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ABSTRACT 
 

Mental fatigue is best described as a change in psychophysiological state due to 

sustained cognitive or perceptual performance. The negative effects of mental fatigue on 

occupational and cognitive tasks have been well documented (Boksem, Meijman, & 

Lorist, 2005; Lorist et al., 2000; Lundberg et al., 2002). Few studies exist that examine 

the effect of mental fatigue on physical performance (Marcora, Staiano, & Manning, 

2009; Mehta & Parasuraman, 2014); those that do suggest that mental fatigue negatively 

affects performance. The purpose of the study was to investigate the effect of mental 

fatigue on the psychobiological response to exercise, whilst controlling for aerobic 

capacity, perfectionism, and intrinsic motivation. A neuroergonomic approach was used 

by implementing Near Infrared Spectroscopy (NIRS) to examine cerebral 

hemodynamics.  Participants (N=50) underwent two phases of testing: an initial 

screening phase and an experimental phase. A matched grouped design was 

implemented, randomly assigning participants to either the control or experimental 

group. The testing phase consisted of either a mentally fatiguing cognitive task, or a 

neutral control condition, followed by a 10km cycling time trial. Dependent variables 

were time to completion, heart rate, VO2, peak power, oxygenated hemoglobin, 

deoxygenated hemoglobin, total oxygenation index, self-efficacy, and rate of perceived 

exertion. Data reduction was executed via principle component analysis, resulting in 

three new factors: performance and central physiological markers, negative peripheral 

physiological markers, and negative psychological markers. MANCOVA was performed 

with VO2max, self-orientated perfectionism, and motivation towards physical activity 

entered as covariates, and group as the only independent variable. Group failed to 
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account for a significant amount of variability in the three factors after the variability 

shared between the covariates and the factors were controlled for (Pillai’s Trace = 0.19, 

F(3, 43) = 0.275, p > 0.05, partial η2 = .019). Contrary to previous research, findings 

indicate that mental fatigue does not affect the psychobiological response to exercise. 

However, the sample consisted of predominantly well-trained individuals with similar 

psychological traits, which could have masked any mediating effects of the covariates. 

Mental fatigue appears to be a multidimensional construct, where an individual’s 

perception of mental fatigue is the most influential factor. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background information 

 

The literature reports on numerous occasions that mental fatigue has a negative 

effect on cognitive performance (Boksem, Meijman, & Lorist, 2005; Lorist et al., 2000; 

van der Linden, Frese, & Meijman, 2003), with the majority of these studies being 

situated in an occupational context.  Very few studies exist that show the effect of 

mental fatigue on physical performance (Marcora, Staiano, & Manning, 2009; Mehta & 

Parasuraman, 2014). The limited number of studies that do, suggest that mental fatigue 

has a negative effect. 

 

A state of mental fatigue is achieved when an individual exerts continuous mental effort 

on a single task or a number of tasks, over a period of time. Task aversion, defined as the 

aversion to invest further effort in a task (Hockey, 1983) is a noted marker in mental 

fatigue and alters the cognitive strategy that one employs when attempting to complete a 

task (Boksem et al., 2005). The significant existence of mental fatigue in the general 

population has been shown previously (Åkerstedt et al., 2004), thus generating the 

notion that mental fatigue may be a common state in those who participate in physical 

activity, both in a recreational and competitive context. This may be partially due to life 

demands such as school, work, or family. 

 

The area of physiological fatigue and it’s subsequent effects on performance have been 

extensively examined in the literature, and although no single model seems to fully 

explain this form of fatigue, multiple perspectives exist that attempt to clarify the 
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phenomena. These models range from purely peripheral (Shephard, 2009) to purely 

central (Kayser, 2003). Some subscribe to more complex models such as the central 

governor (Noakes, 2011), whilst others advocate for an integrated and task dependent 

model (Laurent & Green, 2009). The current study was interested in examining the 

effect of mental fatigue on physical performance from an integrated standpoint, 

specifically adhering to more of a psychobiological approach (Blanchfield, Hardy, de 

Morree, Staiano, & Marcora, 2013; Marcora & Staiano, 2010). This approach attempts 

to take into account both physiological and psychological factors to explain fatigue and 

performance, and also promotes the idea that any factor that affects effort sense, will 

also affect the physiological outcome. A secondary notion to the psychobiological model 

is that these changes in psychological perspective can alter performance independently 

of physiological symptoms (Marcora, Bosio, & de Morree, 2008). 

 

Past literature also suggests that the physiological response to stress may differ 

depending on factors such as training status and individual characteristics. For example, 

it has been noted that trained individuals are less anxious (Gondola & Tuckman, 1982), 

deal better with stressful situations (Rimmele et al., 2007), and perceive exercise 

differently than their untrained counterparts (Kayser, 2003). Although the research is not 

extensive, there is enough to suggest that tangible differences do exist that are worthy of 

further investigation.  

 

A contemporary technique for measuring mental fatigue is becoming increasingly 

apparent in exercise physiology literature. Near Infrared Spectroscopy (NIRS) measures 

cerebral blood flow, oxygenation, and de-oxygenation in attempts to learn more about 
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how the brain functions during exercise.  A small number of studies have produced 

tangible findings regarding brain oxygenation, mental fatigue, and exercise (Bhambhani, 

Malik, & Mookerjee, 2007; Mehta & Agnew, 2012; Nybo & Rasmussen, 2007). To date, 

there is just one study that has used NIRS to measure physical performance in 

conjunction with mental fatigue (Mehta & Parasuraman, 2014). That study used a simple 

hand grip task simultaneously with a serial-seven subtraction task, where participants 

were given a starting three digit number and asked to count backward by seven as 

quickly as possible.  Although the task required a single joint contraction rather than a 

locomotor task, it was still reported that oxygenated hemoglobin in the pre-frontal cortex 

decreased as time progressed. The findings of this study indicated that a reduction in 

physiological performance is observed when physical and mental tasks are engaged 

concurrently. It is suggested that this is due to the increase in mental resources needed in 

order to perform both tasks in parallel, and that this extra work results in interference in 

the pre-frontal cortex, which subsequently has a negative effect on performance.  The 

increased usage of resources in the pre-frontal cortex is represented by changes in 

cerebral blood flow, specifically a decrease in oxygenated hemoglobin, which has been 

suggested to be an indicator of mental fatigue (Lorist, Boksem, & Ridderinkhof, 2005). 

This leads to the notion that any factor that could induce mental fatigue, could 

subsequently impact physiological performance.  
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1.2 Purpose of the study 

 

The purpose of the study was to examine the physiological and psychological 

response to induced a priori mental fatigue during an exercise task. A secondary 

objective was to investigate how aerobic capacity may effect mental fatigue, and thirdly, 

whether specific personality characteristics could account for any differences in the 

psychobiological response.  A combination of physical and psychological measures were 

utilized, including brain oxygenation via the use of NIRS, which in itself contributes to 

the literature greatly.  

1.3 Research Questions 

 

1. What effect does acute mental fatigue have on the physiological and 

psychological response to exercise? 

2. Does the psychobiological response to mental fatigue differ, depending on the 

aerobic capacity? 

3. Does possessing certain personality traits, such as perfectionism and intrinsic 

motivation, predispose an individual to have different psychobiological 

responses to exercise performance? 
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1.4 Hypotheses 

 

 

1. Completion time in those with greater VO2max values will be equal to or less than 

those with lesser VO2max values. 

2. The effect of mental fatigue on central physiological markers, peripheral 

physiological markers, and psychological markers, will be less for those with 

greater VO2max values, perfectionism, RPE, intrinsic motivation, and self-

efficacy. 

 

1.5 Significance 

 

This study results in a deeper understanding of the effects of common 

psychological stressors such as work and/or school demands, that often result in mental 

fatigue, on the psychobiological response to exercise. If these effects are better 

understood, improvements and recommendations could be made that benefit strategies in 

exercise behaviour. For example, it could be recommended that individuals exercise in a 

mentally rested state in order to improve both physical outcomes and the perception of 

the experience. Similarly, if it is found that mental fatigue affects performance 

regardless of aerobic capacity, the findings would be of significance to highly trained 

individuals when preparing for competition.  

 

Research findings may also aid practitioners on whether psychological stressors effect 

individuals differently depending on their level of aerobic capacity. It is possible that 

those who possess a higher aerobic capacity actually require less mental resources to 

complete a task, thus resulting in reduced cognitive depletion due to their training status. 
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1.6 Impact on Academic Research Interests 

 

Empirical findings will aid future research interests by providing evidence for the 

effect of mental fatigue on the psychobiological response. Insight will be gained into 

which variables account for the majority of variation, and whether individual differences 

have an impact on performance. 

 

In addition, the data regarding cerebral hemodynamics will greatly contribute to the 

literature, which at this time is fairly sparse. Knowledge regarding whether mental 

fatigue effects cerebral blood flow, and/or oxygen utilization during exercise will be 

extremely valuable in future research. 

 

1.7 Impact on Athletes and Consulting Practitioners 

 

Findings could be used as a tool for practitioners in that they could potentially 

assess mental fatigue prior to physical activity via instruments such as NIRS and task 

aversion questionnaires. For example, if it was found prior to exercise that an individual 

already had decreased oxygenated hemoglobin and above normal task aversion, they 

could be counselled on how to reduce this and thus improve performance. If significant 

results are obtained, this could lead to developing further mechanisms in reducing 

mental fatigue prior to exercise and thus rendering greater achievements. In addition, if 

it is found that those with higher capacities are just as sensitive to fatigue as their lesser-

trained counterparts, sport psychologists working with athletes could use the potential 

findings to create methods in detecting and reducing mental fatigue.  
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1.8 Operational Definitions 

 

 

Mental fatigue: The condition resulting from continuous mental effort towards a single 

task or a number of tasks, generally resulting in task aversion. The specific nature of 

mental fatigue varies contextually, therefore a more in depth definition will be provided 

in chapter two. 

Perceived exertion:  Perceived exertion is a continuous process that is taking place at 

all times during physical activity. The actual sensations that one perceives, and the 

congruent intensity of these sensations, serve as a basis for the decisions we make on 

altering energy output (Noble & Robertson, 1996).  

Self-efficacy: The belief in one’s own ability to succeed in a specific situation.  Self-

efficacy affects the way in which one approaches a task, and attitudes surrounding it 

(Bandura, 1977). 

Near Infra-red Spectroscopy (NIRS): A technique where near-infrared light is passed 

through tissue of a desired area (prefrontal cortex, motor cortex, vastus lateralis). Light 

is scattered in the tissue and absorbed by different chromatophores such as, hemoglobin. 

The measurement given is based on how much of the light is emitted and absorbed at a 

given wavelength. As the excited chromatophore decays, light is emitted at differing 

wavelengths depending on whether the hemoglobin is oxygenated or not. The measured 

signal can be used to make inferences on changes in the concentration of oxygenated 

hemoglobin, cerebral blood flow, and total oxygenation index in the tissue (Rooks, 

Thom, McCully, & Dishman, 2010). 
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Aerobic capacity: Maximal oxygen consumption, as measured via a maximal graded 

exercise test using indirect calorimetry. 

Perfectionism: Dimensions of perfectionism include excessive concern over making 

mistakes, high personal standards, the perception of high parental expectations, the 

perception of high parental criticism, the doubting of the quality of one's actions, and a 

preference for order and organization. 

Intrinsic motivation:  Behaviour that is driven by internal rewards.  

Psychobiological response: The combination of psychological factors (i.e. perceived 

exertion and self-efficacy), and physiological factors (i.e. heart rate and oxygen uptake). 

Delineation: The sample will include both male and female healthy adults between 19 

and 25 years of age, thus results can be generalised to the whole population.  
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 Introduction 

 

In the last decade fatigue has generated large amounts of research interest in 

various fields, including exercise, sport, occupational settings, and within the general 

population. Many theoretical frameworks and models already exist to help define and 

explain the notion of fatigue, however, due to it’s complex nature and variability in 

situational differences, many questions remained unanswered. A commonly accepted 

notion is that fatigue can be separated into psychological and physiological factors; 

although it is not clear whether these two factors are interrelated or independent. Recent 

research has made advances in demonstrating the effect that mental fatigue has on 

physical performance using a number of outcome measures (Marcora et al., 2009; Mehta 

& Parasuraman, 2014). The current study intends to further this line of research by 

investigating the effect that physiological factors (aerobic capacity) and psychological 

factors (personality) have on performance during a state of mental fatigue. 

 

2.2 Defining fatigue 

 

Before attempting to define fatigue it should be briefly noted that some authors 

(Laurent & Green, 2009) have criticised investigators for subscribing to a particular 

model or definition of fatigue (i.e. central or peripheral) before a study tasks place. It 

had been suggested that this limits the interpretability of findings. To support this, the 

conclusions from similar papers (Kay et al., 2001; Nordlund, Thorstensson, & 

Cresswell, 2004) have been compared and although the objective results are tantamount 



 
 

10 

to replicable, the interpretations and surrounding discussions by the authors differ 

widely. Nevertheless, for the purposes of this paper a thorough literature review will be 

provided, outlining the current models of fatigue, the current perspective on the 

relationship between physical fatigue and mental fatigue, the neuroergonomic approach, 

and differences in fatigue between trained and untrained populations.  

 

After a comprehensive review of the literature it has become apparent that the 

parameters of fatigue are malleable, depending on the situation, task, area of research, 

and investigator. Fatigue is described as both subjective and objective in the context on 

Over Training Syndrome (OTS), a failure to maintain the required output, force, or 

power in biomechanical terms, failure of a specific physiological system from a 

physiological system, or a ‘sense of tiredness’ from a psychological standpoint. In 

studies examining distinctively mental fatigue, the definition pertains to deterioration in 

performance; ‘a change in psychophysiological state due to sustained performance’ (van 

der Linden et al., 2003). Conversely, when taking a purely physiological stance fatigue 

has been defined as ‘an acute impairment of exercise performance, which leads to an 

eventual inability to produce maximal force output as a consequence of metabolite 

accumulation or substrate depletion’ (Hagberg, 1981). It has also been proposed that 

fatigue is no more than a conscious perception that differs from person to person (Crow 

& Hammond, 1996; Davis & Walsh, 2010; Finsterer & Mahjoub, 2013). From these 

definitions it is evident that fatigue is a complex notion affected by a large amount of 

situational variables. It should be noted that in the majority of studies discussed here, 

and in the present study, fatigue refers to the acute state rather than the chronic state. 
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However when considering contexts such as OTS, which by definition is a chronic 

condition, it is probable that acute and chronic fatigue are related.  

 

Fatigue can manifest itself as both physiological and psychological, and these 

manifestations can occur either at separate times or simultaneously. It should be 

considered that despite various definitions, fatigue is unique to the individual 

experiencing it. Although there are several models to explain both these aspects, the 

basic premise is that physiological fatigue occurs when a system can no longer meet the 

demand (i.e. fuel or oxygen). Psychological fatigue on the other hand occurs upstream, 

and the cessation of physical activity originates from the central nervous system 

(Noakes, 2011). A great deal of research exists on both of these aspects, an overview of 

which will be presented below. 

 

2.3 Models of fatigue 

 

Peripheral  

 

Exercise fatigue is a common condition, yet causes are varied and perceptions of 

fatigue are unique to the individual (Moeller, 2004). Many attempts have been made to 

explain this ubiquitous phenomenon, resulting in the development of a number of 

models that represent a continuum of understanding. The traditional model of peripheral 

fatigue proposed by A.V. Hill in 1924, also known as the catastrophe model, is centered 

around the notion that fatigue occurs when a physiological system reaches 100% 

capacity and can simply no longer continue working (Hill, 1924). Once a rate of work is 

reached that demands more blood to the working muscles than can be supplied, force 
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production and thus exercise performance is halted. The main contributing factor to the 

peripheral model is energy supply and depletion; once fuel substrates have been 

depleted, or they can no longer be delivered to the cells at the required rate, fatigue will 

occur (Shephard, 2009). Simply put, peripheral fatigue advocates for a physical 

limitation explanation of fatigue, whereby homeostasis is not maintained in some 

manner.  

 

Central 

 

The central model of fatigue states that a failure of brain function, or neural 

drive, causes fatigue and for this reason it advocates for the opposite of Hill’s (1924) 

peripheral model.  However, it is not all that dissimilar as it is still a linear model, 

whereby the only difference is the site of catastrophe being the brain and not the rest of 

the body’s systems. This is not to say that the body and brain are not connected, just that 

either could ‘fail’ and result in the same perception of fatigue. The central model relates 

heavily to neuromuscular fatigue, whereby a decrease in force is observed in conjunction 

with an increase in perceived effort. The failure in neural drive occurs at some point 

between the initiation of an action potential and the actin-myosin cross bridging in the 

working muscle (Abbiss & Laursen, 2005). 

 

There are three generally accepted theories of neuromuscular fatigue; central activation 

failure theory, neuromuscular propagation failure theory, and the muscle power model. 

Central activation theory takes the position that central fatigue stems from a reduction in 

neural drive (Abbiss & Laursen, 2005). Increases in exercise elicit a simultaneous 

increase in neurotransmitters such as dopamine and serotonin, both of which have been 
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shown to reduce exercise performance (Davis & Bailey, 1997). Increases in Serotonin 5-

hydroxytryptamine (5-HT) have been proposed as a mediator of CNS fatigue as it affects 

arousal, lethargy, sleepiness, and also a mood state that can affect effort sense 

(Newsholme, Blomstrand, & Ekblom, 1992). 

 

A common way to measure central fatigue in a laboratory setting is to stimulate muscle 

electrically, and measure the force created thus removing the role of the CNS, and to 

compare this to a voluntary contraction. A reduction in force in the voluntary contraction 

would indicate central fatigue. Neural propagation theory advocates that downstream 

peripheral factors are responsible for reductions in force. The notion is that neural drive 

remains constant, and it is the ability of the working muscle to react to the stimulation 

that fails when fatigued. A difference between the action potential received at the 

neuromuscular junction, and the muscle action potential created in the sarcomere is 

observed in this case.  Neural propagation theory has been observed most in endurance 

sports when the bodies reserves have been depleted, specifically electrolytes such as 

sodium and potassium, which are crucial components in muscle contraction (Abbiss & 

Laursen, 2005). 

 

The muscle power model promotes a peripheral concept of fatigue whereby failure is 

thought to occur directly at the working muscle, precisely involving the muscle 

contraction-excitation processes. This model is similar to the neural propagation theory 

in that it also pertains to substrate depletion, specifically calcium. Release of calcium 

from the sarcoplasmic reticulum is critical if muscle contraction is to occur. It has also 

been proposed that during a fatigued state, the mitochondria may also absorb calcium, 
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which in turn interferes with mitochondrial function, increases VO2, and reduces the 

phosphorylation ability of adenosine diphosphate (ADP) to adenosine triphosphate 

(ATP: Abbiss & Laursen, 2005). 

 

Psychological 

 

The psychological/motivational model of fatigue is often associated with the 

neuromuscular model, and can be thought of as a lack of enthusiasm or disinterest for 

exercise. The main difference between the psychological model and central fatigue is 

that the reduction in neural drive is thought to be intentional (Abbiss & Laursen, 2005). 

This reduction is brought about by afferent feedback from any number of physiological 

or psychological factors. Many studies have attempted to define what variables elicit 

changes in RPE that may lead to the onset of fatigue. Some state that heart rate and VO2 

are the main contributors (Jakicic, Donnelly, Pronk, Jawad, & Jacobsen, 1995), others 

have shown mood to affect RPE (Rocheleau, Webster, Bryan, & Frazier, 2004), and 

some indicate that knowledge of the task can also dramatically affect RPE (Baden, 

Warwick-Evans, & Lakomy, 2004). Together these findings support the view that the 

brain controls RPE, and that changes in RPE could significantly affect performance. 

There are numerous psychological factors involved with the perception of fatigue, many 

of which could be interrelated. For example, if an individual is aware that an upcoming 

bout of exercise is longer/more intense than anticipated, this may have an effect on their 

mood, which could subsequently affect their RPE. 
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Central governor theory 

 

The central governor model (CGM) is a working model that ascribes to an 

anticipatory concept whereby fatigue is controlled completely by the brain (Noakes, 

2011). Noakes’ theory is based on the notion that somewhere a ‘Governor’ exists that 

controls all exercise as a protective mechanism and acts in an anticipatory manner 

(Noakes, 2000). It is proposed that this governor anticipates at what point a catastrophic 

event would occur, and regulates exercise intensity to ensure that the event does not 

transpire. Similar to other models of fatigue, the existence of a central governor has 

neither been proven nor disproven, however, findings from associated research has been 

used to either support or deny the notion. Due to this, the CGM has received mixed 

reviews in the literature with some researchers regarding it as far-fetched, and 

unnecessarily complex.  

 

Noakes disputes any peripheral, or ‘catastrophe,’ linear model of fatigue as it implies 

that fatigue only occurs when the body fails to maintain homeostasis. The predominate 

disagreement with the peripheral model is that the brain does not appear as a factor, and 

since the brain ultimately controls human movement then it must be where fatigue 

originates. Noakes’ CGM advocates for a system where feedback from the peripheral is 

received, which in turn influences a feed-forward/anticipatory structure that determines 

muscle recruitment and ultimately rate of perceived exertion. This system is interpreted 

to serve as a protective mechanism, using all available sensory information to ensure 

that homeostasis is maintained. Noakes states that the sensory information used are both 

physiological and psychological in nature. As well as factors such as energy supply and 

VO2max, factors including knowledge of exercise duration, previous experience, 
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importance of present activity, and motivation also contribute to the CGM (Noakes, 

2011). Noakes also states that the CGM can anticipate future failure and thus affects 

behaviour modification to ensure homoeostasis.  

To support the CGM Noakes bases his argument around six commonly observed 

phenomena in exercise: 

1. Different pacing strategies for different exercise durations 

2. The end spurt 

3. The presence of fatigue during homeostasis 

4. At the point of fatigue less than 100% of muscle fibres have been recruited. 

5. Performance can be enhanced by interventions that target only the brain 

6. RPE has been shown to represent duration of exercise remaining rather than 

intensity 

 

The first observation is that humans do not exercise at a constant pace for the duration of 

an exercise bout. The peripheral model of fatigue suggests that humans work at one 

intensity until failure of a physiological system, however, in most activities, power 

output changes frequently. Researchers advocate for the presence of teleoanticaption 

(Ulmer, 1996) whereby the CNS uses information regarding the finishing point to set 

exercise intensity. Theoretically, it would be possible to predict exercise intensity from 

the duration of the activity.   

 

The notion of the end spurt is intriguing, as athletes commonly perform at a much higher 

intensity during the last 5-10% of exercise, when in theory they should be most fatigued. 

One explanation is that the CNS has information regarding the end of exercise and is 
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responsible for increasing intensity knowing that homeostasis will be maintained; this is 

supported by studies that have shown an increase in electromyography (EMG) activity 

in the working muscles at the end of an exercise bout, which originates from the CNS 

(Tucker, 2009). However, the concept of the end spurt has also received some criticism 

due to the findings that hyperoxia can augment blood flow; this is easily explained from 

a peripheral perspective, but it’s much harder to support the reverse effect from a central 

standpoint (Shephard, 2009). 

 

Noakes interprets the observation that homeostasis is preserved during exercise as a 

direct contradiction to Hill’s theory of peripheral fatigue (Noakes, Gibson, & Lambert, 

2005), where it is the failure of homeostasis that causes fatigue. This has also been the 

target of criticism within the literature, the debate being that if there is a protective 

mechanism that maintains homeostasis at all times, why do people still suffer fatal 

injuries and develop serious conditions during exercise (Shephard, 2009)? It is conceded 

that the body does have systems in place for protection after bouts of vigorous exercise, 

the Golgi Tendon Organ being one example, however, a governor is not seen as 

necessary to explain this.  

 

The finding that fatigue happens prior to 100% of muscle recruitment is also 

contradictory to a peripheral model of fatigue. However, there are many other variables 

involved that could explain this finding. As stated previously, there are a number of 

mechanisms in place to avoid injury, and not recruiting 100% of muscle fibres is 

potentially one such mechanism.   
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The criticism in the literature is that the ‘governor’ is an unproven notion, and due to the 

body already having various protective systems in place, it is perceived as unnecessary 

(Shephard, 2009). To further explain this point the same thinking can be applied to the 

finding that specific drugs that only target pathways in the brain can enhance 

performance.  This shows that the brain is certainly involved in exercise and thus can be 

manipulated; however it does not prove that a ‘governor’ exists. 

 

Lastly, a recent influx of papers have shown that the common measure of exercise 

intensity, RPE (Borg, 1998), does not always actually represent exercise intensity. 

Indeed a number of studies have reported that RPE increases as a function of percentage 

of exercise completed/remaining (Crewe, Tucker, & Noakes, 2008; Eston, Faulkner, St 

Clair Gibson, Noakes, & Parfitt, 2007; St Gibson et al., 2006), and that deceiving 

individuals about the duration of exercise can impact RPE. Furthermore, it has also been 

suggested that RPE is actually set by the CNS at the start of exercise to ensure optimal 

pacing (Baden et al., 2004) and that this would explain why intensity changes over 

duration, and also the end spurt phenomena. 

  

A number of studies have reported that RPE increases as a function of time, not intensity 

(Baden et al., 2004; Tucker, 2009). Baden et al., (2004) had participants run on a 

treadmill at a moderate intensity for 10 minutes, on two separate occasions at a pre-

determined speed and grade that was consistent for both sessions. On one occasion they 

were correctly informed that they would be running for 10 minutes, and on another trial 

they were told that they would be running for 20 minutes but were stopped unexpectedly 

after 10 minutes. Baden and colleagues (2004) reported that RPE was significantly lower 
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for the ‘longer’ duration trial, which suggests that participants perceived their exertion as 

lower when they thought they would be exercising for longer.  This supports the idea 

that individuals pace themselves mentally and that cognitive strategies are employed to 

control fatigue. The current rationale for this finding is that RPE is actually set at the 

beginning of exercise, based on information that is both physiological and psychological 

in nature. This line of thinking is compelling evidence for an integrated central model of 

fatigue where the brain is heavily involved in conjunction with the body.  

 

Numerous papers have focused on producing supporting evidence for either the CGM 

(Gibson & Noakes, 2004; Noakes, Peltonen, & Rusko, 2001), or a peripheral model 

(Shephard, 2009), or a central model (Marcora, 2008), or simply an integrated model of 

fatigue (Laurent & Green, 2009). These papers have taken many approaches in order to 

support or dispute certain models, including the effect of carbohydrate loading on 

fatigue (Baldwin et al., 2003) and exercise in hypoxic conditions (Noakes et al., 2001). It 

can be seen that elements of all of these models are applicable in certain situations. At 

high intensities, it is hard to argue that it is not the cardiovascular system that fails to 

enable an individual to continue working at maximum effort. However during a lower 

intensity, longer duration event, the brain is more likely to play a role in the continuance 

of exercise. Despite an individual having an adequate physiological capacity for a 

certain task, one must also possess the necessary level of psychological skills and 

qualities to complete the task, such as motivation, self-confidence, and self-efficacy. It 

has been reported that the traditional reductionist approach cannot explain such a 

multidimensional phenomena as exercise fatigue (Laurent & Green, 2009) and that a 

linear model cannot encompass all the necessary variables to rationalize fatigue, as it is 
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highly task dependent. In addition, it is unlikely that a single physiological system, 

whether it is the heart, the muscles, or a neurotransmitter in the brain, is singularly 

responsible for fatigue.  Nevertheless, Noakes has also received criticism for the CGM 

being complex, implausible, and simply unnecessary to explain exercise fatigue 

(Marcora, 2008; Shephard, 2009). Marcora (2008) argues that a subconscious entity that 

is ultimately in control of exercise performance, and that ‘steps in’ to alter the conscious 

sensation of effort, is far-fetched, and that a psychobiological model can more simply 

and plausibly explain the same outcomes. Another interesting aspect presented by 

multiple researchers relates to the conscious perception of effort and control. In the case 

of a purely peripheral model, the undesirable sensations of exercise would be 

unnecessary if the cardiovascular system was in complete control. The same can be said 

for the CGM; if the governor elicits subconscious control of exercise performance, then 

perception of discomfort would have no purpose, unless this is the mechanism by which 

the CGM works. 

 

Psychobiological 

 

The last model of fatigue that will be examined is the psychobiological model, 

which has similarities to the CGM in that it promotes the role of the brain in fatigue, but 

refutes the notion of a ‘governor’ (Marcora, 2008). Marcora advocates for an integrated 

psychobiological model where the main premise is that any factor that can affect rate of 

perceived exertion (RPE), will, in turn, affect performance. Marcora has produced 

convincing evidence supporting this theory via the use of psychological interventions. A 

particular study of interest involved two groups of participants cycling to exhaustion, 

one group underwent a positive self-talk intervention, and a control group who did not 
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(Blanchfield et al., 2013). The self-talk group produced significantly lower RPE and also 

greater performance in that time to exhaustion was longer, however this was not 

mediated by EMG, which remained unchanged. This finding is not uncommon in the 

literature, as authors have previously reported a symptom known as RPE drift whereby 

RPE changes but physiological changes stay constant (Trent et al., 2008). Other authors 

have also suggested that RPE is associated with core temperature and not muscular 

changes (Nybo & Nielsen, 2001), which would support the notion that RPE is controlled 

via the CNS. Furthermore, a review of RPE stated that caffeine significantly lowered 

RPE, without altering physiological symptoms (Faulkner & Eston, 2008). This is 

indicative of a process whereby the body is able to perform closer to it’s capacity, 

without a perceived threat to homeostasis increasing RPE. To illustrate this even further, 

methodologies employing hypnotism have gained fascinating results (Williamson et al., 

2001) whereby participants were manipulated into a higher effort sense, and 

physiological symptoms also increased. Interestingly, when effort sense was 

manipulated to represent a lower state, physical symptoms did not respond concurrently. 

The current study will take a predominantly psychobiological standpoint as it applies 

succinctly with the research questions, hypothesis and methodology.  The notion that 

any factor that can affect RPE can subsequently affect performance directly relates to the 

current study, as the intervention is to induce mental fatigue. If it is found that mental 

fatigue increases RPE and decreases performance, then the psychobiological model will 

be supported. 
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2.4 Mental fatigue and cognitive function 

 

Numerous studies (Boksem et al., 2005; Lorist et al., 2000; van der Linden et al., 

2003) have shown through an array of methodologies that mental fatigue has a negative 

effect on cognitive performance. That being said, the effect of mental fatigue on physical 

performance has not received as much attention in the literature. The following section 

will give a review of the existing literature on the effect of mental fatigue on cognitive 

performance, with the purpose of highlighting components that could be considered 

relevant in a physical performance context. 

 

Although many suitable definitions are given throughout the literature, it would be 

cautious to first define mental fatigue in relation to the current study, thus separating it 

from other similar or interchangeable terms.  The most succinct interpretation of mental 

fatigue that suits this area is a change in psychophysiological state, due to sustained 

cognitive, or perceptual, performance. This is sometimes termed active fatigue in the 

literature (Desmond & Hancock, 2001). Mental fatigue can be induced via sustained 

performance on a single, or a range of tasks, over a long period of time (van der Linden 

et al., 2003). This can be compared to the many psychological stressors that embody the 

daily life of those who have full-time jobs, or those in full-time education. Even if these 

activities are not perceived as overly stressful by the individual, the volume of mental 

effort and attention used concomitant to them is enough to induce a state of mental 

fatigue. Research has shown that this change in psychophysiological state has many 

manifestations, ranging from scientifically measurable, to more subjective perception. 

Mental fatigue has been shown to decrease cognitive performance (Boksem et al., 2005) 

as well as influence mood state (Lorist et al., 2000), and has been described subjectively 
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as a lack of energy (Marcora et al., 2009). Given the complex nature of fatigue, it would 

seem that many variables could influence both empirical findings and subjective reports.  

 

The term psychological distress is often associated, and sometimes interchanged, with 

mental fatigue. Although similar, there are substantial differences in the two mental 

states. Firstly, the term fatigue and stress could be considered similar, and that mental 

stress could lead to mental fatigue; however, the definition of stress includes a response 

that is not harmful to the individual, whereas distress implies a harmful response. 

Psychological distress, therefore, is a discomforting emotional state that can result in 

either temporary or permanent harm (Ridner, 2004). The context that the current study is 

investigating refers to the mental state of fatigue that is frequently felt by a large number 

of the population. Due to this, the term mental fatigue as a form of mental stress, that is 

not directly harmful to the individual, will be adopted. 

 

A number of studies investigating the effects of mental fatigue do so with the purpose of 

relating the effects to psychological stressors of daily life. For this reason, it is necessary 

to establish a link between mental fatigue and the general population, to ensure the 

findings have adequate generalizability. The multivariate relationship between mental 

fatigue and different aspects of lifestyle was examined, as well as disturbed sleep, in a 

study of over 5000 healthy adults (Åkerstedt et al., 2004). Participants were obtained via 

a larger database where data had been collected on 20 occupational health care units 

serving 40 companies in central Sweden. A logistic regression analysis was used to 

define significant predictors of the dependent variable fatigue. It was reported that 

mental fatigue was predicted by a number of lifestyle and demographic variables 
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including; high work demands, low social support, being female, lack of exercise, 

inability to stop thinking about work during leisure time, and most prominent of all, 

disturbed sleep. High work demands and low support was found to be the key 

component of mental fatigue, which was closely related to the total immersion in one’s 

work. Considering this, it would seem logical that those in full-time work, or school, 

could encounter mental fatigue on a regular basis. While this alone may have no harmful 

consequences, of interest here is whether mental fatigue can have an adverse 

consequence on exercise performance.  

 

The effect of mental fatigue on task performance has been of interest for many years, 

first appearing in 1943 when the need for critical research into the topic was highlighted 

(Bartlett, 1943). Since then the effect of mental fatigue on different aspects of cognitive 

performance has been well examined, such as reaction time, planning and preparation, 

and attention (Boksem et al., 2005; Lorist et al., 2000). The majority of these 

investigations report that mental fatigue has a negative effect on performance.  One 

study examined how planning and preparing cognitively for future actions was affected 

when mental fatigue was induced by a switching task (Lorist et al., 2000).  Healthy 

participants between 18-26 years of age were engaged in a continuous mental task for 

two hours in which they were required to frequently switch tasks. The task involved a 

letter being presented in a certain area of a screen, in either red or blue, where the 

participant had to respond with a left or right keystroke based on a set of pre-determined 

rules. Half of the participants were instructed to respond to the color of the letter if it 

appeared in the top half of the screen, and to respond based on whether the letter was a 

consonant or a vowel if it appears in the bottom half. The other half of the participants 
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were instructed to base their response on the color of the letter if it appeared on the right 

of the screen, and on the letter itself if it appeared on the left.  Participants were further 

instructed to switch tasks every two trials. It was reported that reaction time decreased 

throughout the experimental session where they had to switch tasks. In addition, 

participants were also reported to have negative mood changes, simultaneous with 

mental fatigue and decreased performance; vigor was decreased whilst depression and 

anger were elevated. The method used in this study could be compared to the tasks 

carried out in daily life, and in actuality two hours may be an underestimate of the time 

that individuals spend mentally engaged on a task or several tasks. Nevertheless, it must 

also be considered that individuals may adapt to these stressors by developing coping 

skills for certain situations. An interesting finding of this study (Lorist et al., 2000) that 

can be related to an exercise task is that participants reported increased aversion to the 

task the longer it continued. This finding represents a decrease in motivation, and the 

literature suggests this causes the participant to be more stimulus driven than task/goal 

driven (Boksem et al., 2005; Lorist et al., 2000). To explain further, one may enter a task 

with a plan on how to complete it, and/or a goal/objective. Increasing mental fatigue 

causes the individual to abandon preconceived plans and react solely based on the 

stimulus they are experiencing. Considering this, it is possible that mental fatigue could 

have an adverse effect in an exercise setting whereby the best predetermined course of 

action can be abandoned in the presence of mental fatigue.  

 

The concept of goal/stimulus driven behavior was specifically examined in the context 

of attention, where seventeen healthy participants between 18-26 performed a 

continuous three hour attention task, and were measured on variables including task 
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performance, aversion, electroencephalogram (EEG), and event-related potentials (ERP) 

(Boksem et al., 2005). The task involved 50 blocks of 160 trials lasting three hours, 

where participants had to respond to a stimulus based on a cue given at the start of each 

block. Before the first block and after every 10th block, participants were questioned 

about their level of resistance against performing the task (i.e. the aversion scale), on a 

continuous scale from zero (no aversion) to 10 (maximum aversion). Participants 

reported increasing aversion to the task (indicative of mental fatigue) and decreased 

performance. These results were interpreted as an impairment in directing attention 

towards the relevant cues. Mental fatigue was found to have a negative effect on goal-

directed behavior, often termed association, but was found to have little effect on 

stimulus driven behavior; in a state of mental fatigue one becomes unable to shift 

attention away from irrelevant cues thereby impairing performance. The inability to 

change attentional focus is related to differing cognitive strategies of trained and 

untrained individuals. Although this will be reviewed in more depth later, studies have 

shown that trained athletes perform better when associating, and untrained athletes better 

when dissociating (Masters & Ogles, 1998b). Considering that mental fatigue did not 

have an effect on stimulus driven behavior (Boksem et al., 2005), which would primarily 

relate to dissociation, this suggests that mental fatigue might negatively affect the 

performance of trained individuals more so than that of untrained. In addition, mental 

fatigue has a larger impact on complex or novel tasks, whereas automatic tasks are not 

as affected (Hockey, 1983; Lorist et al., 2000). To a trained individual an exercise task 

may be automated and thus affected less, conversely an untrained individual would 

consider exercise a novel task and thus may be more sensitive to mental fatigue. 
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The effect of mental fatigue on cognitive performance can be further related to a 

physical setting when we consider the findings of a study that investigated fatigue and 

executive control; the aptitude to regulate both perceptual and motor purposes 

implemented in goal setting behavior (van der Linden et al., 2003). Fatigue was elicited 

via a two hour cognitively demanding test designed to assess planning ability in 31 

participants (mean age = 21 years), whilst the remaining 27 participants spent the time in 

a cognitively neutral setting.  After the manipulation and control settings were complete, 

participants rated their mental effort, mood, and motivation, before working on a number 

of cognitively demanding cognitive tests with predetermined end points (i.e. the 

participant either completed the task or ran out of trials). Results showed that those who 

were fatigued experienced impaired executive control, and thus were not able to plan 

movements as efficiently as the non-fatigued group. Movement planning and behavior 

regulation is required in an exercise setting; if one is suffering from mental fatigue and 

concurrently trying to complete an exercise task which involves reacting to stimuli, the 

task may become compromised.  

 

The literature also suggests that mental resources are limited (Baden et al., 2004; 

Baumeister, Bratslavsky, Muraven, & Tice, 1998) and if they become less available, via 

a heavy mental workload prior to exercising for example, then behavior is negatively 

impacted and possibly results in stimulus driven behavioral choices. Baumeister (1998) 

describes the overall self’s capacity as limited and suggests that a range of cognitions 

such as self-control, self-regulation, and decision making share a common resource 

termed ego depletion. In an earlier study (Baumeister et al., 1998) 67 participants were 

recruited in order to test the hypothesis of ego depletion via self-regulation. Participants 
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were observed attempting to complete an impossible puzzle after being instructed to eat 

radishes despite there being chocolate chip cookies in the same room. The hypothesis 

being that if increased self-regulation is being used to prevent themselves from eating 

the cookies, then they will give up at the task sooner as their mental resources are being 

drained. The main finding was that the chocolate group gave up significantly faster than 

the radish group or the control group. This study demonstrates that two different mental 

skills share a common resource, and therefore when one is used heavily, there is less 

available for other skills. 

 

An important aspect of both mental fatigue and exercise performance is motivation. It 

has been suggested that mental fatigue can be conceptualized as a cost/reward balance, 

and that once the perceived cost outweighs the reward then one will disengage from the 

task.  This relates to the motivational intensity theory (Wright, 2008), which is also a 

psychobiological model. It is postulated that effort is based in decision-making, and 

fueled by two cognitive and motivational factors: perceived exertion and potential 

motivational (Marcora, 2008; Marcora et al., 2008). It has even been proposed that 

fatigue is simply a lack of motivation, whereby the brain ‘decides’ that the behavior is 

no longer an appropriate cost and thus uses fatigue as an adaptive signal to disengage 

and conserve resources (commonly known as task aversion: Boksem et al., 2005; 

Boksem, Meijman, & Lorist, 2006). A more in depth review of this notion in relation to 

neuroanatomical structures and systems will be given later, however, in a study by 

Boksem and colleagues (2006) motivation towards a cognitive task was manipulated by 

a monetary reward and social comparison. Nineteen healthy participants between 18-26 

performed a two hour and twenty minute on screen cognitive task where they had to 
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react correctly to stimuli. The first two hours of the task was designed to induce fatigue. 

After this point, text was displayed on the screen informing the participant that for the 

remainder of the test they would be compared to the other participants, and that the 

highest performing individual would receive an extra 25 Euros. It was reported that once 

motivated, participants developed different strategies in order to enhance their 

performance. In addition, once motivated participants could accurately monitor their 

actions however they had to sacrifice an aspect of the task to do so (i.e. speed or 

accuracy), suggesting that there are limited cognitive resources. Therefore, even with 

increased motivation and purposeful activation, it is not possible to provide the same 

amount of resources if mental fatigue were not present. It was concluded that motivation 

was a strong component of mental fatigue and that it involved adaption that is somewhat 

under voluntary control. This conclusion indicates the idea, and secondary purpose of 

the current study, that there is a difference between individuals of differing aerobic 

capacity.  This difference is with regards to whether trained individuals posses more 

motivation than untrained individuals, and thus are influenced differently by mental 

fatigue.  

2.5 Mental fatigue and physiological function 

 

Although the cognitive effects of mental fatigue are important, there is also the 

physiological aspect to consider. Many studies have examined the physical changes that 

accompany mental fatigue, however, it should be noted that these changes are being 

observed during rest, as opposed to during exercise. These changes would be more 

representative of the physical state of an individual who is expending mental effort while 
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at rest. A number of physiological aspects will now be discussed; however, cerebral 

hemodynamics will be omitted until later as it is a central theme of the current study.  

 

The cardiovascular effects of mental fatigue were investigated in relation to the 

difficulty of the cognitive challenge, as well as the relevance of the cognitive challenge 

to the activity that initially caused mental fatigue (Wright et al., 2007). Participants (92 

females) performed either a low or high fatiguing task for five minutes, followed by an 

arithmetic challenge that was related to the fatiguing task, or a scanning challenge that 

was not related to the fatiguing task. During the protocol vital signs were observed 

including heart rate, systolic blood pressure, diastolic blood pressure and mean arterial 

pressure. Findings included an increase in blood pressure response during the mental 

task where the participant was already fatigued, and also an increase in heart rate during 

the fatiguing activity. In addition, heart rate was higher for participants that had been 

fatigued to a higher level. Although this study (Wright et al., 2007) was fairly complex 

and examined different time periods of mental fatigue, it was concluded that mental 

fatigue had an effect on physiological symptoms.  

 

Motor unit recruitment has also been examined, and it has been reported that even 

without physical demands, mental fatigue can keep motor units engaged for extended 

periods of time (Lundberg et al., 2002). In that study seventeen men and women (mean 

age = 23) were exposed to both mental and physical stressors at one minute intervals for 

60 minutes. Mental stress was induced via a color-word test, and two forms of mental 

arithmetic, each lasting for five minutes. Physical stress was induced via the cold pressor 

test, which involves holding a hand in ice water up to the wrist for one minute. The main 
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finding of this study was that the same motor units were recruited during mental activity 

as were during physical effort, indicating that muscle actively responds to psychological 

factors as well as physiological ones. In a real world setting this finding suggests that 

muscles may remain active even in the absence of mental effort. Therefore it seems 

plausible that someone with high cognitive demands during the day could still be 

undergoing the physiological symptoms at a separate time, including when they 

participate in exercise. Again, although the primary effects of this are likely not harmful, 

it is possible that they have an adverse effect on performance through such avenues as 

reduced efficiency or depleted energy.  

 

An extension of Lundberg’s (2002) study is to consider the effect that a mental workload 

would have on physical aspects if they were happening concurrently. That is, if someone 

was mentally engaged in a task at the same time as performing a physical task, would 

the physical outcome be different compared to there being no concomitant mental 

demand? This is comparable to a practical setting, whereby an individual is attempting 

exercise but is directing mental effort towards some aspect of their life; a work problem 

or issue at school. This has ties with dissociation, but here we are looking at the direct 

effect on physicality. Mehta has carried out a large number of studies in this area (Mehta 

& Agnew, 2011; Mehta, Nussbaum, & Agnew, 2012; Mehta & Agnew, 2012; Mehta & 

Parasuraman, 2014; Mehta & Agnew, 2013), including an investigation into the 

influence of mental work on muscular endurance, fatigue and recovery (Mehta & 

Agnew, 2012). Twelve participants (mean age = 22.3) completed six experimental 

sessions with time in between to avoid compounded fatigue. Sessions consisted of a 

static shoulder exercise to exhaustion at varying levels of maximum voluntary 
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contraction, with either a simultaneous mental task or without. The physical test required 

participants to perform 15 seconds of static exertion followed by 15 seconds of rest, until 

exhaustion. The concurrent condition required participants to continually multiply a 

starting number by three during the 15 second work period. It was reported that the 

concurrent condition resulted in a faster decline in strength and shortened endurance 

times. Also interesting was that although muscular recovery was not negatively 

impacted, heart rate recovery was slower during the experimental condition. Although 

this study utilizes a static task in an occupational setting, it could potentially be related 

to an exercise setting. 

 

A number of additional studies report similar findings in that mental fatigue/stress has an 

effect on physiological symptoms; from cardiovascular effects (Wright et al., 2007) to 

the mechanical loading of the lumbar spine (Marras, Davis, Heaney, Maronitis, & 

Allread, 2000). It has also been recognized by those involved in physical 

neuroergonomics that it is important to consider motor, cognitive, and emotional aspects 

of performance in unison (Karwowski, Siemionow, & Gielo-Perczak, 2003). The notion 

that emotion can affect performance, and thus by continuation that simple changes in 

mood might also have an effect, is pertinent and should be considered in research 

regarding mental fatigue. 

 

To summarize, from the literature presented thus far it can be seen that mental fatigue 

can affect cardiovascular and physiological symptoms whilst at rest, giving a rationale 

for the notion that there could also be an effect during exercise. As of yet this aspect has 
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not been well researched and only a small number of studies exist; these will be 

reviewed in the next section.  

 

2.6 Physical performance and mental fatigue 

 

Numerous studies have investigated various cognitive effects of mental fatigue, 

as well as some explorations of physical static tasks from an occupational perspective. 

However, to date only a very small number of studies have specifically examined the 

effects of mental fatigue on the physiological response to exercise. The most noteworthy 

of these was carried out by Marcora (2009) who is well known in the literature for 

advocating for a psychobiological model of fatigue (Blanchfield et al., 2013), whereby 

the cognitive and physical aspects of exercise performance are entwined. In order to 

investigate whether mental fatigue impaired performance, 16 participants (mean age = 

26) completed a time-to-exhaustion cycling task directly after completing either a 90 

minutes cognitive task, specifically the AX-CPT (Marcora et al., 2009), or a 90 minute 

control condition watching a documentary. The AX-CPT is a cognitive aptitude test 

where individuals have to respond to a letter with a specific keystroke based on a set of 

predetermined rules. What is interesting about Marcora’s hypothesis is the notion that 

mental fatigue can impair performance independently of cardiorespiratory or muscular 

changes, which is consistent with a number of accompanying studies (Blanchfield et al., 

2013; Marcora, 2009). The main findings were that mental fatigue significantly reduced 

time to exhaustion, independent of any significant changes in cardiovascular responses. 

It was further suggested that mental fatigue did not affect oxygen kinetics, VO2peak, 

efficiency, or the lactate threshold. Findings reinforced the view that mental fatigue 
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effects performance via cognitive systems such as rate of perceived exertion and 

motivation.  An observation of this study is that participants VO2peak were measured at 

52±8 ml kg-1 min-1, which describes a well-trained sample, which may not be 

representative of the general population. In addition to this the task intensity was 80% of 

VO2peak, which is certainly indicative of high intensity. Due to this the participants may 

have been operating above their perceptual threshold where they were no longer able to 

voluntarily direct their attention away from irrelevant cues. Lastly, motivation was 

artificially created (Marcora, 2009) whereby the participants received a monetary 

incentive for the best cycling performance.  These design aspects could have masked 

effects that are more commonly seen in the general population working at a moderate 

intensity.  

2.7 Physiological and psychological differences in training status 

 

The secondary research question of the current study explored whether the 

response to mental fatigue during exercise is influenced by the aerobic capacity of the 

individual. That is, will someone who is highly trained aerobically be less sensitive to 

mental fatigue/require less mental resources, than a comparably untrained individual. 

From this arise a number of subsequent questions; is the physiological response 

different? Is the psychological response different? Does a trained individual have the 

same physiological and/or psychological response yet is able to continue working? 

Might this then be more a reflection of personality and other mental constructs than 

aerobic capacity? This is a complex phenomenon with an extensive number of 

potentially influential variables, and although no study to date has explored this question 

in the exact same manner, there is a wealth of literature to be drawn from.  
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A physiological perspective was taken on the differences along the scale of aerobic 

capacity. Table 2.1 shows the ACSM normative data for VO2max for females and males. 

After reviewing the literature it became apparent that a number of assumptions are often 

made when VO2max scores are reported without any supporting information. The most 

crucial of these is that although low VO2max (poor/very poor) is indicative of a sedentary 

individual, this does not necessarily equate to an obese individual. This is an important 

distinction in terms of psychological differences and personality traits. In addition, those 

that possess higher VO2max scores also possess characteristics that set themselves apart 

from untrained individuals in more ways than physiological. One would assume that an 

individual with a VO2max score above 50 for males and 40 for females would have 

gained that capacity as a result of aerobic training, unless they are genetically 

predisposed. That is to say that they frequently participate in exercise and that physical 

training is a part of their life and thus familiar to them. Conversely, those with scores 

lower that 35 and 30 would likely not participate in regular exercise and thus are not 

familiar with the environment, physiological or psychological symptoms. This leads to a 

previously mentioned aspect of the effect of mental fatigue on cognitive performance, 

and that is whether the task is simple or complex, or automated or novel. It has been 

observed in the literature that a well-known task, that can be carried out automatically, is 

not as greatly impacted by mental fatigue as tasks that require a greater amount of 

mental effort due to the individual’s familiarity to that task (Hockey, 1983; Lorist et al., 

2000).  Through this the link to trained and untrained participants can be seen; it is 

theoretically possible that exercise is representative of a simple/automated task for the 

trained exerciser, meaning that less mental resources are required to perform it and 
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consequently preventing the effects of mental fatigue. Contrariwise, the symptoms 

produced by exercise to the untrained individual may be unknown and unfamiliar, and 

therefore require large amounts of mental resources to sustain the work, and 

subsequently making them more susceptible to mental fatigue. As this area is still 

relatively unexplored, care must be taken when making conclusions regarding the 

perception of mental fatigue in trained/untrained individuals. 

 

Table 2.1 Normative VO2max values (mk.kg.min) for females and males in differing age 

brackets. (Heyward, 2010). 

 

Female       

Age Very Poor Poor Fair Good Excellent Superior 

13-19 <25.0 25.0 – 30.9 31.0 – 34.9 35.0 – 38.9 39.0 – 41.9 >41.9 

20-29 <23.6 23.6 – 28.9 29.0 – 32.9  33.0 – 36.9 37.0 – 41.0 >41.0 

30-39 <22.8 22.8 – 26.9  27.0 – 31.4 31.5 – 35.6  35.7 – 40.0 >40.0 

40-49 <21.0 21.0 – 24.4 24.5 – 28.9 29.0 – 32.8 32.9 – 36.9 >36.9 

50-59 <20.2 20.2 – 22.7 22.8 – 26.9 27.0 – 31.4 31.5 – 35.7 >35.7 

60+ <17.5 17.5 – 20.1 20.2 – 24.4 24.5 – 30.2 30.3 – 31.4 >31.4 

       

Male       

Age Very Poor Poor Fair Good Excellent Superior 

13-19 <35.0 35.0 – 38.3 38.4 – 45.1 45.2 – 50.9 51.0 – 55.9 >55.9 

20-29 <33.0 33.0 – 36.4 36.5 – 42.4 42.5 – 46.4 46.5 – 52.4 >52.4 

30-39 <31.5 31.5 – 35.4 35.5 – 40.9 41.0 – 44.9 45.0 – 49.4 >49.4 

40-49 <30.2 30.2 – 33.5 33.6 – 38.9 39.0 – 43.7 43.8 – 48.0 >48.0 

50-59 <26.1 26.1 – 30.9 31.0 – 35.7 35.8 – 40.9 41.0 – 45.3 >45.3 

60+ <20.5 20.5 – 26.0 26.1 – 32.2 32.3 – 36.4 36.5 – 44.2  >44.2 

 

Research regarding the physiological response to mental stress, and how this differs 

between the trained and untrained, shall now be considered. 

 

A study investigated both the physiological and psychological response to psychosocial 

stress between 22 elite sportsmen and 22 untrained men (Rimmele et al., 2007). 

Interestingly the groups did not differ in terms of BMI, psychological symptoms, and 
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perceived stress. However, trained men did display significantly higher self-efficacy, 

and a trend towards lower trait anxiety than untrained men. Psychosocial stress was 

elicited via a five minute public speaking task followed by a mental arithmetic task in 

front of an unknown panel. The public speaking task was tailored to ensure subjective 

importance; elite men were applying for a contract with a sponsor, whilst untrained men 

were convincing the panel that they were the most suitable candidate for a job. Measures 

included cortisol levels, heart rate, mood, calmness, and anxiety. The main finding was 

that the trained men showed significantly reduced stress in both physiological and 

psychological components. Trained men exhibited lower cortisol and heart rate during 

psychosocial stress, as well being generally calmer with less state anxiety throughout the 

stress exposure. This study is not alone in its findings (Kubitz & Landers, 1993; 

Spalding, Lyon, Steel, & Hatfield, 2004), and many conclusions can be drawn from 

these outcomes that support an integrated model of the effect of stress. One could state 

that the reductions in stress response are due to purely physiological adaptations of a 

trained individual, while at the same time the frequent physical activity could have 

reduced baseline anxiety leading to better coping mechanisms. Others might argue that 

the difference is actually due to personality and that trained/untrained individuals obtain 

their physiological status as a product of personality traits. Research has also shown that 

acute exercise bouts can temporarily reduce anxiety; therefore individuals that had 

exercised previously to testing  (i.e. on the same day) might display reduced anxiety 

(McLaren, Fesser, Davidson, Briere, & Spink, 2014).  This study (Rimmele et al., 2007) 

has differences from the current proposal (i.e. the lack of physical stress); however, it 

does indicate that some individuals may be more sensitive to mental fatigue than others. 
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The basic conclusion is that trained individuals respond to stress differently than lesser-

trained individuals.  

 

Another study that provides some insight implemented aerobic training, weight training, 

or no training, to 45 sedentary individuals from a healthy population (Spalding et al., 

2004). The purpose was to determine the effect of training on a number of physiological 

factors, as well as cardiovascular response to psychological stress. Participants in the 

aerobic training group underwent six weeks of supervised training, where they exercised 

at 70-85% of their max heart rate for 20-30mins, 3-5 days per week. Psychological stress 

was induced pre and post intervention via a mental arithmetic task that became 

progressively more difficult, and also with the presence of auditory distraction. With the 

aim of further enhancing stress, participants were instructed to work as fast as they could 

and told that their performance would be evaluated. The main finding was that aerobic 

training significantly reduced the cardiovascular response to psychological stress in 

previously sedentary yet healthy young adults and that this could aid individuals in 

coping with the stress elicited from everyday life. These findings have interesting 

implications for the current study. Firstly it indicts that there is a physiological 

explanation, albeit not exclusively, of the differences in coping with psychological stress 

between individuals of different physical ability. The results indicate that a simple six 

week training program, indicative of an active lifestyle, can induce a better response to 

stress than those who are sedentary. Nevertheless, the study did not measure 

psychological aspects so it is unknown whether the participants underwent changes in 

personality and/or mood simultaneously. In addition, the finding that untrained 

individuals had more prominent cardiovascular symptoms under stress than trained 
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individuals supports the view that mental fatigue can affect physical performance. In 

many ways the premise of this study is very similar to the present study, however, akin 

to a multitude of studies of a physiological nature, it omits to control for individual 

differences. This is considered a pertinent factor and often marks the differences 

concerning why some people become competitive athletes, and others not. Personality, 

as well as a number of other psychological components relating to sport and exercise, 

shall be discussed next. 

 

2.8 Psychological components  

 

Early research into the psychological differences between untrained and trained 

individuals focused on the potential differences in RPE. The notion is similar to that of 

motivational intensity theory (Wright, 2008), or the cost/reward balance previously 

discussed (Boksem & Tops, 2008), in that one will only continue expediting energy and 

resources if the results are deemed worthwhile. Motivation can simply be expressed as 

the amount of effort one is willing to put into achieving a specific outcome. It should be 

noted that RPE remains constant in terms of when people disengage from a task (i.e. 18-

19 for complete disengagement), and that lactate threshold is reached at ‘somewhat 

hard’ approximately 13 to 14 (Demello, Cureton, Boineau, & Singh, 1987; Hill, 

Cureton, Grisham, & Collins, 1987), on the Borg scale (Borg, 1998). This perception of 

effort was originally thought to be an integrated system, representative of both central 

and peripheral changes, as well being mediated by psychological traits (Pandolf, 1983). 

In recent years numerous studies have been carried out into RPE and a growing number 

of researchers are advocating for the underlying mechanisms not being mediated by 
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physiological symptoms at all (Baden et al., 2004; Blanchfield et al., 2013; Marcora, 

2009; St Gibson et al., 2006). Baden and colleagues (2004) have suggested that RPE is 

mediated solely on knowledge of the activity, specifically duration, and that RPE is 

simply increased as a function of time to completion. As stated previously, Marcora 

promotes a psychobiological model whereby any technique that can lower RPE can 

increase performance; this was supported by a study where 24 participants (mean age = 

24.6) performed two time-to-exhaustion cycling tests, one pre-test and one after either a 

self-talk intervention or a control phase. It was reported that participants performed 

significantly better after the self-talk training than the control group and that self-talk 

significantly reduced RPE. In addition, there were no significant changes between 

groups on heart rate or blood lactate, despite the improvement in performance 

(Blanchfield et al., 2013).  The relation to trained and untrained participants is that 

mental fatigue will likely exacerbate RPE, however, the effect on untrained participants 

will be greater as they will be less able to accurately perceive their effort initially.   

 

Although lacking in direct testing, there are a number of studies that support the idea 

that exercise is perceived differently between trained and untrained populations. The 

majority of this research investigates obese/overweight individuals, which could 

logically be extended to represent untrained populations. It is recognized that obese and 

untrained are not interchangeable, and although it is possible for athletes to be classed as 

obese (e.g. professional football players and bodybuilders), these participants would not 

have been included in the sample for such studies.  A noteworthy study reported on data 

collected from a cohort of 12 participants who complained of experiencing fatigue and 

exercise intolerance (Kayser, 2003). All subjects were examined and apart from being 
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sedentary, were deemed healthy and free from underlying diseases or other conditions. 

They were subsequently tested on a standard graded exercise test designed to induce 

maximum aerobic capacity. Results showed that all 12 participants ceased exercising 

well below their predicted maximum metabolic outputs; predicted max heart rate was 

not reached, neither was power output, and blood lactate did not reach 10mmol; a 

concentration easily obtained during regular non-maximal exercise. These results 

indicate that physiological symptoms were not the cause of their fatigue in sedentary 

individuals, therefore other psychological factors must have had a significant impact on 

the conscious decision to stop. It is possible that this population experienced an 

increased sense of exertion that was not consistent with their physical symptoms, 

suggesting that RPE is not a ‘ready made’ and inbuilt system inherent in all individuals.  

It is plausible that RPE requires training and repetition before it is accurate and can be 

implemented to aid people in making an informed conscious decision regarding 

cessation.  One explanation is that when individuals (sedentary in particular), engage in 

exercise their physiological symptoms change from what they have become used to. 

Emotions such as fear and anger have been shown to be associated with peripheral 

changes; therefore this alteration in homeostatic balance may evoke fatigue as a mental 

representation (Gibson et al., 2003). Considering these findings, the amount of physical 

activity engaged in which leads to more or less accurate ratings of exertion, appears to 

be a variable in why individual’s sensitivity to fatigue changes.  

 

It has already been established that physical, cognitive, and emotional processes are 

integrated in performance and motor control (Karwowski et al., 2003), and that emotions 

can affect performance. Although not synonymous, it is plausible that emotions and 
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mood are closely related, the latter of which has been researched extensively. Another 

line of thought regards the effect that mental fatigue and exercise has on acute changes 

in mood, similar to the effect of mental stress, and whether these changes are the same 

for trained and untrained individuals. Assuming they are the same, do trained individuals 

then react to them in a different, perhaps more stable manner? Is this a reflection of 

training, or personality? Concepts regarding exercise and mood changes will now be 

explored to represent the current perspective. 

 

Although plenty of research advocates for the benefits of acute effect of exercise on 

mood, it has been criticized that the well-known dose-response relationship, commonly 

known as the inverted-U hypothesis, lacks empirical foundations (Ekkekakis & 

Petruzzello, 1999). The psychological reaction to acute exercise is complex, and thus 

assumptions regarding affect, mood change, and enjoyment need to be comprehensively 

reviewed in order to be generalizable. A systematic review (Ekkekakis & Petruzzello, 

1999) reported that 54% of studies found no dose-response effect at all. This was 

attributed to mainly methodological limitations and not controlling for individual 

differences. In the studies that did report a response, it was found that tension and state 

anxiety were sensitive to intensity, with higher intensities resulting in greater scores in 

both. Scores were similar for measures of fatigue and physical exhaustion, whereas 

moderate intensities either resulted in constant or decreasing scores. However, in the 

case of moderate intensities, studies did not control for aerobic fitness so this could be a 

confounding variable. These findings support the view that exercise results in positive 

mood changes up to a certain intensity, a perceptual threshold perhaps. Contradictory to 

this, a number of studies have shown positive increases in vigour and affect following 
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high intensities, however only among ‘fit’ participants (Steptoe & Cox, 1988; Treasure 

& Newbery, 1998).  

 

The finding that trained individuals undergo increases in mood state provides support for 

the notion that trained and untrained individuals perceive exercise differently, which is 

interesting as previous studies have shown that untrained participants disengage prior to 

reaching metabolic end points (Kayser, 2003). The findings discussed this far support 

the notion that physical performance is a decision made up of different perceptions, both 

physical and psychological, which differs between training status and also individual 

differences. Furthermore, these aspects are unlikely independent of each other.  

 

The researche being reviewed here appears cyclical in nature, with many seemingly 

independent aspects actually being intertwined; consider the idea that performance is 

based on multiple perceptions of an individual’s acute state. As previously discussed, 

mental fatigue has a negative impact on many cognitive and physical tasks, and in many 

ways mental fatigue is simply a perception also. It has already been established that 

mental fatigue is accompanied by negative mood changes including anger and 

depression (Lorist et al., 2000; van der Linden et al., 2003). Considering the effect of 

fatigue on mood, it seems plausible that mental fatigue induced from psychological 

stressors would affect one’s perception of their current state. This perception could 

consequently affect the decision to disengage from a task; this view complements the 

psychobiological model (Marcora, 2009) whereby purely physiological symptoms do 

not mediate performance. 

 



 
 

44 

2.9 Individual differences 

 

Personality is defined as ‘all the consistent ways in which the behavior of one 

person differs from that of others, especially in social situations’ (Kalat, 2010). In 

regards to measuring and describing personality, one of the most common models in the 

literature is the Five Factor Theory of Personality (FFT: McCrae & John, 1992).  This 

model takes into account both biological tendencies of personality, as well as accounting 

for environmental forces such as culture and life events, that act to condition genetic 

traits. This model is a hierarchical representation of personality via five dimensions: 

Extraversion, Neuroticism, Openness, Agreeableness, and Conscientiousness. Common 

traits of these dimensions can be seen in table 2.2. 

Table 2.2 Commonly associated traits that define the five main dimensions of 

personality. Adapted from McCrae & John (1992). 

 

Dimension Trait Dimension Trait 

 

Extraversion 

 

Active 

 

Neuroticism  

 

Anxious 

 Assertive  Self-pitying 

 Energetic  Tense 

 Enthusiastic  Touchy 

 Outgoing  Unstable 

 Talkative 

 

 Worrying 

Agreeableness Appreciative Openness Artistic 

 Forgiving  Curious 

 Generous  Imaginative 

 Kind  Insightful 

 Sympathetic  Original 

 Trusting  Wide interests  

 

Conscientiousness Efficient   

 Organized   

 Planful   

 Reliable   

 Responsible   

 Thorough   
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The question of how personality affects an individual’s motivation, ability, and interest 

in participating in physical activity, has been well researched and produced mixed 

results. Rhodes and Smith (2006) collated the results of 33 past studies regarding 

personality and physical activity between 1969-2006. Among their conclusions was the 

highly replicated finding that individuals who regularly participate in physical activity 

score highly on Extraversion and low on Neuroticism (Rhodes & Smith, 2006). Those 

who are energetic, social, assertive, emotionally stable with low levels of anxiety, make 

up the personality profile of someone who participates in regular physical activity. 

Despite the large number of variables in any study regarding personality, the finding of 

high extraversion and low neuroticism has been consistent by almost all those who 

measure it (Brunner, 1969; Potgieter & Vetner, 1995; Rhodes & Smith, 2006; Sperling, 

1941; Szabo, 1992; Yeung & Hemsley, 1997; Young & Ismail, 1976). Considering the 

amount of research into personality and physical activity, one would think that sport 

would have also received a great deal of attention, however, this is not the case. The 

majority of research into the relationship between sport and personality was conducted 

between 1960-1980, the earliest of which was held to a low scientific standard (Cooper, 

1969). The population of interest varies from bodybuilders vs. weightlifters to swimmers 

vs. non-swimmers, and athletes vs. non-athletes in general. Eysenck carried out the most 

significant review on the topic of personality and sport in 1982 where the literature was 

assessed as unacceptable; low sample sizes, poor methodologies, and lack of 

understanding of a complex topic are among the reasons given (Eysenck, Nias, & Cox, 

1982). Personality and physical activity research was described as multifaceted (Eysenck 

et al., 1982), due to the fact that within any sporting situation there are populations 

within populations. For example, different types of sport may appeal to different 
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personalities, some being more introverted than others. In addition, personality patterns 

may be different within one sport; forwards in football may have a different personality 

profile to defensemen, the long distance runner might have a different psychological 

makeup to the sprinter. 

 

Schendel (1965) investigated the psychological differences between 334 athletes and 

non-athletes across three different age groups; ninth graders (n= 120), twelfth graders 

(n= 109), and college students (n= 105). Each group consisted of an equal range of 

outstanding athletes, regular players, substitute players, and non-participants. 

Participants were compared using the California Psychological Inventory (CPI), which is 

made up of 18 scales divided into four broad categories. The main finding of this study 

(Schendel, 1965) was that athletes possessed significantly different characteristics than 

non-participants across all age groups. Specifically, athletes displayed greater leadership 

qualities, social initiative, a greater sense of self-worth, greater intellectual efficiency, 

were more conscientious and responsible, were more independent, and possessed less 

self-doubt, than non-athletes.  

 

A similar study sought to compare the competitive attitudes of various sports groups (n= 

228) via a term the researchers described as the ‘win-at-any-cost’ philosophy (Lakie, 

1964). Six varsity sports from three schools were included in the study; basketball, 

football, tennis, track, and wrestling. No significant differences between groups were 

found. The authors attributed the non-significant finding to the variability among 

schools and suggested that different environments foster different leadership styles.  

These findings can be interpreted two ways. Firstly, athletes in different sports share 
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similar attitudes towards winning, which supports the view that trained individuals may 

share certain psychological characteristics. Secondly, that the environment in which an 

athlete trains has an effect on personality characteristics.  

 

Booth (1958) compared the personality traits of groups of athletes and non-athletes of 

varying class, using the MMPI (Minnesota Multiphasic Personality Inventory). Athletes 

(n= 141) were divided into freshman (first-year students) and upper-class varsity (second 

year or higher). Non-athletes were 71 freshman students. Upper-class non-athletes were 

74 students in various years of college. Participants completed the MMPI which 

measured anxiety, dominance, social responsibility, and depression. The main finding 

(Booth, 1958) was that varsity athletes displayed significantly less anxiety than all other 

groups which is consistent with the literature (Rhodes & Smith, 2006). Varsity athletes 

also displayed higher levels of dominance then freshman athletes.  These findings 

suggest that the amount of time an athlete has been in the sport has an influence on 

personality, which is contradictory to previous work that suggests that the level of 

athlete does not have an effect on traits (Schendel, 1965).  

 

There are numerous remaining variables that could be discussed; the basic premise is 

that personality in sport is complex, multidimensional, and heavily task/situation 

dependent. To clarify what we know about the psychological make-up of athletes based 

on the available research, athletes are: extraverted, not neurotic, sensation seekers, and 

share a competitive attitude. 
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In order to be thorough and to ensure the reviewed material is relevant, research into 

personality and mental fatigue shall be considered. The work of Boksem (2008) 

regarding cost and reward in mental fatigue has already been discussed; however, this 

author also presents some interesting concepts regarding individual differences in 

sensitivity to mental fatigue. One personality trait that is not commonly examined in 

sport psychology literature in terms of sport is perfectionism. The dimensions of 

perfectionism in sport have been defined as concern about mistakes, personal standards, 

parental criticism, and coach criticism (Anshel & HanJoo, 2003). Although not 

commonly explored within the area of fatigue, a systematic review has identified 

perfectionism as an important precursor for exercise dependence (Hausenblas & Symons 

Downs, 2002). This is interesting as an individual’s willingness to continue exercise 

despite mental fatigue might be a reflection of how dedicated they are to the task. In 

addition to this, perfectionism has also been identified as a trait in competitive athletes 

(Gustafsson, Hassmén, Kenttä, & Johansson, 2008; Lemyre, Hall, & Roberts, 2008). The 

principle is two-fold; one with high levels of perfectionism might be less susceptible to 

fatigue as they are highly driven to succeed. Perfectionism, however, might lead them to 

over exert themselves and thus perceive fatigue more frequently (Gustafsson et al., 

2008; Lemyre et al., 2008). A particularly relevant study investigated the correlations 

between personality, trait anxiety, and fatigue (Jiang et al., 2003). Freshman (n= 162), 

fifth-year students (n= 89) and psychiatric outpatients (n= 101) were compared on four 

scales; the State-Trait Anxiety Inventory, the Temperament and Character Inventory, the 

General Health Questionnaire, and the Self-rating Fatigue Symptom Checklist.  The 

main finding was that those with high trait anxiety were more likely to also suffer from 

psychological fatigue, physical fatigue, and general fatigue. It was also concluded that 
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individuals with high trait anxiety were more prone to demonstrating harm avoidance, 

have low self-directedness and thus are extremely vulnerable to life stressors that 

translate to an increased perception of fatigue. These findings demonstrate that anxiety is 

closely related to fatigue (Jiang et al., 2003). The paradox here is that it is unknown 

whether a personality trait such as anxiety, is a mediator for someone not participating in 

exercise and thus perceiving more fatigue, or if the lack of exercise is causing someone 

to be anxious. A study compared 348 recreational marathon runners (16-63 years of age) 

to 856 college students on the Profile of Mood States (POMS) (Gondola & Tuckman, 

1982). It was reported that marathon runners display significantly less depression, 

anxiety, and fatigue than non-runners, indicating a strong relationship between exercise 

and positive mood. Especially in the case of marathon runners, exercise is a frequent 

occurrence and thus a consistent part of one’s life. Psychological and physiological 

changes occur during and immediately after exercise, resulting in elevated mood and 

reduced anxiety. The hypothesis for this in early literature pertains to the idea that 

adrenalin decreases anxiety and depression, increases tolerance of stress, and 

psychological awareness which in turn increases self-confidence, and aids in 

overcoming depression (Greist et al., 1979). These findings indicate that fatigue is, at 

least in part, a trait construct. Fatigue is also related to personality traits such as high 

neuroticism and low extraversion (Prins, Bleijenberg, & van der Meer, 2006). These 

have previously been associated with increased perceptions of effort and lowered 

exercise intensity (Morgan, 1994). 

 

In summary, the influence of individual differences on the relationship between mental 

fatigue and performance appears to be relevant. There are some complex phenomena at 
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play that warrant consideration in any study regarding the psychological response to 

exercise. Albeit impossible to control for it completely, it is the hope that by controlling 

for aerobic capacity some significant differences will become apparent and tangible 

conclusions can be made. 

2.10 Neuroergonomic approach  

 

Due to the availability of more advanced technology, and tangible findings 

already presented by this technology, an integration of a neuroergonomic approach 

would be advantageous. A neuroergonomic approach comprises of simultaneously 

examining the interaction of brain and body functions (Mehta & Agnew, 2012). The data 

produced by this approach provides information regarding various aspects of cerebral 

hemodynamics, which is becoming increasingly reported in contemporary research. 

Many research studies are now hypothesising that cerebral blood flow may be a key 

component of the physical response to exercise, especially regarding the decision to 

disengage from a task. It is hypothesised in the current study that trained individuals will 

have a different response to exercise in terms of cerebral oxygenation than untrained 

individuals, and a different response to mental fatigue; therefore it is necessary to give a 

review of the technology, the current research in the same area, and a brief 

neurobiological review of the brain during exercise.  
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2.10.1 Key regions of the brain during exercise 

 

Although many regions of the brain are active during exercise, the Prefrontal 

Cortex (PFC) plays an instrumental role. The PFC contains a number of sub-regions that 

together are responsible for planning and executing decision-making, social behaviour, 

and expressing personality (Yang & Raine, 2009). In addition, the PFC is also thought to 

be heavily involved with carrying out actions in accordance with internal goals (Dove, 

Pollmann, Schubert, Wiggins, & Yves von Cramon, 2000). Due to this connection 

between decision-making and internal goals, activity within the PFC attracts attention as 

a measurable region during exercise. Motivational intensity theory and its association 

with a cost/reward perspective on exercise has already been discussed, but it is thought 

that the PFC is the key area of the brain responsible for these decisions. Therefore, 

changes in PFC activity during exercise are crucial and of interest to the current 

research.  

 

Research employing the neuroergonomic approach has shown that a reduction in PFC 

oxygenation, accompanied by simultaneous reductions in force output at exhaustion, 

(Bhambhani et al., 2007; Nybo & Rasmussen, 2007) indicates the PFC is central in the 

decision to cease exercise (Mehta & Parasuraman, 2014). When we combine this finding 

with the knowledge that the PFC is also responsible for cognition, it is plausible that 

when mental fatigue from a cognitive task is compounded by a physical one, the 

negative effect on performance could be diminished further.  

 

The anterior cingulate cortex (ACC) is also thought to be influential in the decisions 

made during exercise, specifically regarding the cost/reward balance already discussed. 
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It is thought that the ACC, whilst being guided by other structures such as the 

orbitofrontal cortex (OFC) and basolateral amygdala (BLA), is primarily responsible for 

guiding behaviour based on predicted outcomes of current actions (Kennerley, Walton, 

Behrens, Buckley, & Rushworth, 2006). It has been proposed that the ACC retrieves 

information on past outcomes of actions in order to inform present decisions. This 

supports the idea that trained athletes have a larger ‘pool’ of positive outcomes/rewards 

from exercise behaviour than do their untrained counterparts, which would increase the 

likelihood of a behaviour being repeated.  

 

The ACC is also affected heavily by mental fatigue and is responsible for monitoring 

performance following errors (Lorist, Boksem, & Ridderinkhof, 2005). In addition to 

this, ACC activity is related to the perception of effort during exercise (Williamson et 

al., 2001). This aspect relates to Marcora’s (2009) model whereby performance can be 

affected by psychological factors independent of physiological changes such as 

cardiovascular response, and indicates that when in a state of mental fatigue the ACC is 

unable to adjust correctly to feedback during exercise, thereby increasing the perception 

of effort and decreasing performance.  

 

These findings are only a small selection of the tangible results produced by recent 

investigations, but demonstrate the importance of using a neuroergonomic approach to 

investigating mental fatigue in an exercise setting. 
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2.10.2 Near Infrared Spectroscopy (NIRS) 

 

NIRS is a technique where near-infrared light is passed through the tissue of a 

desired area (i.e PFC, motor cortex, vastus lateralis). Light is scattered throughout the 

tissue and absorbed by different chromatophores such as hemoglobin. The measurement 

given is based on how much of the light is emitted and absorbed at a given wavelength. 

As the excited chromatophore decays, light is emitted at differing wavelengths 

depending on whether the hemoglobin is oxygenated or not. The measured signal can be 

used to make inferences on changes in the concentration of oxygenated hemoglobin, 

cerebral blood flow, and total oxygenation index in the tissue (Rooks et al., 2010). 

 

2.10.3 Recent findings implementing NIRS 

 

Recent findings suggest that cerebral blood flow and the amount of oxygenated 

hemoglobin in the brain is a crucial factor in the development of fatigue. Cerebral blood 

flow measured using NIRS has been observed to decrease shortly prior to the cessation 

of exercise (Nybo, Møller, Pedersen, Nielsen, & Secher, 2003). One possible 

interpretation of this observation is that although the muscles need ATP in order to 

produce force, the initial signal instructing the muscles comes from the brain via neural 

pathways. The brain also needs ATP to send these signals, as well as enough ATP to 

continue functioning normally. This is supported by the finding that hypoglycaemia 

limits the cerebral uptake of glucose and reduces the metabolic rate of cerebral tissue 

(Nybo et al., 2003). When blood flow to the brain and oxygenated hemoglobin is 

reduced, the brain is hypothesized to protect itself by sending signals to the working 

muscles to cease exercise, a process that results in the perception of fatigue. This 
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hypothesis is related to the model of central fatigue previously discussed (Kayser, 2003).  

There is a growing body of research suggesting that the pre-frontal cortex (PFC) is 

responsible for a number of decisions made during exercise. Significant findings have 

also been reported by studies investigating fatigue from a subjective perspective in 

relation to brain function (Suda et al., 2009). Healthy participants (n= 23) completed a 

verbal fluency task whilst having their subjective fatigue observed via a visual analogue 

scale (VAS), along with sleep duration and NIRS. Researchers reported that as the 

subjective feeling of fatigue increased, the concentration of oxygenated haemoglobin 

(HbO2) in the PFC decreased. Interestingly, no significant relationships were found 

between subjective fatigue and sleep duration the previous night. These findings 

advocate for the relationship between the perception of fatigue and brain function and 

demonstrate the advantages of utilizing NIRS. 

 

A recent study examining the effects of a submaximal fatiguing handgrip exercise on 

cerebral oxygenation of the PFC (Mehta & Parasuraman, 2014) provides a good 

example of how the brain works during any type of exercise. Twelve participants 

completed sustained handgrip exercises at 30% of maximum strength to exhaustion, 

either with or without a simultaneous mental stressor. Muscular response and RPE were 

also measured. The main finding was lower levels of HbO2 in the bilateral prefrontal 

cortex during the concomitant condition than in the physical fatigue only condition. The 

interpretation of this is that mental fatigue resulting from cognitive demands may cause 

interference in the PFC that influences the development, or perception, of fatigue. 

Although the single joint contraction task employed in this study (Mehta & 

Parasuraman, 2014) contrasts the continuous locomotor task being employed in the 
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current study, they are generalizable to each other. It is possible that a locomotor task 

would increase this effect as a result of the increased physicality involved as well as the 

increased mental resources required. The additional finding that as exercise continues 

PFC oxygenation increases, which is thought to represent an increase in neural drive 

needed to activate motor commands downstream, is well supported in the literature 

(Bhambhani et al., 2007; Nybo & Rasmussen, 2007).  An inconsistent finding of this 

study (Mehta & Parasuraman, 2014) was that oxygenation did not suddenly decrease at 

the point of exhaustion, however, this was attributed to the point that the participant was 

failing at the task, which might not have been an accurate representation of true 

exhaustion. Nevertheless, a number of studies have reported a sudden drop in PFC 

oxygenation at the time of exhaustion (Bhambhani et al., 2007; Nybo & Rasmussen, 

2007; Rooks et al., 2010). This finding appears to be related to voluntary disengagement 

in an exercise task, as once the PFC is not receiving adequate oxygen, neural drive 

reduces and thus so do downstream motor commands. This finding has been connected 

to the CGM and interpreted as a protective mechanism designed to prevent harm from 

the disruption of homeostasis (Noakes, 2011; Noakes & Gibson, 2004). Lastly, it was 

proposed by the authors that traditional methods of fatigue measurement such as EMG, 

simple performance measures, and work output, might not be appropriate for measuring 

mental fatigue as they lack sensitivity. It was recommended that future studies take a 

neuroergonomic approach to better understand this phenomenon.   

  

Although prior to recent research into cerebral oxygenation measured via NIRS, a 

systematic review was conducted which provides a useful summarization of findings 

related to the present study (Rooks et al., 2010). This review focused on three main 
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areas: 1) hemodynamic changes in the brain during exercise, 2) hemodynamic changes 

in the brain specific to age, health, and training status, and 3) methodological changes 

that could impact results. All papers considered reflected ambient conditions with 

healthy participants. The main, and most replicated finding is that HbO2 and total 

hemoglobin (cHb) in the PFC increases during submaximal exercise. However, at 

voluntary exhaustion deoxygenated hemoglobin (dHb) increased simultaneously with a 

reduction in total oxygen saturation. Several possible interpretations have been 

suggested including the triggering of a protective mechanism from the central governor 

(Noakes, 2011), a physiological redirection of blood flow from the brain to the working 

muscle, and hypocapnia leading to cerebral vasoconstriction (Bhambhani et al., 2007). 

This last interpretation provides perhaps the most logical explanation for the drop in 

cerebral O2 observed prior to exhaustion. The premise is that in the general population 

exhaustion and voluntary disengagement from exercise usually occur after the 

respiratory compensation point has been reached. The respiratory compensation point 

occurs when there is excessive CO2 in the respiratory system and inadequate O2, the 

response to which is increased ventilation in order to blow off excess CO2. Considering 

that CO2 acts as a cerebral vasodilator, which help maintains sufficient levels of cerebral 

blood flow at rest, the sudden reduction in CO2 results in cerebral vasoconstriction and 

blood flow is restricted. Although this provides a good rationale for the connection 

between decreasing HbO2 at exhaustion, it does not explain completely the subsequent 

drop in neural drive.  

 

It has also been suggested (Rooks et al., 2010) that the reduction in HbO2 at maximal 

intensities is due to neural drive being reduced in the PFC, as it is not a crucial area 
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involved in motor control. This theory of transient hypofrontality (Dietrich, 2006) is 

based on the idea that the brain will shut down non-crucial regions in order to maintain 

downstream motor commands. In some ways this could be considered the opposite of 

the CGM, but in the same way fails to explain the phenomena.  

 

Also noted in the review (Rooks et al., 2010) was that at very hard intensities, the level 

of dHb did not decline as cerebral blood flow does but remains elevated, this finding 

was especially noted in those who were aerobically trained. Unfortunately, the review 

does not state the actual level of training so it is hard to accurately generalize to the 

present study. Nevertheless, this finding is still interesting, as it suggests that trained 

individuals might cope better with increased dHb than lesser-trained individuals. This 

may be related to ego-depletion (Baumeister et al., 1998) and the idea that trained 

individuals require less mental resources to complete a task, therefore can continue at 

higher intensities. It is also noted that at maximum intensities, untrained participants 

undergo a return to baseline in terms of cerebral blood flow. This could be regarded as a 

protective mechanism due to the ‘unknown territory’ of maximal exercise.  

 

In addition to maximum intensity exercise, there is also variation in cerebral 

hemodynamics at low and moderate intensities between untrained and trained 

participants. In parallel with having higher dHb at very high workloads, aerobically 

trained individuals also show lower cortical oxygen and blood volume than untrained 

individuals at low and moderate workloads. This has been interpreted as lower cortical 

metabolic demand (Rooks et al., 2010). From this we can further postulate in a more 

psychobiological sense that the decreased need for cerebral fuel stems from the task 
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being well learnt, and again requiring less mental resources. Lesser-trained counterparts 

would then display higher cortical metabolic demands as they require more resources to 

achieve the same results, resulting in them fatiguing at a faster rate.  

 

As research in this area is in its early stages, there are few studies employing older adults 

thereby making it difficult to form any conclusions regarding how cerebral 

hemodynamics change with age. Much like other physiological systems, cerebral 

oxygenation is thought to be inversely related to age. However, the limited studies 

available show no significant difference in cerebral oxygenation between those under 

25; between 25-54; and over 55 (Rooks et al., 2010).  

 

In general, the evidence of this review supports the notion that trained participants cope 

better with maximal intensity exercise than their lesser-trained counterparts. This 

appears to be due to trained individuals perceiving less stress, and requiring fewer 

resources from the CNS and PFC as the activity is well learnt. Decreased need for 

cognitive resources results in more neural drive being focused on the activity, and not 

providing as much afferent and efferent feedback to the system. Previous studies have 

suggested that cerebral hemodynamics is a fundamental and crucial aspect of 

performance and the ability to carry out maximal exercise (González‐ Alonso et al., 

2004). This would suggest that exclusively physiological systems such as cardiac output 

and VO2 are secondary to cerebral oxygenation and that it is the brain that decides the 

course and direction of action. Further support for this premise comes from studies 

carried out in extreme conditions such as hyperthermia, where although time to 

exhaustion was reduced, physiological response such as heart rate remained constant 
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(González‐ Alonso et al., 2004).  The finding that cardiovascular responses remain 

constant despite a reduction in performance supports Marcora’s model of fatigue 

whereby any mechanism that increases or decreases the perception of effort has a direct 

impact on performance (Marcora, 2009).  

 

The small number of studies that have investigated cerebral hemodynamics during 

exercise report HbO2, dHb, and cerebral blood flow in general, to be a plausible primary 

mechanism in exercise fatigue (Rooks et al., 2010). Findings from previous studies that 

manipulated HbO2 provide support for this mechanism (Watanabe, Kato, & Kato, 2002), 

and proposed it as a mediator to performance. In this case creatine was used specifically 

to reduce mental fatigue in 24 healthy individuals (mean age =24.3). Participants had 

their diets supplemented with creatine, and the subsequent effect on a mathematical task 

observed via NIRS. The main finding was that creatine allowed for increased uptake of 

HbO2 without decreasing total blood volume, which was attributed to greater oxygen 

utilization in the brain and thus delaying the onset on mental fatigue. 

 

Much of the literature discussed previously takes a pronounced physiological stance, and 

although many studies measure psychological factors such as RPE, it is neglected as a 

subjective experience and not discussed as such. A previously mentioned study that 

specifically recognised fatigue as a subjective phenomenon, and its connection to 

changes in the PFC, explored it from a physiological perspective (Suda et al., 2009). It 

should be noted that in this study fatigue is defined as an aspect of daily life, and not 

explicitly linked to exercise. The aim was to examine subjective fatigue and brain 

activation in healthy individuals that were going about their regular daily life. Subjective 
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fatigue was measured via the visual analogue scale (VAS) and brain activation using 

NIRS. Sleepiness was also measured as it is occasionally used interchangeably with 

fatigue in the literature. The main finding was that subjective fatigue was negatively 

correlated with HbO2 in the PFC in both hemispheres during a cognitive task. This was 

complimented by the finding that the feeling of fatigue was also not significantly related 

to sleep duration the previous night, thus providing evidence to separate the two 

mechanisms. Where this relates to the current research is that both subjective fatigue in 

daily life, and fatigue perceived during exercise (Rooks et al., 2010), result in decreased 

HbO2 in the PFC. This supports the idea that decreased cerebral hemoglobin during 

exercise, compounded by decreased HbO2 from daily stressors, may exacerbate the 

subsequent effect on physical performance. This is also in support of Marcora’s notion 

that effort sense is independent of peripheral sensations generated from exercise 

(Marcora, 2009), and indicates that the brain is predominantly responsible for the 

perception of exertion. In addition, NIRS is also recognised as being very advantageous 

in future studies as it measures brain activation in a natural setting.  

2.11 Summary 

 

This review represents the extremely complex mechanism of fatigue, and it’s 

almost immeasurable number of accompanying variables. From this we can make some 

tentative conclusions; fatigue is task dependent, with its specific nature and responses 

changing in some way in every situation. It is also unlikely that fatigue can be explained 

by one system alone, be it physiological or psychological. The best approach would 

appear to be an integrated one where all psychophysiological factors are considered in 

light of the specific situation (Laurent & Green, 2009; Marcora, 2008), as well as the 
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view that any preconceived definitions of fatigue entering an investigation can taint the 

interpretations of any significant findings. 

 

This review of the literature has endeavoured to establish a number of concepts: mental 

fatigue exists in many aspects of daily life (Åkerstedt et al., 2004), and also has a 

negative effect on many cognitive tasks (Lorist et al., 2000).  Mental fatigue was also 

explored in an occupational setting, and it has been reported to affect motor command 

and muscle activation (Lundberg et al., 2002). Many models of exercise fatigue have 

also been discussed, some in relation to mental fatigue, and some specifically related to 

the effect on exercise performance. Psychological and physiological differences between 

trained and untrained individuals have been presented, as well as differing responses to 

stress. The underlying mechanisms of fatigue have also been explored in terms of 

cerebral hemodynamics, highlighting the importance of HbO2 in the PFC (Rooks et al., 

2010; Watanabe et al., 2002). Coinciding with this, mental fatigue resulting from daily 

life has also been identified and related to reduced PFC activation and decreased 

amounts of HbO2.  At this point a relationship can be seen emerging between mental 

fatigue, aerobic capacity, personality, and the potential effects on physical performance.  
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CHAPTER 3 

PILOT STUDY 

 

3.1 Purpose 

 

The purpose of the pilot study was three fold; 1) To ascertain whether the AX-

CPT induced adequate mental fatigue, 2) To determine the best protocol for maintaining 

a neutral mood state and not inducing mental fatigue, 3) To examine the appropriateness 

of the Brunel Mood Scale (BRUMS) and Visual Analogue Scale (VAS) as potential 

measures of mental fatigue. An additional aim was to assess the effect of mental fatigue 

on performance in a rudimental fashion, using a simply endurance task. 

 

Results of the pilot study gave valuable insight into several methodological and protocol 

decisions for the main project. The findings regarding the effect on performance gave a 

basis on which to hypothesize about the results of the main project.  

3.2 Methods 

 

Participants 

Forty-one participants (mean age = 21; males = 16,) were recruited to participate. 

All participants signed an informed consent form, and the institution’s Research Ethics 

Board approved the protocol. Although participants were fully aware of the procedures 

and what would be expected of them, they were kept naïve to the aims of the 

investigation. Participants were informed that the investigation pertained to the effect of 

two different cognitive tasks on performance, not specifically mental fatigue. Once the 
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testing session was completed participants were provided with a full disclosure consent 

form and asked not to discuss the protocol with other participants.  

 

Procedures 

Participants were randomly assigned to either the experimental or control 

condition. Prior to testing all electronic devices were stored separately to ensure the 

subsequent findings were a result of the condition. All participants completed a 

subjective assessment of mental fatigue via Visual Analogue Scale (VAS), and the 

Brunel Mood Scale (BRUMS) pre and post-test.  

 

Experimental condition 

The experimental condition required participants to complete the AX-Continuous 

Performance Test (AX-CPT) for 90 minutes. In this task participants were visually 

presented with a continuous sequence of letters on a computer screen. Participants were 

instructed to respond to each letter by either pressing the right button for target trials, or 

the left button for non-target trials. A target trial occurred when the letter ‘A’ 

immediately preceded the letter ‘X’. Non-target trials occurred in all other letter 

sequences and included all remaining letters of the alphabet. All letters were presented 

in white Times New Roman size 24 font, positioned in the center of a black screen. Each 

letter was presented for 300ms before being immediately replaced by the next letter. 

Participants were not given performance feedback until completion of the 90-minute 

task. 
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Control condition  

The control condition consisted of participants watching one of three documentaries 

for 90 minutes on the same screen that experimental condition used. The documentaries 

provided were: 

1. Planet Ocean 

2. A history of steam locomotives 

3. BBC men of rock  

 

These themes were chosen based on similar investigations (Marcora, 2008) and also 

based on the recommendations by Silvestrini and Gendolla (2007) for maintaining a 

neutral mood state. The investigator remained in the room at all times to ensure 

participants complied with both conditions.  

 

Upon completion of the 90-minute condition all participants completed a wall sit to 

voluntary exhaustion in order to compare the effect of each condition on physical 

performance.  

 

Measuring mental fatigue 

The BRUMS (Terry, Lane, Lane, & Keohane, 1999; Terry, Lane, & Fogarty, 

2003) was used to assess mood pre and post-test. The BRUMS is a 24-item 

questionnaire of mood descriptors such as annoyed, unhappy, exhausted, and tired. The 

BRUMS has six subscales, each comprised of four mood descriptors; the subscales are 
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anger, confusion, depression, fatigue, tension, and vigour. Participants answered each 

descriptor on a 5-point Likert scale, indicating the degree to which they were currently 

experiencing the descriptor (‘0’ = ‘Not at all’, ‘1’ = ‘A little’, ‘2’ = ‘Moderately’, 3 = 

‘Quite a bit’, and ‘4’ = ‘Extremely’). The maximum score on any subscale was 16, and 

the whole measure took1-2 minutes to complete. The subscales of fatigue, vigour, and 

anger were predominantly of interest for the current investigation. To investigate the 

effectiveness of using VAS to measure mental fatigue, participants were also asked to 

rate their current level of mental fatigue on a 10 point scale where ‘0’ = ‘no mental 

fatigue, completely mentally rested’, and ‘10’ = ‘maximal mental fatigue’. 

 

Statistical Analysis 

The dataset was treated for normality and any outliers were removed prior to statistical 

analysis. The effect of condition (mental fatigue vs. control) and time (pre-test and post-

test) on fatigue, vigour, and anger were analyzed using a repeated measures ANOVA, 

with condition as the between subject factors. An independent t-test was used to analyze 

performance of the wall sit task between groups with alpha set at 0.05. 

 

3.3 Results 

 

Effect of condition on mood using BRUMS 

A significant interaction (Condition x Time) was found for fatigue on the 

BRUMS (F(1, 39) = 14.263, p ≤ 0.05), whereby participants in the experimental group 

reported significantly higher levels of post-test mental fatigue (M = 11.71, SD = 3.6) 

than the control group (M = 5.81, SD = 3.60).  
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Although no significant interaction was found, both conditions reported a decrease in 

vigour between pre-test (Control M = 6.5, SD = 2.64; Experimental M = 6.19, SD = 

2.09), and post-test (Control M = 2.55, SD = 2.37; Experimental M = 1.57, SD = 2.06). 

Again, although no significant interaction was found, a trend was observed in that both 

groups reported an increase in anger between pre-test test (Control M = 0.3, SD = 0.66; 

Experimental M = 0.48, SD = 0.98), and post-test test (Control M = 1.6, SD = 2.09; 

Experimental M = 3.14, SD = 3.35). 

Table 3.1 Means and standard deviations for all BRUMS subscale scores from pre-test 

to post-test for control and experimental conditions. 

 

 

* Significantly higher post-test than pre-test at p ≤ 0.05 

 

Effect of condition on mood using VAS 

No significant interaction was found when using VAS as a subjective measure of mental 

fatigue (F(1, 39) = 1.586, p > 0.05). Descriptive statistics do report an increase in mental 

fatigue from pre to post-test in both groups (see table 3.2). 

 

 

 

 Control Experimental 

 Pre – test  Post - test Pre - test Post - test 

 M SD M SD M SD M SD 

Fatigue 7.55 3.60 8.45 3.20 5.81 3.61 11.71* 3.61 

Vigour 6.50 2.65 2.55 2.37 6.19 2.09 1.57 2.06 

Anger 0.30 6.66 1.60 2.09 0.48 0.98 3.14 3.35 

Tension 1.50 1.57 1.05 1.54 1.62 2.25 1.38 2.06 

Depression 0.90 1.52 1.45 2.09 0.38 0.74 2.19 2.34 

Confusion 1.35 1.39 0.95 1.10 0.48 0.87 1.71 2.41 
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Table 3.2 Means and Standard deviations for VAS scores from pre-test to post-test for 

control and experimental conditions. 

 

 Control Experimental 

 Pre – test  Post - test Pre - test Post - test 

 M SD M SD M SD M SD 

VAS score 4.45 2.089 6.10 1.997 5.07 1.805 7.62 2.307 

 

Effect of condition on performance 

A significant difference in wall sit times was also reported (t(39) = 2.04, p ≤ 0.05), 

with the experimental group performing significantly worse (M = 123.33, SD = 42.85) 

than the control group (M  =155.6, SD = 57.87). 

 

3.4 Implications for current study 

 

The results of the pilot study provided an empirical basis for decisions regarding 

the protocol for the main study. First, the AX-CPT induced significant mental fatigue 

when compared to the control group as measured by the fatigue subscale of the 

BRUMS; fatigue increased from 5.81 pre-test to 11.71 post-test. Fatigue also increased 

in the control group, however not significantly and not in the magnitude of the 

experimental group (7.55 pre-test to 8.45 post-test).  Both groups also reported an 

increase in anger and a decrease in vigour. These findings are consistent with past 

studies (Marcora et al., 2009).  

 

Secondly, although the control condition did not significantly generate mental fatigue, it 

did not create a purely neutral mood state either, which is evident from the increase in 

anger and decrease in vigour. An explanation for this is that 90 minutes is a substantial 

amount of time to have to engage in a stimulus in which the participant likely has little 
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interest. The potential for participants to suffer from boredom is fairly high, which in 

itself might create a negative mood state and negate any findings. Past studies have 

given participants somewhat of a choice as to how they spend the 90 minutes in the 

control condition. One study let the participants read from a selection of magazines, or 

walk around the building. To retain an adequate amount of control, it was decided that 

the participants in the control group of the main study have a choice of four neutral 

documentaries, three magazines on similar topics to the documentaries, or an equally 

neutral book.  Participants would be advised that they could switch between the stimuli, 

or engage in them at the same time. They would also be told that they didn’t have to 

retain any of the information from the stimuli, as several participants in the pilot study 

thought that they would be later tested on the material.  

 

Lastly, the findings from the BRUMS are not analogous with the findings from the 

VAS, where no significant difference was found between the groups. A possible 

explanation is that when subjectively reporting mental fatigue on the VAS, participants 

could not differentiate between fatigue and other negative emotions. It is also possible 

that the fatigue scale does not specifically isolate mental fatigue. The anger subscale of 

the BRUMS showed an increase between pre and post-test for the control group. 

Consequently, when participants assessed their mental fatigue on the VAS they simply 

evaluated their mood as more negative than pre-test. The increased anger then translated 

to a high subjective, and likely inaccurate, assessment of mental fatigue. Due to this, it 

would seem prudent to implement the BRUMS as the primary method for assessing 

mental fatigue in the main study.  
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In addition, the experimental group did perform significantly worse than the control 

group on the simple endurance task. Although the task was rudimental and other 

variables not controlled for may account for the difference in performance, this finding 

does support the hypothesis that a significant effect may be found in the main project. 
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CHAPTER 4 

METHODOLOGY 

 

4.1 Purpose of Investigation 

 

 The purpose of this investigation was three-fold: 1) To examine the psychobiological 

response to an exercise task whilst in a state of mental fatigue. 2) To investigate the 

difference in response whilst controlling for aerobic capacity. 3) To investigate the 

difference in response whilst also controlling for personality; specifically, perfectionism 

and intrinsic motivation. 

 

4.2 Approach  

 

Due to the nature of the study and based on past literature, the main approach 

was quantitative.  By definition this means that the data obtained is grounded in normal 

science, the methods systematic, logical, reductive and replicable (Thomas, Nelson, & 

Silverman, 2005). By implementing the appropriate statistical analysis on the data it 

could be clearly seen if, and where, any significant differences existed between groups, 

and therefore could be used to support any conclusions made. These types of findings 

have a definite place within the literature and are able to contribute to current theories 

and frameworks. 
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4.3 Participants 

 

 Due to the research being fairly unique, there were no similar studies that 

provide an effect size on which to base a power analysis. Consequently, the data from 

the pilot was used to establish an effect size for subsequent power analysis. 

Consideration must be given that the performance task implemented in the pilot does not 

represent the task in the main project, and therefore results should be taken with caution. 

The effect size from the pilot study was calculated as 0.67 indicating a very large effect 

size. Subsequent a priori power analysis determined that with alpha set at 0.05 a 

minimum of 30 participants were required. Considering that the power analysis likely 

underestimated the sample size due to the exaggerated effect size from the pilot and that 

the most similar study to the proposed research had a sample size of 16 (Marcora et al., 

2009), 50 participants was deemed adequate to ensure sufficient power. Participants 

were 50 males and females, between 19-25 years of age.  

 

All participants completed the physical activity readiness questionnaire (PAR-Q) to 

show that they were healthy enough to take part in the study. All participants signed a 

consent form to participate in the study and were informed that they could voluntarily 

withdraw at any point.  They were informed that all data was anonymous and 

confidential and that the results would only be presented in group form. Although 

consent was given and the participants were fully aware of their role in the investigation, 

they remained naïve to the aims and hypothesis of the study. Partial disclosure was given 

in that participants were led to believe that the study was examining the physiological 

responses to two different cognitive activities. Permission to carry out the study and 



 
 

72 

recruit the participants in this way as received from the University of New Brunswick 

Research Ethics Board (REB 2015-067). 

 

4.4 Settings and Apparatus 

 

 The first phase of this investigation took place in the exercise physiology lab in 

the Lady Beaverbrook gymnasium, at the University of New Brunswick. This session 

acted as the screening phase to determine aerobic capacity and other demographics. 

Participants had their height and weight measured, filled out a PARQ, and health history 

questionnaire. At this time participants also completed the Multidimensional 

Perfectionism Scale (MPS), and the Physical Activity And Leisure Motivation Scale 

(PALMS). Participants then completed a graded exercise test on a Veletron version 1. 

The bicycle was implemented instead of a treadmill as it related well to the performance 

task, and also is more accommodating to the NIRS equipment. The Astrand protocol was 

employed as it is suitable for a range of abilities (Heyward, 2010). Indirect calorimetry 

via a metabolic cart (True Max 2400 metabolic measurement system) was utilized in 

order to measure expired gasses and to obtain a measure of VO2max. The metabolic cart 

was calibrated at the start of every testing session for both gas and flowmeter calibration. 

Heart rate was measured using a Polar E600 heart rate monitor (Polar Electro OY, 

Finland). In addition, Near Infrared Spectroscopy (NIRS) (NIRO monitor 200NX) was 

used in to order to measure cerebral hemodynamics. 

 

The second phase of the investigation was the experimental phase. Participants in the 

experimental condition initially completed the cognitive task ‘AX-CPT’ for 90 minutes 
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in a quiet room with no distractions. Lastly, participants completed a custom made 10km 

time trial task on a Velotron version 1, using Velotron 3d course design software, again 

in the exercise physiology lab in the Lady Beavourbrook gymnasium. Exhaled gasses 

were measured via the use of a metabolic cart (Parvo Medic True Max 2400 metabolic 

measurement system), heart rate via a Polar E600 heart rate monitor, and cerebral 

hemodynamics via NIRS (NIRO monitor 200NX). 

 

 

4.5 Pre-task Measures - to be measured in the initial screening session 

 

 Physical Activity Readiness Questionnaire (PAR-Q: see appendix): A standard 

1-page form created by the Canadian Society for Exercise Physiology (CSEP) to ensure 

that participants were healthy enough to participate in the study. 

 

Health History Questionnaire (see appendix): A standard questionnaire for obtaining 

more detailed information regarding a person’s health history, exercise habits, current 

medications, and past surgeries. 

 

Demographic Questionnaire (see appendix): Nine multiple choice questions pertaining 

to the participants age, sex, martial status, education, employment, race, and exercise 

frequency. 

 

Height (m): Height was required in order to calculate VO2max. Height was measured 

According to CSEP guidelines (CSEP-PATH, 2013) using a stadiometer on a level floor. 

Participants were asked to remove their footwear and stand with their heels against the 
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platform, feet together. Participants were then instructed to take a deep breath whilst the 

measuring arm was brought down to rest on their head. 

 

Weight (kg): Weight was required in order to calculate VO2max. Weight was measured 

According to CSEP guidelines (CSEP-PATH, 2013) using a stadiometer on a level floor. 

Participants were asked to remove their footwear and stand facing forward. Weight was 

recorded to the nearest 0.25kg. 

 

VO2max (ml/kg/min): VO2max is a measure of aerobic capacity and comparable over all 

participants. The TrueMax 2400 has been shown to have excellent reliability and an 

accurate device for the measurement of VE, VO2, and VCO2 (Crouter, Antczak, Hudak, 

DellaValle, Haas, 2006).  

 

Multidimensional Perfectionism Scale (MPS: Hewitt & Flett, 1991): A 35 item 

questionnaire designed to measure three trait dimensions of perfectionism; self-oriented, 

other-oriented, and socially prescribed. The MPS is measured on a 7 point Likert scale 

and explores the motivational, interpersonal, and cognitive aspects of perfectionistic 

behaviour and relates those characteristics to mental and physical health problems, 

relationship problems, and achievement difficulties.  The MPS has been shown 

previously to be a valid and reliable measure with Cronbach’s Alpha being reported at 

.88, .74., and .81 for self-oriented, other-oriented, and socially prescribed perfectionism 

respectively (Hewitt & Flett, 1991).   
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Physical Activity and Leisure Motivation Scale (PALMS: Morris & Rogers, 2004): A 45 

item multidimensional inventory measured on a 5 point Likert scale, intended to assess 

subjective experience to a target activity, in this case, exercise. Included are assessments 

of interest/enjoyment, perceived competence, effort, value/usefulness, felt pressure and 

tension, and perceived choice whilst participating in the activity. The PALMS has 

demonstrated good internal consistency with Cronbach’s alpha reported at .79, as well as 

strong validity with Spearman’s rho being reported at .9 (Molanorouzi, Khoo, Morris, 

2014).  

 

4.6 In task measures 

 

Physiological 

 

Heart rate: Heart rate was measured in order to gain information regarding ascribed 

intensity, and also to compare task completion profiles between participants. Heart rate 

was measured using a Polar E600 heart rate monitor strap which is fitted around the 

chest, just below the sternum, with the electrodes against the skin. The strap then sends a 

wireless signal to the velotron software. 

 

VO2: Expired air was measured in order to gain information regarding intensity, and also 

to compare task completion profiles between participants. VO2 was measured using the 

TrueMax 2400 Metabolic cart as described above. 
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Peak power: Peak power was measured in order to gain information regarding intensity, 

and also to compare task completion profiles between participants. Peak power was 

recorded directly by the velotron version 1 and associated software, which has been 

found to be a reliable and valid measure when compared to a Monark cycle ergometer 

(Astorino & Cottrell, 2011) 

 

 

Prefrontal Cortex Oxygenated Hemoglobin (PFC HbO2): PFC HbO2 was measured 

using NIRS in order to gain information regarding cerebral hemodynamics at different 

intensities. The Niro Monitor 200NX is a portable unit whereby electrodes are 

positioned on the PFC, approximately 1 inch above the eyebrow and slightly off to one 

side (see Figure 1.1). The unit provides a visual display indicating the change from 

baseline of the variables, which can then be exported for further analysis (See appendix 

1 for a sample of raw data to show the type of data provided by the system).  

 

 

Figure 1.1 Picture showing NIRS electrode placement on PFC. 
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Prefrontal Cortex deoxygenated Hemoglobin (PFC dHb): PFC dHb was measured using 

NIRS in order to gain information regarding cerebral hemodynamics at different 

intensities.  

 

Prefrontal Cortex total oxidation index (PFC TOI): PFC TOI was measured using NIRS 

in order to gain information regarding cerebral blood flow at differing intensities. 

 

Performance – time to completion: Time to completion represented the rate at which the 

participant completed the prescribed amount of work. This was comparable across all 

participants, and in conjunction with the other physiological measurement produced an 

accurate representation of the physiological response under each condition.  

 

Psychological 

RPE: RPE was measured via the original Borg Scale (Borg, 1982) in order to gain 

information regarding the participant’s sense of effort over the duration of the task. 

There has been extensive research into RPE; initially it was thought that RPE increased 

linearly as a function of heart rate (Borg, 1982), however, more contemporary research 

indicates that it may be more of a teleoanctipation mechanism (Ulmer, 1996) and 

actually increases as a function of time to completion (Baden et al., 2004). The 15-grade 

scale ranges from 6; no exertion at all, to 20; maximal exertion. 

 

Self-efficacy: Self-efficacy was measured via a Visual Analogue Scale (VAS) in order 

to gain information regarding how confident the participant was about completing the 

task.  
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Task and Dependent Variables 

 

Dependent Variables:  

1. Heart Rate  

2. VO2 

3. Peak power 

4. PFC HbO2 

5. PFC dHb 

6. PFC TOI 

7. RPE 

8. Self-efficacy 

9. Performance – time to competition 

 

4.7 Task 

 

 The task was a 10km time trial on a custom made course, using a Velotron 3D. A 

time trial is a race against the clock and requires the participant to complete the distance 

in the fastest time possible. The participant was in control of timing and decision making 

in regards to cadence and gear. Participants did not receive instantaneous feedback in 

terms of speed, power, or cadence, but could see time elapsed. A visual representation of 

the course was provided on a screen in front of the bike. The goal was that the task 

represents a real world setting in which the task was entirely self-paced and complex 

enough to require the individual to make decisions that would alter their performance. 

 



 
 

79 

4.8 Design 

 

 A matched group design was implemented, whereby participants completed two 

sessions: one prior screening session, and then the experimental/control condition 

followed by the performance task. Participants were required to come into the lab on two 

separate occasions as the pre-screening occurred prior to testing. Participants were 

matched on gender, age, VO2max, and power at the anaerobic threshold, with the 

intention that the groups were as identical as possible in terms of physiological capacity. 

This allowed us to directly observe the effect of mental fatigue, whilst controlling for 

aerobic capacity and personality. 

 

It is recognized that a repeated measure crossover design would have been beneficial in 

detecting differences that could not be seen with a group design, however, there were 

also several disadvantageous in this case. The first issue with a repeated measures design 

was the potential for a training effect, especially in the lesser-trained participants. After 

the initial screening process involving a graded exercise test, and then two more sessions 

each involving a substantial exercise task, any difference observed in the last session 

may be confounded by training adaptations and not mental fatigue.  Secondly, if 

participants were to complete the task twice, after the first session they would then have 

feedback regarding a goal time for the next session, which could also have a 

confounding effect on performance. In addition, the participant would then have been 

familiar with the task and it would not be as novel, which could also diminish any 

effects. Lastly, a repeated measures design would have increased the amount of 

participants required in order to achieve suitable power, whilst concurrently increasing 

the chance of drop out.  
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For the purpose of this study, a group design was deemed most appropriate in order to 

contribute to the literature in a more meaningful way. 

 

Experimental Condition: Participants completed the AX-CPT cognitive task. This 

continuous task presents sequences of letters visually and required participants to react 

by either pressing the right or left button dependent on a set of predefined rules. This 

task includes features that are representative of the mental fatigue induced by a large 

proportion of the population, as it requires sustained attention, working memory and 

error monitoring. It has been used successfully in previous studies to induce mental 

fatigue (Marcora et al., 2009), as it is associated with activation of the ACC, which is the 

area of the PFC most affected by mental fatigue. 

 

Control condition: Participants sat in a quiet, dimly lit room, with comfortable 

environmental conditions. They had the choice to engage in of one of three 

documentaries, or a number of neutral magazines and books. This condition is consistent 

with that of Marcora (2009), who states that these topics are suitable for maintaining 

neutral mood and stable heart rate. Participants were asked to leave any portable 

electronics such as cell phones, iPods, computers, or tablets with the investigator during 

the control condition.   
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4.9 Procedure 

 

 Prior to the experimental/control session all participants completed a screening 

session in order to obtain their aerobic capacity. All participants completed a PARQ and 

Health History Questionnaire to ensure their safety in participating. At this time the 

participant also completed the MPS and the PALMS, data from which would be used 

during analysis. Participants then had their height and weight measured, followed by an 

explanation of the Astrand protocol, before completing the VO2max graded exercise test.  

 

After initial screening, participants were then matched and assigned to either the control 

or experimental condition.  

 

The experimental condition consisted of the participant completing the AX-CPT 

cognitive test for 90 minutes.  Once the test was completed, participants moved 

immediately to a different location to complete the performance task. Participants also 

completed the Brunel Mood Scale (BRUMS) both pre and post-test, to measure fatigue 

and thus ensure that adequate mental fatigue was induced. 

 

Participants were first instructed on the nature of a time trial and told they must 

complete it as fast as they can. They were then fitted with the necessary apparatus; face 

mask/breathing tube that was attached to the metabolic cart, two sensors on both 

hemispheres of the PFC, and a heart rate monitor. They were then fitted on the bike to 

ensure optimal seat height for performance, and three minutes of resting data were 

recorded to ensure the equipment was functioning correctly. Participants then warmed 

up for five minutes at a low intensity which gave them sufficient time to become 
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familiar with the Velotron. Once the warm up was complete, all participants completed 

the 10km time trial. The course was specifically designed to be complex with changing 

terrain and grades, in order to best represent a self-paced exercise situation, where the 

individual is in control of their own intensity. A metabolic cart was used to constantly 

measure VO2, and a polar heart rate monitor to measure HR. The Velotron recorded max 

wattage, as well as performance in terms of time to completion. A NIRS, as described in 

the previous chapter, was implemented to measure cerebral blood flow. The emitting 

and detecting optodes were placed on both PFC hemispheres to ensure at least one 

accurate reading; the dominant side was used primarily for all participants. If data was 

lost from the dominant side, data from the non-dominant side was be used in its place. 

The sampling rate was every 30 seconds in order to ensure changes in cerebral blood 

flood were recorded accurately. 

 

During the task participants also had their RPE measured via the Borg scale, and rated 

their self-efficacy every five minutes. 

 

After completing the task, the participants cooled down for five minutes before leaving.  

 

The control condition consisted of the exact same procedure for the time trial, however, 

participants spent the 90 minutes prior in a quiet and relaxing room either engaging in a 

neutral documentary, book, or magazine. Participants in this condition also completed 

the BRUMS pre and post-test. 
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Once the time trial was complete, all participants were debriefed and signed a full 

disclosure consent form before leaving. 

 

4.10 Statistical Analysis 

 

The design of the study consisted of one independent variable (experimental 

condition) with two levels (experimental and control), and nine dependent variables.  

Also included were three continuous variables; self-orientated perfectionism, intrinsic 

motivation, and aerobic capacity. Therefore, a multivariate analysis of covariance 

(MANCOVA) was the most appropriate and beneficial technique to implement for data 

analysis. The recommendation for sample size for this analysis is 20 per cell, and also 

that each cell has more cases than dependant variables (Tabachnick, Fidell, & Osterlind, 

2001). Considering the design of the study, a sample size of 50 was adequate and thus 

did not increase the probability of violating multivariate assumptions. 

 

Although the nine dependent variables being measured were each of interest, they were 

likely strongly related, and therefore the analysis benefited from data reduction via a 

Principle Components Analysis (PCA). By analyzing the correlation matrix, a PCA 

attempts to discover subsets of correlations that represent a larger factor. The statistical 

aim of utilizing a PCA is to account for the largest amount of variance possible, with the 

smallest number of factors.  The goal is that the response to the performance task could 

be simplified by identifying variables that overlap to represent a larger component such 

as a hemodynamic response, or a psychological response. This was an effective way to 

eliminate variance that was unaccounted for. 



 
 

84 

Once data collection was complete the correlation matrix was initially analyzed, 

ensuring that assumptions of normality and linearity were met, along with checking for 

univariate and multivariate outliers. Once the data was analyzed and a subset of original 

factors had been derived, a decision was made regarding how many to select for further 

analysis. Selected factors were rotated for maximum interpretability and then labeled 

accordingly. By rotating the factors (via either orthogonal or oblique techniques) we 

attempted to attain simple structure by making each variable either correlate highly with 

a factor, or not at all, thus making it more meaningful. 

 

Once a reduced number of principal components had been identified, they were used for 

further analysis via MANCOVA. This multivariate analysis was the most appropriate 

due to there being multiple dependent variables, and also that categorical variables 

(mental fatigue and control) are being used to explain the variance in the dependent 

variables. In this case, perfectionism, intrinsic motivation, and aerobic capacity were 

entered as covariates, and the main effects of condition (mental fatigue and control) can 

be related to various dependent variables.   

 

If a significant main effect were found, discriminant function analysis would be 

employed to investigate the differences. These functions would identify linear 

combinations of dependent variables that best discriminate the mental fatigue from the 

control group, and provide more information regarding the relationship than post hoc 

significant testing. The discriminant function analysis would produce information 

regarding how strong each of the dependent variables were related to the group 

differences, the direction of the difference, and how they relate to each other. This also 
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allows conclusions to be made regarding sets of variables and reduces the chance of 

Type 1 error. 

 

An advantage of implementing a MANCOVA is that the technique accounts for the 

relatedness of the dependent variables. This was beneficial as the nature of the study 

assumed that both physiological and psychological aspects are interlinked and 

consequently affect one another.  

 

The overall aim of this analysis technique was to discover which combination of 

variables, physiological and psychological, best explain the effect that mental fatigue has 

on performance whilst accounting for the largest amount of variance possible.  
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CHAPTER 5 

RESULTS 

 

5.1 Participant Characteristics 

 

The sample (N = 50) was comprised of 28 females and 22 males, with a mean 

age of 21.3 (SD = 1.8). The majority of participants were white (82%), single (78%), 

full-time students (80%), with no children. The majority of the sample also reported 

engaging in regular physical activity 2-4 times per week (56%) or 5-7 times per week 

(36%); just 4% exercised once a week, and only 4% reported no exercise at all. Mean 

VO2max for the entire sample was 41.8 ml kg-1 min-1 (SD = 8.5 ml kg-1 min-1), and for 

males and females separately mean VO2max was 45.4 ml kg-1 min-1 (SD = 8.3 ml kg-1 

min-1), and 38.9 ml kg-1 min-1 (SD = 87.6 ml kg-1 min-1), respectively.  An independent 

samples t-test confirmed that the experimental (M = 41.7, SD = 8.7) and control (M = 

41.8, SD =1.7) groups were physiologically matched as intended (t(48) = 0.004, p > 0.05). 

The primary outcome data for each original independent variable is shown in table 5.1, 

and the descriptive statistics for self-orientated perfectionism and intrinsic motivation is 

shown in table 5.2. 

Table 5.1 Means and standard deviations for all original dependent variables. 

 Control Experimental 

 M SD M SD 

Performance (minutes) 25.7 3.4 25.3 3.6 

VO2 (ml/kg/min) 32.3 10.1 32.3 7.5 

Peak Power (watts) 275 107 292 80 

HR (bpm) 161 18 157 12 

RPE (borg 6-20) 14 1 14 1 

Self-efficacy (VAS 1-10) 7 2 7 2 

TOI (change score) -2.0 5.7 -3.2 7.7 

cHb (change score) 10.9 10.3 11.5 5.6 
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Table 5.2 Means and standard deviations for self-orientated perfectionism and intrinsic 

motivation 

 

 Control Experimental 

 M SD M SD 

Self-orientated Perfectionism 

(MPS) 

63.80 13.55 67.24 9.71 

Intrinsic Motivation 

(PALMS) 

144.08 16.56 140.08 22.72 

 

5.2 Principle Component Analysis 

 

The task yielded nine original dependent variables, which were very likely 

related. It was decided that prior to hypothesis testing, the data set could benefit from 

data reduction via Principle Components Analysis (PCA). Two of the original dependent 

variables, oxygenated hemoglobin (HbO2) and deoxygenated hemoglobin (dHb) could 

be simplified further by summation, resulting in the measure total hemoglobin (cHb). 

Having fewer variables increases the likelihood of extracting more meaningful factors, 

therefore it was decided to proceed with eight variables for PCA: Performance, VO2, 

heart rate, peak power, total oxidation index, total hemoglobin, rate of perceived 

exertion, and self-efficacy. 

 

Principle factors extraction was performed on eight variables for a sample of 50 

participants; no cases had missing data. The data set was examined for linearity, 

normality, and multivariate and univariate outliers. Bivariate scatterplots were used to 

assess linearity; whilst some variables showed a linear relationship such as VO2 and 

performance, others appeared to be largely unrelated such as TOI and RPE. No variables 

appeared to have a curvilinear relationship.  Due to the nature of the variables these 

relationships are not surprising, and we would consider the assumption of linearity to be 
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met. Individual variables were examined for normality via skewness and kurtosis, none 

of which were sustainable with the exception of peak power where kurtosis was reported 

as 5.62. Multiple regression was used to detect multivariate outliers; no standardized 

score was greater than three, therefore, the assumption was met. Standardized scores 

were created to detect univariate outliers, of which just one case was detected for peak 

power (z = 4.17).  The remainder of the data analysis was completed both with this case 

left in and with it transformed to the next highest score. In both scenarios the outcome of 

the analysis was the same, and the transformed case changed very little, thus it was 

decided to proceed with the original data. The assumption of the homogeneity of 

regression was used to assess if the co-varieties were significantly related to the 

dependent variables. This assumption is of importance if stepdown analysis is planned 

for subsequent discriminant function analysis of significant main effects (Tabachnick & 

Fidell, 2012). The covariate VO2max was significantly related to peak power (F(4,1)= 

67.30, p<0.01), performance F(4,1)= 65.44, p<0.01), and VO2 F(4,1)= 25.31, p<0.01). 

Neither covariates of self-orientated perfectionism or intrinsic motivation were 

significantly related to any of the dependent variables. Considering the theoretical 

constructions of VO2max we would expect these variables to be related. The covariate 

VO2max not meeting the assumption of homogeneity of regression will be taken into 

consideration in the event that discriminant function analysis is conducted after main 

effects testing. 

 

Kaiser-Meyer-Olkin measure of sampling adequacy was reported at 0.58, indicating that 

the data set was acceptable for factor analysis and should yield reliable factors. Bartlett’s 
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test of sphericity was significant χ2(28) = 96.62, p < .001 also indicating that factor 

analysis was appropriate.  

 

Communality values ranged between .23 and .85 indicating that 23% to 85% of 

variability was predicted by the components. Eight of the nine variables had a 

commonality value above .60, however, TOI was the lowest by a sizeable margin at .23. 

Total Oxidation Index is a key variable when exploring cerebral hemodynamics, and the 

literature reports significant findings with regard to TOI and exercise on numerous 

occasions (Bhambhani et al., 2007; Nybo & Rasmussen, 2007; Rooks et al., 2010). For 

these theoretical reasons the researcher opted to include it in the remainder of the 

analysis. 

 

Three factors were extracted with Eigenvalues greater than one, resulting in 66.7% of 

variance being accounted for. The initial component matrix showed at least three 

variables to load on each factor with a minimum loading of .3, and at least two higher 

than .5, which is congruent with the criteria for retaining variables (Tabachnick & Fidell, 

2012). An oblique oration was originally attempted, as it was predicted that the factors 

may be related, however, this was not the case. The extracted factors were finally rotated 

with an orthogonal quartimax rotation, which yielded the simplest and interpretable 

solution. Seven of the eight variables clearly loaded onto a single factor, with cHb being 

the only complex variable that appeared to load on both factors one and two. The 

magnitude and direction of loading associated with cHb strongly indicated that it be 

included in factor one.  Factor one was comprised of four variables (performance, VO2, 

cHb, and TOI) that captured performance and central physiological markers and 
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accounted for 31.19% of the variance. Factor two was comprised of two variables (heart 

rate and peak power) that captured negative peripheral physiological markers and 

accounted for 18.37% of the variance. Factor three was comprised of two variables (self-

efficacy and RPE) that captured negative psychological markers and accounted for 

17.14% of the variance. Results of the rotated factor extraction and communalities are 

shown in table 5.3. 

Table 5.3 Variable Communalities for the extracted factors after rotation. 

 

Variable Factor 1 

Performance and 

central 

physiological 

markers 

Factor 2 

Negative 

peripheral 

physiological 

markers 

Factor 3 

Negative 

psychological 

markers 

Communality  

Performance -.910   .845 

VO2 .794   .726 

cHb .514   .702 

TOI .477   .802 

HR  .874  .683 

PP  -.602  .735 

SE   -.803 .230 

RPE   .783 .614 

 

 

Table 5.4. Variable correlations prior to factor extraction. 

 

 Performance VO2 

Peak 

Power 

Heart 

rate RPE 

Self-

efficacy TOI cHb 

Performance 

VO2 

Peak power 

Heart Rate 

RPE 

Self-

efficacy  

TOI 

cHb 

1.000 -.658 -.550 -.097 -.127 -.320 -.353 -.329 

-.658 1.000 .169 .245 .162 .172 .232 .307 

-.550 .169 1.000 -.306 .106 .181 .200 .395 

-.097 .245 -.306 1.000 .181 -.032 .012 -.199 

-.127 .162 .106 .181 1.000 -.328 -.001 .220 

-.320 .172 .181 -.032 -.328 1.000 -.017 -.069 

-.353 .232 .200 .012 -.001 -.017 1.000 .167 

-.329 .307 .395 -.199 .220 -.069 .167 1.000 

 

 



 
 

91 

5.3 Hypothesis 1  

 

Completion time in those with greater VO2max values will be equal to or less than those 

with lesser VO2max values. 

It was hypothesized the greater the participant’s VO2max the faster they would complete 

the task. A Pearson correlation between VO2max and performance was conducted in order 

to test this hypothesis. There was a significant negative correlation between the two 

variables, r = -.779, n = 50, p ≤ 0.01. A scatterplot summarizes this result (figure 5.1), in 

that as VO2max increases, completion time decreases, interpreted as better performance.  

 

 

Figure 5.1 Relationship between VO2max (ml/kg/min) and performance. 

 

 

 

 

 

 

 

 

 

15

20

25

30

35

40

10 20 30 40 50 60 70

C
o

m
p

le
ti

o
n

 T
im

e

VO2max (ml/kg/min)



 
 

92 

5.4 Manipulation Check 

 

In order to induce mental fatigue the experimental group completed the AX-

CPT, whilst the control group had the choice of several neutral mental stimuli. All 

participants completed the BRUMS pre and post test, to check that mental fatigue was 

either induced or controlled. A repeated measures ANOVA was implemented on the 

fatigue and vigour subscales of the BRUMS as a manipulation check to ensure the 

intervention had created the desired outcome. 

 

The data for both subscales met assumptions of homogeneity and equality of co-variance 

(Pre Fatigue: Levenes = 0.04 (1, 48), p > 0.05, Post fatigue: Levenes = 0.057 (1, 48), p > 

0.05, Box’s M = .685, F(3, 414720) = .218, p > 0.05, Pre vigour: Levenes = 0.054 (1, 48), p > 

0.05, Post vigour: Levenes = 0.711 (1, 48), p > 0.05, Box’s M = 4.698, F(3, 414720) = 1.495, 

p > 0.05). 

A significant interaction was found between fatigue and group (Pillai’s Trace = 

.340, F(1, 48) = 14.620, p ≤ 0.01), and also between vigour and group  (Pillai’s Trace = 

.125, F(1, 48) = 6.834, p ≤ 0.05). The experimental group experienced significantly 

increased fatigue, and significantly decreased vigour when compared to the control 

group (see Table 5.5 for Means and Standard deviations). This is consistent with past 

literature (Marcora et al., 2009) and therefore the manipulation check was met. 
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Table 5.5 Means and Standard deviations for Fatigue and Vigour subscales of the 

BRUMS pre-test and post – test. 

 

Group Pre-test Post-test 

 Fatigue Vigour Fatigue Vigour 

 M SD M SD M SD M SD 

Experimental 4.96 3.25 8.36 2.04 8.32 3.66 2.96 2.61 

Control 6.00 3.40 6.52 2.63 6.44 3.74 3.48 3.50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 Interaction for fatigue subscale with group over time. 

 

 
Figure 5.3 Interaction for vigour subscale with group over time. 
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5.5 Hypothesis 2   

 

The effect of mental fatigue on central physiological markers, peripheral physiological 

markers, and psychological markers, will be less for those with greater VO2max values, 

perfectionism, RPE, intrinsic motivation, and self-efficacy. 

 

To test the above hypotheses a multivariate analysis of covariance (MANCOVA) was 

performed on the three dependent variables previously extracted via principal 

components analysis: Performance and central physiological markers, negative 

peripheral physiological markers, and negative psychological markers. The three 

covariates used were VO2max, self-orientated perfectionism, and motivation towards 

physical activity. The only independent variable was group (experimental, control). 

The MANCOVA was performed on 50 cases with cells of equal sample size and no 

missing data. Frequency distributions for the three variables showed suitable levels of 

Skewness and Kurtosis, with the exception of negative peripheral physiological markers, 

where Kurtosis was reported at 2.77. Inspection of the histograms for the three 

dependent variables also showed them to be fairly normally distributed. As the total 

sample size exceeds the recommendation for MANCOVA of at least 20 per cell and 

both cells had equal sample size, the data set should be robust to any mild violations of 

normality (Tabachnick & Fidell, 2012). As only one variable showed a mild deviation 

from normality, transformation was not performed. The assumption of linearity is also 

met, as an inspection of the bivariate scatterplots shows that the measures that are related 

do so in a linear fashion, no measures have a curvilinear relationship. As Box’s Test of 

equality was non-significant (Box’s M = 9.886, F(6, 16693) = 1.535, p > 0.05) the sample is 
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assumed to be heterogeneous. Multiple regression and standardized z scores were used 

to detect outliers, none of which were found. 

 

Two of the covariates were highly related to the factors prior to being controlled for; 

motivation towards physical activity (Pillai’s Trace = 0.265, F(3, 43) = 5.162, p ≤ 0.05), 

and VO2max (Pillai’s Trace = 0.543, F(3, 43) = 17.020, p ≤ 0.01). Unsurprisingly VO2max 

had the largest association with the factors prior to being factored out (partial η2= .543), 

whilst motivation towards physical activity also had a large association (partial η2= 

.265). Lastly, self-orientated perfectionism (Pillai’s Trace = 0.020, F(3, 43) = 0.287, p > 

0.05) had very little association with the dependent variables (partial η2= .020). The 

independent variable of group failed to account for a significant amount of variability in 

the three factors after the variability shared between the covariates and the factors were 

controlled for (Pillai’s Trace = 0.19, F(3, 43) = 0.275, p > 0.05). In fact, group only 

accounted for less than 2% of the variance in the dependent variables (partial η2= .019).  

To further explore the association of the covariates with the dependent variables prior to 

their variability being removed, the between-subject tests were examined. VO2max was 

shown to share significant variability with factor one, performance and central 

physiological markers (F(1) = 52.73, p ≤ 0.01; partial η2= .540) but neither of the other 

two factors. Motivation towards physical activity also shared significant variability with 

factor one, performance and central physiological markers (F(1) = 8.636, p ≤ 0.01; partial 

η2= .161) and factor three, negative psychological markers (F(1) = 5.704, p ≤ 0.05; partial 

η2= .121). As no main effect for the independent variable was found after controlling for 

the covariates, discriminant function analysis was not required.  
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As the independent variable did not account for a significant amount of variability in the 

three factors, there is not sufficient evidence to support the hypothesis. 

5.6 Variable profiles over time 

 

Each measure can be plotted over time for each group in order to examine any 

potential trends in the original dependent variables.  

 
Figure 5.4 Relationship between VO2 and time elapsed for both groups. 

 

 
 

Figure 5.5 Relationship between the change in total oxidation index and time elapsed for 

both groups. 
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Figure 5.6 Relationship between the change in oxygenated hemoglobin and time elapsed 

for both groups. 

 

 
Figure 5.7 Relationship between the change in deoxygenated hemoglobin and time 

elapsed for both groups. 
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Figure 5.8 Relationship between the change in total hemoglobin and time elapsed for 

both groups. 

 

 
Figure 5.9 Relationship between RPE and time elapsed for both groups. 
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Figure 5.10 Relationship between self-efficacy and time elapsed for both groups. 
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CHAPTER 6 

DISCUSSION 

 

6.1 Principle Components Analysis  

 

The outcome of the Principle Components Analysis (PCA) will be discussed 

prior to the main findings and research questions; the newly formed components 

contribute to the literature and provide insight to the psychobiological response to 

performance. 

 

Factor one was labeled ‘Performance and Central Physiological Markers’ and consisted 

of four variables: Performance (-.910), VO2 (.794), cHb (.514), and TOI (.477).  This 

factor can be explained theoretically in a number of ways. Firstly, a reduced time on the 

task (hence the negative loading) translates to increased performance. Participants that 

completed the task faster undoubtedly had higher VO2max scores, thus it is no surprise 

that these two variables were highly related. Secondly, increased cerebral blood flow 

during submaximal exercise is a well-documented marker of physical activity 

(Bhambhani et al., 2007; Hiura et al., 2014; Nybo & Rasmussen, 2007; Rooks et al., 

2010). Together these variables capture central physiological markers and represent that 

as performance increases so do these markers.  

 

Factor one is an interesting finding as this study takes a neuroergonomic approach, 

whereby the interaction of brain and body functions are examined simultaneously 

(Mehta & Agnew, 2012). Contemporary research is more frequently taking a 

neuroergonomic approach and reports that cerebral blood flow is a key component in the 
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physical response to exercise (Hiura et al., 2014).  The large amount of variance being 

explained by factor one (31.19%) supports this notion and demonstrates that 

physiological performance and cerebral hemodynamics are closely related. 

 

Factor two was labeled ‘Negative peripheral physiological markers’ and consisted of 

two variables: Heart rate (.874) and Peak Power (-.602). This factor represents the 

concept of decreased performance; a high heart rate coupled with low peak power.  This 

factor also makes conceptual sense, as an individual with a lower VO2max would generate 

a lower peak power (Hawley & Noakes, 1992), along with an increased heart rate 

response to exercise (McArdle, Katch, & Katch, 2010). However, heart rate could also 

simply represent effort in that the harder an individual chooses to work the higher their 

heart rate would be. The discrepancy is that a trained athlete would be able to sustain a 

higher heart rate whilst working at peak effort, making the variable of heart rate 

redundant in this factor. Overall, factor two fundamentally represents an untrained 

individual; their heart rate increases substantially in order to meet the oxygen demand in 

the working muscle. Simultaneously, the working muscle is likely untrained therefore 

producing a low peak power. The extraction of this factor is consistent with 

physiological theory and makes conceptual sense in terms of this study.  

 

Factor three was labeled ‘Negative Psychological Markers’ and consisted of two 

variables: Self-efficacy (-.803) and rate of perceived exertion (RPE: .783).  Although 

this last factor accounted for the least amount of variability in the solution (17.14%) it 

again is theoretically sound and easily interpretable. Self-efficacy is inversely related to 

RPE in many populations at submaximal intensities (Hu, McAuley, Motl, & Konopack, 
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2007; McAuley & Courneya, 1992; Pender, Bar-Or, Wilk, & Mitchell, 2002), in that 

highly efficacious individuals report lower perceptions of exertion. Further, the 

relationship between self-efficacy and RPE weakens as exercise intensity increases (Hu 

et al., 2007) up until the ventilatory threshold is reached (Hall, Ekkekakis, & 

Petruzzello, 2005). At higher intensities RPE increases as predicted, however self-

efficacy need not decrease, especially in well-trained individuals. Furthermore, 

individuals with high self-efficacy exhibit a linear increase in RPE as intensity increases, 

whereas those with lower self-efficacy experience a dramatic increase in RPE at higher 

intensities. To clarify, individuals who are less confident in their abilities undergo a 

substantial increase in effort sense at high intensities. These principles explain factor 

three particularly aptly considering the task was self-paced. Lesser-trained individuals 

might reach a higher intensity earlier potentially due to a poor pacing approach, 

subsequently causing their RPE to increase and self-efficacy to decrease. Moreover, this 

effect would be inflated in less efficacious individuals that were also not aerobically 

conditioned, which is also a likely scenario. The relationship between these two 

variables may have been enhanced by the protocol, as the participants were being asked 

to self-assess RPE and self-efficacy every five minutes. Being repeatedly reminded that 

one does not feel confident in their ability on a task could potentially increase RPE 

further. Although factor three did account for the least amount of variance, it could be 

considered the most theoretically sound of the three factors. 

 

Despite the fairly low sample size, the three extracted components account for a 

substantial amount of variance (66.7%) and coincide well with the existing theory. 

Factor one contributes the most insightful information to the literature, considering that 
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the neuroergonomic approach is still in development. Overall, the PCA was appropriate 

for the data set and resulted in three new dependent variables suitable for further 

analysis.  

 

6.2 The AX-Continuous Performance Task (AX-CPT), and Neutral stimuli, as 

experimental and control conditions 

 

The study of mental fatigue has received increased attention over the past 

decade, with many ramifications being reported on cognitive function (Boksem et al., 

2005; Lorist et al., 2000; van der Linden et al., 2003), health (Boksem et al., 2006), 

disease (Lou, 2009), and most recently physical performance (Marcora et al., 2009). 

Despite this, a clear methodology, or gold standard, on how to induce and control mental 

fatigue has yet to be firmly developed. The methodology for the current study was based 

largely on the work of Marcora (Blanchfield et al., 2013; Marcora et al., 2008; Marcora 

et al., 2009; Marcora, 2009b; Marcora & Staiano, 2010), and the pilot study (See chapter 

3). To inform further research on best protocols for inducing and controlling mental 

fatigue, the findings from the manipulation check will be discussed. 

 

The AX-CPT has been used previously to induce mental fatigue (Marcora et al., 2009; 

Pageaux, Marcora, & Lepers, 2013; Smith et al., 2015) due to the requirement for 

sustained attention, working memory, response inhibition, and error monitoring. 

Specifically, the pre-frontal cortex (PFC) and anterior cingulate cortex (ACC) are 

substantially activated during the AX-CPT, and also affected heavily by mental fatigue 

(Lorist et al., 2005). As expected, participants reported significantly greater mental 

fatigue post-test, as measured by the fatigue scale of the Brunel Mood Scale (BRUMS). 
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Further, vigour was also significantly reduced post-test. Anecdotally, the majority of 

participants reported negative affect once they had completed the AX-CPT, and a 

general negative mood state was observed. These findings are consistent with the 

literature (Marcora et al., 2009) and advocate for the AX-CPT as a valid method for 

inducing mental fatigue. 

 

Contrariwise to inducing mental fatigue, controlling it is a more problematic endeavor. 

The majority of contemporary research utilizes documentaries in order to maintain a 

neutral mood state, as suggested by Silvestrini and Gendolla (2007). However, the 

author’s based mood regulation on a short ten-minute intervention, whereas recent 

research involves much longer conditions, up to 90 minutes in duration. An observation 

noted in the pilot study was that participants in the control group became quickly bored, 

disinterested, and sometimes even appeared frustrated or stressed. In the main study the 

protocol was adjusted to give participants a choice of stimuli, including a number of 

documentaries, magazines, and books that they could engage in at their leisure. The 

modified approach seemed to reduce the negative mood state somewhat, although 

participants still exhibited similar mannerisms and voiced their frustration after the 

condition.  Moreover, participants still reported a small rise in fatigue, and a substantial 

reduction in vigour. The reduction in vigour is to be expected due to being sedentary for 

90 minutes, however, the negative mood state may be more a result of the population 

and current culture. To explain further, all participants were 19-25 years of age and 

predominantly full-time students. Many individuals in this situation lead fast moving, 

competitive, and demanding lifestyles. Some may have perceived the neutral stimuli as a 

useless endeavor and subsequently developed stress and frustration. Further, the 
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common practice in such studies is to remove participant’s cell phones and other 

electronic devices, as they provide a gateway to an immense amount of non-neutral 

stimuli. Detachment from the internet and social media is atypical for the population and 

thus could alter mood, potentially causing discomfort and frustration. The aim of the 

control group was to create a neutral mood state, which was somewhat successful. 

Participants were significantly less fatigued post-test when compared to the 

experimental condition, however, their mood state could not entirely be described as 

neutral, and was clearly more negative than pre-test.  

 

When considering the above, the crucial element of inducing or controlling mental 

fatigue seems to be the length of the condition. Ninety minute conditions are the most 

commonly used (Marcora et al., 2009; Pageaux et al., 2013; Smith, Marcora, & Coutts, 

2015), however, it is unknown as to where the 90 minute time frame originates, or the 

rationale for the duration. An exploratory study examined several methods for inducing 

mental fatigue and reported that a 45-minute version of the AX-CPT effectively induced 

mental fatigue (Smith, Fransen, & Coutts, 2014). The results and observations from the 

pilot and main study support the notion that shorter condition times may aid in 

generating the desired mood states. In future studies, reducing both conditions to 45 

minutes might help diminish the boredom, frustration, and other negative emotions felt 

by those in the control condition.  
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6.3 Primary research question: What affect does acute mental fatigue have on the 

physiological and psychological response to exercise? 

 

It was hypothesized that mentally fatigued participants would perform worse 

than the mentally rested control group. The results do not provide enough evidence to 

support the hypothesis. No significant differences for group were found for any of the 

three factors. Further, when looking to the univariate means, the two groups performed 

remarkably equally on most in task measures (see table 5.1).  The average completion 

time for the task differed by just 30 seconds, with the experimental group actually 

performing fractionally better. The VO2 was almost identical between groups, as was 

average heart rate. The only physiological measure to show some variability was peak 

power, whereby the experimental group again performed marginally better. In terms of 

psychological variables, RPE and Self-efficacy were again largely identical between 

groups. 

The findings of the current study support past research in some aspects and oppose it in 

others.  Firstly, our main finding that mental fatigue does not impair performance does 

not replicate Marcora’s (2009) investigation, or the limited number of other similar 

studies (Brownsberger, Edwards, Crowther, & Cottrell, 2013; Smith et al., 2015). 

Although the current study is similar in terms of protocol to those before it, the 

performance tasks differed in nature, which could explain the discrepancy. Marcora 

(2009) required participants to cycle to exhaustion at 80% of their peak power, whilst 

the current study employed a 10km time trail that was self-paced. Although participants 

were instructed to complete the course as fast as possible, they ultimately had control 

over their strategy, and could make decisions regarding speed and gear. It is possible 

that participants did not put in the required effort in order to finish in the best time (in 
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either condition), however, this is unlikely as the heart rate and RPE results to indicate 

sufficient effort. Further, a common motivational technique (Brownsberger et al., 2013; 

Marcora et al., 2009; Smith et al., 2015) is to provide incentives to participants for 

performing well, however, the current study did not implement this. If the participant 

perceived the task as more important, due to an inducement, they may have worked at a 

higher intensity where mental fatigue might have had more of an effect. These findings 

could be interpreted to mean that mental fatigue does not affect performance of a self-

paced task.  

Contrary to our interpretation, mental fatigue has also been reported to negatively 

influence performance of self-paced tasks (Brownsberger et al., 2013; Smith et al., 

2015). Again, although the studies bear similarities in protocol, the difference in 

performance task might account for the inconsistency. Brownsberger et al. (2013) had 

participants cycle at a two different effort levels after completing either a mentally 

fatiguing task or control condition. Participants were instructed to either exercise at a 

fairly light (RPE 11), or hard (RPE 15) intensity. Average power output during the bouts 

was used to determine performance. Although participants were in control of the power 

output, the protocol restricted the task to a predetermined effort level. The current study 

implemented a protocol that was self-paced in all aspects apart from the course, thus 

evoking whatever effort level the participant decided they could work at to finish the 

course as fast as possible. Of interest here is the notion that self-assessed mental fatigue 

has been cited to discourage individuals from engaging in physical activity (Allison, 

Dwyer, & Makin, 1999; National Health Surveillance Survey, 2007; Salmon, Owen, 

Crawford, Bauman, & Sallis, 2003; Tappe, Duda, & Ehrnwald, 1989; Trost, Owen, 
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Bauman, Sallis, & Brown, 2002). The finding that mental fatigue actually had no 

negative influence on performance, elucidates that it is not an obstacle for commonplace 

self-paced tasks, such as a run or bike ride. This concept is otherwise known as action 

control and is best described as the obstacles that hinder individuals engaging in 

exercise, despite displaying sincere intention towards that behavior (Rhodes & Bruijn, 

2013). The relationship between mental fatigue and action control will be discussed in 

greater depth after the main research questions.  

The findings of the current study also both support and contradict Smith et al. (2015), 

who likewise examined the effect of mental fatigue on self-paced running performance. 

Participants completed a 45 minute self-paced running protocol after either a 90 minute 

mentally fatiguing or control condition. The 45 minute run was comprised of 15 three 

minute bouts that randomly rotated through five different speeds commands, i.e. run, 

fast run, sprint. Participants could control the velocity to reach the instructed speed. 

Although mental fatigue was found to reduce running velocity, interestingly it did not 

affect velocity at higher intensities, which is contradictory to past findings 

(Brownsberger et al., 2013; Marcora et al., 2009). Considering the nature of a time trial, 

one would assume that participants in the current study reached a high intensity. For 

both conditions mean RPE was ~14, translating to an effort sense between ‘somewhat 

hard’ and ‘hard’. Regarding heart rate, the mean for the experimental and control group 

were 156 and 160 respectively. Considering the age range of the population (19-25), a 

heart rate of 156 would represent 80% of max heart rate. From this we can conclude that 

participants did indeed complete the task at a high intensity, and although this is 

inconsistent with Marcora (2009), it does support Smith et al. (2015). 
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Regarding physiological findings, we found no difference between groups, which is 

consistent with Smith et al. (2015) who reported no differences in heart rate or blood 

lactate. One explanation for mental fatigue not exacerbating physiological function is 

likely due to the high central activation already caused by the cognitive task 

(Williamson, Fadel, & Mitchell, 2006; Wright et al., 2007). Although the current study 

did not measure physiological function during the pre-exercise tasks, many report an 

increase in HR and EEG readings during the experimental condition when compared to 

the control group (Brownsberger et al., 2013; Marcora et al., 2009; Smith et al., 2015). 

The finding that mental fatigue does not affect physiological output, regardless of the 

effect on performance has been well replicated (Blanchfield, Hardy, De Morree, Staiano, 

& Marcora, 2014; Marcora et al., 2009). Therefore, we can confidently conclude that 

mental fatigue is moderated by non-physiological factors.  Clearly, the effect of mental 

fatigue on psychological elements has a greater subsequent effect on performance. 

Although there is evidence that mental fatigue negatively impacts physical performance 

(Marcora et al., 2009), findings have indicated that this effect is not mediated by 

cardiorespiratory or muscular changes (Marcora et al., 2008). Mental fatigue did not 

affect the cardiovascular response in the current study, which supports past findings 

(Marcora et al., 2009). Our findings reinforce the view that any effect mental fatigue has 

on performance does so via cognitive systems (Marcora et al., 2009), such as perception 

of effort, or motivation. In this sense, mental fatigue relates more to the central and 

psychological models of fatigue (Abbiss & Laursen, 2005), whereby a change in 

physiological output comes from either deliberate or subconscious changes in neural 

drive. Moreover, the main premise of the psychobiological model of fatigue is that any 
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variable that affects RPE will in turn affect performance (Marcora et al., 2008). 

Evidence supporting this theory has been produced via the use of a positive self-talk 

intervention, hypothesized to generate reduced perceptions of effort and a longer time to 

exhaustion (Blanchfield et al., 2013). It has also been suggested that RPE is centrally 

controlled via the CNS, and is largely separate from physiological and peripheral 

changes (Nybo & Nielsen, 2001). We had intended to support the psychobiological 

model by showing that mental fatigue would increase RPE and thus decrease 

performance. Although mental fatigue did not increase RPE, the psychobiological model 

is still supported, as performance did not change either. Indeed, one of our most notable 

results is that although the experimental condition positively induced mental fatigue, 

RPE was largely identical between groups. The majority of previous research into 

mental fatigue and physical performance, reports increased RPE during exercise after 

cognitive stimulation (Marcora et al., 2008; Marcora et al., 2009). Although utilizing 

similar experimental design and protocols, mental fatigue did not increase effort sense in 

the current study. A number of explanations are available to explain this unexpected 

finding. As previously mentioned, we did not offer any type of incentive for 

performance on the AX-CPT. Regardless, the results were normally distributed, and the 

investigator observed participants following the instructions. Despite completing the 

task as instructed, it is possible that participants attached very little meaning to it; even 

though they were making an effort to perform well, not performing well had no 

consequences. As the fatigue created in the current study was undeniably acute, 

participants might have been able to simply disengage from the task once it was 

completed, and not ‘carry over’ the mental fatigue into the time trial. This presents the 

notion that for a cognitive task to create mental fatigue, it must have some importance to 
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the individual, such that they cannot simply dissociate from it once it is complete. This 

would certainly make sense in an applied fashion, as we know that fatigue is a well-

reported barrier to physical activity (Allison et al., 1999; National Health Surveillance 

Survey, 2007; Salmon et al., Tappe et al., 1989; Trost et al., 2002). The type of fatigue 

that the general population suffers from is chronic in nature and induced from the 

accumulated stressors of daily life such as work, school, and family pressure (Åkerstedt 

et al., 2004). Fatigue generated from these aspects of life would certainly entail tasks 

that one cannot disengage from once complete. It appears that mental fatigue may be a 

two-step process; the first step being the initial acute creation of mental fatigue, and the 

second being the latent effect on cognition, potentially related to attentional focus. The 

notion here is that in order for the latent effect to be present, the initial mentally 

fatiguing task must have some value/importance to the individual. What separates the 

current study from those before it is the lack of an incentive for performance on the task, 

potentially inhibiting any subsequent effect of mental fatigue. Further, as artificially 

induced mental fatigue is a relatively new area of interest, it is also possible that 

although the AX-CPT created mental fatigue, the state did not persist long enough to 

affect the performance task.  

Another potential explanation for RPE not being affected by mental fatigue is that 

participants were able to estimate time to completion. Perception of effort was originally 

thought to be an integrated system, representative of both central and peripheral 

changes, (Pandolf, 1983). However, the perspective on RPE has shifted towards it not 

being mediated by physiological symptoms at all (Baden et al., 2004; Blanchfield et al., 

2013; Marcora et al., 2009; St Gibson et al., 2006), but on information pertaining to the 
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task (Baden et al., 2004). The aim of the time trial in the present study was to replicate 

an activity that an individual might participate in as part of a personal exercise regimen. 

Participants were given information about the course beforehand, including the total 

distance and provided with a profile of the course start to finish. The course profile 

comprised of a number of climbs, downhills, and flats. Although an odometer was not 

provided during the task, participants could see a figure moving across the course profile 

that represented their progress, and a timer was also visible on the screen. These features 

were included in an attempt to replicate the information an individual would have for an 

aerobic activity they might participate in. For example, one would have a prior 

approximation of how far they were running/biking, whether there were hills, and how 

long it would take to complete. It is possible that these features of the task negated any 

effect on RPE, as participants in both groups knew approximately how long the task 

would take to complete, thus their RPE increased as a function of time as expected 

(Baden et al., 2004). Research that has found mental fatigue to affect RPE, has mainly 

implemented time to exhaustion tasks (Blanchfield et al., 2013), where the time to 

completion is unknown. As RPE is thought to mediate the effect of mental fatigue, the 

lack of effect on RPE is likely responsible for the similarity in performance between the 

groups. 

Self-efficacy remains a factor of interest when investigating mental fatigue, as 

expectations of one’s abilities influences behavioral choices towards exercise (Bandura, 

1997). For instance, an efficacious individual that is confident in performing well will 

exert more effort, or persistence, to perform sufficiently to satisfy their beliefs (Bandura, 

1997). In addition, self-efficacy acts as a mediator between RPE and exercise intensity; 
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more efficacious individuals maintain a constant rate of change of RPE, whereas lower 

self-efficacy results in a much steeper increase in RPE at higher intensities (Hu et al., 

2007; McAuley & Courneya, 1992). Given that mental fatigue did not affect RPE in the 

current study, it is not surprising that self-efficacy was also unaffected. Both groups 

reported average efficacy to be 6.8, translated as 68% confidence in their ability on the 

time trial. However, when observing the change in self-efficacy over time (see figure 

5.10), we observe a trend in that the two groups are very similar up until the 20 minute 

mark when the control groups increases to 7.2 and the mentally fatigue group decreases 

to 5.8 by the 25 minute mark. Interestingly, a parallel change in RPE (see figure 5.9) is 

not observed, as both groups increase simultaneously over time reaching a maximum of 

15.75.  The course design could explain this difference, as the majority of participants 

would have been on the last section at approximately 20-25 minutes. The last part of the 

time trial consisted of a 1km hill climb, at a 3% grade. The climb would have certainly 

induced an increase in both physiological factors and RPE, however, only the mentally 

fatigued group suffered a decrease in self-efficacy at this point. It is a possibility mental 

fatigue did not affect self-efficacy until the end of the task when peak intensity was 

reached. Moreover, previous sections of the time trial consisted of climbs with gradients 

higher than 3%, but shorter in duration. Despite this, self-efficacy appeared to be 

unaffected at these earlier points in the task. In a practical sense, this finding indicates 

that mental fatigue can cause a reduction in one’s confidence in their ability, however, 

this reduction may only be observed at times of peak intensity and likely not at shorter 

durations.  If this were the case, it would support previous investigations that utilized 

high intensity tasks (Marcora et al., 2009). Although not statistically significant, the 
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reduction in self-efficacy of the experimental group is noteworthy as a possible 

consequence of mental fatigue. 

In addition, the notion of ego depletion may help to elucidate the reduction in self –

efficacy. Mental resources are thought to be limited, as well as being sought from the 

same pool of cognition (Baden et al., 2004; Baumeister et al., 1998; Baumeister, 

Muraven, & Tice, 2000). The AX-CPT required sustained focus for 90 minutes, thus 

continuously draining mental resources. It is possible that this did not have an effect on 

any measured variables at the beginning of the time trial, but as the task continued and 

intensity increased participants became less confident in their ability to perform. The 

small amount of time this was observed for may account for the non-significant finding; 

future investigations may benefit from longer tasks where the effect of mental fatigue on 

self-efficacy over time could be better observed. 

Overall, the findings indicate that for this task, mental fatigue does not affect the 

physiological response to exercise, although a minor effect on psychological 

components was observed. Mental fatigue not influencing physiological symptoms is 

consistently cited in past research (Blanchfield et al., 2013; Marcora et al., 2009), thus 

the current study supports the literature in this sense. Any effect of mental fatigue on 

performance is thought to be mediated by RPE (Marcora et al., 2008). Despite the 

current study not finding an effect on performance, RPE was also unaffected, thus also 

somewhat supporting past research (Marcora et al., 2008; Marcora et al., 2009). Lastly, a 

reduction in self-efficacy was observed in the last five minutes of the task. This suggests 

that the effect of mental fatigue might only be seen at peak intensities, and once a certain 

amount of cognition has already taken place. 
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6.4 Secondary research question: Does the psychobiological response to mental fatigue 

differ, depending on aerobic capacity?  

 

It was hypothesized that the effect of mental fatigue on performance would be 

less for those with higher aerobic capacity. The results do not provide enough evidence 

to support the hypothesis.  The independent variable failed to account for a significant 

amount of variability in the dependent measures, after the variability shared between the 

dependent and covariates were controlled for. For this task, the participant’s aerobic 

capacity did not influence the psychobiological response to mental fatigue.  

 

At first we can look at the participant characteristics to gain some insight on the non-

significant finding.  The mean VO2max for males and females was 45.36 ml kg-1 min-1 and 

38.91 ml kg-1 min-1 respectively, which translates to classifications of ‘good’ and 

‘excellent’. Therefore, the sample represented a well-trained group of individuals. Table 

6.1 presents a summary of the sample’s training status. With 72% of the sample being 

classified as ‘good’ or higher, the majority of participants may have been too well 

trained to detect any influence of physical fitness.  It was expected that trained 

individuals would perform better on the time trial whilst mentally fatigued, as they have 

a reduced physiological and psychological response whilst under stressful situations 

(Rimmele et al., 2007; Spalding et al., 2004). Moreover, trained individuals perceive 

exercise as less demanding when compared to an untrained population (Kayser, 2003). 

Although the results show this not to be the case, it is possible that our sample did not 

represent enough variability in aerobic capacity. Furthermore, the demographic data 

reports that the sample consisted of 82% full-time students, predominantly from the 

department of kinesiology, of which 92% engaged in physical activity more than twice a 
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week. From this it is not surprising that our sample represents a well-trained population. 

It is possible that the majority of our sample had already developed coping mechanisms 

for mental fatigue, and therefore performed similarly to the control group. 

 

Table 6.1 Summary of classifications of aerobic fitness for sample (Heyward, 2010). 

 

Classification N % of sample 

Very poor 3 6 

Poor 3 6 

Fair 8 16 

Good 9 18 

Excellent 10 20 

Superior 17 34 

 

The concept of attentional focus may also provide some insight as to why our sample 

was seemingly unaffected by mental fatigue. Mental fatigue affects attentional focus in 

that individuals are unable to shift their attention away from irrelevant cues (Boksem et 

al., 2005). The mechanism responsible for this has not been widely researched, however, 

one concept (previously discussed) relates to mental resources being limited. Since the 

experimental group was mentally drained after the 90 minute cognitive task, they may 

not have had enough remaining resources to disassociate from the time trial. 

Consequently, they would have been associating with the symptoms of exercise and we 

would expect to see a reduction in performance. However, those with higher aerobic 

capacities perform better when associating (Masters & Ogles, 1998a). As our sample 

was generally well trained, they were able to perform well despite being mentally 

fatigued. The control group was mentally rested and therefore could adopt whatever 

mental strategy they desired to complete the task. Considering the groups were matched 
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physiologically, and were able to perform regardless of fatigue, this may explain the 

similarity in psychobiological response. 

 

Further, how the majority of the sample perceived the task itself might provide a 

supportive interpretation. Mental fatigue influences performance of complex/novel tasks 

more so than automatic tasks (Hockey, 1983; Lorist et al., 2000). Despite the time trial 

being designed so that the participants had to make decisions, it is possible that the task 

was still perceived as relatively simple. To a trained population that is familiar with 

aerobic exercise the effect of mental fatigue would be reduced, as they need not exert as 

many mental resources in order to complete the task. If our sample had a larger range of 

aerobic capacities, we may have seen mental fatigue affect lesser-trained participants to 

a greater extent, as they would perceive the task as novel. Unfortunately, only 28% of 

the sample had an aerobic capacity that was less than ‘good’. So although those 

participants may indeed have been affected by mental fatigue, the difference would not 

have been large enough to detect statistically. Moreover, it is possible that the sample 

oriented differently to the task than we expected. After completing the cognitive 

condition, many participants seemed relieved to be moving onto a physical task that 

promised to be much shorter than what they had just completed. In this sense, they did 

not need to employ coping strategies to complete the time trial, as it was now a desirable 

task that required less mental resources. 

 

The final observation we will make to explain why aerobic capacity did not mediate the 

effect of mental fatigue relates to RPE. As previously reported, the current study 

indicated no effect of mental fatigue on RPE, which is a key feature of the 
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psychobiological model of fatigue (Marcora et al., 2008). The fact that the sample was 

more aerobically trained than anticipated may explain why RPE was not affected. It is 

commonly cited that less trained individuals perceived exercise as more intense than 

more highly trained individuals (Hulens, Vansant, Claessens, Lysens, & Muls, 2003; 

Kayser, 2003; Marinov, Kostianev, & Turnovska, 2002; Mattsson, Larsson, & Rössner, 

1997). Moreover, trained populations generally have a more favorable response to stress 

than untrained populations (Kubitz & Landers, 1993; Rimmele et al., 2007). Given the 

previously explained concepts (perception of the task, attentional focus, and mental 

resources), RPE may not have been influenced by mental fatigue as the participants had 

all the necessary coping strategies, or simply did not need to cope. Conversely, past 

studies (Marcora, 2009) have also used highly trained samples and found performance to 

be negatively impacted by mental fatigue. As previously mentioned, differences in 

experimental and statistical design could be attributed to the contradictory findings. 

Further, considering the limited number of investigations regarding mental fatigue and 

physical performance, a multitude of so far uninvestigated potential variables could be 

responsible.  In the current study, the finding that mental fatigue does not affect RPE in 

a trained sample supports the psychobiological model of fatigue, as performance was 

also unaffected.  

 

Only a limited number of studies have investigated the effect of mental fatigue on 

physical performance. Hence we will compare them concomitantly in order to ascertain 

why the current study produced contradictory results. Marcora (2009) was the first to 

produce empirical evidence that mental fatigue impairs physical performance. The 

sample size in this seminal paper was 16, mean VO2peak was 52 ml kg-1min-1, and the 
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experimental design was repeated measures. The current study recruited 50 participants, 

with a mean VO2max was 42 ml kg-1 min-1, and implemented a matched group design. 

The sample of both studies represented a well-trained population, however, completing 

the same task twice may have influenced participants in Marcora’s investigation. In spite 

of being unaware of the direct aims of the study, participants may have developed a 

preconceived notion about how they were meant to perform in each condition. If they 

completed the AX-CPT in the first trial, they would likely suspect that were meant to 

perform better in the second trial after the control condition, and vice-versa. Participants 

in the current study were unaware that two groups existed and thus had no predisposition 

about how they should perform. One would assume these two papers would produce 

similar results as the protocols are comparable and both represent a trained population. 

Nevertheless, the experimental design and sample size differs greatly which likely 

contributes to the contradictory findings. 

 

More recently, two additional studies examining the effect of mental fatigue on physical 

performance have contributed to the literature (Brownsberger et al., 2013; Smith et al., 

2015). The main difference between these and Marcora’s (2009) original study is the 

exercise task. Smith et al., (2015), created an intermittent running task with cue phrases 

that replicated the exercise pattern during a soccer game. Similarly, Brownsberger et al., 

(2013) employed a task with a set effort level where participants were in control of the 

intensity that allowed them to reach the prescribed intensity. Regardless of the differing 

tasks, the sample and experimental design was largely analogous with Marcora’s (2009). 

Both studies recruited 10-12 well-trained participants and also employed a repeated 

measures design. Predictably, mental fatigued was reported to negatively affect 
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performance in both studies (Brownsberger et al., 2013; Smith et al., 2015). Considering 

the large difference in experimental design already noted, it is not surprising the current 

study produced inconsistent results, regardless of the training status of the populations 

being equivalent. 

 

Regardless of the methodological differences that help explain our differing results, the 

findings taken at face value do support the notion that training status may mediate the 

effect of mental fatigue. If we accept that the majority of participants were well trained 

and thus characterized an aerobically fit population, the results indicate that mental 

fatigue did not affect their performance. Moreover, the findings suggest that those who 

participle in regularly physical activity may be more resilient to mental fatigue than 

those who do not. Yet, this does not necessarily mean that trained individuals simply do 

not suffer from mental fatigue; their mental resources likely become drained akin to 

those lesser trained, the difference being that this does not appear to hinder performance 

on a physical task. We initially hypothesized that mental fatigue would have a negative 

impact on performance and that this would be related to a lack of mental resources 

during the physical task. Thus far mental resources have been described as a singular 

pool of cognition whereby an individual can only use a limited about of one skill before 

it affects another (Baden et al., 2004). The AX-CPT required a large amount of focus, 

error monitoring, and decision-making, and therefore was deemed mental draining, and 

theoretically should have left little remaining resources for the physical task. There is no 

doubt that the experimental group suffered mental fatigue, however, they were 

subsequently able to overcome the effect and perform as if they were mentally rested. 

Considering the sample represented a well-trained population, it is possible that they 
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were able to compartmentalize the two tasks and therefore circumvent any impact of 

mental fatigue.  Evidence for this ability to compartmentalize comes firstly from the 

nature of the time trial; despite the task being complex in the sense that it required 

decision-making regarding speed and gear, it was not overly cognitive in nature. 

Secondly, as previously stated, participants might have perceived the time trial as a 

positive task and not something they needed to implement coping strategies for. Given 

these two properties of the current study, it is possible that participants were able to 

segregate the cognitive fatigue from the physical task and perform as they would in any 

normal situation.  

 

In an applied sense, these findings may aid in the understanding of the components that 

make up elite performers. The ability to cope with a multitude of difference stressors 

occurring simultaneously is no doubt an important aspect of being a high performance 

athlete. The results of the current study indicate that athletes may be able to 

compartmentalize cognitively fatiguing tasks from physical ones. Perhaps the ability to 

do so is a result of physical training, or an innate ability to function at a high level 

despite an abundance of mental stressors. Regardless, the findings from the current 

provide partial evidence that aerobic capacity may be a mediator in the psychobiological 

response to mental fatigue. 

 

Overall, the findings indicated that aerobic capacity does not affect the psychobiological 

response to exercise in our well-trained sample. To date, no previous research has 

examined this factor, however, it is contradictory to what was expected. Many reasons 

for this outcome exist, mainly pertaining to the sample not encompassing enough 
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variability in aerobic capacity, and large differences in experimental design. However, if 

we accept the premise that the sample did represent a trained population, the non-

significant finding supports the concept that those with higher aerobic capacities are 

affected less by mental fatigue.  In future studies, it would be advantageous to directly 

compare trained to untrained participants to further investigate this aspect. In addition, a 

single group design might help limit any Hawthorne effect (Parsons, 1974) that might be 

generated from a repeated measures design. 

6.5 Tertiary research question: Does possessing certain personality traits, such as 

perfectionism and intrinsic motivation, predispose an individual to have different 

psychobiological responses to exercise performance?  

 

It was hypothesized that the effect of mental fatigue on performance would be 

less for those with higher perfectionism and intrinsic motivation. The results do not 

provide enough evidence to support hypothesis.  Once the variance shared between the 

covariates self-orientated perfectionism and intrinsic motivation were controlled for, 

mental fatigue had no effect on the response to the task. In this instance, the participant’s 

personality did not influence the psychobiological response to mental fatigue.  

 

A relationship is thought to exist between one’s aerobic capacity and their personality. 

Individuals that regularly participate in physical activity, and consequently have higher 

levels of aerobic fitness, are commonly found to be extroverted, emotionally stable with 

low levels of anxiety (Rhodes, 2006; Rhodes & Smith, 2006). As the participants 

recruited for the current study make up a well-trained sample, it is not unforeseen that a 

significant effect of personality was also not found. We would expect a sample that 

collectively represents a population that participates in physical activity, to also have 
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similar personality traits. Evidence to support this view can be seen in the descriptive 

data taken from the Multidimensional Perfection Scale (MPS) and Physical Activity and 

Leisure Motivational Scale (PALMS). The mean score for participants on the self-

orientated scale of the MPS was 65.52 (SD = 11.80), whilst the mean score for total 

motivation towards physical activity was 142.08 (SD = 19.78). Although the MPS is not 

a clinical scale, a higher score represents increased attitudes towards perfectionism for 

that scale. Self-orientated perfectionism was of primary interest in the current study, as it 

represents adaptive perfectionism and attitudes towards achievement striding (Enns, 

Cox, Sareen, & Freeman, 2001; Hamachek, 1978; Hollender, 1965). Since the highest 

possible score on the self-orientated scale of the MPS is 74, a mean score of 65.52 

represents a sample that is highly associated with greater productivity, success in career, 

and conscientiousness. Further, the mean score for self-orientated perfectionism in a 

sample of medical students is 67-70 (Enns et al., 2001; Henning, Ey, & Shaw, 1998), 

suggesting that the current sample does indeed possess strong attitudes towards 

perfectionism. Likewise, a mean score of 142.08 on motivation towards physical 

activity, out of a possible 200, would also be indicative of a highly motivated sample.  

Similarly to the relationship between mental fatigue and aerobic capacity, it is possible 

that our sample did not encompass enough variability to detect a significant effect.  

 

Presently, there exists no other literature pertaining exactly to mental fatigue, exercise, 

and personality, thus it is problematic to draw direct comparisons of our findings to the 

literature. Perfectionism has been identified as an important precursor for exercise 

dependence (Hausenblas & Symons Downs, 2002). Our sample possessed high levels of 

self-oriented perfectionism, in terms of exercise, this could translate to high willingness 
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to continue exercise in spite of undesirable symptoms. As a result, the experimental 

group might have been able to perform well regardless of suffering from mental fatigue. 

In addition, anxiety is closely related to fatigue (Jiang et al., 2003). Those with high trait 

anxiety are more likely to suffer from psychological and physical fatigue, be vulnerable 

to life stressors, and thus have an increased perception of fatigue (Jiang et al., 2003). 

Considering the traits already described in the sample, it is unlikely that many 

participants were highly anxious, and thus at a lower risk of being affected by mental 

fatigue. Lastly, increased fatigue has been related to high neuroticism and low 

extraversion (Prins et al., 2006), as well as heightened effort perception and lowered 

exercise intensity (Morgan, 1994). These are all traits that do not describe our sample of 

physically active individuals. Coupled with the high motivation towards physical 

activity also apparent in the sample, it appears that many participants had the cognitive 

strategies necessary to overcome the effects of mental fatigue, or simply did not perceive 

the time trial as a task they needed coping strategies for. Generally speaking, our 

findings support the related literature regarding how we would expect a physically active 

population to respond to mental fatigue (Hausenblas & Symons Downs, 2002; Jiang et 

al., 2003; Morgan, 1994; Prins et al., 2006; Rhodes, 2006). 

 

The above discussion provides some insight into the non-significant effect of 

personality. However, it is also possible the protocol implemented in this study simply 

meant that personality did not mediate performance. One primary difference between the 

current study and past research is that no inducement was offered to the participants for 

performing well. In fact, to date all research reporting mental fatigue to impair physical 

performance has offered a monetary incentive for good performance (Marcora et al., 
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2009; Pageaux, Marcora, Rozand, & Lepers, 2015; Pageaux et al., 2013). The fact that 

the current study did not offer anything to the participants indicates that extrinsic 

motivation in past studies was artificially created. The rationale for the current study not 

replicating this aspect of past protocols was that intrinsic motivation was a variable of 

interest and one that we did not want to potentially confound.  The psychobiological 

model of fatigue is based on the motivational intensity theory (Wright, 2008), which 

may lend some insight as to why motivation did not affect performance. Fatigue has 

often been cited as a lack of motivation to continue performing (Boksem et al., 2006), 

and as an effort/reward balance (Boksem & Tops, 2008). Whilst an individual perceives 

the effort being invested into a task to reap satisfactory rewards, whether intrinsic or 

extrinsic, they will continue working. In contrast, when the reward is not seen as 

sufficient when compared to the amount of effort being exerted, motivation dissipates 

and fatigue takes its place. Seeing that no incentive was offered to the participants, it is 

possible that neither group was motivated to perform exceedingly well, regardless of 

mental fatigue.  If this were the case, then our findings would support the 

psychobiological model of fatigue as motivation was equal between groups, and thus did 

not affect psychological or physiological variables.  

 

The concept of motivation, or lack thereof, leads to an interesting possibility regarding 

how mental fatigue is generated, both naturally and artificially. The objective of the AX-

CPT, and other cognitive tasks such as the Stroop or Psychomotor Vigilance Task 

(PVT), is to induce acute mental fatigue comparable to what the individual would 

undergo in reality. As previously mentioned, the possibility exists that even though the 

AX-CPT succeeded in creating mental fatigue, it may be different from the type of metal 
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fatigue generated by life stressors which is unquestionably chronic. The AX-CPT is 

certainly mentally draining, but the participants did likely not deem performing well 

overly important. Conversely, the mental fatigue generated from studying for a 

prolonged amount of time and then writing an exam likely perseverates with an 

individual for some time afterward in more of a chronic fashion. Here, once the 90 

minute cognitive task was complete, participants probably did not continue thinking 

about the task or their performance on it. Anecdotally, once the task was over, many 

participants gave the impression of being relieved to do something active; this is not 

surprising given the motivated and driven sample. During the time trial participants were 

likely not deliberating the prior cognitive task, as opposed to a task such as writing an 

exam, where an individual might direct attention to it during subsequent exercise. This 

line of thinking relates back to the concept of mental resources being limited; if an 

individual is able to direct all attention to a physical task after being mentally stimulated, 

then mental fatigue, albeit real, need not affect performance. On the other hand, if the 

individual dwells on the mental fatigue, similar to disassociating, performance may be 

negatively affected. 

 

 A final tenet to consider is whether, under certain circumstances, mental fatigue could 

actually increase performance. Other mental constructs, such as arousal and anxiety, are 

thought to be beneficial to performance in moderate doses. Most notably, the Inverted U 

hypothesis (Yerkes & Dodson, 1908) states that performance increases concurrently 

with arousal up until an optimal point. After this peak further arousal will lead to 

declines in performance.  In addition, a small amount of anxiety has a positive effect on 

cognitive performance in academic testing (Keeley, Zayac, & Correia, 2008). If we 
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consider mental fatigue in the same vein, it is possible that in some situations it may be 

beneficial to physical performance as well. Moreover, personality is commonly cited as 

a variable that affects the relationship between factors such as arousal, and performance. 

It is thought that extroverts can excel more in high arousal situations than introverts 

(Corcoran, 1965).  Considering our sample of aerobically fit individuals with high levels 

of perfectionism, it is possible that the mental fatigue had a motivating effect. Although 

the majority found the cognitive test mentally fatiguing and tedious, many also stated 

that they were relieved to have a physical task to do afterward. We believe this to be a 

direct result of the type of participants recruited in the study: young, active, motivated 

individuals. It is certainly plausible that the mentally draining task actually made the 

physical task more desirable and motivating, thus helping explain why the experimental 

group did not perform any worse than the control group. 

 

Overall, the findings indicate that personality does not affect the psychobiological 

response to exercise. No previous research has examined this relationship, however, it is 

contradictory to what was predicted. Multiple explanations for this finding exist, 

predominately relating to the sample not consisting of a wide enough array of 

personalities. In addition, no incentive for good performance was given, and participants 

likely held no value of the cognitive task once it was over. Subsequently, they were able 

to direct more mental resources toward the time trial. In future studies it would be 

advantageous to recruit a sample where more varied personality traits are represented. 

Lastly, although the results do not indicate that the response to mental fatigue is 

moderated by personality, only two traits were measured, and thus it is not a foregone 

conclusion that personality has no effect.  
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6.6 The Effect of Mental Fatigue on Cerebral Blood Flow 

 

A neuroergonomic approach was used as cerebral blood flow is posited as a 

crucial variable in the physical response to exercise (Hiura et al., 2014). Further, the 

PFC is responsible for decision-making (Yang & Raine, 2009) and actions made 

pertaining to internal goals (Dove et al., 2000). Examining the cerebral blood flow data 

could provide supporting evidence to the relationships already discussed between mental 

fatigue, aerobic capacity, personality, and the psychobiological response to mental 

fatigue.  

 

The non-significant effect of any dependent variable on the response to mental fatigue 

aside, the first factor extracted from the PCA does provide evidence that a 

neuroergonomic approach is beneficial. As already outlined, TOI, cHb, VO2, and 

Performance all correlated highly to form the first factor, which independently explained 

31.19% of the variance. This alone demonstrates that cerebral blood flow is a primary 

variable in the response to exercise, and provides tangible evidence for using a 

neuroergonomic approach in the future. 

 

As factor one ‘Performance and Central Physiological Markers’ was not significant, we 

can examine the univariate results to gain some further understanding of how mental 

fatigue affects cerebral blood flow. HbO2 in the PFC increased steadily over time at 

almost an identical rate in both groups (figure 5.6). However, in the last five minutes of 

the time trial the two groups differ slightly as the experimental group plateaued and the 

control group started to decrease in HbO2. The rise in HbO2 indicates an increase in 

neural drive for both groups, which is consistent with past studies (Rooks et al., 2010; 
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Shortz, Van Dyke, & Mehta, 2012). Although not significant, an increase in HbO2 is 

potentially indicative of increased PFC activity, which then was greater in the 

experimental group than in the control group. This small dynamic change in HBO2 could 

be attributed to mental fatigue, only though seen later in the task when the participants 

were suffering concurrent peripheral fatigue. Although no peripheral differences were 

detected between groups, we could be observing a compounded effect of mental fatigue, 

only apparent once peripheral fatigue is occurring simultaneously.  

 

Deoxygenated hemoglobin also increased steadily over time for both groups, though the 

control group plateaued around 15 minutes and started to decrease, whilst the 

experimental group continued to increase in a similar yet more drastic fashion to HbO2 

(Figure 5.7). The greater increase in dHb also represents a potential increase in PFC 

activity, which past studies have shown to increase more during cognitively fatiguing 

sessions (Shortz & Mehta, 2014). Conversely, increased dHb could also be created 

simply by an increase in cardiac output as VO2 also increased at this time. The trends 

observed here indicate that mental fatigue may have had a small impact on PFC activity. 

Nevertheless, any differences that occurred between groups did not alter performance. 

Yet again, this could be explained by the training status of our sample. It has been 

suggested that trained individuals cope better with increases in dHb than those less 

aerobically fit (Rooks et al., 2010), due to requiring less mental resources to complete a 

task (Baumeister et al., 1998). Moreover, the majority of participants were familiar with 

exercise, therefore the task itself may not have been as mentally demanding as originally 

anticipated. Due to this the PFC was able to increase neural drive needed to complete the 
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task despite mental fatigue. Total hemoglobin increased over time in the same fashion as 

HbO2.  

 

Total Oxidation Index is a ratio of HbO2 to cHb, and it is this variable that we see some 

more variability between groups. As expected, TOI decreased over time during physical 

activity, however, the experimental group does so at a much faster rate than the control 

group (figure 5.5). After 15 minutes TOI had reduced approximately twice as much in 

the experimental group, however, it then increased slightly and finished at the same 

point. Overall, the mentally fatigued group saw an increase in cHb that was slightly 

greater than the control group and a drop in TOI much greater than the control group. 

Although not significant, the difference in trajectory for cerebral blood flow between 

groups indicates an increase in pre-frontal activity. This could represent blood flow 

being redistributed away from the PFC to another area of the brain, perhaps due to the 

onset of peripheral fatigue. Regardless of this observable, albeit small, difference in 

cerebral blood flow between the groups, in this instance, it had no effect on 

performance. 

 

Although a neuroergonomic approach is not commonly used in research comparable to 

the present study, the findings from Mehta & Parasuraman (2014) can aid in interpreting 

the cerebral blood flow data. Here participants engaged in a sustained handgrip task until 

volitional exhaustion, with or without a concomitant cognitive task (Mehta & 

Parasuraman, 2014). In contrast to our study, the main finding was a decrease in HbO2 

during the concomitant condition. It was suggested that the increase in mental resources 

required to perform both tasks created the negative effect on performance. The main 
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difference between these two studies is the time at which the mental stressor occurred: 

prior to or coinciding with the physical task. From this we could conclude that a mental 

task only has a negative effect on cerebral blood flow, and subsequent performance, if 

the mental stressor is happening simultaneously with the physical task. Moreover, a 

decrease in HbO2 has been cited as a physical indicator of mental fatigue (Lorist et al., 

2005), yet this was not observed in the current study. Mental fatigue in our study was 

measured via the BRUMS and confirmed in the experimental group via significant 

interaction between fatigue and group. The discrepancy that a decrease in HbO2 was not 

observed supports the prior notion that although mentally fatiguing, the AX-CPT was 

unable to sustain levels of mental fatigue once it had been completed. This relates back 

to the prior discussion regarding participants holding no value in the AX-CPT, and 

therefore not directing any mental resources to it once it was completed. Revisiting the 

example of a student being mentally fatigued from studying and writing an exam, this 

would be comparable to a completing a physical task in parallel with a mental one. The 

finding that despite the small difference in cerebral blood flow between groups, 

performance was not affected, leads us to believe that one must hold some value in the 

cognitive task. Whether it is a personal investment or a monetary incentive, if an 

individual does not associate with the previous mental stressor, it need not negatively 

affect performance.  

 

Overall, the rise in PFC activity in both groups is consistent with an increase in neural 

drive towards to physical task. Although not significant, a trend was observed where the 

experimental group eventually saw a greater increase in both HbO2 and dHb, which 

could be attributed to mental fatigue. This observation is supported by the more drastic 
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reduction in TOI than the control group, indicating that mental fatigue caused a more 

rapid decrease in cerebral oxygenation. Possible reasons for the groups not being 

significantly different includes the higher than normal average training status of the 

participants, as well as the mental and physical tasks not being concomitant.  

 

6.7 Mental fatigue and action control 

 

Mental fatigue has a potentially meaningful relationship with the concept of 

action control. Action control revolves around the notion that intention is considered the 

proximal antecedent to behavior in many theories including the theory of planned 

behaviour and protection motivation theory (Rogers, Cacioppo, & Petty, 1983). 

Regarding physical activity, the intention-behavior relationship has a larger effect size 

(Armitage & Conner, 2001) than any other known variable. That is, one’s intention to 

participate in physical activity is thought to have a large effect on whether or not that 

intention is translated to behavior (intention-translation).  Conversely, recent 

investigations have reported moderate changes in intention to have a negligible effect on 

behavior (Rhodes & Dickau, 2012). To explain further, the action control framework 

encompasses four possible quadrants of the intention-behavior relationship: non-

intenders, unsuccessful intenders, successful intenders, and non-intenders exceeding 

their intentions (Rhodes, Courneya, & Jones, 2003). Moreover, significantly more 

people fail at their intended behaviors than succeed (Rhodes et al., 2003). This 

discrepancy between the antecedent of intention and the extent to which it actually leads 

to physical activity has been termed the ‘intention-behavior gap’ in literature. Rhodes et 

al., (2003) states that a vital theoretical inquiry is to identify the predictors of 

unsuccessful intenders. Namely, ascertaining which factors result in individuals not 
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following through on their intentions, similar to the barriers to physical activity.  One 

potential factor that could be responsible for unsuccessful intenders is mental fatigue. 

 

If we take the perspective of an individual with normal life stressors such as a job, 

school, and/or family, it would be acceptable to assume they suffer from self-reported 

fatigue (Åkerstedt et al., 2004). They would likely have some intentions of a physical 

activity regimen, however might not adhere to it and cite life stress related fatigue as a 

reason. An individual would likely perceive mental fatigue as a barrier to performance 

and therefore not participate, as they believe the outcomes would not be favorable.  The 

perception that ones ability is less than normal due to mental fatigue falls into the area of 

control belief (Ajzen, 1991). Other examples of control belief could be the degree to 

which an individual believes in their ability to perform a task, or the way they perceive 

their resources or opportunities. It has been suggested that for a successful physical 

activity adherence intervention, the focus should not simply be on information regarding 

benefits of exercise, as this generally results in intentions, 50% of which are not 

translated to behaviour (Rhodes et al., 2003). Such interventions should also focus on 

aiding individuals gain accurate perceptions of their ability, resources, and opportunities 

(Rhodes et al., 2003). The findings from the current study provide some evidence that 

mental fatigue does not significantly affect performance, and therefore reduces it’s 

impact as a potential barrier to physical activity.  

  

Action control can also be related to the psychobiological model of fatigue (Marcora et 

al., 2008), specifically, the cost/reward element previously discussed. The difference 

being that when mental fatigue is considered in parallel with action control, it may 
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actually be a barrier to participating in physical activity initially, rather than decisions 

pertaining to effort during exercise. When mentally fatigued, an individual might 

perceive the benefits of physical activity not to be worth the cost of participating. 

Conversely, if an individual perceives mental fatigue to either not be present, or that it 

does not to affect performance, then they might proceed to become a successful intender. 

Despite this, the current study examined the response to exercise in a sole session, it is 

beyond the scope of the data to make deductions regarding exercise intention. However, 

the notion of perceived mental fatigue as a barrier to physical activity would be an 

interesting avenue of future research.   

 

6.8 General discussion  

 

The evidence from the current study indicates that mental fatigue should be 

considered as a multidimensional construct, whereby many situational and individual 

components influence the effect on performance. Our results simply indicate that mental 

fatigue does not affect performance, regardless of aerobic capacity or individual 

differences. However, if we consider mental fatigue to be an integrated system, much 

like physical fatigue, whereby multiple systems and variables impact the potential effect 

on performance, our results can be interpreted in a different light.  Our results indicate 

that mental fatigue has the same effect on performance regardless of one’s aerobic 

capacity, however, it appears that mental fatigue is not solely based on physiological 

systems. The same can be argued for the non-significant finding regarding motivation 

and perfectionism. The discrepancy between our findings and previous studies is further 

evidence that mental fatigue cannot be explained in a linear fashion; many potentially 
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confounding variables from both the specific situation and individual differences must 

be included in this complex construct. Although this may appear problematic, we 

suggest that an individual’s perception of mental fatigue is the most influential factor in 

this integrated system. The psychobiological model of fatigue (Marcora et al., 2008) 

supports our interpretation, where it is cited that any variable that can affect ones 

perception can consequently affect their performance.  

 

Considering the explanations already presented for our non-significant findings (lack of 

inducement, absence of an emotional connection to the task), it is likely that participants 

did not perceive that the AX-CPT would affect their performance. Conversely, 

participants in previous investigations where an incentive was offered (Brownsberger et 

al., 2013; Marcora et al., 2009; Smith et al., 2015) may have perceived the AX-CPT to 

be mentally draining. In addition, the repeated measures design of previous 

investigations (Brownsberger et al., 2013; Marcora et al., 2009; Smith et al., 2015) may 

have contributed to the perception of mental fatigue having a debilitating effect.  Here it 

would be prudent to note that we are not claiming that variables such as aerobic capacity 

and personality do not affect mental fatigue, but contribute to one’s perception of a 

cognitive task in combination with other situational variables.  

 

The effect of mental fatigue on performance is yet to be comprehensively investigated, 

therefore the postulation of mental fatigue as a non-linear, integrated, system is based 

solely on the findings of a small number of investigations. However, we can consider 

some applied scenarios to reinforce our supposition.  Firstly, if we consider a situation 

involving a cognitively draining task, where an individual perceives their performance to 
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be crucial to some aspect of their life. Such a task might be a standardized test to apply 

for graduate school or a written examination for an important qualification such as 

registered nurse. Immediately after completing the task, some individuals might perceive 

relief and be motivated to exercise. Others might still perceive relief, but depending on 

the circumstances they might desire to rest. The difference between the two could be 

trait individual differences or more situational based. Secondly, the difference between 

the two outcomes might also be influenced by the individual’s perception of their 

performance on the task. A positive outcome might motivate an individual for a physical 

task, whereas a negative outcome one might do the opposite. Again, this might be 

different depending on individual differences. Conversely, we can consider an arbitrary 

task such as the one in the present study where performance bears no consequence to the 

individual. Again, depending on the individual and the situational context, some might 

be motivated toward physical activity whilst others remain unenthused.  Clearly, there 

are a vast number of variables at play in any given situation. Due to this, it makes sense 

that the effect of mental fatigue on performance cannot be explained by any one system, 

and must be considered as a multidimensional construct if we are to gain further 

understanding.  

 

6.9 Implications on Academic Research Interests 

 

The findings of the present study contradict the majority of previous research, in 

that mental fatigue did not affect the psychobiological response to a 10km time trial. 

However, the experimental design implemented was atypical when compared to the 

small number of similar studies. The main implication for future research is to consider 
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the association the participant has with the mentally fatiguing task. The present study 

offered no incentive for good performance on the task, and thus participants likely held 

no value in how they performance. Due to this they were able to dissociate from it when 

completing the time trial. Future research should be deliberate when choosing a mentally 

fatiguing task, so the participants either hold it with some importance or no value 

whatsoever. The present study also implemented a single group design, dissimilar to 

prior investigations. This should be replicated in future studies to gain insight into 

whether a single group design reaps more or less reliable results than repeated measures.  

Recent investigations have seen a rise in the use of near infrared spectroscopy to 

quantify the effects of fatigue, both physically and mentally (Mehta & Agnew, 2011; 

Mehta et al., 2012; Mehta & Parasuraman, 2014). The results of the PCA alone advocate 

for cerebral blood flow being a fundamental element of the response to exercise. Our 

results largely support past findings regarding cerebral activity during exercise, 

however, the training status of our sample may have masked the effects of mental 

fatigue. Nevertheless, these findings do imply that aerobically fit individuals may have 

inherent coping strategies for performing whilst mentally drained. The main implication 

for future research interests being to investigate the mechanisms behind this.  

 

6.10 Implications for Athletes and Consulting Practitioners 

 

The implications for this study largely relate to interventions regarding physical 

activity adherence. In terms of intention-translation, many individuals do not participate 

in physical activity due to self-assessed mental fatigue (Allison et al., 1999; National 

Health Surveillance Survey, 2007; Salmon et al., 2003: Tappe et al., 1989; Trost et al, 
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2002). The findings from the current study indicate that the effect on performance in 

these situations is negligible. The information regarding mental fatigue could be 

included in physical activity guidelines in an attempt to target control belief in those 

more likely to change their intentions over time.  This line of thinking can be extended 

to university athletes, who commonly state that demanding schoolwork negatively 

affects their performance.  The current study produced no evidence for this preconceived 

notion, as there were no differences on any physiological or psychological variables. 

These findings could be used to decrease student-athlete stress related to balancing 

academic and sporting performance.  

 

6.11 Strength of the study and design 

 

The majority of existing research that examines the effect of mental fatigue on 

physical performance implements very similar experimental and statistical design. This 

uniformity is largely due to the topic being a contemporary area of study, with the 

majority of papers being published by the same few authors. Thus far, studies have 

recruited small sample sizes and utilized a repeated measures design. The present study 

recruited 50 participants in a single group matched design, an approach yet to be seen in 

this branch of the literature. We also succeeded in creating groups of equal physical 

ability, thus controlling for any other variable that might confound performance. In 

terms of the data set, it was normally distributed and met assumptions of normality and 

homogeneity. Further, the data set also had equal cell sizes, which translates to resilience 

against any minor deviations from normality. Overall, a strong data set was obtained that 

would likely produce reliable results.  
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Measuring cerebral hemodynamics in conjunction with a locomotor task has also not 

been seen in any study regarding mental fatigue; the most comparable study used a 

single joint contraction task as a measure of performance (Mehta & Parasuraman, 2014). 

As shown by the results of the PCA, cerebral blood flow correlates highly with 

performance and other physiological variables. Despite none of the factors having a 

significant effect on performance, these findings still help advocate for a 

neuroergonomic approach to quantifying the psychobiological response mental fatigue.  

Lastly, using PCA to extract factors from the original dependent variables is also an 

approach not currently used in the literature. The current study succeeded in extracting 

three factors that combined accounted for 66.7% of the variance. The three extracted 

factors ‘performance and central physiological markers’, ‘negative peripheral 

physiological markers’, and ‘negative psychological markers’ made theoretical sense 

and represented the psychobiological response to a physical task in a way so far not seen 

in the literature.  

 

The fact that the current study implemented a different approach, both experimentally 

and statistically, from previous investigations and obtained contradictory findings to the 

limited existing research, speaks to its strengths and the need for a more diverse 

approach in the future. Overall, the study possessed many strengths, generated reliable 

and valid results, and contributes a diverse approach to the current field of knowledge.  
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6.12 Limitations 

 

There are several limitations to the present investigation. First, the sample size of 

50 constitutes a poor sample size for PCA, which reduces statistical power and the 

confidence that the solution will generalize well to other samples (Tabachnick & Fidell, 

2012). Yet, many of the variable loadings onto the extracted components were high 

enough (>.70) that 50 cases may be sufficient (Tabachnick & Fidell, 2012). Secondly, 

although the AX-CPT succeeded in creating mental fatigue, the lack of an incentive for 

good performance potentially reduced the effect once the task was completed. 

Participants likely did not prescribe any value to the AX-CPT. Subsequently, during the 

time trial they were able to dissociate from the prior mental stimulation thus leaving 

their performance unaffected. Lastly, the sample was comprised of more highly trained 

participants than anticipated and did not consist of a diverse range of aerobic capacities. 

This consequently resulted in a fairly heterogeneous sample in terms of personality also. 

Despite these limitations, this study is one of the first to examine the effect of mental 

fatigue on the psychobiological response to fatigue and the very first to do so using a 

neuroergonomic approach. In addition, the experimental and statistical design provides a 

new technique for investigating the effect of mental fatigue with very few potential 

confounding factors. As such, this study provides valuable insight into the physical 

branch of mental fatigue. 

 

 

 

 

 

 

 



 
 

141 

6.13 Recommendations 

 

As the current study contributes insight to so far a fairly limited amount of 

research, there are many avenues for future investigations. Initially, it would be 

beneficial to determine whether a task needs to hold some importance for the participant, 

in order for it to be mentally fatiguing. The notion here is that although the AX-CPT 

created mental fatigue, it failed to subsequently affect performance as the participants 

were able to dissociate from it once completed.  Secondly, the control condition 

somewhat succeeded in creating a neutral mood state, however, there is still room for 

improvement in this aspect. Future studies could investigate broader parameters of the 

control condition, potentially allowing participants to retain their mobile devices, or 

simply let them choose how to spend the time. The relationship between mental fatigue 

and aerobic capacity, unfortunately, was not fully answered in the current study. In the 

future it is recommended that this variable is investigated in a more controlled fashion, 

potentially directly comparing a trained to an untrained population. By using this 

approach, differences in personality would also likely be more affluent and provide more 

insightful findings. Similarly, by examining trained and untrained populations a better 

understanding of how training status affects cerebral blood flow could be gained.  
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CHAPTER 7 

CONCLUSION 

 

The results of this study produced a number of tangible findings that are supported by 

the statistical analyses. These findings in places support the past literature, and in others 

are contradictory. Overall, the findings of this study greatly contribute to the knowledge 

base of this contemporary area of research and offer sound recommendations for future 

studies.  

 

The main finding of this study was that mental fatigue did not affect the 

psychobiological response to a 10km cycling time trial. Although contradictory to the 

limited amount of previous investigations (Brownsberger, et al., 2013; Marcora et al., 

2009; Smith et al., 2015), this finding provides a number of plausible explanations as to 

why, in this case, mental fatigue had no effect. Firstly, the current study employed a self-

paced task, which thus far has not been seen in the literature. The main impact of a self-

paced task was that participants were able to estimate time to completion, and thus RPE 

increased as a function of time equally in both groups and did not differ due to the 

induced mental fatigue as hypothesized. The finding that RPE was not impacted by 

mental fatigue and that performance was also consequently unaffected supports the 

psychobiological model of fatigue (Marcora et al., 2008). Simply put, in this case, 

mental fatigue did not affect effort sense, and thus performance was also unaltered. A 

number of explanations are posited for this contradictory finding, mainly pertaining to 

differences in protocol and experimental design. A major methodological difference 

between the current and previous studies is that in this case no incentive for good 
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performance, or consequence for poor performance, was provided for the mentally 

fatiguing task. It is posited that mental fatigue is a two-step process; the first step being 

the initial acute creation of mental fatigue, and the second being the latent effect on 

cognition, potentially related to attentional focus. The notion here is that in order for the 

latent effect to be present, the initial mentally fatiguing task must have some 

value/importance to the individual.  

 

An additional main finding of this study was that aerobic capacity, perfectionism, and 

motivation did not mediate the effect of mental fatigue on psychobiological 

performance. However, due to the nature of the sample, this finding is possibly 

misleading. The majority of participants were aerobically trained and active individuals, 

who also had similar personality traits, leading to a more heterogeneous sample than 

originally desired.  The potential is that the sample already had the coping strategies and 

necessary psychological make-up to be less influenced by mental fatigue than an 

untrained counterpart. Considering the participants, it is possible that having a higher 

aerobic capacity does reduce the effects of mental fatigue, and that in this instance we 

were unable to detect any difference due to the lack of variability. Several conceivable 

mechanisms are suggested to explain why mental fatigue did not affect performance of 

our participants. These include an associative attentional focus, perception of the task as 

simple, and perception of the task as desirable.  

 

A central theme of the investigation was to implement a neuroergonomic approach to 

gain a deeper understanding of the psychobiological response to exercise. As the PFC is 

responsible for decision-making (Yang & Raine, 2009) and actions made pertaining to 
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internal goals (Dove et al., 2000), it seems cogent to examine cerebral blood flow in this 

region of the brain. The most significant outcome of this approach actually occurred 

prior to main analysis and pertains to an underlying factor that was extracted during 

initial data reduction. The first and largest factor extracted from the PCA was comprised 

of TOI, cHb, VO2, and Performance, and accounted for 31.19% of the variance. The four 

variables were all highly correlated with each other, demonstrating that cerebral blood 

flow is a primary variable in the response to exercise. Our findings support the notion 

that cerebral blood flow is a key variable in the response to exercise (Hiura et al., 2014), 

and provides tangible evidence for using a neuroergonomic approach in the future.  

 

Although the main analysis did not report and significant differences, the univariate 

results do provide some insight. A commonly cited marker of mental fatigue is a 

decrease in HbO2 (Lorist et al., 2005),) however this was not observed in either group in 

the current study as HbO2, dHb, and cHb increased steadily over time. The rise in HbO2 

indicates an increase in neural drive for both groups, which is consistent with past 

studies (Rooks et al., 2010; Shortz, Van Dyke, & Mehta, 2012). Although not 

significant, the PFC activity in the experimental group was greater than in the control 

group. This small dynamic change in HbO2 could be attributed to mental fatigue, only 

though seen later in the task when the participants were suffering concurrent peripheral 

fatigue. Total Oxidation Index decreased over time, however, the experimental group 

did so at a much faster rate than the control group, indicating that mental fatigue caused 

a more rapid decrease in cerebral oxygenation. Although not significant, the difference 

in trajectory for cerebral blood flow between groups indicates an increase in pre-frontal 

activity. This could represent blood flow being redistributed away from the PFC to 
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another area of the brain, perhaps due to the onset of peripheral fatigue. The findings 

from Mehta & Parasuraman (2014) suggest that the increased mental resources required 

to perform physical and mental tasks concurrently cause the decrease in HbO2. The 

discrepancy that a decrease in HbO2 was not observed supports the notion that one must 

hold some value or important to the task. If an individual considers a task arbitrary, 

regardless of the amount of cognition it requires, the mental fatigue that is created will 

not affect the response to a subsequent physical task. 

 

Although the research questions predominantly regarded the effect of mental fatigue on 

the response to physical activity, the findings also have a place in the area of action 

control. One’s intention to participate in physical activity is thought to have a large 

effect on whether or not that intention is translated to behavior (intention-translation).  It 

has been reported that significantly more people fail at their intended behaviors than 

succeed (Rhodes et al., 2003), and it has been stated that states that a vital theoretical 

inquiry is to identify the predictors of unsuccessful intenders (Rhodes et al., 2003). 

Fatigue had previously been stated as a barrier to physical activity (Allison et al., 1999; 

National Health Surveillance Survey, 2007; Salmon et al., 2003; Tappe et al., 1989; 

Trost et al, 2002) so it is possible that perceived mental fatigue could be one factor that 

is responsible for unsuccessful intenders. It is currently unknown exactly why mental 

fatigue acts as a barrier to physical activity, but it is likely that individuals perceive that 

mental fatigue would negatively affect their performance. The findings from the current 

study indicate that mental fatigue has no effect on the psychobiological response to a 

self-paced task, and consequently, should not be a barrier to physical activity. The 
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application of these findings is that they could be used in physical activity guidelines to 

increase adherence.  

 

Lastly, the findings and interpretations of this investigation advocate that mental fatigue 

is considered as an integrated model moving forward. Mental fatigue is multifaceted, 

with many situational and individual components impacting the way an individual 

responds. The discrepancy between our findings and previous studies provides evidence 

that mental fatigue cannot be explained in a linear fashion; many potentially 

confounding variables from both the specific situation and individual differences must 

be included in this complex construct. Due to this, we suggest that an individual’s 

perception of mental fatigue is the most influential factor in this integrated system. The 

psychobiological model of fatigue (Marcora et al., 2008) supports our interpretation, 

where it is cited that any variable that can affect ones perception can consequently affect 

their performance. If an individual perceives that they are mental fatigued, and continues 

to believe that it could affect their performance, they then may suffer an increased effort 

sense or simply decide to not perform at all. Contrariwise, if an individual perceives 

cognitive tasks in a different light, perhaps due to individual differences, then mental 

fatigue might never affect performance. Clearly, there are a vast number of variables at 

play in any given situation. Due to this it makes sense that the effect of mental fatigue on 

performance cannot be explained by any one system, and must be considered as a 

multidimensional construct if we are to gain further understanding.  
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Multidimensional Perfectionism Scale 

Physical Activity and Leisure Motivation Scale 

Brunel Mood Scale 

PARQ+ 

Health History Questionnaire 
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Information and Consent Form 

 

To Whom It May Concern, 

 You are being invited to participate in a research study investigating the effect of 

different cognitive tasks on the psychobiological response to a performance task. 

Participation in the investigation will involve attending two testing sessions held on 

separate days. The first session acts as a screening phase; participants will be asked to 

complete four questionnaires and a graded maximal exercise test on a stationary bicycle 

in order to determine aerobic capacity. This test is non-invasive and increases in 

intensity until voluntary exhaustion; the participant will remain in control at all times 

and may stop the procedure at any time. Due to reaching maximal intensity, the test does 

induce some physical discomfort. The total time to complete the screening is 

approximately one hour. Prior to testing participants will complete the physical activity 

readiness questionnaire (PAR-Q).   

In the second session participants will undergo one of two non-intrusive cognitive 

conditions that each last for 90 minutes. Involved is either completing a computer task, 

reading a book, or watching a documentary. Upon completion of the cognitive condition 

participants will immediately perform a 10km time trial on a stationary bicycle after an 

adequate warm up. The course will be presented digitally in front of the bicycle, and the 

aim of a time trial is to complete the course as fast as possible. Again, some discomfort 

as a result of physical activity is expected. Upon completion the participant will cool 

down and be debriefed before leaving. The total time to complete the second phase is 

approximately 2.5 hours. 

Testing will begin in September; the investigator will be in contact to set up a time for 

initial screening. Please wear appropriate athletic attire for both sessions.  

The period of time between phase one and two may be anywhere up to three months; 

due to this participants must agree not to make any significant changes to their physical 

activity regimen in that time. Any significant changes in physical fitness must be 

reported to the investigator. 

All data collected is confidential and will be presented only in group format. Group data 

and the full study will be available to participants upon request once the investigation is 

complete. 

Participation in this study is completely voluntary, and you as a participant are free to 

withdraw from the research, and to withdraw any data pertaining to yourself at any time, 

without consequence to you.  

 

 Primary Investigator:  Hannah Connon; Graduate student, UNB Kinesiology. 

y4ou2@unb.ca 

 Supervisor: Dr David Scott; Professor, UNB Kinesiology. scotty@unb.ca 

Participants may contact below mentioned people should they have any concerns or 

questions about the research. These individuals are not directly related to the research. 

 

 Chair UNBF Research Ethics Board: Dr. Steven Turner, turner@unb.ca 

 Assistant Dean of Interdisciplinary Studies: Dr. Linda Eyre, leyre@unb.ca 

mailto:scotty@unb.ca
mailto:turner@unb.ca
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This project has been reviewed by the Research Ethics Board and is on file as REB 

2015-067 

 

 

Name: ____________________ _________  Age:  ____ 

 

Email address: _______________________ 

 

Signature:___________________________  Date : __/__/__ 

 

 

PLEASE COMPLETE THIS FORM AND RETURN IT. YOU WILL HAVE A 

COPY RETURNED TO YOU FOR YOUR RECORD 



 
 

Multidimensional Perfectionism Scale 

INSTRUCTIONS: Listed below are a number of statements concerning personal characteristics and traits. Read each item and decide 

whether you agree or disagree & to what extent. To score your responses, put the number of your response in the column that is 

highlighted next to this question.  

  Disagree  Agree Self 

Oriented 

Other 

Oriented 

Socially 

Prescribed 

1.  When I am working on something, I cannot relax until it 

is perfect 

1 2 3 4 5 6 7    

2.  I am not likely to criticize someone for giving up too 

easily 

7 6 5 4 3 2 1    

3.  It is not important that people I am close to are successful 7 6 5 4 3 2 1    

4.  I seldom criticize my friends for accepting second best 7 6 5 4 3 2 1    

5.  I find it difficult to meet others’ expectations of me 1 2 3 4 5 6 7    

6.  One of my goals is to be perfect in everything I do 1 2 3 4 5 6 7    

7.  Everything that others do must be of top-notch quality 1 2 3 4 5 6 7    

8.  I never aim for perfection on my work 7 6 5 4 3 2 1    

9.  Those around me readily accept that I can make mistakes 

too 

7 6 5 4 3 2 1    

10.  It doesn’t matter when someone close to me does not do 

their absolute best 

7 6 5 4 3 2 1    

11.  The better I do, the better I am expected to do 1 2 3 4 5 6 7    

12.  I seldom feel the need to be perfect 7 6 5 4 3 2 1    

13.  Anything that I do that is less than excellent will be seen 

as poor work by those around me 

1 2 3 4 5 6 7    

1
6
4
 



 
 

14.  I strive to be as perfect as I can be 1 2 3 4 5 6 7    

15.  It is very important that I am perfect in everything I 

attempt 

1 2 3 4 5 6 7    

16.  I have high expectations for the people who are important 

to me 

1 2 3 4 5 6 7    

17.  I strive to be the best at everything I do 1 2 3 4 5 6 7    

18.  The people around me expect me to succeed at everything 

I do 

1 2 3 4 5 6 7    

19.  I do not have very high standards for those around me 7 6 5 4 3 2 1    

20.  I demand nothing less than perfection of myself 1 2 3 4 5 6 7    

21.  Others will like me even if I don’t excel at everything 7 6 5 4 3 2 1    

22.  I can’t be bothered with people  who won’t strive to better 

themselves 

1 2 3 4 5 6 7    

23.  It makes me uneasy to see an error in my work 1 2 3 4 5 6 7    

24.  I do not expect a lot from my friends 7 6 5 4 3 2 1    

25.  Success means that I must work even harder to please 

others 

1 2 3 4 5 6 7    

26.  If I ask someone to do something, I expect it to be done 

flawlessly 

1 2 3 4 5 6 7    

27.  I cannot stand to see people close to me make mistakes 1 2 3 4 5 6 7    

28.  I am perfectionistic in setting my goals 1 2 3 4 5 6 7    

29.  The people who matter to me should never let me down 1 2 3 4 5 6 7    

30.  Others think I am okay, even when I do not succeed 7 6 5 4 3 2 1    

31.  I feel that people are too demanding of me 1 2 3 4 5 6 7    1
6
5
 



 
 

32.  I must work to my full potential at all times 1 2 3 4 5 6 7    

33.  Although they may not say it, other people get very upset 

with me when I slip up 

1 2 3 4 5 6 7    

34.  I do not have to be the best at whatever I am doing 7 6 5 4 3 2 1    

35.  My family expects me to be perfect 1 2 3 4 5 6 7    

36.  I do not have very high goals for myself 7 6 5 4 3 2 1    

37.  My parent rarely expected me to excel in all aspects of my 

life 

7 6 5 4 3 2 1    

38.  I respect people who are average 7 6 5 4 3 2 1    

39.  People expect nothing less than perfection from me 1 2 3 4 5 6 7    

40.  I set very high standards for myself 1 2 3 4 5 6 7    

41.  People expect more from me than I am capable of giving 1 2 3 4 5 6 7    

42.  I must always be successful at school or work 1 2 3 4 5 6 7    

43.  It does not matter to me when a close friend does not try 

their hardest 

7 6 5 4 3 2 1    

44.  People around me think I am still competent even if I 

make a mistake 

7 6 5 4 3 2 1    

45.  I seldom expect others to excel at whatever they do. 7 6 5 4 3 2 1    

SUBTOTALS Page 2 

Add up in each column the colored squares for each dimension 

 

 

  

SUBTOTALS from Page 1  

 

  

SUBSCALE TOTALS SO 

= 

OO= SP= 1
6
6
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The Physical Activity and Leisure Motivation Scale (PALMS) 
 

In responding to the following statements, think of the motives you have for the physical 

activity you do. Try not to spend time pondering over your responses. There are no right or 

wrong answers. Indicate how much your motives correspond with each of the statements. In 

each case 1 indicates strongly disagree and 5 indicates strongly agree. 

 

 

I undertake 

physical 

activity…. 

 

Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1. to earn a 

living  

1 2 3 4 5 

2. because it 

helps me relax 

1 2 3 4 5 

3. because it’s 

interesting 

1 2 3 4 5 

4. because I 

enjoy spending 

time with 

others 

1 2 3 4 5 

5. to get better 

at an activity 

1 2 3 4 5 

6. because I 

perform better 

than others  

1 2 3 4 5 

7. because I get 

paid to do it  

1 2 3 4 5 

8. to do activity 

with others  

1 2 3 4 5 

9. to better 

cope with 

stress  

1 2 3 4 5 

10. because it 

helps maintain 

a healthy 

body  

1 2 3 4 5 

11. to define 

muscle, look 

better  

1 2 3 4 5 

12. be 

physically fit  

1 2 3 4 5 

13. because it 

makes me 

happy  

1 2 3 4 5 

14. to get away 1 2 3 4 5 
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from pressures 

15. to maintain 

physical health  

1 2 3 4 5 

16. to improve 

existing skills 

1 2 3 4 5 

17. to be best 

in the group  

1 2 3 4 5 

18. to manage 

medical 

condition  

1 2 3 4 5 

19. to do my 

personal best  

1 2 3 4 5 

20. to do 

something in 

common with 

friends  

1 2 3 4 5 

21. because 

people tell me I 

need to  

1 2 3 4 5 

22. because it 

acts as a stress 

release  

1 2 3 4 5 

23. to improve 

body shape  

1 2 3 4 5 

24. to obtain 

new 

skills/activities  

1 2 3 4 5 

25. because it’s 

fun  

1 2 3 4 5 

26. because it 

was prescribed 

by doctor or 

physio  

1 2 3 4 5 

27. to work 

harder than 

others  

1 2 3 4 5 

28. because it 

keeps me 

healthy  

1 2 3 4 5 

29. to compete 

with others 

around me  

1 2 3 4 5 

30. to talk with 

friends 

exercising  

1 2 3 4 5 

31. to keep 

current skill 

level  

1 2 3 4 5 
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32. to improve 

appearance  

1 2 3 4 5 

33. to improve 

cardiovascular 

fitness  

1 2 3 4 5 

34. because I 

enjoy 

exercising 

1 2 3 4 5 

35. to take 

mind off other 

things  

1 2 3 4 5 

36. to lose 

weight, look 

better  

1 2 3 4 5 

37. because I 

have a good 

time  

1 2 3 4 5 

38. to be with 

friends  

1 2 3 4 5 

39. to be fitter 

than others 

1 2 3 4 5 

40. to maintain 

trim, toned 

body 

1 2 3 4 5 
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Brunel Mood Scale 
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PARQ 
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Health History Questionnaire 

Name: 

 

Age _____ 

 

1. Sex (please circle):   Male  Female 

2. Personal health history – please circle all that apply: 

Allergies Anaemia Anxiety 

 

Asthma Arthritis 

Cholesterol Chronic 

Cough 

 

Depression Diabetes Dizziness/fainting 

Headaches Heart 

condition 

Heart 

disease 

Heart 

palpitations 

Hypertension 

Migraines Osteoporosis Pneumonia Scoliosis Shortness of 

breath 

Swelling tendonitis Thyroid 

dysfunction 

 

Cancer Fractures 

Bursitis Fibromyalgia Joint 

replacement 

 

Stress Kidney disease 

Blood clots Emphysema Hypotension Smoker Stroke 

 

3. Please list any surgeries you have had in the past, including dates: 
 

 

 

 

 

4. Current medications 
 

 

 

 

 

5. Any additional health information 
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Demographic Questionnaire 

 

 

1. Name _______________________________  

2. Age _____ 
3.  
4. Sex (please circle):   Male  Female 

5. Marital status:   Single  Cohabiting  Married

     Divorced Widowed 

6. Highest level of education achieved (please circle): 

High school   first year undergraduate second year 

undergraduate  

Third year undergraduate fourth year undergraduate undergraduate degree 

Graduate degree  post-doctoral 

 

7. Employment status (please circle): 

Student Full Time Student part time Employed full time 

 Employed part time  Unemployed, looking for work  

 Unemployed, not looking for work Retired Disabled, not able to work 

 

8. Ethnicity: _______________________ 

9. How many children under 16 live in your household?  _______________ 

10. In a typical week, how many days do you exercise? 

I don’t regular exercise  Once a week  2-4 days/week 5-7 

days/week 
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Full disclosure consent form 

 

 

Dear participant, 

 Thank you for participating in this research study thus far. At this point we are 

required to fully disclose the nature of the research as well as the aims and hypothesis. 

The investigators are trying to ascertain whether mental fatigue affects the 

psychobiological response to a performance task, and whether aerobic capacity and 

personality mediate this effect.  In the second phase of testing you were asked to 

complete either a cognitive task with the aim of inducing mental fatigue, or a control 

condition that required very little cognitive capacity.  

Participants only received partial disclosure as full disclosure may have nullified the 

results. If you were aware that we were looking for an effect of mental fatigue, this may 

have either caused you to try harder if you believed you were not fatigued, or put in less 

effort as we hypothesize that mental fatigue will reduce performance.  

This study is one of very few in its field, and therefore these procedures are necessary to 

obtain scientifically valid findings. 

If at this point you wish to withdraw your data from the study you are free to by 

completing the section below: 

Thank you for your time and participation. 

 

I ______________________________________________________, 

 

Give consent for my data to be used in the remainder of this study:  

 

Would like to withdraw my consent from this study and all data collected:  

 

 

Signature:___________________________  Date : __/__/__ 
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Sample NIRS data 

 

time elpsec TOI_1 O2Hb_1 HHb_1 cHb 

1:49 30 63.8 0 0 0 

1:50 60 64.9 0.51 -0.85 -0.34 

1:50 90 65.1 0.47 -1.03 -0.56 

1:51 120 65.3 0.33 -1.42 -1.09 

1:51 150 64 0.53 -1.62 -1.09 

1:52 180 63.8 -0.34 -0.26 -0.6 

1:52 210 62.4 -1.31 0.59 -0.72 

1:53 240 62.2 -1.88 1.18 -0.7 

1:53 270 62.4 -1.71 1.13 -0.58 

1:54 300 61.2 -1.98 1.62 -0.36 

1:54 330 60.2 -2.25 2.53 0.28 

1:55 360 59.5 -2.12 2.98 0.86 

1:55 390 59.5 -1.18 3.05 1.87 

1:56 420 59.3 1.37 2.88 4.25 

1:56 450 58.2 3.86 2.65 6.51 

1:57 480 57.6 6.78 2.74 9.52 

1:57 510 58.6 8.14 2.35 10.49 

1:58 540 59.2 9.47 1.66 11.13 

1:58 570 58.7 9.95 1.32 11.27 

1:59 600 58.6 10.97 0.87 11.84 

1:59 630 57.6 11.34 1.02 12.36 

2:00 660 57.1 11.84 1.35 13.19 

2:00 690 56.6 12.16 1.3 13.46 

2:01 720 57.6 12.86 0.88 13.74 

2:01 750 57.7 13.61 0.27 13.88 

2:02 780 55.5 13.37 0.58 13.95 

2:02 810 54.4 11.95 2.32 14.27 

2:03 840 55.6 11.97 2.87 14.84 

2:03 870 55 12.38 2.58 14.96 

2:04 900 56.6 13.37 1.57 14.94 
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