travel. Overall, the impact of travel demands is dependent on
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travel distance/duration, which increases perceived mental fatigue. In the professional male and
elite academy player surveys (chapters 6 and 7), travel to training and domestic away matches were
met with low cognitive demand, whilst international travel demands impacted on sleep duration and
quality, and subsequently perceived readiness to train for elite female players (chapter 8).
Professional male (chapter 6) and academy players (chapter 7) were either a passenger in a car or
drove themselves to training sessions, with an average journey duration of 39 and 33-min,
respectively. The reported durations are significantly below previous research which have
demonstrated subjective and objective mental fatigue after 90 to 120-min driving protocols (Zhao et
al., 2012; Ting et al., 2009; Lal et al., 2002). Travelling as a passenger in a car/coach or using public
transport and its impact on fatigue is yet to be investigated, and is limited to air travel (Fowler,
McCall, Jones & Duffield 2017; Fullagar et al., 2016b). This research is warranted in football, as it is
likely elite players in England will travel significant distances (e.g. London to Newcastle = ~ 400 km)
via a car/coach to reach away matches, with accumulative distances likely greater in larger European
countries (e.g. Spain, Germany, France). However, travel duration to away matches was not
investigated in the current thesis. This was tested in pilot surveys but with the variation in travel
throughout a season and difficulty for players to accurately recall this information, it was
subsequently removed. Future research may benefit from quantifying domestic travel in a season
and its impact on mental fatigue. Indeed, collecting subjective data on a match-day proves
challenging (i.e. disturbing a player’s match-day routine), although the use of retrospective RPE can
be advocated, meaning subjective may still be accurately collected in the days following the match
(Fanchini et al., 2017).

Media commitments

Exposure to media commitments is suggested to be a mentally fatiguing activity for elite football
players (Coutts, 2016). This is plausible considering the potentially regular demands of speaking to
various media outlets and being exposed to prolonged periods of listening and repetitive
questions/conversations. However, for professional male players (chapter 6), media demands were
reported to have a minimal effect on perceived mental fatigue. Players rarely completed media
duties on a weekly basis in the English Football League and National League, with an average media
commitment duration of approximately 15-min. With such infrequent and brief commitments, it
appears the impact of media demands on mental fatigue were previously overestimated (Coutts,
2016). However, as chapter 6 failed to include truly elite (Premier League) domestic male players, it
remains unknown how media commitments would compare at this higher level. The Premier League
(along with other top European Leagues such as Serie A, La Liga and the Bundesliga) has greater
television exposure, global interest and revenue compared to lower league standards (Millward,
2017). Future research may benefit from understanding the impact of media commitments and
“press invasion” on players in the top European leagues.

Fixture congestion

The impact of congested fixture schedules on elite football players consists of various research which
has examined the physical (Carling et al., 2016; Dupont et al., 2010) and technical (Folgado et al.,
2015) aspects of football match-play, with findings suggesting there is an increased injury incidence
during these schedules (Bengtsson et al., 2013; Carling et al., 2016; Dellal et al., 2015; Dupont et al.,
2010). Aside from the physical consequences of fixture congestion, the perceived cognitive demands
were yet to be investigated. In professional male (chapter 6), elite academy (chapter 7) and elite
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female players (chapter 8), the effects of congested playing schedules on mental fatigue produced
varied findings. In professional male and elite academy players (chapters 6 and 7), fixture congestion
(both travel and match demands) was perceived to have a minimal impact on mental fatigue. These
findings in professional male settings (chapter 6) may be explained by prolonged exposure to this
scheduling. For example, a significant proportion of the sample had played elite football for at least
five years (in leagues which comprise of 46 league matches and domestic cup commitments), and it
is plausible that this cohort were psychologically adapted to this schedule of matches. In elite
academy players (chapter 7), matches were typically contested once a week. It is therefore likely
that the lack of exposure to congested fixture periods did not provide players with enough exposure
to provide an experienced and educated response. These claims however require further
investigation.

By using focus groups with elite female players (chapter 8), a perceived “over-exposure” to football
related activity was prevalent amongst the group, as opposed to a perceived demand of strictly
fixture congestion (likely due to the reduced fixture scheduling compared to elite male football). This
suggested that the domestic/international training and match demands, coupled with little time to
relax, resulted in players citing the need for a break from football. These feelings may have been
exacerbated in female football due to the full-time education/work commitments that did not allow
players to be “fully professional”. Indeed, work duties such as office roles alone have a cognitive
(impaired cognitive task performance) and physical (heart rate variability, blood pressure) impact
(Taelman et al., 2011; Hjortskov et al., 2004; Garde et al., 2002) which may affect subsequent
football performance. In professional male football, players may have more free time considering
they are unlikely required to have an additional job. Moreover, recovery days off are likely
prescribed for the male players, whereas the female players may have to return to work/education
in an already fatigued state. In elite academy football, despite full time education being prevalent, a
day release (or half a day) from education may be common for players as well as frequent holiday
periods (e.g. summer, festive breaks, half term). These frequent breaks allow for a greater physical
and mental recovery window compared to female players who likely work throughout a calendar
year. It is suggested that regular breaks are provided for football players, particularly for elite female
players who must accommodate full time work and/or education commitments.

9.5 — Thesis limitations

Despite the novel findings reported in this thesis, limitations must be acknowledged. Firstly, despite
the novel research which has provided evidence of ecologically valid alternative cognitive tasks
performed by elite football players, the surveys used in chapter 6 and 7 were not psychometrically
validated, and future research should aim to assess the construct validity of these tools. Next,
further detail was required areas of the survey studies in chapters 6 and 7. For example, the areas of
mental fatigue experienced during a match and in periods of fixture congestion were limited and
may have yielded different results with subsequent questions. Furthermore, survey studies may only
provide a current snapshot of behaviour and opinions, meaning that results may differ over time.
Indeed, a football season can vary in terms of team/individual form, change of management, travel
demands and fixture congestion, each of which may influence mental fatigue. It is possible that the
results of the surveys in chapters 6 and 7 could have differed had they been administered at
different time points in the season. Lastly, despite a large sample size of elite football players, they
may not be a representation of all elite players in their respective leagues, which again could impact
the study’s findings.
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9.6 - Future research and practical applications

When considering the low amount of peer reviewed evidence in mental fatigue in football literature,
there is a requirement for additional research. The longitudinal daily monitoring of mental fatigue
might detect for changes in seasonal variation, which could not be measured in this thesis. As
mentioned previously, a single use of a survey may only provide a snapshot of one’s lifestyle habits
and perceptions, which likely fluctuate throughout a season. Wellness questionnaires are already
used (but not validated) in elite football (Fessi et al., 2016; Noon et al., 2015; Buchheit et al., 2013),
however no validated psychometric tool has been implemented to measure mental fatigue.
Therefore, the inclusion of a mental fatigue in a daily monitoring tool would aid the understanding of
perceptual mental fatigue throughout various periods of a season which may provide different
demands (i.e. congested fixture schedule, number of training session, increased travel demands).
Secondly, as the current thesis has clearly shown little perceived impact of mental fatigue on
performance in elite football settings, and therefore contrasting findings to previous research in
non-elite cohorts (Coutinho et al., 2018; Coutinho et al., 2017; Smith et al., 2017; Badin et al., 20163;
Smith et al., 2016b), future research may wish to investigate differences in response to mental
fatigue. Martin et al., (2016) demonstrated a greater resistance to mental fatigue and preservation
of physical performance in elite cyclists compared to recreational counterparts. It may be possible
that due to the frequent exposure to seemingly cognitively demanding tasks (frequent tactical
meetings, travel and match-play), elite football players are more resilient to mental fatigue than
non-elite populations. Such speculation however requires further research.

Next, the impact of mental fatigue using ecologically valid protocols is critical in subsequent
research. Team meetings have shown to be perceived as long and tiring in elite female football
(chapter 8), and future research is required to investigate the impact of prolonged listening, intake
of information and coach behaviour on mental fatigue and subsequent football-specific
performance. Furthermore, coach travel is commonplace in English football when travelling to away
matches, and long journeys (particularly in academy age players who typically arrive to a match
within a couple of hours before kick-off, as reported by elite academy players in chapter 7) and their
impact on mental fatigue warrants further investigation. Also of interest for future research is the
optimal duration necessary to rest from mentally fatiguing tasks. In chapter 5 it was demonstrated
that even a 5-min break significantly reduced subjective feelings of mental fatigue, albeit not
returning to baseline levels. However, these findings suggested mental fatigue is transient and
further work is required to investigate this claim. Finally, further research is required to understand
the temporal period of mental fatigue. This thesis has suggested that pre-match mental fatigue is
unlikely, and is more likely to occur later in matches and 24 hours post-match.

9.7 - Practical applications

The findings of the thesis provide several practical applications. Firstly, football coaches and
practitioners must be made aware of the sources of mental fatigue and its subsequent impact on
performance. Therefore, cognitively engaging tasks (i.e. team meetings, media demands, travel)
immediately prior to football performance must be adapted to reduce the risk of mental fatigue. In
unavoidable situations such as long travel demands, considerations for timing of subsequent training
sessions/team meetings is required to ensure optimal readiness to engage. Similar
recommendations are provided for post-match recovery, where players are advised to take
adequate rest periods before performing in subsequent training sessions (i.e. post-matchday
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recovery day). Indeed, the aforementioned factors are likely to fluctuate throughout a season, and it
is advised that practitioners include mental fatigue as a component of a daily wellness questionnaire
in order to elucidate time points in which mental fatigue is present. To reduce feelings of mental
fatigue, caffeine has been shown to be an effective substance which can be ingested pre-match or in
regular boluses during a match.

143



10 — THESIS SUMMARY

Mental fatigue in football research has shown to be detrimental on physical, tactical, technical and
decision-making performance (Coutinho et al., 2018; Coutinho et al., 2017; Smith et al., 2017; Badin
et al., 2016; Smith et al., 2016a; Smith et al., 2016b). The methodologies of these previous studies
were examined in chapter 4 of the current thesis for several factors, predominantly the use of the
modified Stroop task as a method of inducing mental fatigue in a football-specific cohort, and the
inclusion of either recreational/sub-elite players. For future research progress, it was imperative to
understand of impact of mental fatigue on elite level players and understand real-life cognitive
demands experienced in football and lifestyle activities. Therefore, the aims of the thesis were to
subsequently challenge the relevance of the modified Stroop task in mental fatigue in research, and
to then use a mixed method approach (surveys and focus groups) to understand the prevalence of
mental fatigue in elite football from players from various (domestic, academy and international)
demographics. Chapter 5 demonstrated that a 30-min modified Stroop task induces greater
subjective boredom compared to a control group, and that a 5-min rest was not enough time to
provide a full subjective recovery (i.e. returning to baseline levels) from mentally fatiguing tasks. In
chapter 6, a survey with professional male players revealed that many tasks performed are frequent
and short in duration (team meetings, driving to training, receiving tactical information pre-match),
with a low subjective impact on mental fatigue and performance. A further survey completed by
elite academy players (chapter 7) provided similar results, with the inclusion of education providing
minimal impact on mental fatigue and performance. In the final study (chapter 8), elite female
players cited the impact of prolonged team meetings, the inability to switch off from football-related
activity and long-haul travel as causes of mental fatigue. These findings show the variability in
perceptions of mental fatigue in football players which likely differs between populations. Future
research can benefit from the findings of this thesis in creating mentally fatiguing protocols with
greater ecological validity than the currently used modified Stroop task, and provides practitioners
with suggestions on how to reduce the impact of mental fatigue in applied settings.

10.1 - Take home messages

e The modified Stroop task has low ecological validity in football as it fails to represent the
greater dynamic complexity of football match-play.

e Several pre-match activities (listening to music, watching videos, using smartphone apps) are
commonplace in elite football. Many are brief and frequently performed with a low
subjective impact of mental fatigue.

e Activities consisting of a greater duration (e.g. team meetings, international travel) increase
the risk of mental fatigue.

e Prevalence of mental fatigue in various scenarios is also dependent on gender and
competitive level.

e Mental fatigue is a transient state which can be counteracted with rest or caffeine.

e The prevalence of mental fatigue in football is not as widespread and problematic as
previously suggested in the literature.
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