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Abstract 

Mild head injury (MHI) has been associated with various debilitating effects leading to 

impairments in many individuals which can be long-lasting. Some of the effects can be explained 

by disruption to the brain as a result of acceleration, deceleration and rotational forces which lead 

to axonal stretching and tearing. The ventromedial prefrontal cortex (VMPFC) is particularly 

vulnerable following MHI and has been associated with attenuated autonomic arousal as 

indicated by electrodermal activity (EDA). These neural disruptions and its associated 

physiological underarousal may explain some of the consequences of MHI. 

Cognitive fatigue is a known consequence of MHI and is defined as an increase in mental 

exhaustion due to prolonged mental effort and a lack of cognitive resources to sustain mental 

activity and performance.  Increases in autonomic physiological arousal have been found to 

contribute to sustained performance and attention, but eventually can lead to cognitive fatigue. 

As such, those who have sustained a MHI and live with attenuated arousal may be disadvantaged 

when engaging in cognitive tasks. This study investigates the effects of cognitive fatigue, EDA, 

and task performance following MHI in university students. Forty-two university students (38% 

MHI) completed self-report questionnaires on general, and cognitive, fatigue and completed a 

series of simple, but increasingly demanding, cognitive tasks. Physiological arousal was 

measured by EDA throughout. 

Individuals with MHI reported significantly greater levels of cognitive fatigue relative to 

their no-MHI cohort at baseline. Interestingly, participants with MHI also reported greater 

capacity for recovery from cognitive fatigue which may imply an inability to self-monitor. Even 

so, while both groups demonstrated initial heightened EDA activation that significantly declines 

over the course of completing the cognitive tasks, there were no observable performance 



 

 

differences between the groups in terms of accuracy (which declined across tasks), response time 

(which increased across tasks), or self-reported cognitive fatigue at completion of testing. Future 

research will focus on establishing improved measures for assessing acute cognitive fatigue 

across tasks, as well as challenging cognitive tasks that induce measurable cognitive effort 

independent of cognitive capability.  
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Investigating the Relationship Between MHI, Cognitive Fatigue, and EDA 

 It is estimated that 69 million traumatic brain injuries (TBI) occur worldwide every year, 

regardless of injury severity or cause of injury (Dewan et al., 2018). Of these 69 million 

incidents, roughly 8% of cases are severe injuries, 11% of cases are moderate injuries, and 81% 

of cases are mild injuries. Motor vehicle collisions and falls are estimated to account for the 

largest number of TBI incidents worldwide (Rassovsky, Levi, Arganov, Sela-Kaufman, Sverdlik, 

& Vakil, 2015). In North America, it is estimated that 1300 in 100,000 individuals experience a 

head injury each year, of which 25% can be accounted for due to motor vehicle collisions with 

the total number of injuries estimated to be 4.6 million incidents (Dewan et al., 2018). Another 

concerning issue regarding head injury is that incidence rates of concussions have been found to 

be on the rise recently (Zhang, Sing, Rugg, Feeley, & Senter, 2016).  In the United states 

adolescents aged 15 to 19 years-old had the highest incidence rate of concussion, followed by 

individuals aged 10 to 14 years-old and then individuals aged 20 to 24 years-old in a sample of 

patients younger than 65 (Zhang et al., 2016). The rising concern around TBI and incidence rates 

has developed new, strict rules, guidelines, and measures for preventing TBI in everyday life. In 

recent years, contact sports such as football, ice hockey, wrestling, and lacrosse have seen a 

decrease to physical contact by either removing contact entirely - depending on the age group - 

or putting a limit on the amount of contact in the sport (Sarmiento et al., 2019). It is not only 

contact sports, but also non-contact sports like basketball and soccer that can result in emergency 

department visits for TBI. Soccer seems to be the most problematic for the incidence of TBI in  

adolescent females and has recently seen the removal of heading and practicing proper technique 

of heading in youth organizations (Quintero et al., 2019; Sarmiento et al., 2019). For adolescent 

and youth boys, football has been a major issue for TBI incidence and has been shown to result 
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in more emergency department visits and TBI than any other sport (Sarmiento et al., 2019) 

although measures have been implemented to improve hitting technique (avoiding helmet-to-

helmet contact and rotational impacts) and helmet design and technology (Rowson et al., 2012; 

Rowson et al., 2014). Additionally, motor-vehicle accidents and falls have accounted for the 

majority of TBI incidents in the adult and older adult populations (Dewan et al., 2018; Friedland, 

Brunton, & Potts, 2014). Although there are many ways in which individuals within a population 

can sustain a TBI, the number of head injuries are believed to be underestimated. The 

underestimation of total number of TBIs is believed to occur because injuries that are mild are 

often medically unreported as patients who experience mild TBIs (mTBI) do no seek medical 

attention or report to the emergency department. (Dewan et al., 2018; Holm, Cassidy, Carroll, & 

Borg, 2005; Zhang et al., 2016).  

Although the most prevalent injuries are mild in nature, they result in significant 

functional changes. Cognitive, emotional, behavioural, and physical changes occur as a result of 

TBI with changes being more severe with increasing TBI severity. (de Leon et al., 2008; 

DeLuca, 2005; Oliver, Ponsford, & Curran, 1996; Palm, Ronnback, & Johansson, 2017; 

Rassovsky et al., 2015). An individual’s ability to return to work, school, or other is dependent 

on several factors. One of the most important factors to appropriate recovery is access to, and 

reception of, appropriate medical treatment including rehabilitation and recovery immediately 

following the injury. When individuals do not receive medical treatment following a TBI, 

symptoms can persist beyond the expected three-month range and last for several years 

(Haboubi, Long, Koshy, & Ward, 2001; Olver, Ponsford, & Curran, 1996; Palm et al., 2017). 

Long-term sequelae can lead to persistent cognitive and emotional strains on an individual that 
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can develop problems with meeting social demands in the workforce, academic settings, or 

relationships (Mooney, Speed, & Sheppard, 2005; Palm et al., 2017).  

Head Injury Continuum and Mild Head Injury 

 Head injuries occur on a spectrum ranging from mild traumatic brain injuries (mTBI) to 

severe or catastrophic (Iverson, 2005; Iverson & Lange, 2009). At either end of the spectrum, 

head injuries occur as a result of external trauma or internal forces that lead to disruption of 

neural tissue in the brain resulting in an altered mental state or loss of consciousness. The focus 

of this study is on mild head injuries (MHI) which is defined by a force sufficient to alter one’s 

state of consciousness such that the individual experiences one of the following symptoms: a loss 

of consciousness for less than 30 minutes, a loss of memory prior to or postinjury, dizziness, 

confusion, and/or disorientation (Kay et al., 1993). The loss of cognitive, physical, and 

behavioural ability following a MHI differs from severe head injuries. There are notable 

differences between MHI and severe or catastrophic TBI both internally and externally. For 

instance, severe and catastrophic TBI have identifiable neurological disruption and changes that 

are evident with neuroimaging techniques and result in significant, noticeable changes in 

external function. Sequelae following TBI is more severe and typically lasts longer, the more 

severe an injury is with severe and catastrophic injuries resulting in significant functional 

impairments and limitations that is evident externally and internally (Bigler, 2013; Dikmen, 

Machamer, Powell, & Temkin, 2003; Pavlovic, Pekic, Stojanovic, & Popovic, 2019). As 

observed in magnetic resonance imaging (MRI) and computerized tomography (CT) scans, 

severe injuries involve significant levels of shearing, atrophy, and diffuse and focal lesions 

throughout the brain (Bigler, 2008). In fact, functional magnetic resonance (fMRI) scans can 

involve discrepancies in activation patterns  when observing severe TBI patients because of the 
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possible differences in cerebral reorganization between focal and diffuse neural disruption 

(Sanchez-Carrion et al., 2008a). When observing activation in individuals with a severe TBI 

(with only diffuse axonal injury and no focal lesions) compared to healthy controls, individuals 

with a severe TBI present with hypoactivation and poorer performance during cognitive tasks 

(Sanchez-Carrion et al., 2008b). Physical and social complications following injury are also 

prevalent in TBI groups and become more apparent, the more severe an injury is. Dikmen, 

Machamer, Powell, and Temki (2003) found that in patients who had sustained moderate to 

severe head injuries, leisure and recreation activities, major role activities (such as work or 

school), social integration, cognitive competency, and financial independence were of the most 

severely affected functions three to five years post-injury. The more severe the head injury 

status, the more functional difficulties an individual faced on average. In the study, contusions 

were observed by CT scan in roughly 75% of participants. This is not to say that those 

individuals on the mild end of the injury spectrum do not face neurological and functional 

sequelae – it is that complications following mild injuries are subtle and lack neuroimaging 

evidence. 

Individuals with MHI are more capable cognitively, physically, behaviourally, and 

emotionally, following injury when compared to individuals who has sustained a severe injury; 

however, individuals who have sustained a MHI still experience changes that may not be 

observable functionally and through neuroimaging (Bellerose, Bernier, Beaudoin, Gravel, & 

Beauchamp, 2017; Bigler, 2008; Rassovsky et al., 2015; Stulemeijer et al., 2006; Yarnell & 

Rossie, 1988). CT scans often have difficulty finding anatomical and structural changes in MHI 

compared to more moderate and severe neural disruption. CT scans are performed in the event of 

a loss of consciousness (LOC) from a TBI, and are effective at identifying abnormalities in 



5 

 

 

moderate and severe TBI but are limited in their ability to detect neurological abnormalities in 

MHI (Bigler, 2013; Smits et al., 2007). CT scans are typically completed on the day of injury 

following a TBI; day of injury CT scans are not effective at identifying hemosiderin depositions 

– blood by-product or residuals from shearing effects – which are noted biomarkers in MHIs. CT 

scans are more effective at identifying hemosiderin depositions typically found in MHI when 

scans are completed weeks or months following the injury. As a result, individuals who sustain 

an MHI can receive a negative scan result and are left to indirect measures of neuropathology; 

however it is important to receive an accurate and objective report of structural abnormalities to 

better understand functional outcomes.  (Bigler, 2013). Instead, MRI techniques have been used 

to find neuroanatomical differences following MHI. MRI has been used to identify shear lesions 

between white matter and grey matter junctions following MHI (Bigler, 2008). In addition to 

structural differences, functional MRI (fMRI) has been used to observe activation pattern 

differences in individuals who have sustained an MHI. It is often the case that following a TBI of 

any severity, brain activity changes during performance and tasks. Of interest, Smits et al. (2009) 

found that during working memory tasks, individuals who had sustained minor head injury 

showed increased brain activation in the working memory network as well as neural recruitment 

from regions outside the working memory network which has been. Likewise, in a later study, 

Smits et al. (2011) used diffusion tensor imaging – another form of MRI that estimates 

orientation and anisotropy of white matter tracts – and found a significant relationship between 

increasing post-concussive symptoms following minor head injuries and white matter changes. 

These white matter changes were observed without macrostructural abnormalities present.  

Functional changes following MHI are not always consistent both in nature and in 

duration which has led to problematic debate over the residual and long-term effects of mild 
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head injuries (Bigler, 2013; Dikmen et al., 2009; Pavlovic et al., 2019; Smits et al., 2011; Tellier, 

Della Malva, Cwinn, Grahovac, Morrish, & Brennan-Barnes, 1999). It is often found that 

individuals who sustain a MHI recover within a range of three to six months; however, there are 

estimated rates up to 15% of individuals that sustain a mild head injury experience significant 

long-term impacts including unemployment, emotional regulation difficulties, psychosocial 

difficulties, and cognitive difficulties (King & Kirwilliam, 2011; McKinlay, Dalrymple-Alford, 

Horwood, & Fergusson, 2002; Palm et al., 2017; Pavlovic et al., 2019). Unfortunately, many of 

these issues are not externally visible and lead to debate regarding the effects of MHI. The 

neuroimaging evidence for MHI is still growing, but there is a clear literature on axonal 

disruption following a MHI. MHI produces microscopic, focal, and non-observable axonal 

disruption whereas more severe head injuries produce widespread axonal disruption that is 

observable through neuroimaging techniques (Iverson, 2005; McKee & Daneshvar, 2015).  

Pathophysiology and Biochemistry of MHI 

 Although there is little (but growing) evidence from scans for neurological disruption 

following a MHI, there are biochemical changes that occur within neural cells. The changes that 

occur are a result of a cascade of chemical imbalances, metabolic changes, and homeostatic 

changes within a cell that lead to swelling, excitotoxicity, and even programmed cell death 

following an MHI or concussion (Giza & Hovda, 2001). Following a biomechanical force to the 

brain, neurons are stretched and sheared resulting in a depolarization and an unregulated release 

of ionic flux. The cell attempts to remedy these imbalances (especially involving K+) by 

activating Ca+ and Na+ gates. As a result, while there is reduced cerebral blood flow since the 

cell cannot produce enough ATP from glucose, the cells experience an energy crisis. Further, as 

Ca+ levels increase, additional problems also occur such as apoptosis, neural compaction 
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(shrinking of axons), and mitochondrial and axonal swelling. Ultimately, due to the need for 

increased resources during a time when there are fewer resources available or produced, cell 

death will result (Giza & Hovda, 2001, 2014). 

VMPFC and Brain Injury 

 The brain sits in protected tissues of the meninges filled with cerebral spinal fluid 

(Iverson & Lange, 2009). The brain being in the fluid allows it to move freely and compress 

within the cranium when an individual experiences acceleration, deceleration, and rotational 

forces caused by impact trauma to the head. The acceleration forces cause the brain to be 

interrupted by bony protrusions within the skull (coup). Deceleration and rotational forces cause 

the brain to rebound off the point of impact and strike opposing areas of the brain (contrecoup) 

resulting in stretched, deformed, sheared, and disrupted neural connections (McKee & 

Daneshvar, 2015). An area that has been found to be particularly susceptible is the ventromedial 

prefrontal cortex (VMPFC) that is located just behind the eyes and nose where bony ridges 

extend into the skull. Due to this structure of the skull, the VMPFC is particularly vulnerable to 

shearing and tearing of neural connections during a TBI (Iverson & Lange, 2009).  

VMPFC/underarousal 

 The VMPFC has been found to be a contributor in regulating physiological arousal that 

includes functions such as heart rate, blood pressure, respiration, and skin conductance (galvanic 

skin response or electrodermal activity [EDA]) (Baker & Good, 2014; Zhang et al., 2014). 

Individuals have been shown to have physiological dysregulation due to damage sustained to the 

VMPFC following a TBI of any severity. More specifically, individuals who report experiencing 

a TBI (mild to severe) have lower baseline levels of physiological arousal in terms of EDA, both 

at baseline and during anticipatory responses compared to individuals who have not experienced 
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a mTBI (e.g., Gallant, Barry, & Good, 2017; Hopkins, Dywan, & Segalowitz, 2009; Turkstra 

1995; van Noordt & Good, 2011).  

Performance and Arousal 

 The underarousal experienced by individuals with MHI may be a reason or explanation 

as to why these individuals also face challenges with performance relative to their non-MHI 

cohort. As the Yerkes-Dodson curve describes, there is a clear relationship between performance 

and arousal such that optimal levels of performance are associated with moderate levels of 

arousal, whereas poorer performance is associated with lower or higher levels of arousal (Yerkes 

& Dodson, 1908). Due to their lowered physiological arousal, it is possible that individuals who 

have sustained a MHI underperform on certain measures compared to their noMHI cohort due to 

lowered alertness, engagement or energy. Further, this may occur in situations that would 

otherwise yield more optimal levels of performance as would be seen in individuals without MHI 

or disruption to the VMPFC (Bechara, Tranel, & Domasio, 2000). Healthy, neurotypical controls 

may perform more optimally because they are relatively more aroused. Overarousal can impact 

performance as is observed in individuals with notable anxiety such that arousal levels are so 

high that individuals become overwhelmed, distressed, or panicked leading to disruption in their 

concentration and/or performance (Brosschot, 2010; Derakshan & Eysenck, 2009).  

Symptoms 

 A number of other deficits in function follow mTBI. Carroll et al. (2004) review of the 

mTBI literature shows that the symptoms following mTBI include changes in cognitive, 

emotional, behavioural, and physical function. Cognitive function alterations include impaired 

attention, slower processing, disruptions to working memory and memory disturbance. 

Emotional changes include depression, irritability, anxiety, rage, and agitation. Behavioural 
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symptoms include aggression, disinhibition, apathy, and sleep disturbances. Finally, physical 

symptoms include headaches, visual and auditory problems, and dizziness. Although fatigue is 

often observed in physical terms, fatigue is experienced across the spectrum of functional 

outcomes and has been found to impact and limit people’s ability to continue to participate and 

engage in activities regardless of age (Wilkinson et al., 2018). Although greater levels of injury 

severity predict higher levels of fatigue, mild head injuries have been shown to result in fatigue 

persisting through 5 years postinjury (Palm et al., 2017; Wilkinson et al., 2018). 

Cognitive Fatigue 

 Fatigue is defined as a decreased ability to sustain or continue activity due to limited or 

inefficient retrieval of resources (Aaronson et al., 1999; DeLuca, 2005). Likewise, the increase in 

mental exhaustion due to prolonged mental effort and the lack of cognitive resources to sustain 

mental activity and performance defines cognitive fatigue and is the focus of the present study 

(Wylie & Flashman, 2017). Sustained effort has been shown to be a determinant of cognitive 

fatigue due to exhausting resources (Jonasson, Levin, Reinfors, Strandberg, & Johansson, 2018; 

Moller, Nordin, Bartfai, Julin, & Li, 2017; Smit, Eling, & Coenen, 2003). The exhaustion of 

resources can be due to the intensity of cognitive tasks or task length. Tests lasting 1-2 hours or 

more without breaks as well as tasks of high cognitive demand result in cognitive fatigue 

(Johansson & Ronnback, 2014a). Smit, Eling, and Coenen (2003) performed a study in which 

there were low and high cognitively demanding tasks involved. Cognitive tasks that were highly 

demanding resulted in performance decrement significantly different from low demanding 

cognitive tasks. The authors suggest the result of the performance decrement is due to resource 

depletion that is consistent with prior research. Similarly, Ackerman and colleagues (2010) found 

significant changes in subjective fatigue as participants’ subjective levels of fatigue were 
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assessed from the first hour of testing to the fourth hour of testing. Additionally, the researchers 

noted that there were individual differences in the effort strategies of participants. Only half of 

the participants were able to sustain their levels of effort.  

Cognitive fatigue is a debilitating feature following MHI that, with proper treatment and 

rehabilitation, can be alleviated typically 6 months to 1 year postinjury. Cognitive fatigue is a 

common symptom that is reported as having an incidence rate of 21%-91% (DeLuca, 2005). 

However, if proper treatment is not acquired, cognitive fatigue can persist for many years 

following MHI (Johansson & Ronnback, 2017). Cognitive fatigue can interfere with an 

individual’s ability to cognitively engage – a capacity required for work, daily activities, 

personal upkeep, and social abilities. These individuals with persistent cognitive fatigue 

following MHI cannot think, concentrate, continue processing information efficiently and 

consequently, these individuals require breaks and downtime for rest and recovery longer than 

that of healthy controls (DeLuca, 2005; Johansson & Ronnback, 2014a; Palm et al., 2017).  

As a result of sustained cognitive endurance and effort, individuals with MHI report 

greater levels of cognitive fatigue compared to healthy controls. Johansson and Ronnback (2013) 

found that individuals with mTBI had significantly greater reports of cognitive fatigue than 

healthy controls. This was measured with the Mental Fatigue Scale (MFS) that the authors 

developed to score mental fatigue based on various mental domains such as cognitive, affective, 

sensory, and sleep related symptoms and severity of mental fatigue. All symptoms have been 

found to affect cognitive performance as the authors note. The results support that there is a 

difference in the endorsement of self-reported mental fatigue between healthy controls and mTBI 

subjects across the lifespan. Likewise, Johansson, Berglund, and Ronnback (2009) found that 

individuals with TBI – both mild and moderate – had reports of higher levels of subjective 
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mental fatigue scores compared to healthy controls. Additionally, participants with mild and 

moderate TBI were found to have impaired cognitive capabilities compared to the healthy 

controls.  

Neuropsychological assessment reports show that cognitive performance is impaired 

following TBI. Slower processing speed, decreased attention, working and long-term memory 

impairments, and executive function impairments are all reported concerns following TBIs of all 

severities. As Azouvi and colleagues (2017) note, the decreased cognitive capacity and 

challenges following a any severity of TBI may interfere with cognitive capabilities that can lead 

to social and behavioural challenges as well. Of particular interest, Johansson and her colleagues 

(2015) showed that individuals with mild neurological compromise report significantly higher 

levels of mental fatigue and additionally show that their performance not only reflects slower 

processing but are also further disadvantaged when performance needs to be sustained. In this 

study, healthy controls improved in their responding to a repeated complex divided attention 

task, whereas mTBI subjects did not. Further, they found that this difference was related to the 

level of acknowledged fatigue (on the MFS) such that those who reported greater fatigue had 

more errors than those who endorsed less fatigue. Again, Johansson and her colleagues (2018) 

demonstrated the effects of impacted cognitive performance across a number of working 

memory tasks as a function of increased cognitive demands and sustained attention in people 

with various neurological compromise (including stroke, encephalitis, tumor, and TBI with some 

being mild) who were identified as the mental fatigue group (due to substantially higher MFS 

scores) compared to healthy controls. Participants were given a test-retest on various working 

memory tasks with an interim cognitive challenges of reading comprehension that consisted of 

reading five short scholastic aptitude texts and answering four questions per scenario, lasting 
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approximately 30 minutes. Importantly, healthy controls improved in performance going from 

the first set of tests to the second set of testing (likely a learning to learn repetition advantage) 

despite the interim reading comprehension task, whereas the neurologically compromised group 

did not improve or had worse performance. The findings of neurological compromise of various 

severities leading to cognitive fatigue and impaired cognitive performance have been replicated 

and supported many times over using various attention, vigilance, processing, and memory tasks 

(Azouvi et al., 2004; Azouvi et al., 2017; Dean & Sterr, 2013; Johansson & Ronnback, 2015; 

Johansson, Berglund, & Ronnback, 2009; Jonasson et al., 2018; Wilkinson et al., 2018; Ziino & 

Ponsford, 2006). The results often end with individuals with neurological compromise 

performing significantly worse, with some exceptions.  

Assessment of Cognitive Fatigue 

 Objectively and subjectively assessing cognitive fatigue has been inconsistent and varies 

between studies. As Wylie and Flashman (2017) suggest, there are numerous ways in which 

research has defined, measured, and interpreted cognitive fatigue. Ashman et al. (2008) proposed 

the idea that fatigue is measured by quantifying how performance or capacity reduces because of 

continued effort on a task – the definition used in the present study.  This objective definition of 

fatigue provides an easy way to observe, measure, and score cognitive fatigue. Some argue that 

cognitive fatigue must be objectively measured by inducing cognitive fatigue and then scoring 

behavioural performance (Deluca, 2005; Wylie & Flashman, 2017). Objectively and subjectively 

assessing cognitive fatigue can be difficult since several different neuropsychological tasks can 

be used to assess different cognitive domains (Jonasson et al., 2018; Skau, Bunketorp-Käll, 

Kuhn, & Johansson, 2019).Changes in neural activity can depend on what a task’s demands are, 

and therefore introduce variability of brain engagement and effort (Möller, Boussard, Oldenburg, 
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& Bartfai, 2014). Vigilance tasks (sustained attention tasks) are often used instead of 

neuropsychological batteries (Möller, Nordin, Bartfai, Julin, & Li, 2017; Nordin et al., 2016; 

Ziino & Ponsford, 2006). By using a single vigilance task, fewer functional brain areas are 

recruited for task performance – instead, a targeted functional region or skill network will be 

accessed and strained for a longer period. Focusing on one function for a longer period of time 

may result in more consistent cognitive fatigue effects.  

 Another important factor in the assessment of cognitive fatigue is that there are few 

scales that exclusively measure cognitive fatigue. Typically, scales examine fatigue from a 

multidimensional perspective and score for global fatigue with subscales that score for different 

ways by which fatigue manifests (e.g., sleep, physical, mental, emotional, energy, motivation - 

DeLuca, 2005; Dittner, Wessely, & Brown, 2004). Some of these fatigue scales are designed to 

assess, and be tested on, disease-specific populations such as those with multiple sclerosis, 

cancer, Parkinson’s, stroke, and other conditions affecting the CNS (Deluca, 2005; Flachenecker 

et al., 2002; Hjollund, Andersen, & Bech, 2007; Wylie & Flashman, 2017). These various 

measurement approaches assess fatigue subjectively based on self-report since many factors 

contribute to the variations in experienced fatigue such as intensity, severity, and impact on 

function and lifestyle (Wylie & Flashman, 2017).  

One such self-report measure that targets individuals who have experienced a TBI of all 

severity was developed by Johansson, Starmark, Berglund, Rödholm, and Rönnbäck (2010). This 

questionnaire was the aforementioned Mental Fatigue Scale (MFS - Johansson, 2014b; 

Johansson et al., 2017; Johansson & Ronnback, 2015; Palm et al., 2017; Skau et al., 2019). The 

MFS focuses most of its questions on cognitive factors, but includes some questions about sleep, 

emotion, and sensory sensitivities and asks participants to consider their recent experiences (e.g., 
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last month to the current time point). Measures that capture acute cognitive fatigue (i.e., fatigue 

that occurs following completion of cognitive tasks) are typically multidimensional in nature 

(e.g., NASA Task Load Index, Hart & Staveland, 1988; Fatigue scale for motor and cognitive 

functions, Penner et al., 2009) and have not been applied to the MHI population.  

Thus, there is substantial objective evidence for cognitive fatigue as indicated by 

functional changes to neural recruitment and brain activity (Azouvi et al., 2004; Belmont, Agar, 

& Azouvi, 2009; Kohl, Wylie, Genova, Hillary, & DeLuca, 2009; Shumskaya, Andriessen, 

Norris, & Vos, 2012; Skau et al., 2019) and several subjective self-report measures as described 

above. However, it would seem that the two types of measures (objective and subjective) have 

rarely been assessed simultaneously and not at all in the MHI population, nor have both general 

and acute cognitive fatigue levels been assessed simultaneously – important considerations for 

the current study.   

Coping Hypothesis 

 There is evidence of neurological changes associated with cognitive fatigue. These 

neurological changes are due to the neural disruptions or enhanced requirement of information 

processing of the brain and, by some, are explained by the ‘coping hypothesis’: the brain may 

recruit new, perhaps less efficient, alternative neural pathways in order to perform as it once did. 

Specifically, for persons with neurological compromise, there are two issues: first, after 

sustaining any head injury, the brain has reduced resources compared to prior; and, second, it 

now takes more resources to accomplish the same action. That is, not only is the ceiling for 

useable resources reduced, but the brain must now work harder to try to perform as it once did 

(Jonasson et al., 2018; van Zomeren & Van Den Burg, 1985). This has been shown to be a 

contributing factor as to why individuals who have sustained a TBI experience cognitive fatigue 
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and claim cognitive tasks are more draining when compared to healthy controls (Christadoulou 

et al., 2001; DeLuca, 2005; Kohl et al., 2009; Moller et al., 2017; Mizuno et al., 2011; Ricker, 

Hillary, & DeLuca, 2001).  

 The coping hypothesis may supply the main reason why differences in cognitive 

performance are not reliably observed when comparing individuals with a TBI to their non-TBI 

cohort over the short term. The brain increases activity in areas necessary for sustained 

performance and attention much more than what occurs in individuals with no head injury 

(Azouvi et al., 2004; DeLuca, 2005; Kohl et al., 2009; Ricker et al., 2001). Functional activity 

increases in frontal, parietal, and temporal areas were observed in individuals with moderate to 

severe TBI compared to healthy controls whose functional activity decreased during a digit 

symbols modalities task (Kohl et al., 2009). Participants were to transcribe single digit matches 

for a static set of geometric symbols as quickly and accurately as possible. As testing continued 

over the 192 trials, the researchers found that areas for sustained attention and effort were 

increased in TBI participants compared to healthy controls. The increased brain activity 

compensated for performance decrements and no significant difference in performance was 

found between healthy controls and participants with an TBI.  The resources that the brain uses 

must be exhausted either by test length or by cognitive demand. Response/reaction times have 

been found to differ if resources are exhausted after trials that short in time length but long and 

cognitively demanding because of the number of trials and task type (Kohl et al., 2009; Bonnelle 

et al., 2011). Therefore, it is important to consider length of tasks when testing for mental fatigue 

differences between healthy controls and participants with MHI (Smit et al., 2004). Additionally, 

the types of tasks are important as well. Testing fatigue is impacted by high cognitive demand 
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which may interact with individual differences in intellectual capacity (Jonasson et al., 2018; 

Lezak et al., 2015).  

Cognitive Fatigue, Performance, and TBI 

 Increased sympathetic nervous system (SNS) activity has been found to correlate with 

fatigue following performance. Tanaka et al. (2011) had participants complete the advanced trail 

making test prior to, and after, a continuous performance working memory task (i.e., a 2-back 

test) for 30 minutes. The researchers used the trail making test scores as a measure of mental 

fatigue evaluation, the Chalder’s Fatigue scale for subjective fatigue reports and 

electrocardiography to assess autonomic nervous system (ANS) activity. The researchers found 

that while trails making task performance decreased, subjective levels of fatigue increased. These 

changes were accompanied by increased SNS activity. The authors suggest that the prefrontal 

cortex’s involvement in regulating autonomic activity as well as contributing to sustained 

attention and performance comes at a cost. SNS activity increases along with performance as 

parasympathetic nervous system (PSNS) activity decreases; however, sustaining SNS activity in 

order to sustain performance leads to mental fatigue. Likewise, Mizuno et al. (2011) found 

similar results when trying to simulate a typical 8-hour workday and suggested that prolonged 

cognitive load is associated with sympathetic hyperactivity (measured through electrocardiogram 

– ECG) and, consequently, fatigue. Similarly, Wei et al. (2012) found significant differences 

electrodermal activity (EDA) for individuals experiencing different fatigue states. Specifically, 

the more severely fatigued the individual, the lower their skin conductance level. The researchers 

suggest that when individuals are not fatigued, SNS activation increases to promote and sustain 

performance, but this cannot be sustained; when individuals are fatigued, parasympathetic 

regulation increases in order to allow for rest and recovery (Wei et al., 2012). 
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 The relationship between physiological underarousal, performance, and cognitive fatigue 

is implied in another study by Johansson and Ronnback (2016) in which they assessed changes 

in performance as a function of methylphenidate medication (a CNS stimulant, more specifically, 

a norepinephrine and dopamine reuptake inhibitor similar to amphetamines like Concerta and 

Ritalin) in mild or moderate TBI individuals. Subjects were asked to complete trail making tests, 

digit span, and coding (working memory tests) at baseline, and after taking methylphenidate for a 

6-month period. In all cognitive tests except for one of the trail making tests, their cognitive 

performance and average heart rate increased on second testing. Of interest to this thesis, while 

the stimulant effect may be enhancing attention, it may be doing so as a function of enhancing 

physiological/autonomic arousal (as indicated by the heart rate increases).  

Another more recent study by Skau, Bunketorp-Käll, Kuhn, and Johansson (2019) 

assessed cognitive performance (using the Stroop test [Stroop, 1935]) in an MHI group 

compared to healthy controls while undergoing functional near-infrared spectroscopy (fNIRS) to 

observe brain-related hemodynamic differences. The MHI group exhibited lower oxygenated 

hemoglobin concentrations in multiple frontal regions associated with higher MFS scores. These 

findings support the important relationship between neurological and functional changes. 

Additionally, the MHI group performed worse or unchanged during the second testing session, 

whereas the healthy controls improved in their performance on the second testing session.     

Other factors 

 It is important to note that in addition to task length and intensity, there are other factors 

that contribute to mental fatigue. Diet, sleep, physical fatigue, and time of day can adversely 

affect an individual’s level of fatigue. Akerstedt and colleagues (2004) found that a main 

predictor of fatigue was sleep disturbances, including difficulty falling asleep – something that 
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can be a struggle for college students (Lund, Reider, Whiting, & Prichard, 2009). Likewise, 

improper diet and lack of physical exercise has been found to be a predictor of fatigue. Resnick 

and colleagues (2006) found that individuals who reported greater levels of fatigue had greater 

BMI levels, waist circumference, and lower activity levels compared to individuals who reported 

lower levels of fatigue. Additionally, the researchers found that increased daily activity was 

significantly correlated with lower levels of fatigue. Stimulants, on the other hand, have been 

found to alleviate fatigue symptoms (DeLuca, 2005). Simple stimulants, such as caffeine, have 

been found to reverse or alleviate the effects of sleep deprivation and fatigue. Souissi and 

colleagues (2018) found that physical performance (total distance and peak distance ran), 

cognitive performance (reaction time and vigilance), and mood state all improved with caffeine 

ingestion. This difference was found in the sleep deprivation group as well. Considering the 

evidence for factors that contribute to, or alleviate, fatigue, it will be important to assess the 

covariants of sleep, diet/ingestion, and physical fatigue in order to obtain indicators as to 

participants’ eating habits, quality of sleep, physical engagement, and stimulant use.  

The Present Study 

 Therefore, given the repeated finding in our lab of autonomic underarousal in persons 

with MHI relative to their age-matched cohort, evidence of cognitive fatigue in persons with 

neurological compromise, and the potential benefit of improved autonomic activation being 

related to cognitive performance, this thesis examined the relationship and potential impact of 

physiological arousal (as measured by EDA) with cognitive/mental fatigue in persons with MHI.  

Hypotheses: 
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1. Congruent with prior literature on autonomic arousal and MHI, it was expected that 

individuals who endorsed previously experiencing a MHI would have significantly lower 

baseline levels of physiological arousal.  

2. In the context of continuous/on-going attentional mental activity, participants with a 

history of MHI would report greater levels of cognitive fatigue both pre- and post-testing 

and would demonstrate cognitive fatigue by producing increased response times and 

decreased accuracy across the testing session while engaged in sustained attentional task 

demands compared to no-MHI participants.  

3. Given the increasing recruitment of SNS support throughout testing, it was expected that 

EDA would be consistently lower in MHI participants throughout the study relative to the 

no-MHI subjects. In addition, however, EDA would initially increase in response to the 

immediate cognitive demands and additional need of neural recruitment, but then lower 

again, more quickly than their cohort, as a function of decreased capacity to sustain the 

neural demand (i.e., demonstrating mental fatigue) over the testing session.  

4. Finally, it was hypothesized that EDA would be found to mediate the relationship 

between MHI status and cognitive fatigue.  

  

Method 

Participants 

  42 participants (39 females, 3 males) were recruited via Brock University’s 

Psychology Department research website (SONA). The intention of the study was to include 78 

participants, however, due to university-wide, COVID-related policies and changes introduced 

early in 2020 in-person research was halted to date. As a result, the study was prematurely stalled 
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indefinitely with only 42 participants having completed the study. When in-person testing 

resumes, it is our intention to continue recruiting participants. 

The Everyday Living Questionnaire contains several questions related to one’s history of 

MHI and is used to identify participants’ head injury status group assignment by asking 

participants if they “have [you] ever sustained an injury to [your] head with a force sufficient to 

alter [your] consciousness (e.g., confusion, dizziness, vomiting, seeing stars, or loss of 

consciousness)?” or, “have [you] ever sustained a concussion.” Of note, a loss of consciousness 

is not a required condition for an MHI designation (e.g., Kay et al., 1993). Of the recruited 

participants, 16 (38.1%) reported a history of MHI (15 females, 1 male) and 26 (24 females, 2 

males) had no reported history of MHI. The recruitment statements and advertisements informed 

participants that the study’s purpose was to investigate the relationship between physiological 

arousal and cognitive performance. The actual purpose of the study was revealed to the students 

in the debrief form in order to reduce diagnosis threat (Suhr & Gunstad, 2002; 2005) and its 

effects on performance and outcomes – participants were not recruited on the basis of head 

injury status. Ages for all participants ranged from 18 to 40 years (M = 20.21, SD = 4.67). 

Participants were tested in either the morning, afternoon, or evening. Of the 42 participants, 19 

were tested in the morning, 20 were tested in the afternoon and three were tested at night. Table 

1 describes means and standard deviations for participants for age, sex, and time of day testing as 

a function of head injury status.  
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Table 1 

Demographics and time of day data for MHI and No-MHI Groups 

 MHI No-MHI 

Age (M) 21.56 

18-40 

15/1 

19.38 

Age Range 18-27 

Sex (F/M) 24/2 

Time of Day: n Percentage n Percentage 

Morning 7 43.75 12 46.15 

Afternoon 8 50.0 12 46.15 

Evening 1 6.25 2 7.69 

Note: Morning tests were completed between 8:00 am and 11:59 am. Afternoon times were 

completed between 12:00 pm and 4:59 pm. Evening times were completed between 5:00 pm 

and 8:00 pm. 

 

Of the 16 participants with head injuries, 10 (62.5%) participants reported head injuries 

that were sports-related injuries. Only two (12.5%) were injuries from motor vehicle accidents 

and four (25%) were from falls. Regarding location of injury, most injuries were sustained to the 

back of the head (six or 37.5%) or the front of the head (five or 31.3%). The remaining 

distribution of injury locations can be found in Table 2. Of the 16 participants that reported a 

head injury, six of them reported having sustained more than one head injury.  

Of the 16 participants 15 (93.8%) reported their head injury being diagnosed as a 

concussion. Only four (25.0%) of the participants reported symptoms lasting more than 20 

minutes. Three (18.8%) of the participants reported a loss of consciousness during their head 

injury. Notably, 13 (81.3%) of participants who reported a MHI received medical attention 

which is contrary to the observation in the literature that medical treatment of mild injuries is not 



22 

 

 

often sought out or received. The remainder of the descriptive statistics regarding injury severity 

of self-reported head injuries can be found in Table 3. 

Table 2 

Injury Locations of Mild Head Injuries (n = 16) 

Injury Location n Percentage 

Front of head 5 31.3 

Back of head 6 37.5 

Right side of head 1 6.3 

Left side of head 2 12.5 

Multiple Areas 1 6.3 

Other 1 6.3 
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Table 3 

Injury Severity Indicators of Self-Reported Mild Head Injury 

Injury Severity Indicators n % of total 

Symptoms > 20 mins 4 25.0 

Loss of consciousness (LOC) 3 18.8 

Duration LOC   

<5 min 3 18.8 

Diagnosed concussion 15 93.8 

Required stitches 0 0.0 

Received medical treatment 13 81.3 

Overnight at hospital 0 0.0 

More than one injury 6 37.5 

 

 

Materials   

 The materials in this study consisted of self-report measures, non-invasive 

psychophysiological measures, and cognitive tasks derived from the NEPSY-II. Refer to 

Appendix A to view the attached materials.  

 Psychophysiological Measures. The psychophysiological measures were included in 

order to assess sympathetic nervous system arousal levels. The measures were collected using 

the Polygraph Professional Suite Datapac USB Data Acquisition equipment and software 

(Limestone Technologies, 2008). Targeted measures of physiological arousal included 

electrodermal activity (EDA) (collected from the nondominant hand with metal alloy electrodes 
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at the ends of the ring and index fingers), heart rate (HR) (in beats per minute will be measured 

via pulse oximeter), and respiration (measured with pneumatic respiration bands wrapped around 

the upper chest and abdominal area). Baseline EDA was assessed prior to questionnaire surveys. 

Additionally, EDA was continuously recorded during the four cognitive tasks to get a measure of 

how physiological arousal changes through time and increases of cognitive demand during the 

testing session. Finally, there was a post-test EDA measure after the testing and final set of 

questionnaires to acquire EDA during the cooldown period. 

 Self-Report Questionnaires. 

Mental Fatigue Measures. Four scales were included to assess (a) global fatigue status 

(Multidimensional Fatigue Inventory), (b) cognitive fatigue prior to the testing session (Mental 

Fatigue Scale [Modified]) (c) cognitive fatigue throughout testing sessions (Current Cognitive 

Task Load), and (d) cognitive fatigue following testing completion (Current Cognitive Fatigue 

Scale). 

(a) Multidimensional Fatigue Inventory (MFI; Smets, Garssen, Bonke, & De Haes, 1995). The 

MFI is a 20-item scale designed to assess global levels of fatigue including general fatigue, 

physical fatigue, reduced motivation, reduced activity, and mental fatigue. The scale ranges from 

1 (the item is true) to 5 (the item is not true) of how truthfully the item describes them (Smets et 

al., 1995). The MFI has shown evidence of adequate internal consistency with a Cronbach’s 

alpha of 0.84 (Smets et al., 1995) to 0.93 when including all 20 items in the scale (Lin, Brimmer, 

Maloney, Nyarko, BeLue, & Reeves, 2009). When broken down to its subscales, Cronbach’s 

alpha is >0.8 for general, physical, and mental fatigue dimensions, and >0.65 for the motivation 

and activity subscales (Smets, Garssen, Bonke, & De Haes, 1995) 
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(b) Mental Fatigue Scale-Modified (MFS-M; Johansson, Starmark, Berglund, Rödholm, & 

Ronnback, 2010). The MFS-M is derived from the original 15item scale and has been 

specifically edited to include only its cognitive symptom items. It consists of a 9 item Likert-

scale questionnaire that measures participants’ self-report of mental fatigue prior to the testing 

session. The scale rates symptoms from 0 (not affected by this symptom) to 3 (this symptom is a 

serious problem) in increments of 0.5 (see Johansson & Ronnback, 2014b). Cronbach alpha 

coefficient for the MFS has been shown to be 0.944 (Johansson et al., 2010).  

(c) Current Cognitive Task Load (CCTL) is a derived scale with six items and is based on a 

combination of a modified version of the NASA Task Load Index (NASA TLX – Hart & 

Staveland, 1988) and an additional effort strategy judgement question derived from Ackerman 

and Kanfer’s (2009) assessment of self-report mental fatigue.  The NASA TLX is a 

multidimensional six item scale designed to assess subjective workload estimates from 

participants immediately following a task (Hart & Staveland, 1988). We have modified the scale 

for the purpose of this study to include five of the original items that emphasize cognitive status. 

Additionally, we have adjusted the 7-point scale to only include the original 7-points without the 

additional 3-part divisions (total number of divisions produces a 21-point rating scale). For the 

modified version, each item is rated from 1 (very low) to 7 (very high). It is made up of 

questions about mental and temporal demands, performance success, effort put forth, and 

frustration levels. Additionally, we have included a single multiple-choice statement that permits 

a self-report/judgement describing the participant’s effort (as provided by Ackerman & Kanfer, 

2009). Participants are asked to select on of four statements that best describes their effort 

strategy throughout the task (i.e., whether they kept their effort levels constant, increased their 
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effort, decrease their effort, and/or initially increased their effort and later decreased their effort 

to conserve energy throughout the testing). 

 (d) Current Cognitive Fatigue Scale (CCFS) is a derived scale with 15 items and is based on 

the Fatigue Scale for Motor and Cognitive Functions (FSMC – Penner et al., 2009). Initially this 

questionnaire was designed to assess extreme fatigue that comes about abruptly in everyday life 

based on motor and cognitive symptoms. Questions assessing motor functions were removed. 

Additionally, cognitive questions were modified to be based on the cognitive tasks that 

participants had completed during the testing session. This scale was used measure one’s acute 

levels of cognitive fatigue following the completion of cognitive tasks. The scale asks 

participants to respond to questions in terms of how much the statement applies to them. 

Responses may range from, “Does not apply at all” to “Applies completely” and “Slightly 

applies” in between. The scale is made up of 15 items that address cognitive domains such as 

energy, concentration, cognitive capabilities (decision-making, social, learning), and slowness of 

thinking.  

 Everyday Living Questionnaire (ELQ) is an extensive 76 item questionnaire that 

assesses various aspects of an individual’s background health, demographics, and lifestyle 

information. The information includes head injury status and details regarding injury such as 

time since and time of injury as well as the severity, athletic history, life changes, drug use, 

neurological compromise, general health questions pertaining to sleep, exercise, and nutrition, 

education level, sex, age, and other factors (Neuropsychology Cognitive Research Lab, 2016). In 

particular, participants’ information on history of mild head injury is established by them 

responding to the question, "Have you ever sustained an injury to your head with a force 

sufficient to alter your consciousness (e.g. dizziness, vomiting, seeing stars, or loss of 
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consciousness, or confusion”. Should participants respond “Yes” to this question, they will be 

categorized as having a history of MHI. This format is derived from Kay et al.’s (1993) and 

Blyth and Bazarian’s (2010) definition of head injury in order to determine group membership. 

Likewise, the grouping will be dependent on the question about concussion that states, “Have 

you ever sustained a concussion”? If participants respond “Yes” to this question, they will be 

categorized as having a history of MHI. 

Cognitive Tasks. 

Modified NEPSY-II Task. A four-part presentation of a modified NEPSY-II task (Brooks, 

Sherman, & Straus, 2009) was used as the cognitively demanding exercise for participants. It 

was chosen on the basis of having a cognitively effortful task that did not include variances in 

knowledge or aptitude. That is, all university students are expected to be able to name shapes and 

read the labels of shapes. The shapes were made up of white squares, white circles, black 

squares, and black circles. All shaped were randomly distributed. In total, there were 2000 

shapes with 520 of them being black circles, 512 being black squares, 456 being white circles, 

and 512 being white squares. The cognitive demand involves searching, tracking, inhibiting and 

multi-tasking, as described below: 

Cognitive Task 1 – Shape Cancellation Task. A simple shape-finding task that was presented 

to the participants during which they were asked to engage in a search task, and physically cross 

out, a designated shape that was presented in an array of 50 items. Participants were given 10 

sheets (with 50 shapes per page) that include four elements (white and black circles, white and 

black squares) presented randomly across the page. Participants were required to attend to the 

cue at the top of each page (which dictated the target shape to cancel) and to do so as quickly and 

as accurately as possible. This variation, in addition to the engagement of fine motor 
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engagement, served to minimize habituation to the potentially easy search task. Time to 

complete the task and accuracy were recorded. 

Cognitive Task 2 – Shape Identification Task. Participants were provided 10 pages of 50 

randomly ordered black or white circles or squares and asked to name each shape (“square” or 

“circle”) as quickly and as accurately as possible. Similar to the previous task, participants were 

required to recognize the individual items, but in this can they were also required to ‘label’ the 

item by producing a verbal response to each. By doing so, participants were required to process 

the items, maintain attention and thereby sustain engagement as they proceeded through the task, 

discouraging habituation to the task demands. Time to complete the task and accuracy were 

recorded. 

Cognitive Task 3 – Opposite Shape Identification Task. Participants were provided 10 pages 

of 50 randomly ordered black or white circles or squares and asked to name each shape (square 

or circle), as quickly and as accurately as possible. However, with this task, they were asked to 

name the ‘opposite’ shape to that which was presented (i.e., name a circle a “square”; name a 

square a “circle”) by providing a verbal response for each item, maintaining inhibitory control 

and sustained attention, discouraging habituation to naming the shapes and completing the task. 

Time to complete the task and accuracy were recorded. 

Cognitive Task 4 – Conditional Identification Task. Participants were provided 10 pages of 50 

randomly ordered black or white circles or squares and asked to name each shape (square or 

circle) as quickly and as accurately as possible. For this task, participants were given a 

‘conditional’ rule to follow: if the shape was coloured black, they were asked to name the shape 

(i.e., name a circle a “circle”; name a square a “square”); if the shape was white, they were to 

name the ‘opposite’ shape to what is presented (i.e., name a circle a “square”; name a square a 
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“circle”). In this ‘switching’ task, participants were required to alternate applying the rules of the 

previous two tasks by providing a verbal response, sustaining attention to the changing colour 

cue to either maintain inhibitory control and or release the inhibition, while adjusting to the new 

task rule further discouraging participants to habituate the task demands. Time to complete the 

task and accuracy were recorded. 

Procedure 

Following approval from the Brock University Research Ethics Board (#19-160) Brock 

University students were recruited to participate in this study. Participants were recruited using a 

SONA advertisement and posters that were put up around the Brock University campus. 

Recruitment statements on the SONA research website and poster advertisements informed 

participants that the purpose of the study is to examine the relationship between physiological 

arousal and cognitive performance. Participants were invited to participate individually in a 

single study session that lasted 1 hour. All participants followed the same protocol and 

questionnaire order.  

 On the test date, participants entered Brock University’s Jack and Nora Walker Lifespan 

Development Centre for testing facilities. The participants read the consent form prior to starting 

the testing session and were allowed to ask any questions after reading the consent form and any 

time during testing. Participants signed two copies of the written consent form (one was kept by 

the participant and the other was kept by the researcher).  Following completion of the consent 

form, participants were shown the Polygraph Professional Suite Datapac psychophysiological 

equipment which measures heart rate (HR), electrodermal activity (EDA), respiration, and blood 

pressure (BP). After being instructed about the equipment and its application purposes, the 

participant was asked to attach all pieces of equipment to the appropriate areas in order to 
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acquire a baseline physiological recording. Electrodes were placed on the ring and index finger 

of the non-dominant hand to measure EDA. Two pneumatic respiration bands were placed on the 

upper chest and abdominal area (near the belly button) over any clothing measured respiration. 

HR was taken with a pulse oximeter that was placed on the middle finger of the non-dominant 

hand. BP was measured with a blood pressure cuff placed on the brachial artery (or upper portion 

of the individual’s left arm). Once all the equipment was attached, participants were asked to sit 

still and quiet in a comfortable and relaxed position during a 3-minute recording session. All 

equipment was sanitized and cleaned with alcohol swabs following the full completion of the 

study sessions of each participant.  After the baseline physiological measures were taken, 

participants removed the equipment from their bodies.  

Following the baseline physiological measures recording, participants were asked to 

complete 2 questionnaires to assess fatigue (Multidimensional Fatigue Inventory [MFI], Mental 

Fatigue Scale [MFS] and another questionnaire delivered in the context of a larger study but not 

relevant to the current one prior to starting the testing phase). The participants completed these 

questionnaires prior to testing in order to avoid biased fatigue responses that would likely occur 

post testing.  

 Following completion of the questionnaires, participants were reintroduced to the 

Polygraph Professional Suite Datapac psychophysiological equipment which continuously 

recorded changes in EDA as participants performed on 4 different and increasingly demanding 

cognitive tasks. Participants completed the cognitive tasks by cancelling or identifying shapes 

based on rules that change with each new cognitive task participants are introduced to. Each task 

consisted of 10 pages of 50 randomly ordered black and white, squares and circles. Number of 

errors as well as completion time was recorded. Each participant was given the opportunity to 
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practice each task to ensure they understood how the task was to be done prior to starting the 

actual task. After each cognitive task is complete, participants were asked to complete the 

Current Cognitive Task Load questionnaire (CCTL) which assesses subjective workload, effort, 

and cognitive fatigue experience following each task. The purpose of this questionnaire was to 

acquire a subjective measure of how participants’ levels of workload, effort, and cognitive 

fatigue are experienced and change across time and as cognitive demand increases.  

 After completing the cognitive tasks, the participants were asked to remove the 

Polygraph Professional Suite Datapac psychophysiological equipment. At this time, participants 

completed the Everyday Living Questionnaire (ELQ). Upon completing the ELQ, participants 

completed the CCFS and other scales delivered in the context of a larger study but not relevant to 

the current study. Once the final set of questionnaires were complete, participants were asked to 

attach all pieces of the Polygraph Professional Suite Datapac psychophysiological equipment for 

a final, 3-minute, post-test EDA recording to acquire post-test physiological arousal levels. 

When the post-test EDA recorded finished, the study was completed, and participants were 

debriefed on the nature and purpose of the study.  

Data Analyses 

 All analyses were completed using the Statistical Package for the Social Sciences (SPSS; 

Version 25, 2019). Independent samples t-tests were used to examine the effect of MHI status on 

pre-test EDA and post-test EDA. A repeated measures analysis of variance (ANOVA) was 

conducted to determine pre-test and post-test EDA differences between the MHI group and no-

MHI group. To determine differences in cognitive fatigue scores on questionnaires, an 

independent samples t-test was used to test the effect of MHI status on MFI scores. Scores for 

the MFS and CCFS were weighted and a repeated measures analysis of variance (ANOVA) was 
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conducted to determine pre-test and post-test mental fatigue differences between the MHI group 

and the no-MHI group. A 2 x 4 (Head Injury Status [no-MHI, MHI] x Reaction Times [Task 1 

reaction time, Task 2 reaction time, Task 3 reaction time, Task 4 reaction time]) mixed ANOVA 

was conducted on cognitive task reaction times. Additionally, a 2 x 4 (Head Injury Status [no-

MHI, MHI] x Accuracy [Task 1 errors, Task 2 errors, Task 3 errors, Task 4 errors]) mixed 

ANOVA was conducted on accuracy during the cognitive tasks. A 2 x 4 (Head Injury Status [no-

MHI, MHI] x EDA [Task 1 EDA, Task 2 EDA, Task 3 EDA, Task 4 EDA]) Repeated measures 

ANOVA was conducted to test EDA differences during the cognitive tasks. Finally, PROCESS 

mediation analysis was used to determine how EDA scores would mediate the relationship 

between MHI status and cognitive performance. If there was a violation of the assumption of 

sphericity degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity. 

 

 

Results 

Hypothesis 1: Pre-test and Post-test EDA 

Pre-test and Post-test EDA Results. 

Independent samples t-tests were conducted to examine differences in average EDA 

amplitude between MHI and no-MHI participants prior to the testing session. The independent 

samples t-test revealed a trend when equal variances were not assumed, t(32 = 1.95, p = .06, 95% 

CI [-0.45, 2.07] demonstrating a lower baseline EDA for the MHI group (M = 2.07, SD = 1.00) 
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as compared to the no-MHI group (M = 3.08, SD = 2.03).   

 

Figure 1. Average pre-test EDA amplitude as a function of MHI status. (*p <.05, # indicates a 

trend; Error bars represent standard errors of the mean) 

 

 Independent t-tests were also conducted to examine average EDA amplitude difference 

between the MHI and no-MHI groups at the end of the testing session. There was no difference 

identified (t(26) = -0.25, p = .802, 95% CI [-1.56, 1.22]) between the MHI (M = 2.50, SD = 1.29) 

and no-MHI (M = 2.33, SD = 1.82) groups.123 

 
1 Some participants were not included due to uninterpretable results associated with the pre- (n=5) and post-EDA 

(n=14) measures. 
2 To further investigate pre- and post-test EDA, we removed the 3 males from the study to get a homogeneous 

sample. There was still no significant difference found, p > .05. 
3 Participants that were tested in the evening were excluded from EDA analyses and no significant difference was 

found, p > .05. Additionally, participant data was grouped based on time of day and again, no significant differences 

were found, all p’s > .05 
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Figure 2. Average post-test EDA amplitude as a function of MHI status. (*p <.05; Error bars 

represent standard errors of the mean) 

 

Pre-test and post-test EDA scores were examined using a 2 (MHI status [MHI/No MHI]) 

x 2 (Time of EDA [pre-test/post-test]) Mixed Analysis of Variance (ANOVA) with repeated 

measures on the last factor. There was no significant main effect of time of EDA (F(1,22) = 

0.029, p = .865, η² = 0.001), and no interaction between time of EDA and MHI status (F(1, 22) = 

2.16, p = .156, η² = 0.09). There was also no significant effect of MHI status (F(1, 22) = 0.28, p 

= .600, η² = 0.01). This indicates MHI participants are not different in their EDA during pre-test 

and post-test recordings compared to the no-MHI group; however, due to the reduced sample 

size, statistical power is also reduced. 
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Figure 3. Pretest EDA compared to posttest EDA as a function of MHI status. (*p <.05; Error 

bars represent standard errors of the mean) 

 Although not part of the main hypotheses, time of day differences were examined to 

account for possible effects time of day may have had on EDA4. A 2 (MHI status – [MHI/No 

MHI]) x 2 (Time of day – [morning/not morning]) x 2 (Time of EDA [pre-test/post-test]) Mixed 

ANOVA with repeated measures on the last variable was conducted to compare the main effects 

of MHI status and time of day, and the interaction between MHI status and time of day on pre-

test and post-test EDA. There was no main effect of MHI status F(1, 21) = 0.06, p = .806, η² = 

0.003. There was also no main effect of time of day F(1, 21) = 0.74, p = .401, η² = 0.03. 

Additionally, there was no interaction effect F(1, 21) = 0.36, p = .556, η² = 0.02. These results 

indicate that neither time of day nor MHI status affected either of the EDA assessment times.  

 
4 Afternoon and evening time were grouped together as, “not morning”. This was because there were only 3 

participants attended during evening time slots whereas 19 participants attended the morning time slots and 20 

attended the afternoon time slots.  
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Figure 4. Average pretest EDA and posttest EDA as a function of time of day. (*p <.05; Error 

bars represent standard errors of the mean) 

 

Hypothesis 2: Fatigue, Cognitive Fatigue, Accuracy, and Response Time  

Pretest Fatigue Results. 

To examine any differences in pre-test general fatigue and mental fatigue between the 

two MHI groups that exist at baseline, a 2 (MHI status – MHI/No MHI) x 2 (Type of Fatigue – 

general/mental) Mixed ANOVA with repeated measures on the last factor was conducted. The 

mixed ANOVA revealed a significant main effect of type of fatigue F(1, 40) = 142.39, p < .001, 

η² = 0.78, such that pre-test general fatigue (M = 50.38, SD = 11.94) was greater than pre-test 

mental fatigue (M = 29.40, SD = 15.42) regardless of MHI status. There was no main effect of 

MHI status F(1, 40) = 1.08, p = .306. There was a significant interaction effect between MHI 

status and type of fatigue F(1, 40) = 13.12, p < .01, η² = 0.25 in which there was no difference 
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between MHI participants and no-MHI participants on the pretest MFI scores (general fatigue). 

However, MHI participants had higher pretest MFS scores (mental fatigue).  

Follow-up pair-wise comparisons were conducted. Independent samples t-tests were 

conducted to examine the interaction. While prior to testing there was no significant difference 

between the MHI and no-MHI groups in terms of general fatigue (weighted MFI), t(40) = .477, p 

= .636, 95% CI [-5.91, 9.57]; there was a significant difference between them in terms of the 

mental fatigue measure (weighted MFS), t(40) = -2.14, p < .05, 95% CI [-19.55, -0.55].  

 

Figure 5. Average fatigue scores prior to testing as a function of head injury status (*p<.05; 

Error bars represent standard errors of the mean). 

 

 To further examine the mental fatigue measures, a 2 (MHI status [MHI, no MHI]) x 10 

(questions on the mental fatigue scale [MFS]) Mixed ANOVA was conducted indicating a 

significant interaction, F(1,40) = 4.57, p < .05. Independent samples t-tests conducted on each of 

the questions (Q) of the MFS as a function of MHI status indicated no significant perceived 

difference in concentration difficulties (Q7), or memory problems (Q8) as a function of 
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alertness/fatigue. However, participants with a reported history of MHI noted significantly more 

fatigue in general, regardless of physical or mental (Q1), and acknowledged experiencing mental 

fatigue more quickly from having to think hard (Q3), and six (which asks about mental recovery 

after working very hard or until they are no longer able to concentrate) were significant (question 

one: t(40) = -2.05, p < .05, 95% CI [-0.89, -0.01]; question three: t(40) = -2.56, p < .05, 95% CI 

[-0.91, -0.11]; question six: t(40) = 2.03, p < .05, 95% CI [0.002, 0.89]). Despite this, MHI 

participants reported being able to recover more quickly after working hard or concentrating for 

a longer period of time (Q6) than no-MHI participants. Further, there was a trend for individuals 

with a reported history of MHI to also endorse greater challenges with information processing 

(Q9), mental fatigue from leisure activities (such as reading and watching TV) (Q4), their need 

to take breaks or switch activities (Q5), as well as having a reduced sensitivity to stress and 

ability to cope (Q10) compared to their noMHI cohort (refer to Table 4 and Figure 4). 

Table 4 

Mental Fatigue Questionnaire Statistical Trends 

 95% Confidence Interval 

Question # t df Sig. (2-tailed) Lower Upper 

Question 4 -2.08 20.19 0.05 -1.11 0.0002 

Question 5 -1.89 40 0.07 -0.76 0.02 

Question 9 -1.86 40 0.07 -0.76 0.03 

Question 10 -1.78 40 0.08 -0.97 0.06 

Note: Equal variances were not assumed for Question 4 
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Figure 6. Mental Fatigue Questionnaire per question as a function of MHI status. (*p <.05, # 

indicates a trend; Error bars represent standard errors of the mean.) 

Cognitive Task Results. 

 Data for response times on tasks were analysed using a 2 (MHI status [MHI/No MHI]) x 

4 (Tasks [Task 1 through 4]) Mixed ANOVA. Mauchly’s test indicated a violation of the 

assumption of sphericity (χ²(5) = 85.24, p < .001).5 There was a significant main effect of task, 

F(3, 117 = 244.58, p < .001, η² = 0.86, but no significant interaction (F(3, 117) = 1.31, p = .27, 

η² = 0.03) or main effect of MHI status (F(1, 39) = 0.80, p = .38, η² = 0.02). A post-hoc analysis 

(Bonferroni) on tasks 1 through 4 revealed that all tasks were significantly different from each 

other (p’s < .05) and mean response times were significantly longer as participants completed 

subsequent, more difficult tasks (refer to Figure 5). 

 
5 Participant 5 was not included in the following analysis due to technical difficulties. 
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Figure 7. Response times (in seconds) on each task as a function of MHI status. (*p <.05; Error 

bars represent standard errors of the mean) 

 

Data for number of errors on tasks were analysed using a 2 (MHI status [MHI/No MHI]) 

x 4 (Tasks [1 through 4]) Mixed ANOVA. Mauchly’s test indicated a violation of the assumption 

of sphericity (χ²(5) = 35.60, p < .001).There was a significant main effect of task, F(3, 120) = 

27.71, p < .001, η² = 0.41, but no significant interaction (F(3, 120) = 1.46, p = .24, η² = 0.04) or 

main effect of MHI status (F(1, 40) = 0.42, p = .52, η² = 0.01). A post-hoc analysis (Bonferroni) 

on tasks revealed that only tasks one and two were not significantly different from each other. 

All other task comparisons were significantly different from each other (p’s < .05) indicating that 

tasks became increasingly more difficult as participants completed tasks and continued through 

the testing session.  
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Figure 8. Accuracy on each task as a function of MHI status. (*p <.05; Error bars represent 

standard errors of the mean) 

 

For both the MHI and No MHI groups, time to complete the tasks and number of errors 

made increased similarly across tasks and mirror the increase in cognitive demand across the 

four cognitive tasks. 

Pre-test and post-test cognitive fatigue scores were examined using a 2 (MHI status 

[MHI/No MHI]) x 2 (Time of cognitive fatigue [pre-test/post-test]) Mixed ANOVA using 

weighted MFS scores for pre-test scores and weighted CCFS scores for post-test scores. There 

was a significant main effect of cognitive fatigue (F(1,40) = 4.81, p < .05, η² = 0.11), and a 

trending interaction between time of assessing cognitive fatigue and MHI status (F(1, 40) = 2.61, 

p = .11, η² = 0.06). Upon further analysis, a significant difference between pre-test and post-test 

cognitive fatigue in the no-MHI group was found, t(25) = -2.845, p < 0.01, 95% CI [-21.33, -
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3.41], but no significant difference for the MHI group. There was no significant effect of MHI 

status (F(1, 40) = 0.74, p = .40, η² = 0.02). These results suggest that MHI participants have 

greater cognitive fatigue prior to any testing; however, following a cognitive fatiguing task, No-

MHI participants are similarly cognitively fatigued. 

 

Pre- versus Post-test Fatigue. 

 

 

Figure 9. Pre-test mental fatigue (weighted MFS) compared to post-test mental fatigue (weighted 

CCFS) as a function of MHI status. (*p <.05; Error bars represent standard errors of the mean) 

 

Time of day was examined again to account for possible effects it may have had on pre-

test and post-test cognitive fatigue. Data for cognitive fatigue were analysed using a MHI status 

– [MHI/No MHI]) x 2 (Time of day – [AM/PM]) x 2 (Time of cognitive fatigue [pre-test/post-

test]) Mixed ANOVA. There was a significant main effect of time of cognitive fatigue, F(1, 38) 

= 4.29, p < .05, η² = 0.10 and a significant main effect of time of day F(1, 38) = 10.89, p < .01, 
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η² = 0.22. The mixed ANOVA also revealed a significant interaction between time of day and 

time of cognitive fatigue, F(1, 38) = 5.12, p = < .05, η² = 0.12. In the morning, pre-test cognitive 

fatigue (M = 25.21, SD = 3.41) and post-test cognitive fatigue (M = 24.61, SD = 5.26) were 

roughly equal. Both increased when it was not morning and post-test cognitive fatigue (M = 

48.42, SD = 4.72) was significantly greater than pre-test cognitive fatigue (M = 34.93, SD = 

3.06). There was no significant main effect of MHI, F(1, 38) = 0.69, p = .413, η² = 0.02. There 

was a trending interaction effect of MHI and time of cognitive fatigue F(1, 38) = 2.88, p = 0.10, 

η² = 0.07. There was no interaction effect of MHI, time of cognitive fatigue, and time of day F(1, 

38) = 0.19, p = .67, η² = 0.01. This suggests that participants are more cognitively fatigued when 

tested after morning time which is also when post-test cognitive fatigue becomes worse than pre-

test cognitive fatigue.   
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Figure 10. Weighted pretest and posttest cognitive fatigue as a function of time of day. (*p <.05; 

Error bars represent standard errors of the mean) 

 

 

Hypothesis 3: EDA and Effort 

Data for EDA changes through tasks were analysed using a 2 (MHI status [MHI/No 

MHI]) x 4 (Tasks [Task 1 through 4]) Mixed ANOVA. Mauchly’s test indicated a violation of 

the assumption of sphericity (χ²(5) = 57.22, p < .001).There was a significant main effect of task, 

F(3, 54) = 6.68, p = < .05, η² = 0.27. There was no significant interaction F(3,54) = .10, p = .81, 

η² = 0.01) or main effect of MHI status (F(1, 18) = 0.08, p = .78, η² = 0.01).6 A post-hoc analysis 

(Bonferroni) on tasks revealed that tasks 1 and 2 were significantly different from tasks 3 and 4 

(p’s < .05).  

 
6 Some participants were not included due to uninterpretable responses associated with task 1 (n=22), task 2 (n=22), 

task 3 (n=22), and task 4 (n=22) measures. 
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Figure 11. Average EDA amplitude on each task as a function of MHI status. (*p <.05; Error 

bars represent standard errors of the mean) 

 

Cognitive effort exerted on tasks was a variable made by combining the mental demand, 

temporal demand, and effort scores from the CCTL. Data for cognitive effort were analysed 

using a 2 (MHI status [MHI/No MHI]) x 4 (Tasks [Tasks 1 through 4]) Mixed ANOVA. 

Mauchly’s test indicated a violation of the assumption of sphericity (χ²(5) = 34.54, p < 

.05.).There was a significant main effect of task, F(3, 120) = 112.30, p < .001, η² = 0.74. The 

mixed ANOVA did not reveal a significant interaction, F(3,120) = 0.19, p = .82, η² = 0.01, or 

main effect of MHI status, F(1, 40) = 0.43, p = .52, η² = 0.01. A post-hoc analysis (Bonferroni) 

on tasks revealed that all tasks were significantly different from each other (p’s < .001) and 

indicated that each subsequent task required significantly more cognitive effort from participants 

to complete them.  
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Figure 12. Effort on each task as a function of MHI status. (*p <.05; Error bars represent 

standard errors of the mean) 

 

Hypothesis 4: Physiological Arousal as a Mediator 

 To further investigate the relationship between MHI status and cognitive fatigue, a 

mediation analysis was conducted to examine whether physiological arousal would mediate the 

relationship between MHI status and MFS scores. A mediation relationship was not found for 

physiological arousal between MHI status and MFS scores likely due to insufficient sample size. 

 

Discussion 

This study was designed to examine cognitive fatigue, cognitive performance, and 

physiological arousal in individuals who have sustained an MHI. There has been much research 

supporting the effects of cognitive deficits following MHI (King & Kirwilliam, 2011; Lambregts 

et al., 2018) including cognitive fatigue (Johansson, Berglund, & Ronnback, 2009; Palm et al., 
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2017). Additionally, research has supported physiological arousal changes following TBI (e.g., 

Holloway & Parsons, 1969; Tranel & Damasio, 1994) and MHI (e.g., Baker & Good, 2014; 

Gallant, Barry, & Good, 2018; van Noordt & Good, 2011). Standard tasks used to assess 

cognitive fatigue and decreased performance as a result between MHI and no-MHI groups are 

ones that also primarily measure cognitive capability (Jonasson et al., 2018; Skau et al., 2019). 

However, it is known that following MHI, cognitive capability is impacted and can be a long-

term issue. A problem arises when using these types of tasks such that, for the MHI group, 

performance changes may not be due to cognitive fatigue but rather to a decreased ability to 

perform at a similar level as the no-MHI group. Additionally, while some research has used 

imaging techniques during performance, no research has examined EDA as an indicator of 

changes in physiological arousal during testing. Given the lack of research directly measuring 

cognitive fatigue effects and physiological arousal changes during testing, it was vital to develop 

and use tasks that participants with or without an MHI could participate in without the 

interference of cognitive capability. 

    The aim of this study was to examine differences in cognitive fatigue, cognitive 

performance, and physiological arousal in university students who have or have not sustained a 

previous MHI. More specifically, this study used simple cognitive tasks to assess cognitive 

fatigue prior to and after task performance as well as cognitive performance during tasks. 

Additionally, physiological arousal was measured prior to testing, during testing, and after 

testing. This study attempts to understand physiological arousal changes during cognitive testing 

and how it may relate to cognitive fatigue and cognitive performance. 
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Physiological Arousal and EDA 

 It was predicted that participants who had previously sustained an MHI would have lower 

baseline levels of physiological arousal. In this study, participants who had previously sustained 

an MHI produced lower levels of average physiological arousal levels as the no-MHI group 

during the pre-test analysis but this finding was not reliable. With more participants, more 

statistical power would have been obtained. This is important when measuring EDA since in 

previous studies it has been observed that effect sizes and differences between MHI and no-MHI 

groups are subtle (Gallant & Good, 2019). Further, finding no differences in baseline EDA 

between MHI and no-MHI subjects is inconsistent with literature demonstrating that due to the 

vulnerability of the VMPFC during a TBI, and its contribution to regulation of physiological 

arousal, differences in physiological arousal should be observable (Wallis, 2007; Zhang et al., 

2014). In fact, differences in physiological arousal have been observed in the NCR lab before 

(Baker & Good, 2014; Gallant, Barry, & Good, 2017; van Noordt & Good, 2011). This set of 

data would be the first from the NCR lab to not replicate the finding of differences in 

physiological arousal. Similarly, EDA did not mediate the relationship of MHI status and 

cognitive fatigue. 

The methodology used in this paper was one of the first to continually record EDA as a 

function of skin conductance of MHI participants and no-MHI participants throughout the testing 

session. It was predicted that participants with an MHI would have higher EDA through the 

testing session due to EDA being an observable measure of SNS activity (Gaffey & Wirth, 2014) 

and increased neural recruitment of individuals who have sustained MHIs (Azouvi et al., 2004; 

DeLuca, 2005; Kohl et al., 2009; Ricker et al., 2001). Additionally, Jacobs et al. (1994) did 

observe rises in skin conductance in healthy individuals throughout a Stroop task. In the current 
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data set, there were no reliable differences observed between the MHI group and no-MHI group 

in EDA in any of the tasks.7 These findings are conflicting with evidence of increased neural 

recruitment on tasks and use of resources. To meet with task demands, self-reported effort did 

increase for participants – regardless of group – however, EDA did not match this increase in 

effort. In fact, the pattern of EDA was in the opposite direction and showed a consistent decline 

across tasks with tasks three and four having the lowest average EDA amplitude of the four 

tasks. This decline may be evidence of energy expenditure required across the tasks and may be 

demonstrating objective evidence of increasing cognitive fatigue. This is in contrast to the views 

put forward by Kohl et al. (2009) which suggests that increases in cognitive effort requires an 

increase in neural activity to compensate for the demand. It is particularly interesting that there 

were no observed differences in physiological arousal in the post-test measurements as well. One 

of the goals of the current study was to observe how physiological arousal differs after 

completing cognitively effortful tasks. It was predicted that those with an MHI would have lower 

baseline physiological arousal levels at the end of the study when all tasks were complete – this 

was not the case. Even after the expenditure of energy and effort throughout the task, there was 

no observable difference in the physiological data between the groups. It is possible that the 

small number of participants in the study affected the physiological arousal results. The 

underarousal found in MHI participants is typically a small effect (Gallant, Barry, & Good, 

2017). Additionally, individuals who have sustained a TBI can recover quickly from the incident 

and not experience persistent problems (Lundin, de Boussard, Edman, & Borg, 2006). It is likely 

that there were not enough participants in this study to observe a noticeable effect; those 

 
7 There were also no differences observed when comparing the baseline EDA measures to any of the task EDA 

measures, regardless of group (all p’s > .05). 
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participants who experienced an MHI may also have been ones who recovered well from their 

TBI.  

 It is worth mentioning the possible influence of anxiety on EDA factors since there has 

been a rise in anxiety and anxiety related problems in college students over the last few years 

(Jones, Park, & Lefevor, 2018). Anxiety has been found to be a growing concern leading to 

students feeling overwhelmed, exhausted, and burnt out. This of course is exacerbated when 

there is greater academic and financial stress as well as little social support (Jones et al., 2018). 

Given the time that testing took place (i.e., towards the end of the academic semester, and during 

the initial phase of COVID-19 pandemic in Canada; in fact, testing was halted due to lock-down 

restrictions at the University), possible increases in anxiety may have altered the EDA measures 

in the current sample (e.g., Rosebrock, Hoxha, Norris, Cacioppo, & Gollan, 2017).    

Fatigue 

 The current study used the MFI as a questionnaire to determine pre-test general fatigue in 

order to assess it in comparison to, more specifically, mental fatigue. On this measure, there was 

no difference in between the MHI and no-MHI group. These results are consistent with Skau et 

al. (2019) in which, prior to any testing, the MHI and control group participants had equal levels 

of general fatigue. Since there is evidence that general fatigue levels can impact learning as well 

as cognitive performance (Palmer et al., 2014), it is relevant to note that there were no pretest 

differences in this measure as a function of MHI status. If there had been differences in general 

fatigue prior to testing, then their general fatigue (rather than cognitive fatigue) would have been 

an important covariate to consider in task performance.  

There are many factors that affect fatigue, especially in students. Sleep is an important 

contributor of fatigue and the effects of fatigue (Lavidor, Weller, & Babkoff, 2003) and students 
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often experience inconsistencies in sleep schedules, sleep duration, and sleep quality which are 

predictors of performance (Okano, Kaczmarzyk, Dave, Gabrieli, & Grossman, 2019). In fact, 

students who prefer evenings have worse academic performance and higher levels of fatigue than 

those who prefer mornings (Taylor, Clay, Bramoweth, Sethi, & Roane, 2011). This is 

understandable as adrenocorticotropic hormone (ACTH) and cortisol follow a 24-hour circadian 

rhythm of peak levels in the early morning and declining throughout the day (Oster et al., 2017). 

Typically, the lowest levels of ACTH and cortisol are in the late evening prior to bed. In the 

current study the AM timeslot participants were compared to PM timeslot participants on 

cognitive fatigue. Individuals who participated in PM timeslots were more cognitively fatigued 

than those that participated in AM timeslots which is consistent with literature on circadian 

rhythms and hormone (Oster et al., 2017) and fatigue (Taylor et al., 2011) literature. 

Additionally, pre-test and post-test cognitive fatigue were almost equal in the AM group whereas 

the PM group endorsed greater levels of post-test cognitive fatigue than pre-test cognitive 

fatigue. The difference in pre-test and post-test cognitive fatigue in the PM group is likely due to 

the timeframe – being later in the day – in addition to the energy expenditure of the testing 

session. These findings did not consider MHI group differences. When MHI groups differences 

were considered, they did not produce any effect in AM compared to PM differences. Future 

research should focus on testing all participants within the same timeframe (morning or 

afternoon or evening) to rule out any fatigue effect differences caused by day-time hormone 

effects.  

Cognitive Fatigue, Accuracy, and Response Time 

 It was expected that individuals who had sustained an MHI would report greater levels of 

cognitive fatigue both pre-test and post-test. This hypothesis was partially supported. Individuals 
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with an MHI reported greater levels of cognitive fatigue than the no-MHI group prior to testing, 

a result that is consistent with other research (Johansson et al., 2009; Jonasson et al., 2018). An 

investigation of the individual questions endorsed by participants regarding mental fatigue 

revealed that MHI participants reliably endorsed being more cognitively fatigued as evidenced 

by questions one, three, two, four, five, nine, and ten with one exception of question six. 

Question six asks participants about mental recovery. For this question, the MHI group endorsed 

greater mental recovery (lower scores) than the noMHI group. More specifically, the MHI group 

report that it takes them less time for them to mentally recover than their noMHI cohort when 

they have worked very hard or are no longer to concentrate. This is a particularly interesting 

because it may be reflective of the ‘rose-coloured glasses’ or rather unrealistic positive self 

views that individuals with an MHI have been shown to possess (Baker & Good, 2014; Beer & 

Hughes, 2009; Beer, Lombardo, & Bhanji, 2010). That is, although those with an MHI report 

greater cognitive fatigue on almost all other dimensions assessed, they endorse more efficient 

recovery from that fatigue. It is possible, although unlikely, that participants may have 

misinterpreted the question – this being the only question on recovery from cognitive fatigue. It 

would have been beneficial to have more questions asking about recovery from cognitive fatigue.  

Prior to starting the task, the MHI group endorsed more pre-test cognitive fatigue than the 

no-MHI group. The level of post-test cognitive fatigue in the MHI group did not change from 

their pre-test cognitive fatigue scores. The no-MHI group endorsed less pre-test cognitive fatigue 

initially, but following completion of the task, they reported increases in cognitive fatigue. In 

fact, following completion of the task, the MHI group and no-MHI group report similar levels of 

cognitive fatigue. Not only does the MHI group enter the testing session at a disadvantage of 

having greater cognitive fatigue, they also experience the same heightened level of cognitive 
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fatigue post-test. Given the greater levels of pre-test cognitive fatigue, these individuals may be 

living under the constant effects of cognitive fatigue making their belief about recovery from 

said fatigue, unrealistic. This data may be an indication of the difference in ability to 

appropriately self-evaluate and make accurate perceptual judgments (Baker & Good, 2014; Beer 

& Hughes, 2009; Beer, Lombardo, & Bhanji, 2010).  

 Finding no differences between the MHI and noMHI groups in terms of post-test 

cognitive fatigue was not expected given previous literature (Johansson et al., 2009; Kohl et al., 

2009; Marika C. Möller et al., 2017; Skau et al., 2019; Wylie & Flashman, 2017; Ziino & 

Ponsford, 2006). In reviewing differences between the present study compared to that literature, 

it became evident that the way in which cognitive fatigue was scored post-test, many studies do 

not assess acute cognitive fatigue (which is a measure we examined after each task), but rather 

examine recent (the last week or month) cognitive fatigue (Skau et al., 2019; Wylie & Flashman, 

2017; Ziino & Ponsford, 2006). Cognitive fatigue is also measured as a function of changes in 

task performance over time, as in the current study, or through evidence of increased neural 

activation and recruitment over time (Kohl et al., 2009; Wylie et al., 2017). Further, we assessed 

cognitive fatigue with the CCFS, a questionnaire developed to assess acute cognitive fatigue, not 

often used in this particular literature, and it was used exclusively following each task 

completion. The no-MHI group was similarly cognitively fatigued to the MHI group following 

completion of the testing session but did demonstrate a difference during pre-test. Due to the 

differences in how cognitive fatigue was assessed pre- and post-test, it would have been 

preferred to identify and/or develop a measure of cognitive fatigue that could have been adopted 

pre-, during, and post-testing times. Such a test could assess acute levels of cognitive fatigue 

throughout the testing session in a consistent, and perhaps more comparable, fashion.  
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In the present study, it was also predicted that individuals who had previously sustained 

an MHI would have lower accuracy and response time scores in relation to increasing cognitive 

fatigue effects. The findings from the present study indicate that there was no significant 

difference in response time or number of errors between the MHI group and no-MHI group. The 

number of errors as well as the response time on tasks increases as task demand increases. The 

tasks become increasingly more difficult and instead of objectively measuring cognitive fatigue, 

the implication is that task difficulty did in fact increase across the four tasks. This increase in 

task difficulty reflects a confirmation of the intention of the task design. Likewise, while research 

in the past has attempted to find differences in cognitive fatigue effects between individuals with 

an MHI and no-MHI individuals, it may have instead been addressing the difference in cognitive 

capacity between the two groups instead of cognitive fatigue. Therefore, the goal of the current 

study was to use cognitive tasks that would minimize the level of cognitive skill required to 

complete the task – regardless of neurological compromise – and more directly address the 

effects of cognitive fatigue for tasks that were well within the skill set of the participants. 

However, in attempting to address the effects of cognitive fatigue more directly, the tasks 

themselves may have been too simple and too short to elicit a noticeable difference in objective 

cognitive fatigue effects between the two groups. The tasks in this study included a total of 2000 

items (i.e., 500 items per task) and took roughly 21 minutes to complete; tasks in other vigilance 

studies are often 40 minutes and have 2400 stimuli (Smit, Eling, & Coenen, 2004; Ziino & 

Ponsford, 2006), and can last upwards of two or more hours (Ackerman & Kanfer, 2009; Kohl et 

al., 2009; Skau et al., 2019). Additionally, declines in performance that have been interpreted 

as/attributed to cognitive fatigue may instead reflect capacity limitations and the tasks used in 

this study may reflect challenges with capacity rather than fatigue per se. 
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One of the issues that may have affected cognitive performance may have been stimulant 

use. In order to keep up with the constant cognitive demands in university and college, the 

majority of students consume caffeine - a simple but effective substance used to stay awake and 

concentrate or focus on school tasks (Mazanov, Dunn, Connor, & Fielding, 2013) and 

performance (Bradley & Petree, 1990) as it enhances cognitive factors such as attention, 

learning, memory (Adan & Serra-grabulosa, 2010) and even information processing (Hogervorst, 

Riedel, Kovacs, Brouns, & Jolles, 1999). The present study did consider, and examine, caffeine 

intake behaviours (e.g., amount of caffeine ingestion, recent intake, etc.) and found caffeine 

consumption did not affect the relationship between MHI status and cognitive fatigue. 8,9   

Effort 

 Although it was predicted that individuals with an MHI would endorse greater effort 

scores for the task due to increased neural recruitment compared to the no-MHI group, this was 

not found in the current study; there was evidence that effort increased across the four tasks, 

corresponding to the increased difficulty across tasks. Our results indicate that the tasks were 

indeed increasingly more difficult (took longer to complete, had increased errors) and required 

more reported effort as participants moved from one task to the next. This provides evidence of a 

type of manipulation check demonstrating that the tasks were appropriately and increasingly 

demanding across the four trials. There is indeed evidence from the literature that increased 

effort is required as task performance continues. Increased neural activity, as well as an effort to 

sustain performance, during vigilance testing has been found (Kohl et al., 2009; Sinclair, 

 
8 MHI status did not affect whether one consumes caffeine (t(-0.97) = 40, p = 0.34, 95% CI [-0.47, -0.17]) – only 

how much caffeine one consumes which was a trending effect (t(13.55) = -2.142, p = 0.051, 95% CI [-143.65, -

0.32]). 
9 Caffeine consumption was also examined as a moderator of the relationship between MHI status and MFS scores. 

Caffeine consumption was not a significant moderator in the model, p = 0.70. 
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Ponsford, Rajaratnam, & Anderson, 2013; Ziino & Ponsford, 2006). Our findings are not 

reflective of previous literature, especially studies that consider the resource depletion theory in 

vigilance testing (Smit et al., 2004). We would have expected even more requirement of effort 

from the MHI population as they have reduced resources and yet require more resources due to 

enhanced neural activity to sustain their performance (Kohl et al., 2009; Nordin, Love, Möller, 

Julin, Bartfai, Hashim, & Li 2016). Additionally, interesting is the finding that although the MHI 

group reported being more fatigued prior to testing, they did not report exerting greater levels of 

effort throughout the testing session relative to their no-MHI cohort.  

Limitations 

 This study has many limitations to consider. The first to consider is that the sample in this 

study is homogenous and has low generalizability. Of the 42 participants, 39 (93%) were female 

with an average age of roughly 20, making this sample almost entirely a young adult female 

group (typical of social sciences programs in Canada, females make up most of the students 

enrolled; Statistics Canada, 2018). This ratio, however, is in contrast to that observed with the 

MHI/TBI population in which males have higher incidence rates of MHI/TBI than females 

especially in the adolescent and young adult age groups (Heskestad, Baardsen, Helseth, Romner, 

Waterloo, & Ingebrigtsen, 2009). The difference in incidence rates between males and females is 

typically due to personality characteristics, engagement in risky behaviour, as well as sport 

preference by sex (Cassidy et al., 2004; Lincoln, Caswell, Almquist, Dunn, Norris, & Hinton, 

2011). Since the majority of our sample is female, it is not representative of the average 

MHI/TBI population and this may have had effects on the outcomes of this study. Additionally, 

since the participants were from university, it is likely that these individuals possess greater 

cognitive capabilities relative to the general population and are relatively high functioning 
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compared to a community-based sample. Those individuals who had reported a previous MHI 

are also likely more resilient and capable than those who have sustained an MHI but did not 

continue in postsecondary education. Although MHI has been associated with various cognitive 

complications and challenges weeks to years following the time of injury (Lundin et al., 2006; 

Rassovsky et al., 2015), the individuals who have sustained an MHI in this sample have been 

able to pursue higher education at a university level and perhaps reflect greater compensatory 

capacity and/or reduced challenge of mTBI. Individuals with greater cognitive and physical 

impairment following an MHI (or more severe TBIs) are likely unable to pursue higher 

education. In fact, developmental outcome following TBI including practical, conceptual, and 

social skills are dependent on severity of the TBI as well as the recovery process and access to 

resources postinjury (Anderson et al., 2012). It is likely that the individuals in this study with a 

TBI are an exceptional group but still experience effects of TBI. 

In addition to the low generalizability of the sample, the low sample size also is a 

limitation. Small sample sizes reduce the statistical power (Button et al., 2013) and increase the 

probability of making a Type II error (McCrum-Gardner, 2010), i.e., not finding a statistical 

difference when in fact one exists. This may explain, or contribute to, our not supporting some of 

our expected differences such as a lack of difference in physiological arousal between the MHI 

and no-MHI groups). The difference in arousal has been found in our lab before on many 

occasions (Baker & Good, 2014; Gallant, Barry, & Good, 2018; van Noordt & Good, 2011). 

When observing the difference in physiological arousal between MHI and no-MHI participants, 

the effect size is small and so the low number of participants in this study may have affected the 

statistical outcome of finding this consistent difference in physiological arousal.  
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 Given that the individuals in this study are from a university and possibly more 

cognitively capable and resilient, the cognitive tasks used in this study may not have been 

sufficiently difficult or permitted sufficiently long durations to induce measurable cognitive 

fatigue difference between the groups. While the current study used a Stroop-like task, the task 

was modified to extend the task length and number of stimuli in order to elicit greater cognitive 

demands and, hence, potential for fatigue across trials. Despite this, the results did not yield 

cognitively fatiguing effects in the MHI group as they endorsed similar levels of cognitive 

fatigue pre-test to post-test. However, the no-MHI group endorsed an increase in cognitive 

fatigue following completion of the task. Our intent was to design a task that would be 

cognitively fatiguing and not be an effect of cognitive capability; however, a task like this may 

not have been appropriate on a sample that is more cognitively capable and resilient. 

Additionally, the task was cognitively fatiguing but only for the no-MHI group. The MHI group 

may be experiencing cognitive fatigue differently than the no-MHI group which our 

questionnaires were not capable of addressing. 

 The present study subtly modified measures that were reliable and valid for the purposes 

of assessing fatigue, cognitive fatigue, and neurological ability (Brooks, Sherman, & Straus, 

2009; Hart & Staveland, 1988; Johansson et al., 2010; Penner et al., 2009; Smets, Garssen, 

Bonke, & De Haes, 1995). Aside from the general fatigue measure (i.e., MFI), all other measures 

were subtly modified (e.g., used the 10 primary scaled ratings, rather the multiple sub-rating 

options and the physical variable was removed; sleep and emotion items were removed from the 

MFS; physical items were removed from the CCFS) in order to target cognitive fatigue more 

specifically. By making changes to the original measures, the validity and reliability of these 

measures, also change, introducing another limitation as to being confident that the measures are 
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measuring what they were intended to measure. While it is an important limitation in this study, 

the changes we introduced highlights an important issue in the literature of cognitive fatigue – 

there is a lack of targeted and consistent questionnaires that can be used to assess cognitive 

fatigue. Johansson and her colleagues (2010) developed the MFS based on questions from 

Lindqvist and Malgrem’s (1993) scale assessing astheno-emotional disorder and adapted it to 

apply to cognitive fatigue in individuals who have neurological disorders, including those who 

have sustained a TBI due to the lack of reliable measures in general for assessing cognitive 

fatigue. Additionally, there are no questionnaires that address cognitive fatigue immediately 

following the completion of a task that we are aware of, so we modified a work load measure 

developed by NASA and an effort statement developed for self-report to capture aspects of 

immediate experience of cognitive demands, as a result there were no independently validated 

measures for us to include. Cognitive fatigue questionnaires and global fatigue questionnaires 

ask participants about their general state of fatigue and how fatigue impacts one’s daily function 

rather than fatigue at a given point in time (Wylie & Flashman, 2017), rather than assessing 

immediate demands from engagement in a task. Finally, even the cognitive task used to elicit 

increasing cognitive demands was created as an extended and modified version of the NEPSY-II 

inhibition task, which in turn is a task based on the experimental Stroop paradigm (Brooks, 

Sherman, & Straus, 2009), and was similar to those used in the Skau et al. (2019) experiment, 

but had not been previously tested. This issue with having questionnaires and tests that have not 

been previously validated or used is that we cannot be certain about the inferences made based 

on the data in the study. Due to the lack of validity of our measures, we may be measuring 

constructs that were not intended as they may not reflect the construct being targeted (e.g., 

Newton & Shaw, 2013).  



60 

 

 

 Finally, the quasi-experimental design of the study, and out inability to randomly assign 

subjects to groups, limits the conclusions that can be drawn regarding cause-and-effect 

relationships. Cognitive fatigue and arousal differences in participants may have been present 

prior to the incidence of MHI, i.e., preinjury differences (such as personality or lifestyle 

differences; e.g., Barratt, 1985; arousal and sensation seeking differences; e.g., Zuckerman, 

1990) and may be responsible for these findings and, additionally, may have contributed to an 

individual’s vulnerability to MHI; particularly sex, parenting style,  adverse life events 

(McKinlay, Kyonka, Grace, Horwood, Fergusson, & MacFarlane, 2010), conduct disorders, and 

aggression (Li & Liu, 2012) have been found to predict TBI  Thus, it cannot be concluded that 

the results of the study were a mechanism of MHI, only that they are associated with MHI status. 

Interestingly, however, there has been consistent evidence in other studies that have shown 

arousal differences associated with severity of injury in TBI across the spectrum from mild to 

severe (Johansson et al., 2009; Jonasson et al., 2018; Skau et al., 2019).  

Conclusions 

 Despite the limitations of this cross-sectional study, MHI status was associated with 

greater levels of cognitive fatigue prior to starting cognitively demanding tasks of the study. This 

finding supports prior research showing that individuals who have previously sustained a MHI 

live with the negative effects of cognitive fatigue on a daily basis (Palm et al., 2017; Wylie & 

Flashman, 2017). In addition, in the current study, participants with MHI also endorsed greater 

recovery from cognitive fatigue, which may be demonstrating a challenge in self-monitoring and 

one’s sense of efficacy (e.g., English et al., 2016). Individuals with MHI may be overestimating 

their ability to recover from cognitive fatigue and/or underestimating the effects that cognitive 

fatigue has on them. With higher reported cognitive fatigue, individuals with an MHI may enter 
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cognitively demanding scenarios at a disadvantage and be less efficient in recovering from the 

effects of cognitive fatigue.  

In addition to measurement challenges, the pre- and post-test fatigue findings may also be 

attributable to floor effects. Participants with no MHI and those with an MHI began the testing 

session with similar general fatigue, but very different levels of reported cognitive fatigue with 

the MHI group experiencing greater cognitive fatigue than their cohort. After completing the 

cognitively fatiguing tasks, the no-MHI group reported experiencing an increase in cognitive 

fatigue, whereas the MHI group did not, with the no-MHI group reporting similar low levels of 

cognitive fatigue to the MHI group, potentially identifying a floor effect for the MHI group 

relative to the NoMHI group. 

The tasks used in this study were designed to be simple enough that all participants could 

complete the tasks without a concern for the cognitive, or intellectual, difficulty of the task (as 

could occur, for example, with problem solving tasks), but instead were designed to maximize 

sustained effort across as a function of duration, while also avoiding monotony and habituation 

across the tasks in order to minimize disengagement. The comparable difficulty across the tasks 

is evidenced by the lack of differences in effort scores, error scores, and completion time during 

the tasks; however, a thorough examination of the effects that task demands and variation have 

with respect to cognitive fatigue needs to be further explored. 

Finally, contrary to prior research, there were no observed differences in physiological 

arousal levels as indicated by EDA at any point during the study. While participants have been 

found to have lower physiological arousal at baseline (e.g., Baker & Good, 2014; Gallant, Barry, 

& Good, 2018) this was not evident in the current study. Additionally, EDA is considered an 
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indicator of SNS activity (Gaffey & Wirth, 2014) and no evidence that there were differing 

arousal demands for the MHI and no-MHI groups was obtained in this study.  

 In summary, this research provides evidence of greater cognitive fatigue in persons with a 

reported mild head injury relative to their no MHI cohort, despite comparable overall general 

tiredness and physical well-being. Additionally, individuals living with MHI may be less able to 

assess/be aware of their ability to recover from cognitive fatigue. This lack of introspection may 

affect how cognitively prepared they are to take on daily tasks, and may, therefore, be 

disadvantaged in terms of the level of demand a task requires. Further, cognitively demanding 

tasks resulted in similar levels of reported cognitive and mental fatigue in both those with, and 

without, an MHI. It is important to assess what is meant by cognitive effort and demand and to 

design tasks and measures so as to better examine the consequences mental energy and exertion 

may introduce, regardless of MHI status, and to better understand the potential relationship 

between autonomic arousal and cognitive endurance.  
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filed with the REB prior to the initiation of research at that site.  
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Blood Pressure/Time of Day Report 

 

Time of day: 

Morning    Afternoon   Evening 

 

EARLY BASELINE Blood Pressure: 

 

SYS:__________   DIA:_________  B/MIN:_________ 

 

 

 

PRE-COGNITIVE Test Blood Pressure: 

 

SYS:__________   DIA:_________  B/MIN:_________ 
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List of Questionnaires 

 

1. Everyday Living Demographic Questionnaire (ELQ; Brock University Neuropsychology and 

Cognitive Research Lab).  

 

2. Mental Fatigue Scale (MFS; Johansson & Ronnback, 2014) (Modified).   

 

3. Multidimensional Fatigue Inventory (MFI; Smets, Garssen, Bonke, & De Haes, 1995).  

 

4. Current Cognitive Taskload Rating Scale (CCTL). (NASA TLX Modified – Hart & Staveland, 

1988) 

 

5. Current Cognitive Fatigue Scale (CCFS).  
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MFI® 

 

Instructions:  
  

By means of the following statements we would like to get an idea of how you have been feeling lately. 

There is, for example, the statement  
”I FEEL RELAXED”  

If you think that this is entirely true, that indeed you have been feeling relaxed lately, please, place an X 
in the extreme left box: like this:  

                              Yes, that is true 
☒₁ 
☐₂ 
☐₃ 
☐₄ 
☐₅ no, that is not true  

  

The more you disagree with the statement, the more you can place an X in the direction of “no, that is 

not true”. Please do not miss out a statement and place only one X in a box for each statement.  

1  I feel fit.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

2  Physically, I feel only able to do a little.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

3  I feel very active.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

4  I feel like doing all sorts of things.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

5  I feel tired.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

6  I think I do a lot in a day.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

7  When I am doing something, I can keep 

my thoughts on it.  
yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

8  Physically I can take on a lot.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

9  I dread having to do things.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

10  I think I do very little in a day.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

11  I can concentrate well.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

12  I am rested.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

13  It takes a lot of effort to concentrate on 

things.  
yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

14  Physically I feel I am in a bad condition.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

15  I have a lot of plans.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

16  I tire easily.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

17  I get little done.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

18  I don’t feel like doing anything.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

19  My thoughts easily wander.  yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  

20  Physically I feel I am in an excellent 

condition.  
yes, that is true  □₁  □₂  □₃  □₄  □₅  no, that is not true  
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MFS-M  
Name:__________________________          Date:____________  

  

We are interested in your present condition, that is, how you have felt during the past month. 

When you are comparing your condition with “than before”, compare it with how it was before 

the injury or getting ill.   

Each question below is followed by four statements that describe: No (0), Slight (1), Fairly 

serious (2) and Serious (3) problems.   

We would like you to place a circle around the figure before the statement that best describes 

your problems. Should you find that your problem falls between two statements, there are also 

figures to indicate this.  

  

1. Fatigue  

Have you felt fatigued during the past month? It does not matter if the fatigue is physical 

(muscular) or mental. If you recently experienced something unusual (for example an accident or 

short illness) you should try to disregard it when assessing your fatigue.  

0  I do not feel fatigued at all. (No abnormal fatigue, do not need to rest more than usual).  

0.5  

1  

  

I feel fatigued several times every day but I feel more alert after a rest.  

1.5  

2  

  

I feel fatigued for most of the day and taking a rest has little or no effect  

2.5  

3  

  

I feel fatigued all the time and taking a rest makes no difference.  

 

2. Lack of initiative  

Do you find it difficult to start things? Do you experience resistance or a lack of initiative when 

you have to start something, no matter whether it is a new task or part of your everyday 

activities?  
0  I have no difficulty starting things.  

0.5  

1  

  

I find it more difficult starting things than I used to. I’d rather do it some other time.  

1.5  

2  

  

It takes a great effort to start things. This applies to everyday activities such as getting out of 

bed, washing myself, and eating.  
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2.5  

3  

  

I can’t do the simplest of everyday tasks (eating, getting dressed). I need help with everything.  

 

3. Mental fatigue 1  

Does your brain become fatigued quickly when you have to think hard?   
0  I can manage in the same way as usual. My ability for sustained mental effort is not reduced.  

0.5  

1  

  

I become fatigued quickly but am still able to make the same mental effort as before  

1.5  

2  

  

I become fatigued quickly and have to take a break or something else more often than before.  

2.5  

3  

  

I become fatigued so quickly that I can do nothing or must abandon everything after a short 

period (appox. five minutes).  

  

4. Mental fatigue 2  

Do you become mentally fatigued from things such as reading, watching TV or taking part in a 

conversation with several people?  
0  I can manage in the same way as usual. My ability for sustained mental effort is not reduced.  

0.5  

1  

  

I become fatigued quickly but am still able to make the same mental effort as before  

1.5  

2  

  

I become fatigued quickly and have to take a break or something else more often than before.  

2.5  

3  

  

I become fatigued so quickly that I can do nothing or must abandon everything after a short 

period (appox. five minutes).  

  

5. Mental fatigue 3  

Do you have to take breaks or change to another activity after being mentally fatigued?  
0  I can manage in the same way as usual. My ability for sustained mental effort is not reduced.  

0.5  

1  

  

I become fatigued quickly but am still able to make the same mental effort as before  
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1.5  

2  

  

I become fatigued quickly and have to take a break or something else more often than before.  

2.5  

3  

  

I become fatigued so quickly that I can do nothing or must abandon everything after a short 

period (appox. five minutes).  

 

6. Mental recovery  

If you have to take a break, how long do you need to recover after you have worked “until you 

drop” or are you no longer able to concentrate on what you are doing?  
0  I need to rest for less than an hour before continuing whatever I am doing.  

0.5  

1  

  

I need to rest for more than an hour but do not require a night’s sleep.  

1.5  

2  

  

I need a night’s sleep before I can continue doing whatever I am doing.  

2.5  

3  

  

I need several days rest in order to recover.  

  

7. Concentration difficulties  

Do you find it difficult to gather your thoughts and concentrate?  
0  I can concentrate as usual.  

0.5  

1  

  

I sometimes lose concentration, for example when reading or watching TV.  

1.5  

2  

  

I find it so difficult to concentrate that I have problems, for example, reading a newspaper or 

taking part in a conversation with a group of people.  
2.5  

3  

  

I always have such difficulty concentrating that it is almost impossible to do anything.  

  

8. Memory problems  

Do you forget things more often than before, do you need to make notes, or do you have to 

search for things at home or at work?  
0  I have no memory problems.  
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0.5  

1  

  

I forget things slightly more often than I should, but I am able to manage by making notes.  

1.5  

2  

  

My poor memory causes frequent problems (for example forgetting important meetings or 

turning off the cooker).  
2.5  

3  

  

I can hardly remember anything at all.  

 

9. Slowness of thinking  

Do you feel slow or sluggish when you think about something such that you feel that it takes an 

unusually long time to conclude a train of thought or solve a task that requires mental effort?  
0  My thoughts are neither slow nor sluggish when it comes to work involving mental effort.  

0.5  

1  

  

My thoughts are a bit slow one or a few times each day when I have to do something that 

requires serious mental effort.  
1.5  

2  

  

My thoughts often feel slow and sluggish, even when carrying out everyday activities, for 

example, a conversation with a person or when reading the newspaper  
2.5  

3  

  

My thoughts always feel very slow and sluggish.  

  

10. Sensitivity to stress  

Do you find it difficult to cope with stress that is, doing several things at the same time while 

under time pressure?   
0  I am able to cope with stress, in the same way as usual.  

0.5  

1  

  

I become more easily stressed but only in demanding situations that I was previously able to 

manage.  
1.5  

2  

  

I become stressed more easily than before. I feel stressed in situations that previously did not 

bother me.  
2.5  

3  

  

I become stressed very easily. I feel stressed in unfamiliar or trying situations.  
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11. 24-hour variations  

Do you find that at certain times of the day or night the problems we asked about (for example 

tiredness, lack of concentration) are better or worse? In the statements below, “regularly” means 

at least 3 to 4 days of the week.  
0  I have not noticed that my problems are regularly better or worse at certain times, or I do not 

have any specific problems.  
1  There is a clear difference between certain times of the day. I can predict that I will feel better 

at certain times and worse at other times.  
2  I feel unwell at all times of the day and night.  

  

If you experience 24-hour variations:  

When do you feel at your best?   Morning  Afternoon  Evening  Night  

When do you feel at your worst?  Morning  Afternoon  Evening  Night  
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Everyday Living Questionnaire  

Please fill in or check off an answer for each of the following. If you have any questions 

regarding clarification, please ask the researcher. Thank you for your time and effort!  

  

1. How old are you? ______ years of age  

  

2. a. To which gender do you most identify?  

Male  ❑    Transgender Male  ❑  

Female  ❑  

Gender Variant/Non- 

  

Conforming  

❑  

Transgender Female  ❑    Prefer not to Answer  ❑  

Not Listed  

Please Specify:   
❑        

  

b. Biological sex:    Male ❑   Female ❑    

  

3. What is your relationship status?  

Single  ❑    Divorced  ❑  

In a relationship (not married)  ❑    Widowed  ❑  

In a relationship (common-law)  ❑    Separated  ❑  

Married  ❑        

  

4. What is the highest level of education you have presently completed? (e.g., if you 

finished high school last year and are currently in your first year of university, you 

have completed high school/Grade 12)  

Less than high school  ❑        

High School/Grade 12  ❑        

College (years)  1  2  3  4+  

University (years)  1  2  3  4+  

  

 

 

 

 

 



93 

 

 

5. What is the highest level of education your mother has received?   

Less than high school  ❑        

High School/Grade 12  ❑        

College (years)  1  2  3  4+  

University (years)  1  2  3  4+  

Unsure  ❑        

 

6. What is the highest level of education your father has received?   

Less than high school  ❑        

High School/Grade 12  ❑        

College (years)  1  2  3  4+  

University (years)  1  2  3  4+  

Unsure  ❑        

  

7. What is the overall average income your parent(s)/guardian(s)?  

Under $25,000  ❑    $125,000 - $149,999  ❑  

$25,000 – $49,999  ❑    $150,000 or more  ❑  

$50,000 – $74,999  ❑    Unsure  ❑  

$75,000 - $99,999  ❑    N/A  ❑  

$100,000 – $124,999  ❑        

 

8. (a) To which ethnicity do you most identify:   

Caucasian/European  ❑  

Black/African American  ❑  

Asian  ❑  

Indigenous  ❑  

Middle Eastern  ❑  

Other              

       Please Specify:   
❑  

  

 

(b) How religious or spiritual do you consider yourself to be:   
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1 - Not at All  ❑  

2  ❑  

3  ❑  

4  ❑  

5  ❑  

6   ❑  

7 - Extremely  ❑  

  

(c) How would you rate your adherence to, and practice of, a moral code?   

1 - Not at All  ❑  

2  ❑  

3  ❑  

4  ❑  

5  ❑  

6   ❑  

7 - Extremely  ❑  

  

9. Which faculty is your major affiliated with?  

Social Sciences  ❑  

Humanities  ❑  

Maths and Sciences  ❑  

Education  ❑  

Applied Health Sciences  ❑  

Business  ❑  

Undeclared   ❑  

    

10. Which hand is your dominant hand (i.e., are you right or left-handed)?                   

              Right ❑  

Left ❑  Both ❑  
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11. Have you ever been hospitalized for any of the following? (check all that apply)  

Fractures   ❑  

Illness  ❑  

Surgery   ❑  

Neurological complications (e.g., epilepsy, multiple sclerosis, migraines, etc.)  
❑  

Other  ❑  

  

If you checked off any of the above, briefly please provide details (e.g., How 

old were you?  How did it happen?):  

  

  

  

  

  

12. Have you ever been diagnosed with any neurological condition (e.g., epilepsy, 

multiple sclerosis, migraines, etc.)?                                  

  Yes ❑   No ❑  

  

a. If yes, if you wish to disclose your diagnosis, please do so:  

  

  

  

13. Have you ever been diagnosed with a psychiatric condition (e.g., depression, 

anxiety, schizophrenia, etc.)?                                    

 Yes ❑   No ❑  

  

a. If yes, if you wish to disclose your diagnosis, please do so:  

  

  

  

14. Are you currently taking any prescribed medications for a neurological or 

psychiatric condition?                   

Yes ❑   No ❑  

  

a. If yes, if you wish to disclose what medication, please do so:  

  

  

  

15. Are you currently taking any prescribed medication for a thyroid condition?    Yes 

❑   No ❑  

  



96 

 

 

a. If yes, if you wish to disclose what medication, please do so:   

  

  

16. Are you currently taking any prescribed contraception (e.g., birth control pill)? 

Yes ❑  No ❑  

        

17. Are you currently taking any prescribed medication for a heart condition? Yes ❑  

No ❑ 

 

a. If yes, if you wish to disclose what medication, please do so: 

  

  

  

18. Are you currently taking any prescribed medication to manage your blood 

pressure?     

    

Yes ❑   No ❑  

a. If yes, if you wish to disclose what medication, please do so:   

  

  

  

19. Do you take medication for asthma such as an inhaler?     Yes ❑   No ❑    

  

20. Have you ever sustained an injury to your head with a force sufficient to alter your 

consciousness (e.g. confusion, dizziness, vomiting, seeing stars, or loss of 

consciousness)?  

    Yes 

❑   No ❑  

  

21. Have you ever sustained a concussion?    Yes ❑   No ❑  

  

  

If you answered NO to BOTH question 20 and 21, move ahead to question 40 (page 11)   

  

If you answered YES to EITHER question 20 or 21, please answer the following questions:   

  

If you have had more than one injury/concussion, please refer to the MOST RECENT time you 

injured your head:  
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22. If you answered yes to question 20 either 21, did you experience these symptoms 

for more than 20 minutes?                       

Yes ❑   No ❑  

 

23. Was there evidence of skull fracture?  Yes ❑   No ❑    

     

 

 

 

 

 

        

24. Did you experience a loss of consciousness associated with the head injury? 

                  Yes ❑   No ❑   

Unknown ❑  

  

a. If you answered yes, how long was the loss of consciousness?  

< 5 minutes  ❑  < 1 week  ❑  

< 30 minutes  ❑  < 1 month  ❑  

< 24 hours  ❑  > 1 month  ❑  

  

25. Where did you strike/hit your head?  

Front of the head  ❑  

Back of the head  ❑  

Right side of the head  ❑  

Left side of the head  ❑  

Top of the head  ❑  

Neck/Whiplash  ❑  

Indirect force (head was not directly hit)  ❑  

Cannot remember  ❑  

  

26. How did you injure your head?  

Motor vehicle collision  ❑  

Fall  ❑  
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Fight/Assault  ❑  

Sports-related injury   

       Please specify sport:  
❑   

Other   

       Please specify:  
❑    

 

 

 

  

27. Please briefly describe the incident during which the head injury occurred:     

  

  

  

  

  

28. Please answer the following questions:       

  

a. Did you have any loss of memory for events just PRIOR TO the injury?   Yes 

❑   No ❑    

  

i. If you answered yes, what was the approximate length of time?  

  

≤ 1 minute  ❑  < 30 minutes  ❑  

< 5 minutes  ❑  < 1 hour  ❑  

< 10 minutes  ❑  ≤ 24 hours  ❑  

< 20 minutes  ❑  > 24 hours  ❑  

  

b. Did you have any loss of memory for events just AFTER the injury?        Yes 

❑   No ❑    

  

i. If you answered yes, what was the approximate length of time?  

  

≤ 1 minute  ❑  < 30 minutes  ❑  

< 5 minutes  ❑  < 1 hour  ❑  

< 10 minutes  ❑  ≤ 24 hours  ❑  
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< 20 minutes  ❑  > 24 hours  ❑  

  

c. Did you require any academic/employment accommodations for               Yes 

❑   No ❑        your injury?   

  

d. Did you receive any medical treatment for your injury?                              Yes 

❑   No ❑    

  

i. If yes, please provide the following details:   

  

Visit to the emergency department  ❑  

Visit to a health professional (e.g., family doctor, walk-in clinic, etc.)  ❑  

Received stitches to the head/face  ❑  

Received stitches elsewhere  ❑  

Brain scan completed (e.g., CT, MRI)  ❑  

Overnight stay (single night) at a medical care facility  ❑  

Overnight stay (2 or more nights) at a medical care facility  ❑  

Sustained a bone fracture  ❑  

Sustained soft tissue injuries (e.g., muscles, ligaments)  ❑  

Surgical intervention directly related to the head trauma  ❑  

Other surgical intervention (e.g., orthopedic, vascular, etc.)  ❑  

Additional medical follow-up required (e.g., appointments, other medical 

assessment/monitoring)  
❑  

  

e. Approximately how old were you at the time of injury? __________years   

  

i. If the injury occurred in the last 2 years, how many months has 

it been since you hit your head?                 _________ months  

  

29. Did the injury result in any litigation process (e.g., a lawsuit or                          

Yes ❑   No ❑    legal action/charge)?   
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30. Have you sustained more than one injury to your head with a force sufficient to 

alter your consciousness (e.g., confusion, dizziness, vomiting, seeing stars, or loss 

of consciousness)?   

Yes ❑   

No ❑     

31. Have you sustained more than one concussion?  Yes ❑   No ❑     

                   

a. If yes to 30 or 31, how many times? __________  

  

  

If you answered NO to BOTH question 30 and 31, move ahead to question 40 (page 11)   

  

If you answered YES to EITHER question 30 OR 31, please answer the following questions 

with respect to your FIRST (LEAST RECENT) head injury/concussion:  

  

32. If you answered yes to question 28 or 29 did you experience these symptoms for 

more than 20 minutes?                                      

Yes ❑   No ❑     

  

33. Was there evidence of skull fracture?  Yes ❑   No ❑      

              

34. Did you experience a loss of consciousness associated with the head injury?    

              Yes ❑   No 

❑   Unknown ❑ 

  

a. If you answered yes, how long was the loss of consciousness?  

< 5 minutes  ❑  < 1 week  ❑  

< 30 minutes  ❑  < 1 month  ❑  

< 24 hours  ❑  > 1 month  ❑  

  

35. Where did you strike/hit your head?  

Front of the head  ❑  

Back of the head  ❑  

Right side of the head  ❑  

Left side of the head  ❑  

Top of the head  ❑  
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Neck/Whiplash  ❑  

Indirect force (head was not directly hit)  ❑  

Cannot remember  ❑  

 

36. How did you injure your head?  

Motor vehicle collision  ❑  

Fall  ❑  

Fight/Assault  ❑  

Sports-related injury   

       Please specify sport:  
❑   

Other   

       Please specify:  
❑    

37. Please briefly describe the incident during which the head injury occurred:     

  

  

  

  

  

38. Please answer the following questions:       

  

a. Did you have any loss of memory for events just PRIOR TO the injury?   Yes ❑   No 

❑    

  

i. If you answered yes, what was the approximate length of time?  

  

≤ 1 minute  ❑  < 30 minutes  ❑  

< 5 minutes  ❑  < 1 hour  ❑  

< 10 minutes  ❑  ≤ 24 hours  ❑  

< 20 minutes  ❑  > 24 hours  ❑  

  

b. Did you have any loss of memory for events just AFTER the injury?       Yes ❑   No 

❑    
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i. If you answered yes, what was the approximate length of time?  

  

≤ 1 minute  ❑  < 30 minutes  ❑  

< 5 minutes  ❑  < 1 hour  ❑  

< 10 minutes  ❑  ≤ 24 hours  ❑  

< 20 minutes  ❑  > 24 hours  ❑  

  

c. Did you require any academic/employment accommodations for your injury?     

          

 Yes ❑   No ❑    

  

d. Did you receive any medical treatment for your injury?                              Yes ❑   

No ❑    

  

i. If yes, please provide the following details:   

  

Visit to the emergency department  ❑  

Visit to a health professional (e.g., family doctor, walk-in clinic, etc.)  ❑  

Received stitches to the head/face  ❑  

Received stitches elsewhere  ❑  

Brain scan completed (e.g., CT, MRI)  ❑  

Overnight stay (single night) at a medical care facility  ❑  

Overnight stay (2 or more nights) at a medical care facility  ❑  

Sustained a bone fracture  ❑  

Sustained soft tissue injuries (e.g., muscles, ligaments)  ❑  

Surgical intervention directly related to the head trauma  ❑  

Other surgical intervention (e.g., orthopedic, vascular, etc.)  ❑  

Additional medical follow-up required (e.g., appointments, other medical 

assessment/monitoring)  
❑  
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e. Approximately how old were you at the time of injury? 

_________________years   

  

i. If the injury occurred in the last 2 years, how many months has 

it been since you hit your head?                 _________ months  

  

39. Did the injury result in any litigation process (e.g., a lawsuit or legal 

action/charge)?            

   Yes ❑   No ❑    

  

  

If you were instructed to move ahead to question 40 please begin here  

  

  

40. Have you ever been involved in a litigation process (e.g., lawsuit or legal 

action/charge) of any sort?               

  Yes ❑   No ❑     

  

41. Have you ever experienced any other neural trauma (e.g. stroke, anoxia)?       Yes 

❑   No ❑     

  

a. If yes, please explain:  

  

  

  

 

42. Do you smoke cigarettes?   Yes ❑   No ❑     

  

a. If yes, how long have you been smoking cigarettes? 

____________________________  

  

b. Approximately how many cigarettes do you smoke in a day? 

_____________________  

   

c. What are your general motives for smoking cigarettes? Select all that apply.  

  

To deal with anxiety  ❑  

To cope with pain   ❑  

For pleasure  ❑  

Social interaction  ❑  
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Other   

Please explain:  

  

❑    

  

43. Do you consume alcohol?     Yes ❑   No ❑     

  

a. If yes, how long have you been drinking alcohol? 

______________________________  

  

b. On average, how many days per week do you consume alcohol?  _________ 

days/week  

  

c. On average, how many drinks do you consume in one outing? 

_______________drinks  

  

d. On average, how many days per week do you drink to intoxication? ______ 

days/week  

  

 

 

 

 

 

e. What are your general motives for consuming alcohol? Select all that apply.  

  

To deal with anxiety  ❑  
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To cope with pain   ❑  

For pleasure  ❑  

Social interaction  ❑  

Other   

Please explain:  

  

❑   
  

  

44. Have you ever tried marijuana (in any form)? Yes ❑   No ❑  (if No, move to 

question 45) 

  

a. Do you regularly use marijuana? Yes ❑   No ❑  

  

b. If yes, how long have you been using marijuana? 

___________________________  

  

c. How old were you when you started using marijuana? 

_________________________  

  

d. In your lifetime, how many times have you used marijuana?  

  

1-2  ❑  51-100  ❑  

3-10  ❑  101-300  ❑  

11-30  ❑  301+  ❑  

31-50  ❑      

e. In general, how often have you used marijuana?  

  

Daily  ❑  Weekly  ❑  

Monthly  ❑  Yearly   ❑  

  

f. How many times have you used marijuana in the past 30 days?  

  

No use  ❑  Weekly  ❑  

Once or Twice   ❑  Daily  ❑  

g. When during the day do you use marijuana? (check all that apply)  
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Morning  ❑  Afternoon  ❑  

Evening  ❑  Other  ❑  

 

h. After you first tried marijuana, how frequently did you continue using it.   

  

  

 

i. What were your initial motives for using marijuana? Select all that apply.   

To deal with anxiety  ❑  

To cope with pain   ❑  

For pleasure  ❑  

Social interaction  ❑  

Felt pressured from peers   ❑  

Curiosity  ❑  

Medicinal, please explain for what 
purpose:  
  

❑    

Other   

Please explain:  

❑   
  

  

j. What were your initial reactions?  

  

  

 

 

 

 

 

 

 

 

Never   ❑  Rarely  ❑  

Somewhat frequently   ❑  Frequently   ❑  

Pleasant   ❑  Somewhat pleasant   ❑  

Unpleasant  ❑    ❑  
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k. Have you had symptoms in the past you believe were caused, aggravated, or 

reduced by marijuana smoking?           

Yes ❑   No ❑    

           

If yes, please explain:  

  

  

  

l. Do you have current symptoms that you believe are caused, aggravated, or 

reduced by marijuana smoking?                   

    Yes ❑   No ❑           

If yes, please explain:  

  

  

  

  

m. What are your general motives for using marijuana? Select all that apply.  

  

To deal with anxiety  ❑  

To cope with pain   ❑  

For pleasure  ❑  

Social interaction  ❑  

Medicinal  ❑  

Other   

Please explain:  

  

❑   
  

  

n. In general what type of user would you classify yourself as?   

Non-user   ❑  Casual user   ❑  

Frequent user   ❑  Very frequent user   ❑  

 

If you were instructed to move ahead to question 45, please start here. 

45. Do you engage in any other recreational drug use?   Yes ❑   No ❑     

  

a. If yes, if you wish to disclose, please do so:  
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46. Do you take any performance enhancing drugs (e.g., anabolic steroids hormones, 

stimulant drugs – other than caffeine-based products – such as amphetamine, 

ephedrine)? 

 Yes ❑   

No ❑  

a. If yes, if you wish to disclose, please do so:  

  

  

  

47. Did you consume caffeine today (e.g., coffee, tea, energy drink, chocolate)?   Yes 

❑   No ❑  

  

a. If yes, how much time has passed since you last consumed caffeine 

today?    

  

Less than 1 hour  ❑  

1 hour or More   ❑  

  

 
  

b. If yes, how much did you consume in milligrams? 

_________________________  

  

48. Do you have sensitivity to perfumes or scents? Yes ❑   No ❑  

        

  



109 

 

 

a. If yes, please rate your sensitivity on a scale from 1 to 9 (circle one number):  

  

Not at all 

Sensitive  
              

Very 

Sensitive  

1  2  3  4  5  6  7  8  9  

49. Do you have a valid driver’s license?      Yes ❑   No ❑  

            

a. If yes, how long have you had a driver’s license?   

  

1-3 years  ❑  7+ years  ❑  

4-6 years  ❑  N/A  ❑  

  

50. Do you wear glasses or contacts?    Yes ❑   No ❑  

               

51. What is your current living situation?   

  

On your own  ❑  With parents/guardians  ❑  

With roommates  ❑  Other  ❑  

With partner  ❑      

  

52. How many university courses are you taking this semester?   

  

1-2 courses  ❑  5 courses  ❑  

3 courses  ❑  6+ courses  ❑  

4 courses  ❑  N/A  ❑  

  

53. Please rate your enjoyment of academics on a scale from 1 to 9 (circle one 

number):  

  

Do not enjoy 

at all                
Enjoy  Very 

Much  

1  2  3  4  5  6  7  8  9  



110 

 

 

  

 

 

 

 

 

54. What is your current academic average across all courses this semester (i.e., 

overall average)?  

  

< 50%   ❑  90% +  ❑  

50 – 59%  ❑  Unsure  ❑  

60 – 69%  ❑  Prefer not to say  ❑  

70 – 79%  ❑  Unsure  ❑  

80 – 89%  ❑      

  

55. Have you ever received any extra assistance during your educational history? Yes 

❑   No ❑  

 

a. If yes, please check all that apply:  

  Elementary 

School  
High School  University  

Learning Resource Teacher  ❑  ❑  ❑  

Tutor  ❑  ❑  ❑  

Educational Assistant  ❑  ❑  ❑  

Speech Language Pathologist  ❑  ❑  ❑  

Occupational Therapist  ❑  ❑  ❑  

Physical Therapist  ❑  ❑  ❑  

Other   

       Please specify:  

  

❑  ❑  ❑  

  

56. Have you ever been diagnosed or classified as having a Learning Disorder?   Yes 

❑   No ❑  

  

a. If yes, if you wish to disclose your diagnosis, please do so:  
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57. Do you currently consider yourself a musician?   Yes ❑   No ❑          

            

  

 

 

 

 

 

58. Have you ever considered yourself to be a musician?   Yes ❑   No ❑   

      

a. If yes to 57 or 58, at what level did you/do you play/perform?  

  

Professionally  ❑  

Recreationally   ❑  

Both  ❑  

  

b. How many months or years did you play/perform for (if current, how many 

months or years have you been playing for)?  

___________________________________________  

  

c. What age did you start playing/performing at? _________ years old  

  

59. How many hours per week do you listen to music?   

  

0   ❑  11-20  ❑  

1-2  ❑  21-40  ❑  

3-5  ❑  41+  ❑  

6-10  ❑      

  

60. Please indicate the type of music you listen to MOST often (choose only one)?  

  

Country  ❑  

Classical  ❑  

Rock  ❑  

R&B  ❑  
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Blues  ❑  

Independent (Indie  ❑  

Jazz  ❑  

Hip Hop  ❑  

Electronic (House/Dance)  ❑  

Rap  ❑  

Folk/Celtic   ❑  

Pop  ❑  

Opera  ❑  

Heavy Metal  ❑  

Reggae  ❑  

Acoustic/Soft Rock  ❑  

Other  

       Please specify:  

  

❑   

  

61. Please rate your enjoyment of your life situation on a scale from 1 to 9 (circle one 

number):  

  

Do not enjoy 

at all  
              

Enjoy  Very 

Much  

1  2  3  4  5  6  7  8  9  

  

62. Please rate how stressful your day-to-day life is on a scale from 1 to 9 (circle one 

number):  

  

Not  

stressful at 

all  

              
Very  

Stressful  

1  2  3  4  5  6  7  8  9  

  

63. Do you currently engage in any sporting/athletic activities?   Yes ❑   No ❑  
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a. If yes, which sport(s) do you currently participate in (check all that apply):  

  

  Recreational  Competitive  Both   

Soccer  ❑  ❑  ❑  

Hockey  ❑  ❑  ❑  

American Football  ❑  ❑  ❑  

Fencing  ❑  ❑  ❑  

Figure Skating  ❑  ❑  ❑  

Volleyball  ❑  ❑  ❑  

Cheerleading  ❑  ❑  ❑  

Baseball/Softball  ❑  ❑  ❑  

Basketball  ❑  ❑  ❑  

Track and Field  ❑  ❑  ❑  

Indoor Soccer  ❑  ❑  ❑  

Extreme Intramurals (Mixed Sports)  ❑  ❑  ❑  

Martial Arts  ❑  ❑  ❑  

Tennis  ❑  ❑  ❑  

Rowing/Kayak  ❑  ❑  ❑  

Lacrosse  ❑  ❑  ❑  

Rugby  ❑  ❑  ❑  

Wrestling  ❑  ❑  ❑  

Curling  ❑  ❑  ❑  

Swimming  ❑  ❑  ❑  

Other (Please specify):   

  

  

❑  ❑  ❑  

  

b. How many hours per week do you currently participate in sports?  
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0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  

  

 

 

c. Out of the sports endorsed above, which ONE do you participate in the most 

each          week?  

  

Soccer  ❑  Extreme Intramurals (Mixed Sports)  ❑  

Hockey  ❑  Martial Arts  ❑  

American Football  ❑  Tennis  ❑  

Fencing  ❑  Rowing/Kayak  ❑  

Figure Skating  ❑  Lacrosse  ❑  

Volleyball  ❑  Rugby  ❑  

Cheerleading  ❑  Wrestling  ❑  

Baseball/Softball  ❑  Curling  ❑  

Basketball  ❑  Swimming  ❑  

Track and Field  ❑  Indoor Soccer  ❑  

Other (Please specify):   

  

  

❑      

  

64. Did you engage in any sporting/athletic activities in high school?   Yes ❑   No ❑  

  

a. If yes, which sport(s) did participate in when you were in high school (check 

all that         apply):  

  Recreational  Competitive  Both   

Soccer  ❑  ❑  ❑  



115 

 

 

Hockey  ❑  ❑  ❑  

American Football  ❑  ❑  ❑  

Fencing  ❑  ❑  ❑  

Figure Skating  ❑  ❑  ❑  

Volleyball  ❑  ❑  ❑  

Cheerleading  ❑  ❑  ❑  

Baseball/Softball  ❑  ❑  ❑  

Basketball  ❑  ❑  ❑  

Track and Field  ❑  ❑  ❑  

Indoor Soccer  ❑  ❑  ❑  

Extreme Intramurals (Mixed Sports)  ❑  ❑  ❑  

Martial Arts  ❑  ❑  ❑  

Tennis  ❑  ❑  ❑  

Rowing/Kayak  ❑  ❑  ❑  

Lacrosse  ❑  ❑  ❑  

Rugby  ❑  ❑  ❑  

Wrestling  ❑  ❑  ❑  

Curling  ❑  ❑  ❑  

Swimming  ❑  ❑  ❑  

Other (Please specify):   

  

  

❑  ❑  ❑  

 

b. How many hours per week did you participate in sports in high school?  

  

0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  
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c. Out of the sports endorsed above, which ONE did you play the most in high 

school?   

  

Soccer  ❑  Extreme Intramurals (Mixed Sports)  ❑  

Hockey  ❑  Martial Arts  ❑  

American Football  ❑  Tennis  ❑  

Fencing  ❑  Rowing/Kayak  ❑  

Figure Skating  ❑  Lacrosse  ❑  

Volleyball  ❑  Rugby  ❑  

Cheerleading  ❑  Wrestling  ❑  

Baseball/Softball  ❑  Curling  ❑  

Basketball  ❑  Swimming  ❑  

Track and Field  ❑  Indoor Soccer  ❑  

Other (Please specify):   

  

  

❑      

  

65. Did you engage in any sporting/athletic activities in elementary school?   Yes ❑   

No ❑   

 

a. If yes, which sport(s) did participate in when you were in elementary school 

(check all      that apply):  

  Recreational  Competitive  Both   

Soccer  ❑  ❑  ❑  

Hockey  ❑  ❑  ❑  

American Football  ❑  ❑  ❑  

Fencing  ❑  ❑  ❑  

Figure Skating  ❑  ❑  ❑  
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Volleyball  ❑  ❑  ❑  

Cheerleading  ❑  ❑  ❑  

Baseball/Softball  ❑  ❑  ❑  

Basketball  ❑  ❑  ❑  

Track and Field  ❑  ❑  ❑  

Indoor Soccer  ❑  ❑  ❑  

Extreme Intramurals (Mixed Sports)  ❑  ❑  ❑  

Martial Arts  ❑  ❑  ❑  

Tennis  ❑  ❑  ❑  

Rowing/Kayak  ❑  ❑  ❑  

Lacrosse  ❑  ❑  ❑  

Rugby  ❑  ❑  ❑  

Wrestling  ❑  ❑  ❑  

Curling  ❑  ❑  ❑  

Swimming  ❑  ❑  ❑  

Other (Please specify):   

  

  

❑  ❑  ❑  

  

b. How many hours per week did you participate in sports in elementary 

school?  

  

0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  

  

c. Out of the sports endorsed above, which ONE did you play the most in 

elementary      school?   

  

Soccer  ❑  Extreme Intramurals (Mixed Sports)  ❑  
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Hockey  ❑  Martial Arts  ❑  

American Football  ❑  Tennis  ❑  

Fencing  ❑  Rowing/Kayak  ❑  

Figure Skating  ❑  Lacrosse  ❑  

Volleyball  ❑  Rugby  ❑  

Cheerleading  ❑  Wrestling  ❑  

Baseball/Softball  ❑  Curling  ❑  

Basketball  ❑  Swimming  ❑  

Track and Field  ❑  Indoor Soccer  ❑  

Other (Please specify):   

  

❑      

 

66. Do you exercise regularly?  Yes ❑   No ❑    

            

a. If yes, what type of exercise do you engage in (check all that apply)?  

 

Weight training  ❑  MMA/Martial Arts  ❑  

Powerlifting   ❑  Circuit Training  ❑  

Jogging/Running  ❑  Swimming  ❑  

Zumba  ❑  Walking  ❑  

Spin Class  ❑  Yoga  ❑  

Pilates  ❑  
Other  

       Please specify:  
❑  

  

b. How many hours per week do you exercise?   

  

0-1 hours  ❑  5-10 hours  ❑  
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1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  

 

c. How often have you exercised in the last week?   

  

0-1 times ❑ 2-3 times ❑ 

4-5 times ❑ 6-7 times ❑ 

7+ times ❑   

  

d. How many hours did you exercise in the last week?   

  

0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  

  

67. When you ride a bike/skate/etc. do you wear a helmet?    Yes ❑   No ❑  

      

68. Do you regularly engage in relaxation techniques (e.g., deep breathing or yoga)?   

                        

Yes ❑   No ❑  

  

a. If yes, what relaxation techniques do you use (check all that apply)?  

  

Deep breathing  ❑  Meditation  ❑  

Guided imagery  ❑  Massage  ❑  

Progressive muscle relaxation  ❑  
Other  

      Please specify:  
❑  

  

b. How many hours per week do you engage in relaxation methods?   

  

0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  
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2-5 hours  ❑  12+ hours  ❑  

 

69. Was last night’s sleep typical for you?     Yes ❑   No ❑  

a. If no, what was different?    

Worse sleep  ❑  

Better sleep  ❑  

  

b. Please explain why last night’s sleep was different for you (e.g., 

stress, temperature, noise):  

  

  

  

c. Please rate how well you slept last night on a scale from 1 to 7 

(circle one number):  

Worst Possible 

Sleep            
Best Possible 

Sleep  

1  2  3  4  5  6  7  

 

70. Please indicate how you feel right now on a scale from 1 to 7 (circle one number):  

  

Very Sleepy            Very Alert  

1  2  3  4  5  6  7  

  

71. Are you currently employed?   Yes ❑   No ❑  

  

a. If yes, how many hours per week do you currently work?  

  

0-1 hours  ❑  5-10 hours  ❑  

1-2 hours  ❑  10-12 hours  ❑  

2-5 hours  ❑  12+ hours  ❑  

  

72. Are you a shift worker (i.e., work hours outside of a traditional daily schedule)?  

Yes ❑ 

No ❑  



121 

 

 

 

73. Have you had anything out of the ordinary occur in the past day or so?   Yes ❑   

No ❑    

  

a. If yes, please explain:  

  

  

 

 

 

 

 

74. Check any of the following that apply to your experience over the past 6 months:  

  

Moved  ❑  Death of a family member  ❑  

New Job  ❑  Death of a close friend  ❑  

Loss of Job  ❑  Financial difficulties  ❑  

Loss of Relationship  ❑  Illness of someone close to you  ❑  

New Relationship  ❑  Personal illness/injury  ❑  

Reconciliation with partner  ❑  New Baby  ❑  

Reconciliation with family  ❑  Wedding/Engagement (self)  ❑  

Divorce (of self or parents)  ❑  Vacation  ❑  

Entered 1st year at University  ❑  Disrupted Sleep  ❑  

  
Question 72 format adapted from Holmes, T. & Rahe, R (1967). “Holmes-Rahe life changes 

scale”.  Journal of Psychosomatic Research, Vol. 11, 213-218.  

  

75. Please indicate how your day has been so far by circling one number on each of 

the following three scales:  

  

Calm                  Busy  

1  2  3  4  5  6  7  8  9  10  
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Pleasant                  Unpleasant  

1  2  3  4  5  6  7  8  9  10  

 

  

         

Not  

Stressful  
                

Very  

Stressful  

1  2  3  4  5  6  7  8  9  10  

76. Please rate each of the following symptoms based on how you may have been 

affected during the past 2 months according to the following scale.   

  

Frequency  

1 = Not at all  

2 = Seldom  

3 = Often  

4 = Very Often  

5 = All of the time  

Intensity  

1 = None  

2 = Uncomfortable  

3 = Irritating  

4 = Interfering  

5 = Crippling  

Duration  

1 = Not at all  

2 = A Few Seconds  

3 = A Few Minutes  

4 = A Few Hours  

5 = Constant  

  

  Frequency  Intensity  Duration  

Headache        

Dizziness        

Irritability        

Memory Problems        

Difficulty Concentrating        

Fatigue        

Visual Disturbance         

Aggravated by Noise         

Judgment Problems        

Anxiety        

Question 76 from Gouvier 
et al. (1992)    

Thank you for your time and consideration in completing this questionnaire!  
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CCFS 
 
In the following statements we would like to get an idea of how you are currently feeling. Please place a check 
mark in the box that would best describe how you currently feel. 

 

  
Does not  

apply at all  
Does not 

apply much  
Slightly 
applies  Applies a lot  

Applies 
completely  

1. I am mentally exhausted now that I 
have completed the task.  
            
2. Due to concentrating on the task, I 
am more mentally fatigued than other 
people of my age would be.  
            
3. I would be less capable of making 
decisions if I was asked to do that now.  
            
4. I want considerably less social 
contact now.  
            
5. It would be more difficult now to 
learn new things if I was asked to.  
            
6. The demands of the task were more 
mentally exhausting than other tasks I 
have done.  
            
7. My powers of concentration 
decreased considerably as the task 
went on.  

          
8. I am now less motivated than others 
would be to start activities that involve 
mental effort.  
            
9. My thinking is slower now than it was 
before the task.  
            
10. Because of the mental fatigue I am 
experiencing right now, I feel less like 
doing things that require concentration.  
            
11. I am no longer able to react quickly 
compared to before the task.  
            
12. I would be less capable of recalling 
words if I was asked to.  
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13. As the task went on, I lost 
concentration considerably quicker 
than others would have.  
            
14. I feel an extreme lack of mental 
energy right now.  
            
15. If I was asked to remember things, I 
would be noticeably more forgetful.  
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CCTL  

Each question below is followed by a 10 point scale. Rank your response to each question with respect to the task 

you just completed. The last question is a multiple-choice response. Please choose only one of the response options. 

  

  

Mental Demand  How mentally demanding was the task?  

0  1  2  3  4  5  6  7  8  9  10  

Very Low   Very High  

  

Temporal Demand  How hurried or rushed did you feel during the task?  

0  1  2  3  4  5  6  7  8  9  10  

Very Low  Very High  

  

Performance  How successful did you feel in accomplishing what you were asked 

to do?  

0  1  2  3  4  5  6  7  8  9  10  

Very Low  Very High  

  

Frustration  How stressed were you during the task?  

0  1  2  3  4  5  6  7  8  9  10  

Very Low  Very High  

  

Effort  How hard did you have to work to accomplish your level of 

performance  

0  1  2  3  4  5  6  7  8  9  10  

Very Low              Very High 

 

 

During the session I…  

  

a) I kept my effort at a constant level  

  

b) I increased my effort during this task when necessary  

  

c) I decreased my effort because I became cognitively fatigued  

  

d) I first increased my effort, then later I decreased my effort because I wanted to conserve 

my energy  
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Appendix B: Task Example 
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Task 1: Cancellation  

  
For this task, the top of the page will show which shape you will cancel out. Cancel the shape by 

putting a line through the shape. Don’t worry if they are black or white, just put a line through 

a SQUARE when the page indicates SQUARES or put a line through a CIRCLE when the page 

indicates CIRCLES. Please work as quickly and as accurately as you can.  

  

  

Practice  

  

SQUARES  
 

 

 

 

 

 

 

 

 

 

When you have completed the practice run correctly and the researcher has allowed you, you 

may proceed to the next pages. The researcher will flip the pages for you. 
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Task 2: Identification 

 
For this task you will be telling me the names of the shapes. Don’t worry if they are black or 

white, just tell me “SQUARE” when you see a SQUARE or tell me “CIRCLE” when you see a 

CIRCLE. Please work as quickly and as accurately as you can. First you will go through a 

practice run to ensure you understand how the task is to be done. Below is the practice line.  

 

 

Practice 

 

 

 

 

 

 

 

 

 

 

 

 

When you have completed the practice run correctly and the researcher has allowed you, you 

may proceed to the next pages. The researcher will flip the pages for you. The final page of this 

task will be a blank page. 
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Task 3: Opposite Identification 

 
For this task you will be telling me the opposite name of the shapes that you see. Say 

“CIRCLE” when you see a SQUARE. Say “SQUARE” when you see a CIRCLE. Don’t 

worry if they are black or white, just tell me circle or square. Please work as quickly and as 

accurately as you can. First you will go through a practice run to ensure you understand how the 

task is to be done. Below is the practice line. 

 

 

 

Practice 

 

 
 

 

 

 

 

 

 

 

 

When you have completed the practice correctly and the researcher has allowed you, you may 

proceed to the next pages. The researcher will flip the pages for you. The final page of this task 

will be a blank page. 
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Task 4: Conditional Identification 

 
For this task you will be telling me the names of the shapes based on a conditional rule. When 

you see a WHITE SQUARE say “CIRCLE” and when you see a WHITE CIRCLE say 

“SQUARE”. When you see a BLACK CIRCLE say “CIRCLE” and when you see a BLACK 

SQUARE say “SQUARE”. Please work as quickly and as accurately as you can. First you will 

go through a practice run to ensure you understand how the task is to be done. Below is the 

practice line.  

 

 

 

Practice 

 

 
 

 

 

 

 

 

 

 

 

When you have completed the practice run correctly and the researcher has allowed you, you 

may proceed to the next pages. The researcher will flip the pages for you. The final page of this 

task will be a blank page. 


