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Abstract 
Affective responses to physical exercise have been reported as predictors of the degree of engagement a person 

is ready to set in regular practice (Mohiyeddini, Pauli, & Bauer, 2009). According to the dual mode theory, the 

individuals’ differences occurring during the exercise are due to the interplay between one’s physical abilities 

and one’s psychological characteristics (Ekkekakis, 2003) with some experiencing positively the session while 

others do not (Van Landuyt, Ekkekakis, Hall, & Petruzzello, 2000). Hence, my thesis work targeted the better 

understanding of the effect of one of the psychological characteristics, the Tolerance to effort, on one’s 

affective responses during moderate physical exercise. Furthermore, I tried to reveal that a neuropsychological 

definition of the Tolerance to effort can be possible, even required for prescribing exercise program. Tolerance 

is defined as a trait that influences one’s ability to continue exercising at an imposed level of intensity even if 

the activity becomes uncomfortable or unpleasant (Ekkekakis, Hall, & Petruzzello, 2005). To date, my work 

has revealed that the concept of Tolerance seems to be a valid concept in a French-speaking European sample 

(Study I). Interestingly, the results were revealed whatever the individuals’ self-reported weekly physical 

practice. My work also shows that the way one experiences a physical exercise depends on one’s tolerance 

level (Studies II and IV). Furthermore, the more individuals were tolerant to effort, the more they were able to 

produce intense physical exercise (Studies III and IV). Interestingly, results revealed that one’s tolerance level 

seems to be associated with one’s efficiency of cognitive functioning. More specifically, the more individuals 

possess efficient executive functions, the more they possess high level of Tolerance to effort (Study III). 

Finally, the positive effect of a musical distracting environment on one’s perception of physical exercise 

difficulty was revealed only in high tolerant individuals (Study IV); suggesting that music may not be adapted 

to all. To conclude, through the conduction of a psychometric assessment of the French-speaking version 

(Study I), a dual task paradigm (Study II) and a neuropsychological assessment of individuals cognitive 

abilities (Study III), my thesis work has revealed that one’s tolerance level seems to be a French-speaking valid 

concept predicting the positive or negative affective response to physical exercise either in silence or in music 

(Studies II and IV) and defining one’s tolerance to effort from a cognitive standpoint.  

Key words: Tolerance to effort; Neuropsychology; Cognition; Executive Functions; Affective states; Self-

regulation; Self-paced protocol  
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 Chapter 1: 

Regularly exercise, a way to flourish 
 

I. Health definition 

"Health is defined as a state of global physical, psychological and social wellbeing and does not 

consist only in the absence of disease or disability" (World Health Organisation, 1946). This 

definition was created after the Second World War where people saw and experienced horrible 

and difficult events both from physical and psychological standpoints. In the historic context of 

the post-war period and the psychological consequences of this event, clinicians and scientists in 

the field of psychology were assigned to cure mental illness and enhance wellness of the post-war 

affected population (Hefferon & Boniwell, 2011). Thanks to scientific funding, 14 disorders can 

now be cured or considerably relieved (Seligman & Csikszentmihalyi, 2000). However, due to 

the urgent need to take care of psychologically impaired soldiers, the aim of enhancing the lives 

of the normal population was set aside (Linley, 2009). Consequently, one’s life in the 21st 

century does not necessarily reach the health and wellbeing levels psychologists could have 

hoped during the post war period. 

Nowadays, at a psychological level, approximately 450 million individuals suffer from a mental 

or behavioural disorder (WHO, 2003). More interestingly, among those who are not suffering 

from referenced diseases or disabilities, there are increasing signs that less than optimal mental 

wellbeing is common in the general population (e.g., emotional distress, low self-esteem, poor 

body image, chronic anxiety and stress). These symptoms are now impacting the demands of 
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primary care and social services (Fox, Boutcher, Faulkner, & Biddle, 2000). For example, only 

26 % of the individuals who received prescription for antidepressants were being treated for 

depression and the others were possibly treated for back pain and headaches, anxiety, adjustment 

disorders, sleep disorders, or fatigue (Ekkekakis, 2013). Furthermore, even if individuals have a 

greater access to food and advanced medical treatment, compared to the post-war period, people 

still suffer from many physical diseases (e.g., obesity, cancers, cardiovascular diseases), mostly 

due to sedentary behaviours (i.e., sitting the most part of the day, using motorized transports) and 

physically inactivity (i.e., not reaching the recommended minimum physical activity; Katzmarzyk 

& Lee, 2012; Reimers, Knapp, & Reimers, 2012; Schuna, Johnson, & Tudor-Locke, 2013). In 

such a context, the question of the 21st century is: How may we bring people to flourish and 

experience a good life with happiness, wellbeing and personal growth?  

II. The importance of flourishing in everyday life 

The world flourish originally comes from the Latin word flor (flower) and is synonymous to 

growth and development (Hefferon, 2013). The concept of flourishing defines « a state of 

positive mental health; to thrive, to prosper, and to fare well in endeavours free of mental illness, 

filed with emotional vitality and function positively in private and social realms » (Michalec, 

Keyes, & Nalkur, 2009). The concept of flourishing has been developed in the field of positive 

psychology that is concerned with the « scientific study of virtue, meaning, resilience and 

wellbeing, as well as the evidence based applications to improve the life of individuals and 

society in the totally of life » (Wong, 2011, p. 72). From this perspective, the absence of mental 

illness does not imply the presence of mental health (Hefferon, 2013) and the key for moving 

more into the « flourishing » state could be achieved by reducing the mean number of stress-

related symptoms within the normal population (Huppert, 2005) by looking at our strengths 
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rather than our weaknesses (Hefferon, 2013). More specifically, conducting activities that 

enhance our strengths would allow us to experience positive emotions, a core feature of the 

flourishing state (Huppert, 2005; 2009); enabling us to widen our thought process by creating a 

«protective reservoir » upon which we can draw from during unpleasant or distressing times 

(Hefferon & Boniwell, 2011); leading to explain why flourishing activities are positively 

correlated with academic achievement, mastery, goal setting, higher levels of control and 

continued perseverance (Hefferon, 2013) as well as fewer days off work (Keyes, 2002). 

Conversely, conducting activities with the aim to decrease or suppress our weaknesses would 

lead to the experience of negative emotions the creation of a negative reservoir biaising the most 

of our thoughts and leading possibly to psychological diseases, anxiety or depression (Hefferon, 

2013). Interestingly, when assessing the environmental conditions enabling individuals to thrive 

and prosper, the regular practice of a physical exercise is one of them (Mutrie & Faulkner, 2004). 

III. Flourishing through physical exercise 

In positive psychology, the positive effects of exercising on both mental and physical health is 

based on the fact that “the body is more than simply another machine, indistinguishable from the 

artificial objects of the world” (Gardner, 1993, 235-6). “It is also the vessel of the individual's 

sense of self, his most personal feelings and aspiration, as well as that entity to which others 

respond in a special way because of their uniquely human qualities” (Gardner, 1993, 235-6). 

Thus, sometimes, the best way to fight, change, or influence negative thoughts is not through the 

same mechanisms, but by taking a more somatic approach (Hefferon, 2013). The key role of the 

body in the improvement of well-being would also work by enhancing clinical populations’ body 

awareness by bringing them to « make friends » with their somatic sensations and reconnecting 

patients to their body (Bradt, Goodill, & Dileo, 2011; Strassel, Cherkin, Steuten, Sherman, & 
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Vrijhoef, 2011) instead of ignoring it (Hefferon, 2013). As such, in psychotherapy, physical 

exercise can be used for several issues to improve coping strategies. In particular, to create a 

sense of self and positive body image; to increase locus of control and to improve self-efficacy 

(Hefferon, 2013).  

Nonetheless, even if exercising regularly enables individuals and communities to prosper thanks 

to both physical and psychological benefits (Mutrie & Faulkner, 2004), 30 to 60% of the world 

population do not practice enough physical activity (Hallal et al., 2012). In Europe, 60 % of 

adults admit not to engage in any physical exercise at all (Eurobarometer, 2010). In the United 

States, less than 50% of adults is considered physically active (Haskell et al., 2007) and in 

Canada only 15% of adults follow national guidelines (Colley et al., 2011). Contrary to an active 

lifestyle, being physically inactive increases the occurrence of metabolic syndromes such as 

obesity, cardiovascular diseases, insulin resistance and cancers (Oja & Borms, 2004) 

independently of the traditional risk factors such as smoking, blood pressure, cholesterol, waist 

circumference, dietary balance (Slattery & Jacobs, 1988) or sedentary behaviours (Reimers et al., 

2012). Hence, because of the now demonstrated positive effects of regular exercising and the 

negative effects of physical inactivity, the physical inactivity is considered as "the biggest public 

health issue of the 21st century" (Blair, 2009) and a predominant concern in public health (Hall & 

Fong, 2015). The question now is: How to get individuals to engage voluntarily in regular 

exercise?  
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IV. Placing the individuals’ characteristics and the pleasantness of a physical 

exercise at the core of the physical exercise framework 

Until now, significant research has been conducted to understand both the individual and the 

environmental factors responsible for the initiation and the maintenance of exercising health 

behaviours (Schutzer & Graves, 2004; Trost, Owen, Bauman, Sallis, & Brown, 2002; Wang & 

Zhang, 2016). Thus, the long-lasting adherence to physical exercise can be explained, to some 

extent, by the theory of planned behaviour, the social-cognitive theory or the trans-theoretical 

model (Shumaker, Ockene, & Riekert, 2008). Nonetheless, promoting exercising behaviour is 

more difficult than promoting other health behaviours such as brushing teeth, eating 5 fruits and 

vegetables per day, or having safe sex practices (Dishman & Buckworth, 1996). In fact, in 

comparison to deciding to eat more fruits and vegetables or to brush teeth, engaging in a regular 

exercise requires to daily negotiating with everyday outcomes and to take time for exercising 

whatever the environmental changes and constraints (Mullen & Hall, 2015). Thus, even if the 

experimental interventions are successful, the ecological interventions conducted do not always 

have the desired effect on individuals’ adherence. More specifically, despite increasing intention 

in participants to become physically more active (Milne, Orbell, & Sheeran, 2002), the non-

enough sufficient ecological interventions lead 40 to 65 % of individuals initiating exercise 

programs are predicted to dropout within 3 to 6 months (Annesi, 2003).  

Rationally informing individuals about the benefits of regular practice seems to allow them to be 

motivated extrinsically to enrol in a sports club or gym (Herring, Sailors, & Bray, 2014). On the 

other hand, studies suggest that the intrinsic motivation (Teixeira, Carraça, Markland, Silva, & 

Ryan, 2012) and the pleasure experienced during the session (Jekauc, 2015; Zenko, Ekkekakis, & 

Ariely, 2016) are particularly important for physical exercise adherence. Such empirical 
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observations were confirmed by the work conducted by Mohiyeddini, Pauli and Bauer (2009). 

More specifically, authors reported that considering the emotional appraisal of a physical exercise 

in addition to individuals’ intention in a predictive model increases the quality of the prediction 

of a future practice; suggesting that promoting efficiently the regular physical exercise means 

considering humans’ affective responses in addition to humans’ rational mind (Ekkekakis, Parfitt, 

& Petruzzello, 2011). Nevertheless, we should note that even though the adage "exercise makes 

people feel better" (Fox, 1999) is spread and "universally accepted" (Morgan, 1981, p.306 - as 

cited in Ekkekakis, 2013), all individuals are not equal for experiencing positively a given 

exercise session. More specifically, in a given context, while some experience positively the 

session, others do not (Backhouse, Ekkekakis, Bidle, Foskett, & Williams, 2007; Van Landuyt et 

al., 2000). Since the affective states experienced during physical exercise may contribute to the 

formation of a positive or negative memory trace for exercising, the more the experience is 

positive, the more the memory trace is positive and the more individuals want to engage 

(Ekkekakis et al., 2011). Otherwise, the more the experience is negative, the more the memory 

trace is negative and the more individuals want to drop out. Hence, because affective states would 

depend on an individuals’ physical competences and psychological characteristics, 

understanding the psychological mechanisms underlying the affective responses to physically 

exercise can be a way forward more efficient promotions of exercising health behaviours 

(Ekkekakis, Thome, Petruzzello, & Hall, 2008; Wienke & Jekauc, 2016). 

This thesis work roots within the idea that positive affects and flourishment may emerge during 

physical exercise. However, such experience would be a function of the match that may exist 

between individuals’ motor control abilities and the motor complexity of the physical exercise. 

More specifically, the more individuals possess enough cognitive abilities to handle the cognitive 
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challenges occurring during the task, the more they will be able to experience the session as 

positive. Conversely, the less individuals possess cognitive abilities to handle the cognitive 

challenges occurring during the task, the less they will be able to experience the session as 

positive. Hence, in the chapter II, the thesis work defends the idea that performing a physical 

exercise requires the involvement of cognitive functions to constantly plan, control and regulate 

the motor behaviour output. In such a case, possessing the required cognitive resources to handle 

the demands of the task will enable individuals to experience positively the session. However, in 

a case of a too high discrepancy between the cognitive resources required and individuals’ 

baseline abilities, the performance of a physical exercise will be experienced more negatively. 

Thirdly, in the framework of embodiment, we will argue that the way one experiences positively 

or negatively a physical exercise reflects the difficulties one encounters in the self-regulation of 

one’s motor behaviour. Thus, considering one’s affective state during the performance of a 

physical exercise may be a valid tell-tale of one’s difficulties. Hence, throughout the third 

chapter, the essential role of one’s affective states during physical exercise session will be 

exposed. Finally, since all individuals do not possess equal cognitive abilities for the control of 

adaptive motor behaviour or the tolerance of difficulties, the last part of this introductory chapter 

will concern the possibility to distinguish individuals through the concept of Tolerance to effort.  
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 Chapter 2:  

 The cognitive window into physical exercise 
 

Physical exercise is a type of motor activity that requires organisation, planning and sequencing 

of bodily movements performed in the aim to improve and/or maintain one or more components 

of physical fitness (American College of Sports Medicine, Thompson, Gordon, & Pescatello, 

2010). Hence, exercising consists in the task of regularly producing series of coordinated 

contractions of skeletal muscles that results in a substantial increase in caloric requirements 

compared to the energy expenditure measured at rest (Caspersen, Powell, & Christenson, 1985). 

Under such condition, the most usual way to categorise physical exercise is by looking at their 

energy expenditure (i.e., Metabolic Equivalent of Task – METs; American College of Sports 

Medicine et al., 2010). More specifically, during the performance of a physical exercise, one’s 

body consume oxygen for producing energy. Thus, the METs correspond to the oxygen 

consumption at each minute by each kilogramme of an individual’s body during motor 

performance. Low intense physical exercise (e.g., walking slowly around home, playing 

instrument) is defined as requiring less than 3 METs to be performed, moderate physical exercise 

is associated to the necessity to expend 3 to 6 METs (e.g., walking at a very brisk pace, dancing, 

doing badminton) and vigorous physical exercise is defined as requiring an energy expenditure of 

6 METs (e.g., walking at a highly brisk pace, running, basketball game).  

Physical exercise has also been defined as emanating from the complex interaction of perceptual, 

cognitive, and metabolic processes (Borg, 1998). Hence, since recently, in addition to defining 
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physical exercise through the concepts of progress mode (i.e., constant or incremental load), 

intensity (i.e., low, moderate, vigorous), duration (i.e., seconds, minutes, hours) and the physical 

metabolism supplying the muscles energy (i.e., aerobic and anaerobic metabolism - Audiffren, 

2009), physical exercise is starting to be considered through the concept of cognitive load (i.e., 

the amount of cognitive resources required to perform the motor task; Pesce, 2016; Burzynska et 

al., 2017; Müller et al., 2017).  

In such context, the first and second parts of my introductory chapter will present a short 

overview of studies showing that calling-out cognitive functions when performing a physical 

exercise leads to greater cognitive benefits. Then, the third part will concern the theoretical 

demonstration that cognitive functions, especially executive functions, are required to perform 

efficiently a physical exercise.  

I. At the start of the exercise-cognition relationship: physical exercise for 

cognitive benefits 

In the context of the necessity to enhance individuals health, the most recent meta-analyses 

confirmed that performing a single bout of physical exercise (Chang, Labban, Gapin, & Etnier, 

2012) or exercising regularly (Colcombe & Kramer, 2003) leads individuals to benefit from an 

overall improvement in their cognitive functions (e.g., attentional abilities, crystalized 

intelligence, memory, executive functioning). More specifically, even if a certain amount of 

studies in the field of sport psychology did not observe such result patterns, when studying all of 

the actual studies conducted in the field of sport psychology, a low-to-moderate effect size was 

revealed in favour of a positive effect of both acute and chronic physical exercise on human 

cognition (Chang et al., 2012; S. Colcombe & Kramer, 2003). 
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Interestingly, the cognitive enhancements are observed both at a behavioural level through paper-

and-pencil and computerized tasks (Chang et al., 2012; Colcombe & Kramer, 2003) and at a 

neurological level through the measurement of neural activation (Hillman, Snook, & Jerome, 

2003) and brain structural changes (Colcombe, Kramer, McAuley, Erickson, & Scalf, 2004). For 

instance, Hillman and collaborators (2003) observed an increase in the amplitude and a decrease 

in the latency of the P300 component during an inhibition task (i.e., flanker task) that was 

performed after a single bout of physical exercise. In cognitive neurosciences, the P300 appears 

on an electroencephalogram (EEG) 300 ms after the stimulus presentation (Fig. 1) and reflects 

neuronal activity underlying cognitive functions (Donchin & Coles, 1988; Polich & Lardon, 

1997). More specifically, the P300 amplitude would be the tell-tale of the amount of attentional 

resources allocated towards a stimulus or a task. Thus, an increase in the amplitude would reflect 

an increase in the attentional abilities (Kok, 2001; Polich, 1987; Polich & Heine, 1996 as cited by 

Audiffren, 2009). On the other hand, the P300 latency is viewed as a measure of the stimulus 

identification and classification speed (Kutas, McCarthy, & Donchin, 1977; Magliero, Bashore, 

Coles, & Donchin, 1984 – as cited by Audiffren, 2009). Thus, a decrease in the latency would 

reflect an improvement of the individual’s ability to identify and classify stimuli. From such a 

neuroscientific standpoint, the results obtained by Hillman and collaborators (2003) lead them to 

suggest that performing a physical exercise induces a transient enhancement of the attentional 

processes.  
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Figure 1: Schematic representation of the event-related potential occurring during the 
performance of a cognitive or motor task 

 

The first principal hypothesis explaining the cognitive benefits after physical exercise goes 

through the physiological response framework (Chang et al., 2012). More specifically, in this 

framework, the cognitive benefits are thought to arise as a consequence of the changes occurring 

in the heart rate frequency and the oxygenation level in the blood. In addition, exercise may also 

modify the hormonal efficiency of the system, which would impact cognition. For instance, the 

levels of brain-derived neurotrophic factor would provide additional proteins to help support the 

survival of existing neurons, and encourage the growth and differentiation of new neurons and 

synapses (Erickson et al., 2013). Furthermore, changes in plasma catecholamine would improve 

the efficiency of neural system for optimal cognitive functioning (Chang et al., 2012). Hence 

through these physiological effects of physical exercise, several studies have shown that 

exercising regularly will lead to angiogenesis (Swain et al., 2003), neurogenesis (van Praag, 
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Christie, Sejnowski, & Gage, 1999), greater cerebral plasticity (Voss et al., 2010), greater blood 

capillaries and higher synaptic density (Colcombe et al., 2004).  

A second well developed hypothesis suggests that physical exercise leads to (1) an activation of 

various arousal systems in the brain and (2) a deactivation of the neural structures, which possess 

functions that are not critical to maintain exercise. Thus, the Reticular-Activating Hypofrontality 

model (RAH; Dietrich & Audiffren, 2011; Audiffren, 2016) postulates that the cognitive benefits 

arise as a consequence of the changes occurring in the brain during and after the performance of a 

physical exercise. More specifically, the cognitive benefits would emerge from “some processes 

that activates, or at least reactivates, a neural region that was hitherto not functioning at full 

capacity” during the physical exercise (Dietrich & Audiffren, 2011, p. 1308). First, the 

activations of both noradrenergic and dopaminergic metabolic pathways will lead to the 

stimulation of multiple brain regions. More specifically, the central noradrenergic system belongs 

to a group of brainstem neuromodulatory systems previously referred to as the ascending reticular 

activating. Hence, during the course of a physical exercise, the activation of the noradrenergic 

pathway will enhance the individuals’ ability to detect and respond to environmental stimuli 

thanks to the activation of several cortical and subcortical as the occipital and parietal lobes 

(Viljoen & Panzer, 2007). On the other hand, an activation of the dopaminergic pathways leads to 

an enhancement of individuals’ working memory (Seamans & Yang, 2004) through the 

stimulation of a complex network involving temporal and frontal brain areas (Viljoen & Panzer, 

2007). However, high levels of noradrenaline (Arnsten and Robins, 2002 – as cited by Audiffren, 

2016) and dopamine activation (Cools & D’Esposito, 2011– as cited by Audiffren, 2016) can 

lead to specific impairments of the cognitive functions supported by the prefrontal cortex such as 

executive functions.  Second, a deactivation of neural structures whose functions are not critically 
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needed to maintain exercise occurs during physical exercise. More specifically, the RAH model 

suggests that as long as physique exercise requires large muscles groups to be contracted, the 

brain needs to allocate most of the brain metabolic resources to the regions involved in the 

sensory motor processes. Hence, the posterior cortex and subcortical regions will benefit from a 

supra-activation during physical exercise. However, since the brain resources are fixed (i.e., has a 

limited capacity), the regions which are not involved in the sensory motor processes such as the 

prefrontal cortex will suffer from a deactivation. As such, the RAH model suggests that during 

the performance of a physical exercise, an impairment in frontal executive functions would occur 

as a consequence of a too high a level of noradrenaline, a too high a level of dopamine and a 

deactivation of the prefrontal cortex (Dietrich & Sparling, 2004). In consequence, because (1) the 

prefrontal cortex and the executive functions associated are impaired during the physical exercise 

and (2) some processes activates, or at least reactivates, a neural region that was hitherto not 

functioning at full capacity (Dietrich & Audiffren, 2011, p. 1308), the logic would then be that a 

compensatory rebound of executive ability would be observed after physical exercise once the 

brain resources refill into the frontal areas (Dietrich & Audiffren, 2011). That is may be why, the 

executive functions benefit the most from physical exercise (Chang et al., 2012; Colcombe & 

Kramer, 2003).  

Unfortunately, both the physiological response hypothesis and the hypofrontality hypothesis are 

today jeopardized because of a difficulty in understanding empirical work that has been reported. 

Indeed, the physiological hypothesis does not provide the means for example to understand why 

the cognitive gains after a physical exercise do not increase through time (Etnier, 2008; Etnier, 

Nowell, Landers, & Sibley, 2006). On the other side, the hypofrontality theory would predict that 

an hypoactivation of the frontal brain region occurs while exercising and this is not always the 
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case. More specifically, while conducting their meta-analysis, Rooks, Thom, McCully, and 

Dishman (2010) reported that a decrease in the prefrontal oxygenation is observed during the 

performance of a near maximal exercise intensity tolerated by participants. However, when 

individuals performed a submaximal intense exercise, the prefrontal oxygenation is maintained or 

even increased. Thus, the results lead researcher to consider that different mechanisms, requiring 

or not the prefrontal cortex, may occur during a physical exercise. For instance, Audiffren and 

André (2015) suggested that executive functions may be required to self-regulate one’s effort 

during physical exercise. More specifically, authors considered that continuing an exercise 

despite pains in some part of the body and continuing to practice in unfavourable conditions (e.g., 

heat or cold) requires the involvement of executive functions to adjust and control motor output 

to experience the most positively as possible the session (Audiffren & André, 2015). 

Hence, in the present thesis, my work was lead out within the framework of a third theory that 

develops the idea that the benefits obtained from physical exercise depends on the cognitive 

resources that are required during the process of motor planning and execution (Burzynska 

et al., 2017; Müller et al., 2017). 

II. Calling-out cognitive functions while exercising: the condition for greater 

benefits 

In the societal context of population aging, the necessity to constantly find ways enabling older 

individuals to improve and/or maintain their independence led Burzynska and collaborators 

(2017) and Müller and collaborators (2017) to conduct two scientific studies. The aim of these 

studies was to understand how the motor complexity of a physical exercise may lead to different 

cognitive improvements and brain changes. 
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Results revealed that in comparison to non-highly cognitively demanding physical exercise (e.g., 

walking, stretching), producing cognitively demanding task (e.g., dancing) leads to greater brain 

changes both in white (Burzynska et al., 2017) and grey brain matters (Müller et al., 2017). More 

specifically, even if the statistical analyses did not show that dancing allows greater cognitive 

benefits (i.e., through the conduction of paper-and-pencil tests), authors revealed that dancing 

leads to a greater conductivity of the fornix white matter after 6 months of weekly practice (i.e., 

1h sessions, three sessions per week - Burzynska et al., 2017) and to a greater grey matter volume 

in the left precentral gyrus both after 6 months (i.e., 90 minutes twice a week during the first 6 

months) and after 18 months of practice (i.e., 90 minutes once a week during the last 12 months -  

Müller et al., 2017). Furthermore, the authors observed that the plasma concentration of the Brain 

Derived Neurotrophic Factor (BDNF), associated to the neurogenesis in the left precentral gyrus, 

increased only in the dancing experimental condition from the beginning to the 6 month of the 

exercise training program (Müller et al., 2017). 

The data led authors to suggest that the brain structural changes revealed after a physical exercise 

would depend on the amount of cognitive resources required for handling that motor task. As a 

matter of fact, dancing “is a pleasurable and captivating activity, which involves aerobic exercise, 

sensorimotor stimulation, and cognitive, visuospatial, social, and emotional engagement” 

(Burzynska et al., 2017, p. 10). Furthermore, it was suggested that dancing "should be regard[ed] 

as an equivalent of an enriched environment requiring the ability to learn constantly new 

choreographies, to integrate multisensory information, to coordinate the whole body and to 

navigate in space”. This is why dancing is considered as an activity that provides an individual 

with a global rich experience of sensory, motor and cognitive stimulations (Kattenstroth, Kalisch, 

Holt, Tegenthoff, & Dinse, 2013). Consequently, due to the higher cognitive stimulations 
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occurring during the motor performance of a dance physical exercise, this practice would lead to 

greater brain changes in comparison to other experimental conditions (Burzynska et al., 2017; 

Müller et al., 2017). 

The results indicating that dancing leads to greater brain changes in comparison to other types of 

physical exercises, echo those revealing that combining physical exercise and cognitive 

interventions allow greater cognitive, physical and mental health improvements in comparison to 

performing either cognitive or physical activities alone (Bamidis et al., 2015; Lauenroth, 

Ioannidis, & Teichmann, 2016; Oswald, Gunzelmann, Rupprecht, & Hagen, 2006). Similar 

conclusions have been reached in animal studies in the context of “enriched environments”. For 

example, Kempermann and collaborators (2010) showed in rodents that combining an enriched 

environment and the possibility to being physical active leads to greater hippocampus 

neurogenesis in rodents than living only in an enriched environment. Combining cognitive 

stimulations and physical exercise has thus the power to overpower the benefits of both cognitive 

and physical exercise when they are performed alone. 

The results reported by Burzynska and collaborators (2017) and by Müller and collaborators 

(2017) are all of the more powerful that: (1) the benefits observed for the white matter were 

independent from the individuals’ cardiorespiratory fitness baseline and the individuals’ weekly 

amount of physical exercise baseline (Burzynska et al., 2017) and that (2) the benefits observed 

for the grey matter and the BDNF plasma concentration were independent from the individuals’ 

cardiovascular fitness levels during physical exercise (Müller et al., 2017). The interesting point 

of these results is that they echo those revealing that aerobic fitness gains were neither necessary, 

nor sufficient to achieve cognitive gains as a result of exercise programs (Etnier et al., 2006). 

Thus, the cognitive gain from physical exercise may depend neither only on the physiological 
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factors occurring during or after a session nor only on the fitness level of individuals. In fact, the 

results obtained by Burzynska and collaborators (2017) and Müller and collaborators (2017) 

suggest that cognitive benefits from physical exercise may also depend on the cognitive resources 

required to prepare and to perform the motor task. But why does physical exercise require 

cognitive abilities?  

III. Dealing with the origins of human cognition to understand their 

involvement in physical exercise  

Human Cognition is defined as "the mental processes associated with attention, perception, 

thinking, learning, and memory” (Loring & Meador, 1999). For a long time, in the framework of 

cognitivism, the cognitive functions were considered as abilities belonging to humans only 

(Cisek & Kalaska, 2010; Koziol, Budding, & Chidekel, 2011; Koziol & Lutz, 2013) and as 

functions independent on the low level sensorimotor processes. Furthermore, cognitive functions 

were thought to emerge from the need by our ancestors to solve survival problems such as 

communicating, prey stalking, disease avoidance, mate choice or coalition formation (Heyes, 

2012). However, the embodiment framework suggests that throughout their evolution, humans’ 

organism was constantly faced with a complex and ever changing environment; leading to a 

potentially bewildering variety of opportunities and demands for action (Cisek & Kalaska, 2010; 

Heyes, 2012). Thus, in order to strive and interact safely, humans were required to elaborate 

high-level mechanisms enabling them to select the best fit and to perform the most efficient 

voluntary motor behaviour in a given context (Cisek & Kalaska, 2010). Thus, cognitive functions 

may have been elaborated for the need to select and to control efficiently intention motor 

activities rather than for thinking (Koziol & Lutz, 2013).  
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Several studies have since confirmed that sensorimotor processes are at the core of human 

cognitive functioning (Loeffler, Raab, & Cañal-Bruland, 2016). 

First, from a phylogenetically standpoint, the analyses of the brain structures reported by Barton 

(2012) show that the neocortex (i.e., associated with higher cognition, such as planning and 

executive control) and the cerebellum (i.e., associated with sensorimotor processing) have 

phylogenetically evolved together. More specifically, the analyses revealed that, when 

considering the brain of different species and by controlling for the species’ body mass, the 

phylogenetically evolution of the brain was a product of both independent and co-ordinated 

changes in neocortex and cerebellum. These results lead to suggest that human cognition (i.e., 

associated with neocortex elaboration) may phylogenetically be elaborated in relation to the 

development of sensorimotor processing (i.e., associated with cerebellum elaboration) (Cisek & 

Kalaska, 2010; Heyes, 2012; Koziol & Lutz, 2013).  

Second, in psychology, the Piaget's theory of cognitive development (1936) was the first to put 

forth the possibility that, during childhood, the development of the cognitive functions is related 

to the development of the sensorimotor processes. More specifically, throughout the maturation, 

child's motor skills increase the possibilities to explore and understand the environment, leading 

to more and more differentiated cognitive structures (Piaget & Inhelder, 1966) and cognitive 

concepts (such as object permanence or tool use). For instance, Smith (2005) revealed that 

previously performing a movement alters the children’s ability categorisation. More specifically, 

performing horizontal or vertical movements with a new object led children to categorize other 

objects as a function of the previously movement performed. In this study, children were asked to 

look at an experimenter moving an object (i.e., a non-defined object called a “wug” by 

experimenter) either following a vertical or a horizontal axis. After watching the experimenter 
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producing the movement, children were asked, in the action condition, to reproduce the same 

movement (i.e., either a horizontal movement or a vertical one). In the non-action condition, 

children were not asked to reproduce any movement. Then, in the last part of the experimental 

condition, children were faced to non-defined different objects (i.e., a horizontal and a vertical 

one) and had to choose which one of the two objects can also be called a “wug”. Results showed 

that reproducing the action of the experimenter but not watching it altered the children’s 

categorization of objects. More specifically, author revealed that previously performing a 

horizontal movement lead children to categorize the horizontal object as a “wug” while they did 

not categorize vertical object as a “wug”. Furthermore, previously performing a vertical 

movement lead children to categorize the vertical object as a “wug” while they did not categorize 

horizontal object as a “wug”.  

Nonetheless, even if a relationship was revealed between human cognitive elaboration and 

sensorimotor processes, all motor developmental abilities are not associated to the development 

of all of cognitive functions. More specifically, through the production of a systematic review, 

Van der Fels and collaborators (2015) revealed that while the elaboration of fluid intelligence 

(i.e., capacity to reason and solve novel problems, independent of any knowledge from the past) 

seems to be a function of the development of individuals’ fine motor, bilateral coordination or 

object controlled movement abilities, the elaboration of crystallized intelligence (i.e., ability to 

use skills, knowledge, and experience) seems to depend only on the development of gross motor 

ability.  

Finally, at a neurological level, data revealed that the brain networks required for the cognitive 

functioning overlap those required for motor control (Desmond, Gabrieli, Wagner, Ginier, & 

Glover, 1997; Diamond, 2000). More specifically, although the cerebellum was considered for a 
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long time as only useful for motor control, this brain area was revealed as playing a critical role 

in most of the cognitive functions such as emotional process, learning, memory, empathy or 

decision-making (for a review see Barton, 2012), verb generation, planning, tasks requiring the 

learning and memory of arbitrary associations, set-shifting tasks and working memory tasks (for 

a review see Diamond, 2000). Such overlap is confirmed by the fact that the impairment of one 

impacts the efficiency of the other (for a review see Diamond, 2000). Furthermore, it was 

revealed that an innate stroke of the motor areas can impact children arithmetic abilities (van 

Rooijen et al., 2012) while an acquired stroke of motor areas can influence adults visual 

processing (Bartolo, Carlier, Hassaini, Martin, & Coello, 2014).  

Overall, these studies confirm the importance of the integrity of the motor brain network for 

efficient cognitive functioning. This view has furthermore been developed in the embodied model 

of cognitive functions that defends the idea that the principles underlying human cognitive 

functioning are common to those underlying the control of physical movement (Rosenbaum, 

Carlson, & Gilmore, 2001). But how may one explain that during the course of a movement, 

cognition is required? 

IV. The role of human cognition when actually moving  

During the course of “on-line” daily living, a person interacts constantly with an environment 

that requires a continuous evaluation of alternative activities that may become relevant in regard 

to the environmental changes (Cisek & Kalaska, 2010). As such, before acting, through the use of 

the forward loop (Fig. 2) and the dorsal stream (Fig. 3), the brain will plan, predict and anticipate 

the motor goal and the sensorial consequences of the actions that may be relevant in a given 

context. In other words, the brain will specify the spatiotemporal and the motor aspects of every 

possible action (for a review see Cisek & Kalaska, 2010).  
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Thereafter, since multiple actions usually cannot be performed at the same time, the brain must to 

select the most relevant behaviour that will be performed. Hence, an intelligent system will 

elaborate a selecting process through factors related to rewards, costs, risks, or any variable 

pertinent for making good choices (Cisek & Kalaska, 2010). To do so, the brain will call-out both 

sub-cortical and cortical areas (Fig. 3). Then, the brain will send the efference to the muscles to 

perform the task.  

 

Figure 2: Schematic representation of both forward and feedback loop when planning and 
re-adjusting motor output 

 

When actually performing the motor behaviour, through the use of the feedback and feedforward 

loops, a comparison between the predicted sensorial feedback and the actual one is conducted 

(Fig. 2). If the actual sensorial consequences of the action correspond to the predicted ones, the 

motor goal is achieved and the motor behaviour terminated. However, in a case of a discrepancy 
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between the actual and the predicted feedback the brain will send a new motor program to the 

muscle in order to attain the anticipated, predicted and desired goal (Fig. 2 and 3) (Jeannerod, 

2006).  

 

Figure 3: Sketch of the affordance competition hypothesis in the context of visually-guided 
movement. The primate brain is shown, emphasizing the cerebral cortex, cerebellum, and 
basal ganglia. Dark blue arrows represent processes of action specification, which begin in 
the visual cortex and proceed rightward across the parietal lobe, and which transform visual 
information into representations of potential actions. Polygons represent three neural 
populations along this route. Each population is depicted as a map where the lightest 
regions correspond to peaks of tuned activity, which compete for further processing. This 
competition is biased by input from the basal ganglia and prefrontal cortical regions that 
collect information for action selection (red double-line arrows). These biases modulate the 
competition in several loci, and because of reciprocal connectivity, their influences are 
reflected over a large portion of the cerebral cortex. The final selected action is released 
into execution and causes overt feedback through the environment (dotted blue arrow) as 
well as internal predictive feedback through the cerebellum.  

 

Such kind of brain activation was confirmed by Neubert and collaborators (2010). More 

specifically, through the conduction of three different studies, authors showed that when 
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reprogramming a movement, the presupplementary motor area (pre-SMA) and the right inferior 

frontal gyrus (rIFG) will respectively facilitate and inhibit the primary motor cortex. 

Interestingly, while short latency responses call-out only direct cortical routes, long latency 

responses will be influenced by the activity of the subcortical structures.  

Hence, in the perspective of survival and safe development, developing cognitive functions 

enabling humans to anticipate and predict the sensorial consequences of their motor behaviours 

was primordial. In addition, developing memory abilities enabling them to remember the 

consequences of their previous actions was an helpful cognitive ability for selecting the more 

relevant motor behaviour in a given context. Interestingly, among the amount of cognitive 

resources that was created, some emerged for the integration of information emerging from 

different cortical and subcortical regions while inhibiting the non-relevant cues. 

V. Executive functions and self-regulation for adapted motor behaviour  

The executive functions are defined as the most evolutionary elaborated cognitive functions for 

controlling, regulating and adjusting behaviour (Koziol et al., 2011). As such, executive functions 

would play a key role in integrating the information emerging from different cortical and 

subcortical regions in order to maintain a goal-oriented behaviour (Blair & Ursache, 2011; Otero 

& Barker, 2014).  

Since the well pioneering article of Miyake and collaborators (2000), executive functions concern 

the elementary component of shifting, updating and inhibition abilities (Miyake et al., 2000). The 

shifting ability refers to an individual’s ability to shift back and forth between multiple tasks, 

operations or mental sets (Monsell, 1966 – as cited by Miyake et al., 2000). The updating ability 

refers to the monitoring and the coding of incoming information for relevance to the task at hand 
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and, then appropriately revising the items held in working memory by replacing old, no longer 

relevant information with newer, more relevant information (Morris & Jones, 1990 – as cited by 

Miyake et al., 2000). Thus, the essence of updating lies in the requirement to actively manipulate 

relevant information in working memory rather than to passively store the information (Miyake 

et al., 2000). Finally, the inhibition ability concerns one’s ability to voluntary inhibit dominant, 

automatic or prepotent responses when necessary (Miyake et al., 2000). 

At a brain level, studies have shown that in addition to requiring the activation of the prefrontal 

cortex during the performance of cognitive tasks assessing executive function brain requires the 

activation of both posterior (Buss & Spencer, 2017) and temporal structures (Takeuchi et al., 

2013). Hence, while the executive functions are usually associated to the activation and the 

development of the prefrontal cortex the efficacy of this cognitive ability does not depend only on 

the development of the prefrontal cortex (Cisek & Kalaska, 2010; Koziol et al., 2011). Indeed, 

since the executive functions were elaborated for survival through efficient motor control other 

species are doted by this ability (Cisek & Kalaska, 2010; Koziol et al., 2011); leading to the 

activation of other structures than the most developed one in Humans. 

To confirm the role of executive for motor control abilities, Gottwald, Achermann, Marciszko, 

Lindskog and Gredebäck (2016) conducted a study revealing that the more efficient the 

children’s executive functioning was, the more their motor control ability was developed. More 

specifically, children’s ability to inhibit non-relevant behaviour and to update required and 

relevant information were revealed as correlated to their ability to plan motor behaviour as a 

function of their goals and the environmental constraints. To obtain such results, the authors 

asked children to perform three different tasks. First, in the prospective motor control task, 

children were asked to reach for an object (i.e., a plush toy plum, 2cm in diameter) and to place it 
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in a wooden box (i.e., large, medium or small). In such a case, children had to plan their 

behaviours as a function of the box in which they had to put the toy. More specifically, while 

putting the toy in a small box requires more precision and low movement, putting the toy in a 

large box enables individuals to be quicker. Here, the peak velocity of the first movement was the 

dependant variable. In the inhibition task, children were faced to an object and were asked to not 

touch it during the first 30 seconds of the presentation. The time during which children were able 

to inhibit their desire to touch the object was the dependant variable. Finally, in the updating task, 

children were asked to search an object hidden in a small chest of four drawers while the location 

of the object was changed in each of the four test trials. In this task, the numbers of children’s 

success were the dependant variable. When studying the dependant variables, authors revealed 

that the performance in the updating and in the inhibition tasks were correlated to the level of 

performance in the prospective motor task. This led authors to conclude that before being 

allocated to the management of multiple task, executive functions are elaborated for 

prospectively motor control. Thus, whereas the motor system would be engaged in achieving 

low-level goals such as reaching for a ball while reducing error in performance and adjusting to 

the environment (Wolpert, Diedrichsen, & Flanagan, 2011), executive functions are related to 

goals on a higher cognitive level that do not directly deal with the movements of individual joints 

but rather with the long-term benefits of the system as a whole (Barkley, 2012).  

To fully understand the importance of executive functions in motor development, Roebers and 

collaborators (2014) showed that when assessing the relationship between the development of 

motor control and children’s cognitive abilities used for school achievement, the executive 

functions modulates the relationship. More specifically, authors conducted a longitudinal study in 

which they revealed that when assessing children’s school achievement at 2 years, both their 
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motor skills and their IQ measured the last year predicted their performances. However, when 

authors added the children’s executive functions as a factor of the prediction, both the motor 

skills and the IQ lost their predictive power; leading to suggest that if we want to study the 

relationship between motor abilities and human cognition, the role played by executive functions 

must be considered. Indeed, for example, it was revealed that the more executive functions are 

preserved after stroke, the more individuals are able to recover physically and cognitively from it 

(Hayes, Donnellan, & Stokes, 2013).  

Interestingly, in sport psychology, the key role of executive functions for efficient motor control 

is often associated to another concept under the often considered terms of self-regulation 

(Buckley, Cohen, Kramer, McAuley, & Mullen, 2014) and self-control (Audiffren & André, 

2015). The self-regulation is a process that allows organisms to guide their behaviour in the 

pursuit of theirs goals – desired end states they are committed to (Gendolla, Tops, & Koole, 

2015). Hence, self-regulation is a vital capacity that allows people to guide their behaviour by 

managing and mastering their thoughts, motor objectives and social intentions as a function of 

their goals, their abilities and the environmental constraints. Thus, it was suggested that the way 

one manages his/her biological and psychological resources, modifying the manner in which 

individuals approach and overcome the challenges of everyday life (e.g., learning new skills, 

adapting to environmental changes; Tomporowski, 2008). On the other side, self-control is 

viewed as a limited resource that is depleted when people engage in behaviours that require self-

regulation. Thus, when people engage in motor behaviours which require more cognitive 

resources than baseline reference levels, they negatively experience what they are doing. 

Conversely, performing a task that we can cognitively handle leads to positive experiences. 

Hence, today, with a more translational approach, executive functions may provide the means to 
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coordinat[e] the cognitive abilities with motivation and affect in order to fulfil biological needs in 

relation to the conditions at the time (Koziol, Budding, & Chidekel).  

VI. Conclusion 

In regard to the present chapter, we can argue that cognitive functions and especially executive 

functions can be useful to perform and self-regulate a physical exercise. However, for both the 

survival and the development of Human species, the way one experiences a situation in the 

present may help to efficiently select the most relevant motor behaviour in the future. In fact, as 

reconsidered by Cisek and Kalaska (2010), the memory of previous emotions and the actual 

affective states of an individual during whole body movement help for efficient selection the 

most relevant behaviour to perform. Thus, the next introductory chapter of this manuscript 

develops the essential role played by the affective states in the adjustment of motor behaviour, in 

the specific context of physical exercise.  
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 Chapter 3:  

 The essential role of Affective States and 
Tolerance to effort to reveal individual 
differences 
 

I. Definition 

Affective states are defined as an inclusive psychological construct referring to accessible 

evaluative feelings in which a person feels good or bad or likes or dislikes what is happening 

(Gray, & Watson, 2007, p. 107). Thus, affective states are now considered as being part of the 

field of research of emotions, physical sensations, attitudes or even moods (Fredrickson, 2001). 

From a survival standpoint, affects are considered as a neurophysiological state, not cognitive or 

reflective (Russell, 2003) always available to consciousness (Russell, & Barrett, 2009) and 

providing the primary means by which information about critical disruptions of homeostasis 

enters consciousness (Cabanac, 1979; Panksepp, 1998 – as cited by Ekkekakis, 2013). Hence, 

affective states are considered as essential "ancient" and "primitive" components (Ekkekakis, 

2013) without it we would probably have no inclination to move toward or away from anything, 

jeopardising our survival (Batson, 1992, p. 309 - as cited by Ekkekakis, 2013). Thus, thanks to 

their power to guide humans’ motor behaviours, affective states have been conceptualized as "the 

primary motivational system in human beings” (Tomkins, 1962, p 108 – as cited by Ekkekakis, 

2013). But how affective states can actually influence adaptive motor behaviour? 
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II. Motor cognitive and affective states 

In the field of motor cognition, the essential role of affective states is to inform individuals about 

what they are doing in comparison to what they were expecting to occur. More specifically, 

during the course of a motor behaviour, affective states are suggested as emerging from the 

discrepancy that may occur between the predicted and the actual sensorial information when 

the comparison is made (Carver, & Scheier, 1998; Frijda, 1988; Frijda, 1986 - as cited by Carver, 

Johnson, Joorman, & Scheier, 2015). In this case, feelings with a positive valence would mean 

that you are doing as well as or better than expected. Inversely, affective states with a negative 

valence would mean that you are doing worse than expected (Carver, & Scheier, 1998 - as cited 

by Carver, et al., 2015). For sure, as much as the motor behaviour is conducted, the feedback 

system related to affective states works; leading affective states to be a constant conscious 

representation of the discrepancy that may occur within the action system. Hence, this cognitive 

conception supports the theoretical idea that affective states are essential to guide, self-regulate 

and optimize adaptive motor behaviour.  

The aim of my thesis work was to study the possibility of using the affective states to gain a 

better understanding of the on-line adjustment of motor behaviour during the course of a physical 

exercise. 

III. Affective states during physical exercise: the theoretical framework of a 

cognitive and physiological tell-tale 

In sport psychology, the dual mode theory suggests that the way one experiences a physical 

exercise emanates from (1) the physiological changes occurring during the motor task, (2) the 

individuals’ cognitive characteristics and (3) the interplay between the two (Fig. 4; Ekkekakis, 
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2003). However, to consider affective states as a way to guide and self-regulate motor behaviours 

during physical exercise, three things must be highlighted.  

 

 

Figure 4: Schematic representation of the dual mode theory reflecting that the way one 
experiences a physical exercise emanates from (1) the physiological changes occurring 
during the motor task, (2) the individuals’ psychological characteristics and (3) the 
interplay between the two (VT - Ventilatory Threshold; LT – Lactate Threshold; 
Ekkekakis, 2003). 

 

First, performing a whole-body movement requires the production of muscle energy to handle 

physically the task. The energetic production can occur through either the aerobic or the 
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anaerobic metabolisms. The aerobic metabolism will require the use of the oxygen to produce the 

muscle energy. On the other hand, the anaerobic metabolism will require the use of an 

individual’s muscle energetic reserve to handle the physical demands of the motor task. In such a 

context, while one will allow individuals to exercise with the minimum amount of pain or fatigue 

(i.e., the aerobic metabolism), the accumulation of lactate by the use of the anaerobic metabolism 

will lead to fatigue, pain and even exhaustion. Hence, exercising physically at an intensity 

requiring the anaerobic metabolism will lead to negative affective states, while moving through 

the aerobic metabolism may lead to the expression of more positive affective states.  

Second, individuals’ psychological characteristics may play a role in the way they experience 

positively or negatively a physical exercise. For instance, it was revealed that the more 

individuals are confident in their abilities to handle a physical exercise, the more they will 

positively experience a session. In the context of motor cognition, we can suppose that the 

efficiency of an individual’s motor control can influence/impact the way one experiences 

positively or negatively a single bout of physical exercise. In fact, affective states are defined as 

the tell-tale of the constant discrepancy between predicted and actual sensorial information 

during motor production. Hence, possessing accurate motor prediction abilities, efficient motor 

cognition and sensitive detectors of motor errors will lead individuals to experience more 

pleasurable instants during the course of physical exercise, because less in the state of error.  

Third, errors in predictions do not have the same consequences as a function of exercise intensity. 

More specifically, the point of transition between predominantly aerobic energy production and 

anaerobic energy production (Ventilatory Threshold - VT) is an intensity of practice at which 

non-efficiently predictive process may lead to highly threatening consequences. Exercising below 

the VT means using predominantly the aerobic metabolism to perform the task. In such a case, 
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the homeostasis, i.e., a constant energy stream for exercise, simply by breaking down 

carbohydrates and fats through the use of aerobic metabolic processes, is not threatened 

physiologically. Furthermore, thanks to the constant use of the aerobic metabolism, errors made 

by the predictive process will not lead to a threatened homeostasis state but will only require a re-

adjustment of the motor output. However, performing at/around the VT is more risk related for 

individuals. At this intensity due to the higher involvement of the anaerobic metabolism to 

support the muscle energy production, the homeostasis state is fragile and risks to be lost as soon 

as the VT threshold is crossed. Hence, at this intensity of practice, being able to perform the task 

throughout time requires individuals to predict efficiently the consequences of their motor 

behaviour without making error. If they do not, a possible greater threat of homeostasis exists due 

to the necessity to allocate cognitive resources to re-adjust the motor output whereas resources 

are needed to maintain homeostasis and stability within the system; leading individuals to stop 

the motor production.  

During incremental exercise using production procedures, VT appears when the physical activity 

is produced and perceived as “somewhat difficult” (RPE 13 on the 6–20 Borg Scale) in active 

males when running (Stojiljković et al., 2004) and athletes when cycling (Feriche, Chicharro, 

Vaquero, Pérez, & Lucía, 1998). The Borg Scale of Perceived Exertion is often used to match 

how hard one feels and experiences the difficulty of a practice session (Borg, 1998). In the 

scientific literature, it was revealed that RPE Borg Scale scores correspond to objective indexes 

of physical exercise intensity such as individuals’ heart rate frequency or oxygen consumption 

(Eston, 2012). The RPE Borg Scale was also revealed as allowing individuals to produce 

different physical exercise intensity as a function of their inner feelings of effort (Eston & 

Williams, 1988; Feriche et al., 1998; Stojiljković et al., 2004). These observations echo those 
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revealing that asking individuals to produce physical exercise while focusing on their affective 

states such as the pleasure/displeasure experienced during the motor behaviour helps to self-

regulate physical intensity (Lind, Joens-Matre, & Ekkekakis, 2005; Rose & Parfitt, 2008), to 

improve running performances by optimizing the management of energy expenses (Schücker, 

Knopf, Strauss, & Hagemann, 2014), and to experience more pleasantly the session in 

comparison to a physical exercise performed at an intensity set by the experimenters (Parfitt, 

Rose, & Burgess, 2006). Hence, even if the evidence to use the affective states as a primary 

method of prescribing exercise intensity is viewed for some as being insufficient (Garber et al., 

2011), the patterns of results defend the opposite. In fact, the afore mentioned studies 

demonstrate that affective states can intuitively be used as a guide for both active and inactive 

individuals to guide their motor behaviour while exercising (Eston & Williams, 1988; Lind et al., 

2005; Ekkekakis, & Acevedo, 2006; Rose & Parfitt, 2008; Schücker et al., 2014). Furthermore, 

the power of using the individuals’ affective states as a way to select the intensity of a physical 

exercise is all the most relevant since the affective states experienced during a session predict the 

degree of engagement in a future practice (Jekauc, 2015; Trost et al., 2002; Zenko et al., 2016). 

Nevertheless, few studies have tried to reveal how the perception of effort may be use as a useful 

guide to self-regulate motor behaviour throughout time. The aim of my thesis work was to study 

the possibility of using this affective state to gain a better understanding of the on-line adjustment 

of motor activity during the performance of “somewhat difficult” physical exercise. However, 

what does “somewhat difficult” mean? We are not equal when considering motor control 

abilities. More importantly, we are not equal in the perception and tolerance to our inner affective 

states. Hence, my thesis work deal with the importance to consider one individual’s tolerance 

ability when studying physical exercise dynamic. 
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IV. Profiling individuals for pleasurable physical exercise: the 

neuropsychology of Tolerance to effort 

The tolerance to exercise intensity is defined as a trait that influences one's ability to continue 

exercising at an imposed level of intensity when the activity becomes uncomfortable or 

unpleasant (Ekkekakis et al., 2005). To date, tolerance score has been shown to be predictive of 

the feelings experienced during physical practice (Ekkekakis, Hall & Petruzzello, 2005), the 

ability to continue a physical exercise after the VT occurrence (Ekkekakis, Hall & Petruzzello, 

2005), the physical effort produced (Hall, Petruzzello, Ekkekakis, Miller, & Bixby, 2014) and the 

oxygen consumed (Schneider & Graham, 2009). The concept of Tolerance was developed in a 

physiological framework considering that all individuals are no equal to tolerate pain or sensorial 

discomfort. Hence, research into the mechanisms determining exercise tolerance has focused on 

the cardiovascular, respiratory, metabolic, and neuromuscular mechanisms of muscle fatigue 

(McKenna & Hargreaves, 2008). Nonetheless, through the theoretical framework of embodiment, 

we can hypothesize that the physiological differences observed between low and high tolerant 

individuals may be observed at a cognitive level. More specifically, individuals who are 

characterised by higher level of physiological tolerance should be characterised by higher level of 

cognitive control. Inversely, those defined by low level of tolerance should be defined by lower 

level of cognitive control.  

In such context, the aim of my thesis work focused on the concept of Tolerance to effort. 

However, throughout the studies conducted in this thesis work, the perception of effort was used 

to set physical exercise production. In consequence, the experiment focused on the study of one's 

ability to continue exercising at an imposed level of perception of effort when the activity 

becomes uncomfortable or unpleasant. Thus, throughout the rest of the present manuscript the 
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term “Tolerance of exercise intensity” was changed into the term of “Tolerance to effort”. The 

theoretical hypothesis was that Low tolerant individuals possess less efficient cognitive control 

and less efficient abilities to self-regulate their motor behaviour while exercising as a function of 

the effort they are perceiving during physical exercise; leading them to experience less positively 

their motor performance than High Tolerant individuals.  

My PhD research was conducted mostly in “healthy” individuals with four objectives in sight.  

(1) Confirm that physical exercise can be defined from a cognitive standpoint due to 

the cognitive resources required to perform it. A better definition of the prescribed physical 

exercise may lead to better prescription as a function of individuals abilities to cognitively handle 

the motor task.  

(2) Determine how Tolerance to effort may predict (1) the way one is able to self-

regulate the intensity of a motor production during a “somewhat difficult” physical exercise 

and (2) how one will experience positively or negatively the motor task. A better understanding 

will give us the possibility to adapt and prescribe more individually a physical exercise in order 

to minimize negative affective states during practice. Thus, possibly enhancing the motivation of 

people to engage in regular practice.  

(3) Understand the physiological concept of Tolerance to effort from a cognitive 

standpoint. In the framework of embodiment, Low Tolerant individuals may present less 

efficient motor control due to their less efficient abilities to handle physical difficulties and resist 

to pain or discomfort. 

(4) Propose new experimental designs to enable a transfer to the clinical field. The 

transferability question is primary geared at comparing both healthy and clinical populations, but 
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also to assess the efficiency of different interventions as a function of population age and 

pathology. 
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HIGHLIGHTS 

1. The translation process succeeded in a questionnaire well understood by active and 

inactive adults. 

2. The statistical analyses conducted only on the Tolerance subscale leads to a good 

construct of the French-speaking version of the questionnaire. 

3. The Tolerance to effort subscale was validated in European individuals independently 

of their self-reported weekly physical practice. 

4. The statistical analyses conducted only on the Preference subscale leads to a poor 

construct of the French-speaking version. 
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I. Introduction 

Studies conducted in the field of health promotion revealed that the way one experience a 

physical exercise may predict his/her future practice (Jekauc, 2015; Mohiyeddini et al., 2009; 

Zenko et al., 2016). However, while some individuals are able to positively experience a physical 

exercise session, some others are not (Backhouse et al., 2007; Van Landuyt et al., 2000). The 

absence of positive experience during the course of physical exercise may explain why 40 to 65 

% of individuals initiating exercise programs are predicted to dropout within 3 to 6 months 

(Annesi, 2003). In such context, it was suggested that studying the psychological mechanisms 

and the barriers responsible for the affective responses to physically exercise may be an 

intelligible way to better understand physical exercise adherence (Ekkekakis et al., 2008a; 

Wienke & Jekauc, 2016). 

In 2005, Ekkekakis, Hall and Petruzello (2005) suggested that we should take into account what 

kind of physical exercise individuals prefer and can tolerate. In 2013, the American College of 

Sports Medicine support this idea by considering it as a way forward more efficient promotion of 

exercising health behaviours (ACSM, 2010). Preference for exercise intensity was defined as a 

‘‘predisposition to select a particular level of exercise intensity when given the opportunity” (e.g., 

when engaging in self-selected or unsupervised exercise). Tolerance of exercise intensity was 

defined as ‘‘a trait that influences one’s ability to continue exercising at an imposed level of 

intensity beyond the point at which the activity becomes uncomfortable or unpleasant’’ 

(Ekkekakis et al., 2005, p. 354). For now, Preference has been shown to be predictive of the 

feelings experienced during physical practice (Ekkekakis et al., 2005), the ability to continue a 

physical exercise at the VT occurrence (Ekkekakis et al., 2005), the variance in the percentage of 

oxygen uptake associated with the ventilatory threshold at Minute 15 and Minute 20 of the 
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session at self-selected intensity (Ekkekakis, Lind, & Joens-Matre, 2006), the physical effort 

produced (Hall et al., 2014) and the frequency and intensity of weekly physical practice 

(Ekkekakis, Thome, Petruzzello, & Hall, 2008b; Smirmaul, Ekkekakis, Teixeira, Nakamura, & 

Kokubun, 2015). On the other hand, Tolerance score has been shown to be predictive of the 

feelings experienced during physical practice (Ekkekakis et al., 2005), the ability to continue a 

physical exercise after the VT occurrence (Ekkekakis et al., 2005), the physical effort produced 

(Hall et al., 2014), the oxygen consumed (Schneider & Graham, 2009) and the frequency and 

intensity of weekly physical practice (Ekkekakis et al., 2008b; Smirmaul et al., 2015).  

Such results were possible thanks to the use of the PRETIE-Q questionnaire. The PRETIE-Q 

questionnaire developed by Ekkekakis and collaborators (2005) consists of two 8-item scales, 

namely Preference and Tolerance, in which each item accompanied by a 5-point response scale. 

The eight-item Tolerance scale contained four items that targeted high exercise tolerance (e.g., ‘‘I 

always push through muscle soreness and fatigue when working out’’) and four that targeted low 

exercise tolerance (e.g., ‘‘During exercise, if my muscles begin to burn excessively or if I find 

myself breathing very hard, it is time for me to ease off’’). Each item was composed of a 5-point 

response scale (1 = ‘‘I totally disagree’’; 2 = ‘‘I disagree’’; 3 = ‘‘Neither agree or disagree’’; 4 = 

‘‘I agree’’; 5 = ‘‘I strongly agree’’). A high score of tolerance to exercise corresponds to a high 

capacity to pursue the physical activity although it becomes uncomfortable or unpleasant. A high 

score of preference for exercise corresponds to a preference for high intense physical activity 

(Ekkekakis et al., 2005). Both scales have demonstrated high internal consistency, from 0.80 to 

0.89 (Ekkekakis et al., 2005, 2008a; Hall et al., 2014), as well as good 3- and 4-month test-retest 

reliability, ranging from 0.67 to 0.85 (Ekkekakis et al., 2005). 
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In France, the difficulty to efficiently promote physical exercise physical exercise in the 

population is quite the same in comparison to the rest of modern societies. The latest research 

carried out for the Ministry of Health showed that 84% of French people, aged between 15 and 

75 years, have been physically active during the past year. Furthermore, among the 84% of active 

individuals only 46% have a sufficient regular practice to benefit from the real health benefits 

(i.e., a practice of more than 10 minutes per day) (Inserm, 2008). Finally, only 11% of girls and 

25% of boys were revealed as physically exercise in line with the recommendations (Inserm, 

2008). Hence, in regards to the necessity to better promote the regular practice of a physical 

exercise in France, the objective of this original experimental research is to validate the concepts 

of Preference for and Tolerance of exercise intensity in a European French-speaking population 

(PRETIE-Q; (Ekkekakis et al., 2005).  

II. Method 

The French-speaking validation of the Preference for and Tolerance of the Intensity of Exercise 

Questionnaire (PRETIE-Q) consisted in three parts. The first (Part A) involved the translation 

and back translation of the PRETIE-Q with the purpose of producing a French-speaking version 

of the instrument. The second part of analysis (Part B) consisted of a psychometric assessment of 

the French-speaking version that included the construct validation of the tool in individuals 

whose first language was French (French and Belgian nationality).  

Part A. Translation to create a French version of the PRETIE-Q (PRETIE-

QF) 

Firstly, two forward translations (T1 and T2) were performed from English (i.e., the original 

language) into the French-speaking language. The translators, whose mother tongue was French, 

produced T1 and T2 independently (Stage I). One translator had postdoctoral experience in motor 
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cognition and spoke English fluently. This translator was not aware of the concepts being 

examined in the instrument. The other translator was a PhD student in motor cognition and 

cognitive psychology and spoke advanced English. This translator was aware of the concepts 

being examined in the instrument. Both produced their forward translations in written form. 

Subsequently, a synthesis of these translations was performed by the authors of the present study 

through mutual consensus, generating a unique common translation (T12) (Stage II). From this 

unique common translation, two back-translations were done (Stage III). One back-translation 

was performed by a native English speaker who had lived in France for several years, thus having 

mastered the French language at an advanced level (T3). This person was neither aware of the 

research purpose nor had a background in physical education, exercise science or related fields. A 

second translation was performed by a native English speaker who had lived in France for several 

years, thus having mastered the French language at an advanced level (T4). This person was 

aware of the research purpose and had a background in physical education, exercise science, 

motor cognition and cognitive psychology. Both produced their back-translations in written form. 

Subsequently, a synthesis of these translations was performed by the authors of the present study 

through mutual consensus, generating a unique common back-translation (T34) (Stage IV). 

The semantic, idiomatic, cultural, and conceptual equivalence of items was evaluated by two 

physical education specialists, and by the two forward translators (Stage V).  

The translation phase was followed by a pre-testing stage with students (N = 112, meanage = 

22,46 ± 4,21 years, meanBMI = 24,84 ± 7,47 kg.m-2) in cognitive psychology and sport sciences in 

order to detect any problems in the comprehension of the questionnaire (Stage VI).  
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The different translations and back-translations provided the means to obtain a French version of 

the PRETIE-Q (PRETIE-QF - Annex A). In the pre-testing stage, no participants reported 

misunderstanding of any of the items. 

 

 

Figure 1: Schematic representation of the translation of the PRETIE-Q into a French version 

 

Part B. Statistical analyses of the validity of the two subscales  

After translating the PRETIE-Q into a French version (PRETIE-QF) and reporting no 

misunderstanding of any of the items, the psychometric qualities of the PRETIE-Q were assessed 

in a sample of 532 participants (meanage = 27,33 ± 10,6 years, meanBMI = 22,89 ± 3,95 kg.m-2). 

Participants characteristics 

The first feature of our sample is the huge age range with the younger being 18 and the oldest 60 

years of age. The second feature is the difference in terms of participants’ “level of activity”, as 
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assessed by the Godin Questionnaire, with some participants reporting not practicing any 

physical activity (Godin score of 0), to the more physically active participant (Godin score of 

208). Participants were recruited within the immediate social circles of the experimenters with 

some participants reporting being students of the University of Lille and others being friends or 

family members. Before the beginning of the study, each volunteer red an information letter and 

completed a written consent form. The study was approved by the Ethics Committee for 

behaviour human studies of the University of Lille, Human Sciences.  

Firstly, we conducted the analysis on the all sample. Then, in order to observe if the two 

subscales are valid independently on individuals level of activity, we conducted statistical 

analyses in three independent sample determined as a function of participants’ “level of activity”. 

In such condition, we obtained 3 groups: an “Inactive” group with participants having a Godin 

score inferior or equal to 19 (N = 165, meanage = 28,64 ± 11,17 years, meanBMI = 23,24 ± 4,26 

kg.m-2), an “Active” group with participants having a Godin score superior to 19 and inferior or 

equal to 41 (N = 203, meanage = 28,31 ± 11,62 years, meanBMI = 23,06 ± 4,32 kg.m-2), and an 

“Athletic” group with participants having a Godin score superior to 41 (N = 163, meanage = 24,80 

± 7,99 years, meanBMI = 22,36 ± 2,99 kg.m-2). ANOVAs were conducted to assess a possible 

main effect of “level of activity” on Age, Body Mass Index (BMI), Educational Level and 

Repartition of men and women through groups. The characteristics of the sample are presented in 

the Table 1. 
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 “inactive” group 
(N=165) 

“active” group  
(N = 203) 

“athletic” group 
 (N = 163) 

Statistical analysis 

Age (y) 28,65 (11,17) 28,31 (11,62) 24,80 (7,99) F(2, 527) = 7.0254, p < 0.001 
Body mass 
index (kg.m-2) 

23,24 (4,26) 23,05 (4,42) 22,35 (2,99) F(2, 527) = 2.3289, p = 0.098 

Educational 
Level (years) 

3,03 (2,52) 2,97 (2,51) 3,16 (2,66) F(2, 527) = 0.26118, p = 0.770 

Repartition of 
men and women 

Men: N= 47 
Women: N= 118 

Men: N= 68 
Women: N= 134 

Men: N= 76 
Women: N= 90 

khi-deux = 14.060, ddl = 3, p = 
0,002 

Table 1: Reports the descriptive results for Age (years), Body Mass Index (kg.m-2), Educational Level 
(number of years after Baccalauréat) and Repartition of men and women as a function of “level of 
activity”. 

 

Statistical analyses 

Data were initially organized to check statistical assumption of items normality. Skewness and 

Kurtosis indices were used to assess respectively the degree of asymmetry and “peakedness” 

within the distribution of the different variables (Kline, 2011). The internal consistency reliability 

of the two subscales was examined in the entire sample (N = 532) and in each sub-sample (i.e., 

inactive, active and athletes). Cronbach’s alpha values of .70 or higher indicate acceptable 

internal consistency (Kline, 2010) 
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Results  

Internal consistency 

 Tolerance 
Entire sample 
All items 
Item 3 deleted 
Item 3 and item 15 deleted  

 
a = 0.62 
a = 0.70 
a = 0.76 

“Inactive” individuals 
All items 
Item 3 deleted 
Item 3 and item 15 deleted  

 
a = 0.58 
a = 0.68 
a = 0.73 

“Active” individuals 
All items 
Item 3 deleted 
Item 3 and item 15 deleted  

 
a = 0.66 
a = 0.73 
a = 0.78 

“Athletes” individuals 
All items 
Item 3 deleted 
Item 3 and item 15 deleted  

 
a = 0.54 
a = 0.64 
a = 0.71 

Table 2: Reports the internal consistency of the Tolerance subscale as a function of 
individuals’ “level of activity” and items deleted.  

 

 Preference 
Entire sample 
All items 

 
a = 0.47 

“Inactive” individuals 
All items 

 
a = 0.42 

“Active” individuals 
All items 
Item 4 deleted 

 
a = 0.25 
a = 0.44 

“Athletes” individuals 
All items 
Item 6 deleted 

 
a = 0.49 
a = 0.54 

Table 3: Reports the internal consistency of the Preference subscale as a function of 
individuals’ “level of activity” and items deleted.  
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The results support a valid French-speaking version of the Tolerance subscale by deleting both 

item 3 and item 15 in all individuals with different “level of activity”. Nonetheless, the statistical 

analyses did not allow to valid the internal consistency of the Preference subscale. More 

specifically, no deletion of some of items would improve the psychometric quality of the 

Preference subscale both by conducting analyses in all individuals or in the three independent 

samples. 

Test-retest reliability 

Due to the difficulties to valid the internal consistency of the Preference subscale, the test-retest 

reliability was assessed only for the Tolerance subscale. Analyses were conducted in two 

samples. In the first sample (N = 38; 25 F, 13 M; meanage = 32,21 ± 10,12 years, meanBMI = 22,51 

± 4,41 kg.m-2), individuals responded a second time after a 3-month delay. In the second sample 

(N = 63, 25 F, 13 M; meanage = 29,73 ± 10,29 years, meanBMI = 22,80 ± 3,73 kg.m-2), individuals 

responded a second time after a 4-month delay. The 3-month test-retest reliability coefficient was 

0.90 for the Tolerance subscale with deleting item 3 and item 15. The 4-month test-retest 

reliability coefficient was 0.90 for the Tolerance subscale with deleting item 3 and item 15.  

Overall, our findings confirm strong internal consistency analyses for the Tolerance subscale of 

the French-speaking version of the PRETIE-Q.  

III. Conclusion 

The American College of Sports Medicine (2013), has recommended that individual differences 

in preference for and tolerance of exercise intensity should be considered in developing exercise 

prescriptions. Thus, the aim of the present study was to adapt the PRETIE-Q, a measure of these 

individual difference variables, for a use in the French-speaking population.  
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The translators and the back translator had only minor disagreements on the wording leading to 

the French-speaking version of PRETIE-Q. The psychometric evaluation of the French-speaking 

version of the PRETIE-Q showed that the Tolerance subscale was validated. More specifically, 

the internal consistency of the Tolerance subscale ranged from 0.71 to 0.78 as a function of the 

“level of activity” of individuals. Furthermore, the test-retest reliability was 0.90 at both 3-month 

and 4-month delays. However, the internal consistency of the Preference subscale was not 

sufficient to valid the construct of Preference for exercise intensity in our population. In fact, the 

internal consistency of the Preference subscale ranged from 0.42 to 0.54 as a function of the 

“level of activity” of individuals.  

The difficulties encounter during the French validation lead to think about the reasons why the 

Preference subscale validation did not work so well. In fact, the translation was conducted in the 

best conditions. However, the way individuals perceive the proposition of each item still remain a 

problematic. More specifically, while the original version of the PRETIE-Q was validated mostly 

with American physically active undergraduate students, several differences have to be noted in 

comparison to our population. First, the population in which the questionnaire was originally 

validated was composed by students with age from 19.1 to 21.1 years old. Consequently, contrary 

to our population, the original validation was conducted only with young adults. In such a 

context, we can suppose that the Preference for exercise intensity can be mediated by the age of 

individuals. Second, undergraduate students were mostly physically active (66%). Consequently, 

contrary to our population, the original validation was conducted only with active young adults. 

In such a context, we can suppose that the Preference for exercise intensity can be mediated by 

the age of individuals. Third, the original version of the PRETIE-Q was validated in an American 

culture. Such validation can lead to results that may be not valid in European culture. More 
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specifically, the culture in which individuals grow up may influence the way they perceive the 

world. Thus, the culture can also influence the way individuals define the Preference for exercise 

intensity construct. Furthermore, the American culture promote the practice of different physical 

exercise in comparison to European culture, such as American soccer or hockey. Thus, due to the 

different physical practice, American individuals may define differently their preference to low or 

high intense physical exercise in comparison to European population. For now, future research 

have to be conducted to assess such hypotheses. 
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Annexe A: French-speaking version of the PRETIE-Q 

 

 

Merci de lire toutes les phrases et d’y répondre selon l’échelle de 1 à 5 qui vous est présentée ensuite. Il n’y a pas de bonnes ou 
de mauvaises réponses. Répondez le plus sincèrement possible en vous fiant à ce que vous ressentez. Faites attention à 
répondre à toutes les questions. 

(1 : absolument pas d’accord,   2 : pas d’accord,    3 : ni d’accord ni pas d’accord   4 : d’accord,   5 : absolument d’accord). 

 1 2 3 4 5 

Me sentir fatigué(e) pendant l’entraînement est mon signal pour ralentir ou m’arrêter      
Je préfère m’entraîner à basse intensité sur une longue durée plutôt qu’à haute intensité sur une courte durée      
Pendant l’entraînement, si mes muscles commencent à brûler de façon excessive ou si je commence à respirer très fortement, il est temps pour 
moi de ralentir 

     

Je préfère aller doucement pendant mon entraînement, même si cela implique de prendre plus de temps      
Pendant l’entraînement, j’essaie de continuer même lorsque je me sens épuisé(e)      
Je préfère avoir un entraînement court et intense qu’un entraînement long et de faible intensité      
J’ignore la sensation de fatigue pendant l’entraînement      
Quand je fais de l’exercice, je préfère généralement un rythme lent et continu      
Je préfère ralentir ou m’arrêter quand un entraînement devient trop dur      
Faire de l’exercice à une faible intensité ne me plaît pas du tout      
La fatigue est la dernière chose que je considère pour décider d’arrêter un entraînement, j’ai un objectif et je ne m’arrête que lorsque je l’atteins      
Quand je fais de l’exercice physique, je préfère des activités douces, réalisées à un rythme plutôt lent qui ne nécessitent pas un épuisement       
Généralement, quand mes muscles commencent à brûler pendant un exercice, je ralentis un peu      
Plus les exercices physiques sont rapides et intenses, mieux je me sens 
Je vais toujours au-delà de l’inconfort musculaire et de la fatigue quand je m’entraîne      
Les exercices de faible intensité sont ennuyeux      

Questionnaire de l’Intensité Tolérée et Préférée 
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 What’s next? 
In Study I, we reported data indicating that the concept of Tolerance of exercise intensity has a 

good construct and thus, is valid in French-speaking European individuals. More importantly, the 

validation was confirmed in the three samples of participants who were characterised by different 

levels of self-reported weekly physical practice. Nonetheless, the statistical analyses did not 

allow to confirm such good construct in the Preference subscale both when conducting the 

analyses in all subjects and in the three independent samples. Hence, in either studies I decided to 

use only the Tolerance subscale to assess how individuals’ psychological characteristics may 

explain one’s experience of physical exercise.  

To better understand the reasons why the Preference subscale was not valid in our sample, we 

decided to assess how individuals’ culture may influence the validation of the Preference 

subscale. The choice of the Quebecer population is that they are individuals living in an 

American culture while speaking both French and English. The validation procedure of the 

French-speaking version of the PRETIE-Q is an ongoing project conducted in collaboration with 

Professor Louis Bherer and Dr. Laurence Desjardin-Crépeaux at the University of Quebec 

Montréal (UQAM).  

In the context of the necessity to constantly increase our understanding about the physical 

exercise – cognition and physical exercise – adherence relationships, the Study II deals with the 

cognitive definition of physical exercise. More specifically, in the context of difficulties that 

remain when understanding these relationships, it was suggested that assessing the cognitive load 

of physical exercise may be a promising way (Pesce, 2016; Burzynska et al., 2017; Müller et al., 
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2017). Nevertheless, even if such consideration allows to combine the field of cognitive 

psychology to the field of sport psychology, the methodological procedure revealing that physical 

exercise can be defined from a cognitive standpoint remains to be developed.  

Study II presents a dual-task paradigm that aimed to show that physically exercise requires 

cognitive resources. Furthermore, we report how the way one perceives the difficulty of a 

physical exercise may be predicted by both the physical and the cognitive loads of the exercise. 

Finally, we will demonstrate that the complexity of the task as well as the individual’s tolerance 

influence the cognitive resources required to handle the physical exercise and adjust motor 

output.  
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HIGHLIGHTS 

1. The perception of effort is composed of both a physical and a cognitive component.  

2. Dancing is perceived as more cognitively and more physically demanding than 

Cycling or Stepping. 

3. The cognitive cost of a physical activity is greater for Low than High Tolerant 

individuals. 

4. Tolerance modulates the perception of effort and the affective states experienced 

during practice.  

5. The desire to re-exercise depends on the affective states during practice and the heart 

rate frequency measured during recovery.  
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I. Introduction 

Physical exercise is a type of motor activity that requires organisation, planning and sequencing 

of bodily movements that are performed in the aim to improve and/or maintain one or more 

components of physical fitness (American College of Sports Medicine et al., 2010). Hence, 

exercising consists in the task of regularly producing series of coordinated contractions of 

skeletal muscles, which results in a substantial increase in caloric requirements compared to the 

energy expenditure measured at rest (Caspersen et al., 1985). Classically, physical exercise is 

defined as a function of the physical energetic expenditure required to perform the task (i.e., 

Metabolic Equivalent of Task – METs). Nonetheless, since recently, in addition to defining 

physical exercise through the concepts of mode of progress (i.e., constant or incremental load), 

intensity (i.e., low, moderate, vigorous), duration (i.e., seconds, minutes, hours) and the 

metabolism supplying the muscles energy (i.e., aerobic and anaerobic metabolism - Audiffren, 

2009), physical exercise is starting to be considered through the concept of cognitive load, i.e., 

the amount of cognitive resources required to perform the motor task. More specifically, it was 

suggested that the way individuals can cognitively benefit from physical exercise may depend on 

the cognitive challenges occurring the planning and the execution of the motor task (Pesce, 2016; 

Burzynska et al., 2017; Müller et al., 2017). Nevertheless, direct observation of the cognitive load 

of physical exercise has yet to be reported. Thus, the aim of this original research was to develop 

a dual task paradigm for an ecological fitness task in order to reveal that physical exercise 

requires cognitive resources. 

Human Cognition is defined as a system of the mental processes associated with attention, 

perception, thinking, learning, and memory enabling individuals to adapt their behaviour in a 

given context (Loring & Meador, 1999). During the course of phylogenetical and developmental 
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evolutions, human cognitive was elaborated to guide individuals in the efficient control and self-

regulation of their motor behaviour (Cisek & Kalaska, 2010; Koziol et al., 2011; Koziol, & Lutz, 

2013).  

In the field of physical exercise, it was suggested that cognitive process may be required to help 

individuals in the self-regulation of their effort (Audiffren and André, 2015; Audiffren, 2016). 

More specifically, the corollary discharge theory suggest that during the performance of a motor 

task, the perception of tolerable discomfort and effort will depend on the integration between (1) 

a predicted sensory information sent directly from the motor to the sensory areas of the brain and 

(2) an actual sensory information received by the sensory areas of the brain directly from the 

body (Abbiss, Peiffer, Meeusen, & Skorski, 2015). In a case of a match between the predicted 

and the actual effort, the motor task is performed at an intensity of difficulty that was expected. 

However, in the case of a mismatch, the discrepancy that exist between the predicted and the 

actual effort needs to a re-adjustment of the motor behaviour; leading individuals to perceived the 

motor production as more effortful than it was expected. Thus, the way one experiences the effort 

of a physical exercise may depend on the difficulty intituled in the preparation, execution and 

self-regulation of the motor task.  

Due to the challenges that may occur in the planning and the execution of the task, the way one 

experiences the effort of a physical exercise may also depend on the motor complexity of the 

motor task. Hence, while some will require a minimum amount of cognitive resources to be 

performed, others will need to be supported by a high amount of cognitive resources (Burzynska 

et al., 2017; Müller et al., 2017). The point of transition between predominantly aerobic energy 

production and anaerobic energy production (Ventilatory Threshold - VT) is an intensity of 

practice at which non-efficiently predictive process may lead to highly threatening consequences. 
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More specifically, at this intensity due to the involvement of the anaerobic metabolism to support 

the muscle energy production, the homeostasis state is fragile and risks to be lost as soon as the 

VT threshold is crossed. Hence, in order to be able to perform the task throughout time, 

individuals have to efficiently predict the consequences of their motor behaviour without error. If 

they do not, a possible greater threat of the homeostasis will emerge due to the necessity to 

allocate cognitive resources to re-adjust the motor output whereas resources are needed to 

maintain homeostasis and stability within the system. In consequence, non-efficient motor 

prediction abilities will lead individuals to experience sooner and more often negative states than 

those possessing the required cognitive resources to handle the task. Furthermore, while some 

individuals will possess enough cognitive resources to tolerate pain or discomfort during the 

performance of a motor task, especially when the homeostasis is threatened, some others will be 

able tolerate motor behaviour performed only at an intensity that require minimum of cognitive 

resources to handle physical discomfort or pain.  

The objective of this original experimental research was to reveal that physical exercise can be 

defined from the cognitive load emerging from the necessity to planning and adjusting motor 

behaviour. More specifically, through the conduction of a self-paced protocol during which we 

asked individuals to perform a “somewhat difficult” motor task, i.e., the level of effort at which 

VT appears (Feriche et al., 1998; Stojiljković et al., 2004), we revealed that physical exercise can 

be defined from the cognitive resources required to perform the task. Furthermore, we also tried 

to reveal that the way one perceives the difficulty of a physical exercise depend on both the motor 

task complexity and individuals’ ability to tolerate difficulties.  
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II. METHOD 

a) Participants 

A total of 58 subjects volunteered to take part in the study, 17 men and 41 women (Mage= 21.96 ± 

5.18 years, MBMI= 23.88 ± 9.63 kg.m-2). Participants were allocated to three independent 

conditions (Cycling vs. Stepping vs. Dancing) and two independent groups (Low vs. High 

Tolerant individuals). All subjects obtained a medical certificate from their medical physicians 

before being include in the study. Before the beginning of the study, each volunteer read an 

information letter and completed a written consent form. The study was approved by the Ethics 

Committee for behaviour human studies of the University of Lille. Participants were asked not to 

participate in any physical training 48 hours before their inclusion.  

b) Materials and Procedure 

After reading and completing the consent form, a heart rate monitor (Polar Team2 - Polar Electro 

Oy, Kempele, Finlande) was fitted to the participants’ chest and heart rate was recorded during 

15 minutes at rest, and throughout the experimental session. After measuring mean heart rate at 

rest, participants were asked to complete a series of questionnaires in order to obtain socio-

demographic data. A testing diagram is presented in Fig 1 to illustrate the experimental design.  
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Figure 1: Testing diagram to specify the experimental design that was used in the present study. The 
different measures taken before, during and after are specified. 

 

Self-reported physical activity level assessment  

The IPAQ (International Physical Activity Questionnaire) was used to assess the amount of 

physical activity practiced by the participants (Craig et al., 2003). The quantity of physical 

activity practiced by each participant was calculated by considering the intensity of the reported 

physical activity sessions (expressed in METs – Metabolic Equivalent of Task – for 3 different 

categories: low vs. moderate vs. vigorous) as a function of duration (time in minutes) and of the 

number of days declared per week (METs-minute/week). The feature of this questionnaire is to 

consider the overall self-reported physical activity level (including daily activities) and not only 

the physical activity practiced during leisure sports time. Four different measures were obtained: 

(1) the Total Physical Activity score, which contains the total amount of physical activity 

practiced (e.g., METs-minute/week_Low, METs-minute/week_Moderate and METs-

minute/week_Vigorous), (2) the Total Low Physical Activity score, (3) the Total Moderate Physical 

Activity score and (4) the Total Vigorous Physical Activity score.  
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Preference for and Tolerance to the Intensity of Exercise assessment 

The PRETIE-Q was used to assess the variables of preference for and tolerance to exercise 

intensity. The eight-item Tolerance scale contained four items that targeted high exercise 

tolerance (e.g., ‘‘I always push through muscle soreness and fatigue when working out’’) and 

four that targeted low exercise tolerance (e.g., ‘‘During exercise, if my muscles begin to burn 

excessively or if I find myself breathing very hard, it is time for me to ease off’’). Each item was 

composed of a 5-point response scale (1 = ‘‘I totally disagree’’; 2 = ‘‘I disagree’’; 3 = ‘‘Neither 

agree or disagree’’; 4 = ‘‘I agree’’; 5 = ‘‘I strongly agree’’). A high score of tolerance to exercise 

corresponds to a high capacity to pursue the physical activity although it becomes uncomfortable 

or unpleasant (Ekkekakis et al., 2005). To obtain two contrasting groups, a median tolerance 

score was calculated across all groups. Participants with scores lower than the median (18) were 

considered as Low Tolerant; individuals with scores greater than the median were classified as 

High Tolerant. After assessing tolerance level, participants were assigned to three independent 

conditions: a Cycling Condition, a Stepping Condition or a Dancing Condition. In the Cycling 

Condition, there were 13 Low Tolerant individuals and 5 High Tolerant individuals, in the 

Stepping Condition there were 10 Low Tolerant individuals and 10 High Tolerant individuals, 

and in the Dancing Condition there were 9 Low Tolerant individuals and 11 High Tolerant 

individuals. Due to problems occurring during the Cycling Condition, the repartition of Low and 

High Tolerant individuals were not equal in comparison to Stepping and Dancing Conditions.  

Assessing the load of executing a physical activity 

Global load 

Investment assessment: Participants were asked, 10 minutes after the end of the session, how 

much they felt cognitively and physically involved in the activity. The bipolar scale ranged from 
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-4 to +4. Anchors are provided at zero and at all even integers (-4 = not at all; -2 = hardly; 0 = 

neutral; +2 = a lot; +4 = to a large degree). 

Perception of effort assessment: the Ratings of Perceived Exertion was used 10 minutes after the 

end of the condition to verify that participants considered having done a physically and 

cognitively “somewhat difficult” physical activity throughout the session (RPE 13 on the 6-20 

Borg Scale ; Borg, 1998). 

Physical load  

Subjective measure: the subjective perception of the physical load was determined using the 

French version of the NASA Task Load Index (NASA_tlx; Cegarra, & Morgado, 2009). 

Participants were asked to quantify the load of their task only in the dual-task condition 

(backward counting while exercising).  

Objective measure: a heart rate monitor (Polar Team2—Polar Electro Oy, Kempele, Finlande) 

was fitted to the participants’ chest and heart rate was recorded the session. 

Cognitive load 

Subjective measure: the cognitive demand scale of the NASA-tlx questionnaire was used to 

assess to subjective perception of the cognitive load of the physical activities. 

Objective measure: in order to assess the cognitive load of each physical activity (Cycling, 

Stepping and Dancing), participants were asked to perform another task during the 30’ of the 

practice of the moderate physical activity (i.e., dual task paradigm). The secondary task consisted 

in a backward counting task. The objective of participants was to count from 7 to 7 in a backward 

way from a clearly defined number, every 3 minutes for 1 minute. In order to obtain 
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homogeneous groups, a preliminary evaluation of participants’ abilities to count was carried out 

before the inclusion in each condition. Thus, one measure was obtained before starting the 

physical activity session, 8 during each moderate physical activity bout (at 1’, 5’, 9’, 13’, 17’, 

21’, 25’ and 29’). During the warm-up and recovery periods, participants were asked to perform 

only the physical activity. Hence, for objectively revealing the cognitive cost of each physical 

activity, the percentage of correct counts per minute was the dependent variable (PC). 

c) Identifying the individuals’ affective states through physical activities 

The Feeling Scale (Hardy & Rejeski, 1989) was used to assess the changes in the valence of the 

affective states (pleasure / displeasure). This scale consists in a 11-point, single-item, bipolar 

scale, used for the assessment of the valence component of affective responses during exercise. 

The scale ranges from −5 to +5. Anchors are provided at zero, and at all odd integers (+5 = very 

good; +3 = good; +1 = fairly good; 0 = neutral; −1 = fairly bad; −3 = bad; −5 = very bad).  

d) Assessing the desire to re-exercise  

Such as the experience of a physical activity impacts/influences a future practice, the desire to re-

exercise the actual physical activity was achieved using a 9-point bipolar scale. This scale was 

created to get a feel of how much practitioners wanted to exercise again, 10 min after finishing to 

exercise. The scale ranged from -4 to +4. Anchors are provided at zero and at all even integers (-4 

= not at all; -2 = not really; 0 = neutral; +2 = a lot; +4 = to a large degree).  

e) Conditions 

Following the scores obtained in the PRETIE-Q questionnaire, participants were evenly assigned 

to three independent conditions: a cycling condition, a stepping condition, and a dancing 

condition. All of the conditions were performed in silence. During the exercise session, 
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participants performed 40 minutes of physical activity. Three phases were proposed: the warm-up 

(5 minutes), the physical activity (30 minutes), and the recovery periods (5 minutes) – following 

criterion described in ACSM (2010). 

For all three conditions, changes in the affective states were assessed using the Feeling Scale 

(FS). The FS was administered before warm up, after warm-up, and every 5 minutes during the 

practice phase. Thus, nine periods were identified: one before warm-up (0'), one after warm-up 

(5’), six during the test (10', 15', 20', 25', 30’, 35’), and one after recovery (40'). For all 

participants, debrief was systematically conducted after the session to explain the aims and the 

construct of the study. 

Both in the cycling and the stepping conditions, a picture of a path through a forest was projected 

on a screen (195 cm x 280 cm) placed 250 cm in front of the participants. In the dancing 

condition, participants were instructed to follow the dynamic steps presented in front of them by 

an avatar using the Domyos Interactive System (Decathlon). Pleasant light was also proposed to 

optimize the pleasant experience of the physical activity (Shaulov & Lufi, 2009). During the 

warm-up phase, participants were asked to pedal, to step and to dance at a speed that would allow 

them to warm-up and to become familiar with the material. During the physical activity (30 min), 

participants were required to perform the physical exercise in order to feel the session as 

"somewhat difficult" on the Borg RPE scale (RPE 13 on the 6-20 Borg Scale). As different 

definitions can be considered when asking individuals to select the score of perceived effort 

(Abbiss et al., 2015), in this study, the effort was defined to participants as “the amount of mental 

or physical energy being given to [the] task” (Abbiss et al., 2015). Thus, during the physical 

activity period, participants had to perform a physical activity perceived as physically and 

cognitively “somewhat difficult”. The heart rate frequency (HRF) was measured every minute. 
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Nevertheless, for the statistical analyses, HRF data were resampled at one sample every 5 

minutes.  

f) Statistical analyses  

ANOVAs were conducted to reveal main effects of Tolerance Level (High versus Low Tolerant) 

and Conditions (Cycling, Stepping, Dancing) on general demographics. ANCOVAs were 

conducted to reveal main effects of Condition and Tolerance Level while controlling for the self-

reported physical activity level. A series of ANCOVAs were conducted on (1) the mean scores of 

the perception of exertion scale, (2) the sense of investment felt in the three physical activity 

conditions, (3) the desire to re-exercise and on (4) each of the questions specified in the 

NASA_tlx. Mixed Model ANCOVAs were conducted to determine effects of Condition {3}, 

Tolerance Level {2} and Assessment Time {8} on the Feeling Scale (FS), on the Heart Rate 

Frequency (HRF) and on the Percentage of correct counts (PC) while controlling for the self-

reported physical activity level. For the FS, HRF and PC variables, baseline values were 

systematically included within the statistical model as covariates. Throughout these analyses, 

partial eta squares (η2p) were calculated to report the effect sizes. Bonferroni-adjusted pairwise 

comparisons were used when required for the post-hoc analyses.  

In a second series of analyses, regression analyses were conducted (1) to reveal the part of both 

cognitive and physical perceived demands when assessing the Ratings of Perceived Exertion 

(using the 6-20 Borg Scale) and (2) to explain the desire to re-exercise as a function of the 

individuals’ subjective measures conducted through the experimental protocol. Before 

conducting the regression analysis, we performed correlational analysis – using Pearson’s 

correlation coefficient - between factors. Conducting an analysis of the correlations allowed us to 
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choose the regression factors by minimizing at best the overlap between factors. Then, the 

regression analysis was conducted from a descendant perspective by considering every factor and 

subtracting those playing a none significant role within the regression model. 

III. Results 

a) Group demographics 

The participants that were allocated to the three independent Conditions (Cycling vs. Stepping vs. 

Dancing) did not differ in Age (F(2,55) = 0.188, p = 0.829), in the number of men and women 

within groups (khi-deux = 0,156, ddl = 2, p = 0,561), in Body Mass Index (F(2,55) = 0.856, p = 

0.431), in the number of Low and High Tolerant individuals (F(2,55) = 1.589, p = 0.213) and in 

the overall Tolerance scores (F(2,55) = 1.025, p = 0.366). A main Condition effect on 

Educational Level was revealed (F(2,55) = 4.666, p = 0.014, η2 = 0.15) with individuals in the 

Cycling Condition having performed less university studies (MCycling = 2.25, SD = 1.64) than 

those in the Dancing Condition (MDancing = 3.31, SD = 1.30) (p = 0.011). A main Condition effect 

was observed on some of the IPAQ dimensions. More specifically, a main effect was revealed on 

Total Physical Activity (F(2,55) = 3.248; p = 0.046, η2 = 0.11), Total Low (F(2,55) = 5.221; p = 

0.008, η2 = 0.16) and Total Moderate scores (F(2,55) = 3.871; p = 0.027, η2 = 0.12). 

Nevertheless, the Bonferroni post-hoc analyses did not allow to obtain statistical differences 

between conditions. No main Condition effects were revealed on Total Vigorous score (F(2,55) = 

0.339; p = 0.713). Detailed results are presented in the Table 1. 

The participants who were allocated to two independent groups (Low vs. High Tolerance groups) 

did not differ in Age (F(1,56) = 1.736, p = 0.193), Body Mass Index (F(1,56) = 2.426, p = 0.125), 

Educational Level (F(1,52) = 1,643, p = 0.206), Total Low IPAQ score (F(1,56) = 1.282; p = 
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0.262) and Total Moderate IPAQ score (F(1,56) = 1.181; p = 0.282). An effect of the Tolerance 

Level was revealed on the Repartition of men and women within groups (khi-deux = 3.842, ddl = 

1, p = 0,049) with women having lower Tolerance Level (Mwomen = 18.00, SD = 5.04) compared 

to men (Mmen = 21.59, SD = 4.73). A main effect of Tolerance Level was revealed on Total 

Vigorous IPAQ score (F(1,56) = 7.342; p = 0.009, η2 = 0.12) with Low Tolerant individuals 

producing less weekly vigorous physical activities (MLow = 590.00, SD = 890.03) compared to 

High Tolerant individuals (MHigh = 1764.62, SD = 2248.48). A main effect of the Tolerance 

Level was also revealed on Total Physical Activity IPAQ score (F(1,56) = 4.623; p = 0.035, η2 = 

0.08) with Low Tolerant individuals producing less weekly total physical activities (MLow = 

2366.88, SD = 2191.50) compared to High Tolerant individuals (MHigh = 4304.36, SD = 

4484.76). Detailed results are presented in the Table 2.  
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 Cycling 
Condition 
(N=18) 

Stepping 
Condition  
(N = 20) 

Dancing 
Condition 
 (N = 20) 

Statistical analysis 

Age (y) 21.40 (2.44) 21.95 (3.83) 22.38 (4.03) F(2,55) = 0.188,  
p = 0.829 

Body mass index (kg.m-2) 21.99 (10.53) 23.44 (8.62) 25.02 (9.79) F(2,53) = 1.508,  
p = 0.231 

Educational Level (years) 2.25 (1.16) 2.95 (1.10) 3.31 (1.30)* F(2,55) = 4.666, 
p = 0.014, η2 = 0.15 

Tolerance Score 17.78 (4.86) 20.25 (5.35) 19.45 (5.33) F(2,55) = 1.025,  
p = 0.366 

Repartition of men and women Men : N= 8 
Women : N= 12 

Men: N= 5 
Women : N= 
15 

Men: N= 3 
Women : 
N= 13 

(khi-deux = 0,156, ddl 
= 2, p = 0,561) 
 

Repartition of Low and High 
Tolerant to exercise 

Low : N= 13 
High : N= 5 

Low : N= 10 
High : N= 10 

Low : N= 9 
High : N= 
11 

F(2,55) = 1.589,  
p = 0.213 

Total Low Physical Activity 
(METs-minutes/week) 

2198.17 
(2018.16) 

838.20 
(484.19)* 

1084.22 
(1246.03)* 

F(2,55) = 5.221;  
p = 0.008, η2 = 0.16 

Total Moderate Physical 
Activity (METs-minutes/week) 

1360.00 
(1791.54) 

554.40 
(387.98) 

465.50 
(601.24)* 

F(2,55) = 3.871;  
p = 0.027, η2 = 0.12 

Total Vigorous Physical 
Activity (METs-minutes/week) 

1366.67 
(2558.58) 

1110.00 
(975.65) 

898.00 
(1437.92) 

F(2,55) = 0.339;  
p = 0.713 

Total Physical Activity 
Practiced (METs-
minutes/week) 

4924.83 
(5134.49) 

2502.60 
(1255.06) 

2447.72 
(2837.10) 

F(2,55) = 3.248;  
p = 0.046, η2 = 0.11 

Table 1: Demographics and Fitness level. Descriptive results for Age (years), Body Mass Index (kg.m-2), 
Educational Level (number of years after French Baccalauréat), Tolerance Score, Repartition of men and 
women, Repartition of Low and High Tolerant and the quantitative amount of physical activity practiced 
(METs: Metabolic Equivalents - a useful, convenient and standardized way to describe the absolute 
intensity of a variety of physical activities - ACSM, 2014), as a function of group (* differing from 
Cycling Condition) 
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 Low Tolerant 
individuals (N = 
32) 

High Tolerant 
individuals (N = 26) 

Statistical analysis 

Age (y) 21.44 (3.33) 22.62 (3.45) F(1,56) = 1.736, p = 
0.193 

Body mass index (kg.m-

2) 
22.44(9.48) 26.04 (9.55) F(1,56) = 2.426, p = 

0.125 

Educational Level 
(years) 

3.17 (1.44) 2.67 (1.40) F(1,52) = 1,643, p = 
0.206 

Repartition of men and 
women 

Men : N= 6 
Women : N= 16 

Men : N= 11 
Women : N= 15 

khi-deux = 3.842, ddl 
= 1, p = 0,049 

Total Low Physical 
Activity (METs-
minutes/week) 

1148.81 (1319.31) 1586.67 (6138.00)* F(1,56) = 1.282; p = 
0.262 

Total Moderate 
Physical Activity 
(METs-minutes/week) 

628.06 (694.02) 953.08 (6240.00) F(1,56) = 1.181; p = 
0.282 

Total Vigorous Physical 
Activity (METs-
minutes/week) 

590.00 (890.03) 1764.62 (10560.00) F(1,56) = 7.342; p = 
0.009, η2 = 0.12 

Total Physical Activity 
Practiced (METs-
minutes/week) 

2366.88 (2191.50) 4304.36 (15889.00) F(1,56) = 4.623; p = 
0.035, η2 = 0.08 

Table 2: Demographics and Fitness level. Descriptive results for Age (years), Body Mass Index (kg.m-2), 
Educational Level (number of years after Baccalauréat), Repartition of men and women, as well as IPAQ 
scores (METs: Metabolic Equivalents - a useful, convenient and standardized way to describe the absolute 
intensity of a variety of physical activities - ACSM, 2014) as a function of Tolerance Level.  
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b) Assessing the load of physical activities 

Global load 

Participants’ investment. Neither a Condition main effect (F(2,50) = 1.799,  p = 0.176), nor a 

Tolerance Level main effect were revealed (F(1,50) = 2.477, p = 0.122). However, the interaction 

Conditions*Tolerance Level was observed (F(2,50) = 3.473, p = 0.039, η2 = 0.12) with, in the 

Stepping Condition, Low Tolerant individuals being less invested (MLow = 1.10, SD = 1.37) in 

comparison to the High Tolerant individuals (MHigh = 2.70, SD = 0.82) (p = 0.032) (Fig 2-left).  

Perception of effort. A main effect of Condition was revealed (F(2,50) = 11.282, p < 0.001, η2 = 

0.31). More specifically, the Stepping Condition was perceived as less effortful (MStepping = 11.00, 

SD = 2.10) than both the Cycling (MCycling = 13.17, SD = 1.20) (p < 0.001) and the Dancing 

condition (MDancing = 13.32, SD = 1.46) (p < 0.001) (Fig. 2-right). A main effect of Tolerance 

Level was revealed (F(1,50) = 4.793, p = 0.033, η2 = 0.09) with Low Tolerant individuals overall 

perceiving the sessions as more effortful (MLow= 12.95, SD = 1.98) than the High Tolerant 

individuals (MHigh = 11.88, SD = 1.77) (Fig. 2-right). No interaction between Condition and 

Tolerance Level was observed (F(2,50) = 0.029, p = 0.971). 
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Figure 2: Scores of investment (left) and perception of effort (right) as a function of the condition: 
Cycling, Stepping and Dancing in Low Tolerant individuals (grey) and High Tolerant individuals 
(black). Error bars illustrate the confidence intervals 95% around the mean (* p < 0.05). 

 

c)! Physical load 

Subjective measure. A main effect of Condition was revealed (F(2,51) = 3.211, p = 0.048,!"2 = 

0.11) (Fig. 3-left). The Dancing Condition was perceived as more physically demanding (MDancing 

= 15.95, SD = 2.50) than the Stepping Condition (MStepping = 12.50, SD = 4.35) (p = 0.047). No 

main effect of the Tolerance Level was revealed (F(1,51) = 2.193, p = 0.144). The interaction 

Condition*Tolerance Level did not reach significance (F(2,51) = 0.506, p = 0.606). 
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!

 

Figure 3: Scores of Physical demand (left) and Variations in Heart Rate Frequency (right) as a function of the condition: Cycling, 
Stepping and Dancing. Error bars illustrate the confidence intervals 95% around the mean (*p < 0.05 and **p < 0.01). 
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Objective measure. 

Baseline measure. Neither a main effect of the Condition (F(2,36) = 1.761, p = 0.186) nor a main 

effect of the Tolerance Level were revealed (F(1,36) = 1.054, p = 0.311). The interaction 

Condition*Tolerance Level did not reach significance (F(2,36) = 0.827, p = 0.445). Thus, before 

starting the physical activity, the HRF in Low and High Tolerant individuals were similar across 

conditions.  

Warm-up measures. Neither a main effect of the Condition nor a main effect of the Tolerance 

Level were revealed. The interaction Condition*Tolerance Level did not reach significance 

(Table 3). Thus, the Heart Rate Frequency was similar in both Low and High Tolerant 

individuals across conditions after the warm-up period.  

Practice measures. The main effect of Condition reached significant tendency (F(2,35) = 3.061 p 

= 0.059). No main effect of the Tolerance Level was observed (F(1,35) = 0.016, p = 0.901). The 

interaction Condition*Tolerance Level did not reach significance (F(2,35) = 2.249, p = 0.121). 

No main effect of the Assessment Time was revealed (F(5,175) = 0.097, p = 0.993). 

Nevertheless, the interaction Assessment Time*Conditions was significant (F(10,175) = 2.981, p 

= 0.002, !2 = 0.15). More specifically, an increase of the HRF was revealed in the Cycling and 

Stepping Conditions but not in the Dancing condition (Fig. 3-right). The interaction between 

Assessment Time and Tolerance Level did not reach significance (F(5,175) = 0.834, p = 0.526). 

The triple interaction Assessment Time*Condition*Tolerance Level reached significance (F(10, 

175) = 2.680, p = 0.005, !2 = 0.13). Detailed results are presented in Fig. 4-left, Fig. 4-middle and 

Fig. 4-right.  
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Recovery measures. A main effect of Condition was revealed (F(2,35) = 5.326, p = 0.009,	!2 = 

0.23). More specifically, the overall Heart Rate Frequency was smaller in the Dancing Condition 

(MDancing = 119.91, SD = 27.55) compared to both the Cycling (MCycling = 146.19, SD = 19.07) (p 

= 0.033) and the Stepping Condition (MStepping = 141.98, SD = 23.43) (p = 0.041). No other main 

effects or interaction were found (Table 3).  
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 Warm up Period Physical activity at RPE 13 Recovery Period 
 F df p  h2

p F df p h2
p F df p h2

p 
Main effects             
Feeling Scale             
Condition effect 0.094 2,50 0.911 0.00 0.066 2,50 0.937 0.00 0.399 2,50 0.673 0.02 
Tolerance effect 0.001 1,50 0.973 0.00 11.030 1,50 0.002 0.19 4.743 1,50 0.034 0.09 
Assessment Time -- -- -- -- 1.216 5,250 0.302 0.02 -- -- -- -- 
             
Heart Rate Frequency             
Condition effect 0.306 2,35 0.739 0.02 3.061 2,35 0.059 0.15 5.326 2,35 0.009 0.23 
Tolerance effect 1.237 1,35 0.274 0.03 0.016 1,35 0.901 0.00 0.024 1,35 0.877 0.00 
Assessment Time 1.008 4,140 0.406 0.03 0.097 5,175 0.993 0.00 0.458 4,140 0.766 0.02 
             
Backward counts             
Condition effect -- -- -- -- 2.701 1,50 0.077 0.10 -- -- -- -- 
Tolerance effect -- -- -- -- 5.499 2,50 0.203 0.03 -- -- -- -- 
Assessment Time -- -- -- -- 1.648 7,350 0.121 0.03 -- -- -- -- 

Interactions effects             
Feeling Scale             
Condition*Tolerance 0.673 2,50 0.515 0.03 0.763 2,50 0.472 0.03 0.668 2,50 0.517 0.02 
Assessment Time* Condition -- -- -- -- 0.881 10,250 0.552 0.03 -- -- -- -- 
Assessment Time*Tolerance -- -- -- -- 4.477 5,250 < 0.001 0.08 -- -- -- -- 
Assessment Time* Condition*Tolerance -- -- -- -- 1.588 10,250 0.110 0.06 -- -- -- -- 
             
Heart Rate Frequency             
Condition*Tolerance 1.021 2,35 0.371 0.06 2.249 2,35 0.121 0.11 1.014 2,35 0.373 0.05 
Assessment Time*Condition 0.921 8,140 0.501 0.05 2.981 10,175 0.002 0.15 0.332 8,140 0.952 0.02 
Assessment Time*Tolerance 1.189 4,140 0.318 0.04 0.834 5,175 0.526 0.02 0.469 4,140 0.758 0.01 
Assessment Time*Condition*Tolerance 0.729 8,140 0.666 0.03 2.680 10,175 0.005 0.13 0.978 8,140 0.456 0.05 
             
Backward counts             
Condition*Tolerance -- -- -- -- 5.499 2,50 0.007 0.18 -- -- -- -- 
Assessment Time*Condition -- -- -- -- 1.053 14,350 0.399 0.04 -- -- -- -- 
Assessment Time*Tolerance -- -- -- -- 0.968 7,350 0.454 0.02 -- -- -- -- 
Assessment Time*Condition*Tolerance -- -- -- -- 0.879 14,350 0.582 0.03 -- -- -- -- 

Table 3: Overall statistical results for the main effects and the interactions on Feeling Scale, Heart Rate Frequency and Backward counts as a function of 
Assessment time, Condition and Tolerance 
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Figure 4: Variations in Heart Rate Frequency as a function of the condition: Cycling (left), Stepping (middle) and Dancing (right) in Low 
Tolerant individuals (grey) and in High Tolerant individuals (black). Error bars illustrate the confidence intervals 95% around the mean (*p < 
0.05 and **p < 0.01). 
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d)! Cognitive load 

Subjective measure. A main effect of Condition was revealed (F(2,51) = 5.182, p = 0.009,!"2 = 

0.17) (Fig. 5-left). The Dancing Condition was perceived as more cognitively demanding 

(MDancing = 15.95, SD = 2.50) than the Cycling Condition (MCycling = 13.11, SD = 3.16; p = 0.049) 

and the Stepping Condition (MStepping = 12.50, SD = 4.35; p = 0.009). The main effect of 

Tolerance Level was none significant (F(1,51) = 0.266, p = 0.608). The interaction 

Condition*Tolerance Level did not reach significance (F(2,51) = 0.269, p = 0.765).  

 

 

Figure 5: Scores of Cognitive demand (left) and Backward counts (right) as a function of the condition 
Cycling, Stepping and Dancing in Low Tolerant individuals (grey) and High Tolerant individuals (black). 
Error bars illustrate the confidence intervals 95% around the mean (*p < 0.05). 
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Objective measure.  

Baseline performances. Neither a main effect of the Condition (F(2,51) = 0.689, p = 0.506) nor a 

main effect of the Tolerance Level were revealed (F(1,51) = 1.939, p = 0.169). The interaction 

Condition*Tolerance Level did not reach significance (F(2,51) = 0.116, p = 0.891). Thus, before 

starting the physical activity, the backward counting abilities in Low and High Tolerant 

individuals were similar across conditions. 

Practice measures. Neither a main effect of Condition nor a main effect of the Tolerance Level 

were observed (Table 3). The interaction Condition*Tolerance Level reached significance 

(F(2,50) = 5.499, p = 0.007, "2 = 0.18) (Fig. 5-right). The Low Tolerant individuals in the 

Dancing Condition performed less well the backward counting task (MLow = 75.74, SD = 13.68) 

than the Low Tolerant individuals in the Cycling (MLow = 92.23, SD = 9.27) (p = 0.002) and in 

the Stepping Conditions (MLow = 91.38, SD = 9.22) (p = 0.009) and than the High Tolerant 

individuals in the Dancing (MHigh = 92.32, SD = 8.84) (p = 0.003) and in the Stepping condition 

(MHigh = 91.35, SD = 6.48) (p = 0.008). No main effect of the Assessment Time was revealed. 

The interactions Assessment Time*Condition and the interaction Assessment Time*Tolerance 

Level did not reach significance (Table 3). 

e) The affective experience during physical exercise 

Resting state. A main effect of the Condition was revealed (F(2,51) = 3.536, p = 0.036, η2 = 0.12) 

with individuals in the Cycling Condition having lower scores in the FS scale (MCycling = 2.78, SD 

= 1.81) than individuals in both the Stepping (MStepping = 3.50, SD = 1.54) and the Dancing 

Conditions (MDancing = 2.65, SD = 1.76). No main effects of Tolerance Level was revealed 

(F(1,51) = 0.009, p = 0.925). The interaction Conditions*Tolerance Level did not reach 
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significance (F(2,51) = 2.066, p = 0.137). Thus, before starting the physical activity, individuals 

in the Cycling Condition presented less positive affective states.  

Warm-up measures. Neither a main effect of the Conditions nor a main effect of the Tolerance 

Level were revealed (Table 3). The interaction Conditions*Tolerance Level did not reach 

significance (F(2,50) = 0.673, p = 0.515). Thus, after the warm-up period, the affective states 

were similar in both Low and High Tolerant individuals across conditions.  

Practice measures. No main effect of Condition was revealed (F(2,50) = 0.066, p = 0.937). A 

main effect of the Tolerance Level was observed (F(1,50) = 11.030, p = 0.002, η2 = 0.19) with 

Low Tolerant individuals having lower scores on the Feeling Scale (MLow = 1.73, SD = 1.47) 

than the High Tolerant individuals (MHigh = 3.10, SD = 1.21). The interaction 

Condition*Tolerance Level did not reach significance (F(2,50) = 0.763, p = 0.472). No main 

effect of the Assessment Time was observed (F(5,250) = 1.216, p = 0.302). The interaction 

Assessment Time*Condition did not reach significance (F(10, 250) = 0.881, p = 0.552). The 

interaction Assessment Time*Tolerance Level reached significance (F(5,250) = 4.477, p < 0.001, 

η2 = 0.08). More specifically, a decrease in the affective valence was observed only in the Low 

Tolerant individuals. The Feeling scale remained constant across time in the High Tolerant 

groups. Furthermore, differences between Low and High Tolerant individuals were observed 

throughout (Fig. 6).  

Recovery measures. No main effect of Condition was revealed (F(2,50) = 0.399, p = 0.673). A 

main effect of the Tolerance Level was observed (F(1,50) = 4.743, p = 0.034, η2 = 0.09) with 

Low Tolerant individuals having lower scores on the Feeling Scale (MLow = 2.55, SD = 1.30) 
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compared to High Tolerant individuals (MHigh = 3.56, SD = 1.13). The interaction 

Condition*Tolerance Level was not significant F(2,50) = 0.668, p = 0.517). 

 

 

Figure 6: Variations in Feeling Scale as a function of Assessment time for Low 
Tolerant individuals (grey)and High Tolerant individuals (black). Error bars 
illustrate the confidence intervals 95% around the mean.  

 

f)! Predicting perception of effort and desire to re-exercise  

For demonstrating that the perception of effort is composed of both a physical and a cognitive 

component, a regression analysis was conducted to assess whether it would be possible to predict 

the Ratings of Perceived Exertion (using the 6-20 Borg Scale) as a function of the sub-scales of 

the NASA-tlx questionnaire. Before conducting the regression analysis, we performed a 

correlational analysis – using Pearson’s correlation coefficient - between factors (see Table 4). 
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The findings argue in favour of a significant role of the perception of both the cognitive (t = 

3.431, p = 0.001, B = 0.361) and physical efforts of the motor tasks (t = 4.771, p < 0.001, B = 

0.502) (adjusted r2 = 0.381, F(2,54) = 18.268, p < 0.001).  

When participants were instructed to score their desire to re-exercise, there was an absence of 

Condition main effect (F(2,50) = 0.937,  p = 0.398). A tendency of a Tolerance main effect was 

revealed (F(1,50) = 3.805, p = 0.056) with Low Tolerant individuals having lower scores (MLow = 

1.09, SD = 1.83) than that observed in the High Tolerant individuals (MHigh = 1.81, SD = 1.58). 

The interaction Condition*Tolerance did not reach significance (F(2,50) = 0.074, p = 0.929).  

A regression analysis was conducted to reveal a possible prediction of the desire to re-exercise. 

Before conducting the regression analysis, we performed a correlational analysis were also 

conducted between factors (see Table 4). The findings argue in favour of a significant role of 

both the valence component of affective states during practice (t = 3.292, p = 0.002, B = 0.405) 

and the Heart Rate Frequency during the recovery (t = 3.885, p < 0.001, B = 0.494) (adjusted r2 = 

0.304, F(2,55) = 11.127, p < 0.001). Thus, it seems that the desire to re-exercise is a function of 

the way one experiences a physical exercise and the way one recovers from it. 
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Table 4: Reports the statistical results for the correlation analysis between Conditions, Tolerance Level, Total Physical Activity, RPE score, 
NASA-tlx sub-scales (Mental demand, Physical demand), Desire to re-exercise, FS during practice, FS during practice, FS during recovery, HRF 
during practice, HRF during recovery and the Counting performances (*p< 0.05). 
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IV. Discussion 

The first essential finding of this original experiment concerns the cognitive definition of physical 

exercise. More specifically, through the conduction of a self-paced paradigm we revealed that 

asking individuals to perform a “somewhat difficult” physical exercise means asking them to take 

into account both the physical and the cognitive load of the task. Furthermore, through the 

conduction of a dual-task paradigm our results showed that the more physical exercise was 

challenging during the planning and the execution of the motor behaviour, the more individuals 

perceived it as cognitively demanding. Hence, our results confirm (1) that the way one perceives 

the difficulty of a motor task depends on both physical (Eston et al., 2012) and cognitive 

components (Abbiss et al., 2015) and that physical exercise can be defined from the amount of 

cognitive resources they require to handle the challenges occurring during their performance 

(Burzynska et al., 2017; Müller et al., 2017). Finally, the self-paced protocol elaborated through 

this study leads to confirm that both active and inactive individuals are able to use their affective 

states to perform a “somewhat difficult” physical exercise for 30 minutes (Eston & Williams, 

1988). The results are all the most powerful since (1) the statistical analyses were conducted by 

statistically controlling for individuals’ self-reported weekly physical practice scores and (2) the 

correlational analyses revealed an absence of correlation between individuals’ self-reported 

weekly physical practice and the depend variables of the study.  

The second essential finding of this original experiment concerns the importance of assessing 

individuals Tolerance level when prescribing physical exercise. More specifically, our results 

revealed that Low Tolerant individuals perceived physical exercise as more exhausting than did 

High Tolerant individuals. Furthermore, due to the complexity of the motor tasks, Low Tolerant 

individuals perceived physical exercise as less pleasant than did High Tolerant individuals. 

Finally, our results revealed that individuals’ affective states experienced during a physical 

exercise explain, in some part, the individuals’ desire to re-exercise; confirming previous studies 
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(Jekauc, 2015; Wienke & Jekauc, 2016; Zenko et al., 2016). One thing the highlight is that results 

revealed also that affective states experienced during motor performance was a function of one 

individual’s Tolerance level. Hence, we can suppose that, in daily life, due to the lower affective 

states that Low Tolerant individuals may experience during the course of a physical exercise they 

may be more sensitive to drop out a physical exercise program than may do High Tolerant 

individuals.  

a) The specific case of Dancing motor task 

Through the conduction of a dual-task paradigm we revealed that performing a counting task 

while dancing was perceived as more cognitively demanding than performing the same task while 

stepping or cycling. Dancing was defined as “an equivalent of an enriched environment requiring 

the ability to learn constantly new choreographies, to integrate multisensory information, to 

coordinate the whole body and to navigate in space” (Kattenstroth et al., 2013; Müller et al., 

2017, p. 2). Thus, in order to handle the challenges occurring during the performance of a 

Dancing task, individuals require a high amount of cognitive resources. That is may be why, 

asking individuals to perform also a counting task while dancing leads them to perceive their 

performance as more cognitively demanding than individuals in Stepping or Cycling condition. 

Consequently, the results confirmed that physical exercise should be defined and distinguished 

from the cognitive resources required to perform them (Burzynska et al., 2017; Müller et al., 

2017).  

b) The possible effect of cognitive demands on the way individuals perceive 

the physical load of a motor task.  

In the Dancing condition, results showed that, contrary to Stepping and Cycling condition, 

individuals’ Heart Rate Frequency (HRF) did not increase throughout the motor performance. 

However, while the physiological index would not lead to such conclusion, performing a counting 
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task while dancing was perceived (1) as more physically demanding than counting while Stepping 

and (2) as equally physically demanding than counting while Cycling. Thus, it seems that when 

individuals have to determine the physical load of a motor task, their judgement is not only based 

on the physiological or physical changes occurring during the task such as heart rate frequency. In 

fact, the results echo those revealing that judging the difficulty of a motor task is not based only 

on individuals’ physical abilities but also on their cognitive exhaustion (MacMahon, Schücker, 

Hagemann, & Strauss, 2014; Pageaux, Lepers, Dietz, & Marcora, 2014; M. R. Smith et al., 2016; 

M. R. Smith, Marcora, & Coutts, 2015). The Tolerance level and the perception of the difficulty 

of a motor task 

Across conditions (i.e., Cycling, Stepping and Dancing), our results showed that the performance 

of the dual-task was perceived as more exhausting for Low Tolerant individuals than for High 

Tolerant individuals. Hence, the results suggest that Low Tolerant individuals do not possess 

either the physical or the cognitive resources to handle the dual-task paradigm. Furthermore, in 

the Dancing condition, for a same perception of the cognitive load of the dual-task, Low Tolerant 

individuals performed less well the counting task than did High Tolerant individuals. The 

counting task corresponded to an active manipulation of numbers, thus corresponded to an 

updating task. Hence, the results suggest that, Low Tolerant individuals do not possess as much 

as updating resources to handle both the counting and the exercising task that possess High 

Tolerant individuals. The theoretical question now lies in the identification of the nature of the 

cognitive differences that may exist between Low and High Tolerant individuals. More 

specifically, updating abilities take part in more general cognitive abilities called executive 

functions, i.e., a set of processes whose main function is to facilitate the adaptation of the subject 

to new situations. Hence, we can suppose that in addition to differ in updating efficiency, Low 

and High Tolerant individuals could also differ in other executive abilities such as inhibiting or 

shifting ones.  
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c) Actual results which are not confirming the Reticular-Activating 

Hypofrontality theory at “somewhat difficult” intensity 

The Reticular-Activating Hypofrontality model (RAH) suggests that as long as physique exercise 

requires large muscle groups, the brain needs to allocate most of the brain metabolic resources to 

the regions involved in sensory motor processing (Dietrich, & Audiffren, 2011; Audiffren, 

2016;). Hence, whereas the posterior cortex and subcortical regions involved in sensory motor 

processes would benefit from hyper activation, the prefrontal cortex supporting the executive 

functions should suffer from a deactivation. However, while a decrease of the prefrontal 

oxygenation is observed during the performance of a near maximal exercise intensity, Rooks and 

collaborators (2010) reported that activation of the prefrontal cortex during the course of 

submaximal physical exercise remains stable or even increases. The results of the present study 

are in line with those of Rooks et al., (2010). Indeed, the results obtained on individuals counting 

performances revealed no effects of physical exercise or assessment time on the individuals’ 

updating performances. Consequently, results support the idea that performing “somewhat 

difficult” thus moderate physical exercise does not lead to an impairment of updating abilities.  

d) “Somewhat difficult” physical exercise, motor complexity and the 

theoretical framework of self-control  

In active males when running (Feriche et al., 1998) and athletes when cycling (Stojiljković et al., 

2004), performing a “somewhat difficult” physical exercise means performing a motor task at an 

intensity corresponding to the Ventilatory Threshold. Thus, corresponding at an intensity at which 

the homeostasis starts to be threatened. Hence, in order to be able to continue the physical 

exercise throughout time, individuals have to really care about the way they are self-regulating 

their motor behaviour. More specifically, in order to be able to perform the task throughout time, 

individuals have to efficiently predict the consequences of their motor behaviour without error. If 

they do not, a possible greater threat of the homeostasis will emerge due to the necessity to 
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allocate cognitive resources to re-adjust the motor output whereas resources are needed to 

maintain homeostasis and stability within the system. In the framework of the self-control 

theoretical hypothesis applied to physical exercise (Audiffren & André, 2015) we can hypothesize 

that self-regulation abilities and thus cognitive functions are all the most required at this intensity 

to minimize the threaten of the homeostasis. However, since all physical exercise are not equal 

concerning their motor complexity, the amount of cognitive resources to handle the task may 

differ; leading to higher perception of effort by individuals when exercising. That is may be the 

case for Dancing compared to Cycling or Stepping. Furthermore, while some possess enough 

cognitive resources to handle the demand of the physical exercise others do not. That is may be 

why Low Tolerant individuals (1) perceived the dual task as more exhausting than High Tolerant 

individuals and that (2) less well performed the counting task while Dancing. Consequently, the 

more cognitively “strong” individuals may positively experience the physical exercise while 

others cannot. That is what we revealed by observing that Low Tolerant individuals perceived 

physical exercise as less pleasantness that did High Tolerant individuals. 

e) Predicting the desire to re-exercise 

The results revealed that the desire to re-exercise can be explained at 30% by affective states 

experienced during practice and heart rate frequency measured during recovery. The results 

obtained for the predictive powerfulness of affective states echo those revealing that the pleasure 

experienced during a session is predictive of a future practice (Jekauc, 2015; Zenko et al., 2016). 

Finally, the results obtained for the predictive role of HRF during recovery lead to suppose that 

the way one wants to re-exercise can depend on his/her ability to physically and cognitively 

recover from the physical effort. Hence, the results lead to confirm that the societal question of 

physical exercise adherence cannot be solved only through the conduction of rational promotional 

campaigns but also by promoting the essential feature of the way one experiences and recover 

from a session. 
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V. Conclusion 

This original experimental research allows to consider that physical exercise can be defined from 

a cognitive standpoint. Through the conduction of a dual-task paradigm we revealed that 

assessing the cognitive load of physical exercise is possible. Furthermore, such methodology 

allows to differentiate physical exercise as a function of the cognitive resources required to be 

performed. Hence, these results suggest a possible redefinition of physical exercise from a 

cognitive standpoint. We also revealed that the perception of effort is composed by both physical 

and cognitive components; leading to remember that when asking individuals to select how much 

they experienced a physical exercise, individuals take into account both the physical and the 

cognitive loads of the motor task. Finally, we revealed that the Tolerance of exercise intensity 

may explain why individuals experience positively or negatively a physical exercise; leading to 

consider this factor in the field of sport psychology. 
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 What’s next? 
In Study II, we showed that physical exercise requires cognitive resources. Furthermore, we 

revealed that the way one experiences the difficulty of a motor task is a function of several 

factors: (1) a physical and a cognitive component, (2) the motor planning complexity of the task 

and (3) one individual’s Tolerance level. Nonetheless, limited factors must to be noted. First, an 

absence of measure of objective intensity of the physical exercise remains. Second, RPE Borg 

scale was showed at the start and at the end of the session but not during; suggesting that 

individuals may not have followed the instruction of practicing at RPE 13 throughout the session. 

Third, Low and High Tolerant individuals did not have the same degree of self-reported physical 

practice. Finally, we supposed that Low and High Tolerant individuals may differ from their 

cognitive processing but we did not measure it.  

The objective of Study III was to provide improvements on these different points. We conducted 

a first experiment with the aim to develop a methodology leading to observe how individuals self-

regulate motor task intensity while performing an effortful “somewhat difficult” physical 

exercise. To better understand the effects of Tolerance level on self-regulation abilities, Low and 

High Tolerant individuals were compared by experimentally controlling for their self-reported 

weekly physical practice. Then, we conducted a second experiment with the aim to assess the 

executive differences between Low and High Tolerant individuals. More specifically, based on 

the theoretical definition of executive functions (Miyake, 2000) we will show that Low and High 

Tolerant can be distinguished from their updating, shifting and inhibition abilities, which predicts 

the use of contrasting self-regulation strategies.  
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HIGHLIGHTS 

1. Tolerance to exercise intensity modulates the self-regulation abilities.  

2. Low Tolerant individuals are characterised by less efficient Executive functions and 

lower Self-efficacy scores than High Tolerant individuals.  

3. Tolerance score can be explained up to 36 % by the efficiency of the Executive 

Functions and the score of Self-Efficacy.  
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General introduction 

Physical exercise is a type of motor activity that requires organisation, planning and sequencing 

of bodily movements performed in the aim to improve and/or maintain one or more components 

of physical fitness (American College of Sports Medicine et al., 2010). In the context of 

identifying the cognitive functions require to implement health behaviours such as physical 

exercise executive functions were revealed as essential (Buckley, Cohen, Kramer, McAuley, & 

Mullen, 2014; P. A. Hall & Fong, 2015; Mullen & Hall, 2015). More specifically, since executive 

system refers to a set of processes whose main function is to facilitate the adaptation of the 

subject to new situations they are required in the daily life implementation of physical exercise 

health behaviour (Buckley et al., 2014; Hall & Fong, 2015). In fact, engaging in a regular 

physical exercise practice requires to adapt ourselves in the self-regulation of everyday costs 

related to one individual’s desire to engage in physical exercise health behaviour (Mullen, & Hall, 

2015). Hence, Daly and collaborators (2014) and Best and collaborators 2014) revealed that 

individuals which possess the more efficient executive functioning are those who able to engage 

in long term physical practice. Furthermore, executive functions were also suggested as required 

to help individuals in the self-regulation of the motor behaviour during a physical exercise 

session (Abbiss et al., 2015; Audiffren & André, 2015). More specifically, the more executive 

functions would be efficient, the more individuals would be able handle the challenges occurring 

during the performance of the task (Abbiss et al., 2015; Audiffren & André, 2015). Nonetheless, 

while some individuals possess such cognitive resources to handle and tolerate the task demands, 

some others are not able to do so. In such context, the first objective of this original research was 

to understand how one’ ability to handle a self-paced physical exercise for 30 minutes can be 

explained through an individual’s tolerance profile. Furthermore, the second objective of this 

original research was to assess how individuals’ ability to tolerate a physical exercise may be 

related to an individual’s cognitive executive efficiency.  
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The way one self-regulates the distribution of energy expenditure throughout an exercise task is 

extremely important as it predetermines the ability to maintain the intensity of a physical exercise 

across a given period of time (Abbiss et al., 2015). In cognitive psychology, the term « effortful » 

conveys the sense that a task actually requires the involvement of executive functions (Gendolla, 

Tops, & Koole, 2015). More specifically, effort emerges from the match (or the mismatch) 

between (1) a predicted sensory information sent directly from the motor to the sensory areas of 

the brain and (2) an actual sensory information received by the sensory areas of the brain directly 

from the body (Abbiss et al., 2015). If the predicted effort corresponds to the actual one, 

performing the actual motor behaviour will be interpreted as meaning performing an effort that 

individuals is able to sustain. However, in the case of a mismatch, the cognitive load caused by 

the discrepancy between the predicted and the actual effort intensity one will lead individuals to 

perceive the physical exercise as more effortful than expected. Thus, a self-regulated strategy will 

lead individuals to adjust their motor output in order to minimize the discrepancy existing 

between the predicted and the actual effort experienced. In consequence, due to the necessity to 

constantly determine, compare and re-plan the intensity/speed of movement until a match is 

attained, cognitive functions are needed.  

The executive functions are defined as the most evolutionary elaborated cognitive functions for 

controlling, regulating and adjusting behaviour (Koziol et al., 2011). The most wide spread model 

in neuropsychology is the one proposed by Miyake and collaborators (2000) that define executive 

functions by its elementary components of shifting, updating and inhibiting. The shifting ability 

refers to individual’s ability to shift back and forth between multiple tasks, operations or mental 

sets (Monsell, 1966 – as cited by Miyake et al., 2000). The updating ability refers to the 

monitoring and the coding of incoming information for relevance to the task by replacing old, no 

longer relevant information with newer, more relevant information (Morris & Jones, 1990 – as 

cited by Miyake et al., 2000). Finally, the inhibiting ability concerns one’s capacity to voluntary 
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inhibit dominant, automatic or prepotent responses which are no longer relevant for the on-going 

motor performance (Miyake et al., 2000). As such, executive functions would play a key role in 

integrating the information emerging from different cortical or subcortical regions (Cisek, & 

Kalaska, 2010; Koziol et al., 2011) in order to maintain a goal-oriented behaviour (Blair & 

Ursache, 2011; Otero & Barker, 2014). Many paper-and-pencil neuropsychological tests were 

developed in order to assess individuals’ executive efficiency. However, due to the higher-order 

role of these functions and their interrelationships, few of them allow to assess “purely” the 

elementary components (Miyake et al., 2000). The task used in this experimental research were 

selected as a function of their purity defined by Miyake et al. (2000).  

Numerous studies have confirmed the impact of executive exertion on whole-body endurance 

performance (MacMahon et al., 2014; Pageaux et al., 2014; Smith et al., 2016, 2015). More 

specifically, before asking individuals to perform a motor task, authors asked them to do a Stroop 

task for 30 minutes. The objective of the cognitive task was to exhaust mentally individuals to 

reveal the impact of weakened cognitive functions during the physical performance. Results 

revealed that previously exhausting individuals’ executive functions impacts the way individuals 

are able to cognitively handle the difficulty of their motor performance (MacMahon et al., 2014; 

Pageaux et al., 2014; Smith et al., 2016, 2015). Interestingly, Smith and colleagues demonstrated 

that fatigue induced by executive exertion impaired both prolonged intermittent (Smith et al., 

2015) and graded (Smith et al., 2016) running exercises. The results are all the most powerful that 

executive exhaustion did not alter individuals’ physiological responses to endurance exercise 

(Marcora, Staiano, & Manning, 2009; Pageaux, Marcora, & Lepers, 2013).  

In the present study, the working hypothesis was that for similar self-reported physical intensities, 

individuals with weaker executive functions will have weaker resistance to sensorial feelings of 

discomfort than individuals possessing efficient executive control. As a consequence, individuals 
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with poor executive functions should self-pace the physical session at low intensities. Finally, we 

also hypothesised that efficiency of executive functions would be related to the conception of 

Tolerance. The more individuals possess efficient executive control, the more they should be able 

to resist to pain or discomfort while exercising. 
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Experiment 1: what predicts my self-regulated power 

output after 30’ of moderate physical exercise? 

I. Introduction 

Self-regulation abilities are described as playing a central role in the degree of engagement in 

physical exercise. More specifically, the more one is able to negotiate with physical cost and 

mental effort, the more one will be physically active (Mullen, & Hall, 2015). In the field of sport 

psychology, the Tolerance to effort is defined as the ability to continue exercising at levels of 

intensity associated with discomfort and displeasure (Ekkekakis et al., 2005). For now, Tolerance 

score has been shown to be predictive of the feelings experienced during physical practice 

(Ekkekakis et al., 2005), the ability to continue a physical exercise after the VT occurrence 

(Ekkekakis et al., 2005), the physical effort produced (Hall et al., 2014) and the oxygen consumed 

(Schneider & Graham, 2009). Although the self-regulation abilities have been revealed as 

important for long-lasting engagement (Buckley et al., 2014a), no studies have reported their 

central role during a single bout of physical exercise. Hence, the aim of the first experiment was 

to use a self-paced protocol to reveal that during 30 minutes of a physically and cognitively 

“somewhat difficult” exercise (RPE 13 on the 6-20 Borg Scale) individuals will self-regulate 

exercise intensity. Because of differences in pain sensitivity and tolerance (Mogil, 1999) as well 

as in the predicted levels of acceptable sensory stimulations (Abbiss et al., 2015), we 

hypothesized that the self-regulation profiles will be different between Low and High Tolerant 

individuals. More specifically, for a similar level of perceived effort (i.e., “somewhat difficult”), 

High Tolerant individuals should possess greater self-regulation abilities and be able to produce 

greater intensity of physical exercise in comparison to Low Tolerant individuals, with similar 

heart rate frequencies.  
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II. Method 

a) Participants 

A total of 42 subjects volunteered to take part in the study, 16 men and 26 women (Mage= 22.93 ± 

3.89 years, MBMI= 25.13 ± 6.19 kg.m-2). All subjects obtained a medical certificate from their 

medical physicians. Before the beginning of the study, each volunteer read an information letter 

and completed a written consent form. The study was approved by the Ethics Committee for 

behavior human studies of the University of Lille. Participants were asked not to participate in 

any physical training 48 hours before their inclusion.  

b) Materials and Procedure 

Assessment of the tolerance of exercise intensity 

The PRETIE-Q was used to assess the variables of preference for and tolerance to exercise 

intensity (Ekkekakis, Hall, Petruzzello, 2005). The eight-item Tolerance scale contained four 

items that targeted high exercise tolerance (e.g., ''I always push through muscle soreness and 

fatigue when working out'') and four items that targeted low exercise tolerance (e.g., ''During 

exercise, if my muscles begin to burn excessively or if I find myself breathing very hard, it is time 

for me to ease off''). Each item was composed of a 5-point response scale (1 = ''I totally disagree''; 

2 = ''I disagree''; 3 = ''Neither agree or disagree''; 4 = ''I agree''; 5 = ''I strongly agree''). A high 

score of tolerance of exercise intensity corresponds to a high capacity to pursue the physical 

activity although it becomes uncomfortable or unpleasant (Ekkekakis, Hall, Petruzzello, 2005). 

To obtain two contrasting groups, a median tolerance score was calculated across individuals. 

Participants with scores lower than the median (21) were considered as Low. 

Self-reported physical activity assessment 

The IPAQ (International Physical Activity Questionnaire – Craig et al., 2003) was used to assess 

the amount of physical activity practiced by the participants as a function of the reported intensity 
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(expressed in METs - Metabolic Equivalent of Task - for 3 different categories: low vs. moderate 

vs. vigorous), of duration (time in minutes) and of the number of days declared per week (METs-

minute/week). The feature of this questionnaire is to consider the overall self-reported physical 

activity level (including daily activities) and not only the physical activity practiced during leisure 

sports time. Four different measures were obtained: (1) the Total Physical Activity score, which 

contains the total amount of physical activity practiced (e.g., METs-minute/week_Low, METs-

minute/week_Moderate and METs-minute/week_Vigorous), (2) the Total Low Physical Activity score, 

(3) the Total Moderate Physical Activity score and (4) the Total Vigorous Physical Activity score. 

Physical Exercise session 

During the Physical Exercise session, the participants performed 40 minutes of physical activity. 

Three phases were constituted: the warm-up period (5 minutes), the physical activity period (30 

minutes), and the recovery period (5 minutes) - following criterion described in ACSM 

(2010)The participants pedalled on an electronically ergo-cyclometer (EXC NewBike 700SP, 

Technogym, Italy). A picture of a path through a forest was projected on a screen (195 cm x 280 

cm) placed 250 cm in front of the participants. Pleasant light was also proposed to optimize the 

pleasant experience of the physical activity (Shaulov & Lufi, 2009). During the warm-up period, 

participants were asked to pedal at a speed that would allow them to warm-up and to become 

familiar with the ergo-cyclometer. During the physical activity (30 min), participants were 

required to pedal at a speed that they felt as "somewhat difficult" on the Borg RPE scale (RPE 13 

on the 6-20 Borg Scale). The power-output (PO) and the heart rate frequency (HRF) produced 

during the three periods were also measured every minute. Nevertheless, for the statistical 

analyses conducted on the physical activity period, PO and HRF were resampled at one sample 

every 5 minutes. For all participants, debrief was systematically conducted after the experimental 

session to explain the aims and the construct of the study.  
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III. Statistical analyses 

ANOVAs were conducted to reveal main effects of Tolerance Level (High versus Low Tolerant) 

on general demographics. Mixed Model ANCOVAs were conducted to determine effects of 

Tolerance Level {2} and Assessment Time {8} on the Heart Rate Frequency (HRF) and on the 

Power Output (PO) while controlling for the self-reported physical activity level. For the HRF, 

the baseline value was included within the statistical model as covariate. Throughout these 

analyses, partial eta squares (η2p) were calculated to report the effect sizes. Bonferroni-adjusted 

pairwise comparisons were used when required for the post-hoc analyses. 

IV. Results 

Demographics 

No Tolerance Level main effect was revealed on the Participants' Age (F(1,40) = 1.747, p = 

0.194), and on the Participants' Education Level (F(1,40) = 1.248, p = 0.271). No Tolerance main 

effect was observed for the IPAQ scores obtained on the dimensions Total Physical Activity 

(F(1,39) = 0.313, p = 0.579), Total Low (F(1,39) = 2.367, p = 0.132), Total Moderate (F(1,39) = 

0.012, p = 0.913) and Total Vigorous Physical Activity (F(1,39) = 0.015, p = 0.903). Thus, when 

considering the entire spectrum of physical activity, the amount of self-reported physical activity 

practiced weekly did not differ between Low and High Tolerant individuals. A Tolerance Level 

main effect was revealed on the Participants' Body Mass Index (F(1,40) = 6.816, p = 0.012, ! 2 = 

0.16) with the Low Tolerant group having smaller BMI (MLow = 22.30 , SD = 5.38) compared to 

the High Tolerant group (MHigh = 27.05, SD = 6.05).  

No Sex main effect was revealed on the Participants' Age (F(1,40) = 0.824, p = 0.369), 

Educational Level (F(1,40) = 2.147, p = 0.151). A Sex main effect was revealed on the 

Participants' Body Mass Index (F(1,40) = 11.329, p = 0.002, ! 2 = 0.22) with the women having 

smaller BMI (MWomen = 22.87 , SD = 5.59) compared to the men (MMen = 28.79, SD = 5.43). A 
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Sex main effect was also revealed on the Participants' Tolerance score (F(1,40) = 4.716, p = 

0.036, ! 2 = 0.11) with the women having smaller Tolerance score (MWomen = 20.19 , SD = 2.68) 

compared to the men (MMen = 22.13, SD = 2.99). 

Self-regulation of the Power Output 

Warm-up measures. No Assessment Time main effect was revealed on the Power Output (PO) 

(F(4,160) = 0.431, p = 0.786). No main effect of the Tolerance Level was revealed (F(1,40) = 

0.321, p = 0.573). The interaction Assessment Time*Tolerance Level on PO did not reached 

significance (F(4,160) = 1.669, p = 0.160). Thus, Low and High Tolerant individuals produced 

similar levels of PO throughout the warm-up period. 

Practice measures. Participants were required to cycle at moderate level (RPE 13) for a total 

period of 30 minutes. Neither a main effect of Assessment Time (F(5,200) = 0.644, p = 0.666) nor 

a main effect of Tolerance Level were revealed (F(1,40) = 0.603, p = 0.332). The interaction 

effect between Assessment Time and Tolerance Level reached significance (F(5,200) = 2.683, p = 

0.023, !2 = 0.06) (Fig.1-left). Pairwise comparisons confirmed significant differences in the High 

Tolerance group between PO at 30' and at 5' of practice (Deltameans = 11.00, SE = 24.23, p < 

0.001) and between PO at 30' and at 10' of practice (Deltameans = 6.62, SE = 15.29, p = 0.012) 

with always more physical output produced at 30’. No differences in PO within the session were 

observed for the Low Tolerant individuals, indicating that they produced the same Power Output 

at the beginning and end of the session. Finally, the Power Output in High Tolerant individuals at 

30’ differed from the Power Output in Low Tolerant individuals at 5’ (Deltameans = 32.38, SE = 

16.19, p = 0.023) and at 30’ (Deltameans = 33.85, SE = 16.93, p = 0.013) (Fig. 1-left).  

Recovery measures. Results revealed an absence of main effect of Assessment Time (F(4,160) = 

0.058, p = 0.994). No main effects of the Tolerance Level were revealed (F(1,40) = 0.186, p = 

0.669). The interaction Assessment Time*Tolerance Level did not reach significance (F(4,160) = 
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0.166, p = 0.955). Thus, Low and High Tolerant individuals self-regulated their Power Output in 

the same way during the Recovery period. 

 

 

Figure 1: Variations in Power Output (left) and Heart Rate Frequency (right) as a function of Assessment 
Time in the Low Tolerant individuals (grey) and in the High Tolerant individuals (black). Error bars 
illustrate the confidence intervals 95% around the mean (*p < 0.05, **p < 0.01, ***p < 0.001). 

 

Cardiac Frequency 

Resting state Cardiac Frequency. No main effects of the Tolerance Level were revealed (F(1,28) 

= 0.116, p = 0.737). Thus, Low and High Tolerant individuals had the same Heart Rate Frequency 

before starting the physical exercise. 

Warm-up measures. An Assessment Time main effect was revealed (F(4,112) = 6.809, p < 0.001, 

! 2 = 0.20). The Heart Rate Frequency was lower at the beginning of the Warm-up period 

compared to that measured at 3’(Deltameans = 5.20, SE = 2.60, p = 0.007), at 4’ (Deltameans = 

6.37, SE = 3.19, p < 0.001) and at 5’ (Deltameans = 7.64, SE = 3.82, p < 0.001). No main effects 

of the Tolerance Level were revealed (F(1,28) = 0.149, p = 0.702). The interaction Assessment 
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Time*Tolerance Level did not reach significance (F(4,112) = 0.742, p = 0.565). Thus, the Cardiac 

Frequency increased through the Warm-up Period for both Low and High Tolerant individuals in 

a similar way. 

Practice measures. An Assessment Time main effect was revealed (F(5, 140) = 37.585, p < 

0.001, !2 = 0.57) (Fig. 1-right). More specifically, the HRF at 5’ differed from HRF at 10’ 

(Deltameans = 12.17, SE = 9.49, p < 0.001), from HRF at 15’ (Deltameans = 17.49, SE = 11.89, p 

< 0.001), from HRF at 20’ (Deltameans = 21.56, SE = 13.71, p < 0.001), from HRF at 25’ 

(Deltameans = 25.75, SE = 14.19, p < 0.001) and from HRF at 30’ (Deltameans = 24.14, SE = 

16.7, p < 0.001). Moreover, HRF at 10’ differed from HRF at 20’ (Deltameans = 9.39, SE = 7.29, 

p < 0.001), from HRF at 25’ (Deltameans = 13.58, SE = 8.91, p < 0.001) and from HRF at 30’ 

(Deltameans = 11.96, SE = 12.03, p < 0.001). Finally, HRF at 15’ differed from HRF at 25’ 

(Deltameans = 8.27, SE = 6.55, p = 0.008) and from HRF at 30’ (Deltameans = 6.65, SE = 9.49, p 

= 0.041). No main effects of the Tolerance Level were observed (F(1,28) = 0.091, p = 0.765). The 

interaction Assessment Time*Tolerance Level did not reach significance (F(5,140) = 1.005, p = 

0.417). Thus, the Cardiac Frequency increased in the same way through the RPE 13 Period for 

both Low and High Tolerant individuals. 

Recovery measures. An Assessment Time main effect was revealed (F(4,112) = 8.169, p < 0.001, 

! 2 = 0.23). The Heart Rate Frequency was higher at the beginning of the Recovery period 

compared to 38’(Deltameans = 8.33, SE = 4.17, p = 0.001), 39’ (Deltameans = 9.76, SE = 4.88, p 

< 0.001) and 40’ (Deltameans = 10.11, SE = 5.05, p < 0.001). No main effects of the Tolerance 

Level were revealed (F(1,25) = 0.003, p = 0.958). The interaction Assessment Time*Tolerance 

Level did not reach significance (F(4,112) = 1.238, p = 0.299). Thus, the Cardiac Frequency 

decreased during the Recovery Period in both Low and High Tolerant individuals in a similar 

way. 
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V. Discussion 

The results revealed that for a same perception of physical and cognitive effort (“somewhat 

difficult”; RPE 13 on the 6-20 Borg Scale) the Heart Rate Frequency did not differ between Low 

and High Tolerant groups. However, even if the perception of exertion and the Heart Rate 

Frequency were similar, High Tolerant individuals were characterized by greater intensities of 

physical exercise. During the course of the motor performance, High Tolerant individuals 

increased the Power Output produced while the Power Output of the Low Tolerant individuals 

remained constant. Hence, when reaching the last 5 minutes of the session, distinct profiles 

characterized our groups of participants as a function of their Tolerance score. Indeed, High and 

Low Tolerant individuals distinguished themselves progressively during the session by revealing 

contrasting ways of self-regulating power output and different intensity of physical exercise at the 

end of the session. To further understand these differences in self-regulation strategies, a second 

study was conducted focusing on the efficiency of executive functions in Low and High Tolerant 

individuals.  
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Experiment 2: What is Tolerance of exercise intensity? 

I. Introduction 

Executive functions are defined as the most elaborated cognitive processes for adjusting, 

regulating and adapting human behaviour (Koziol, Budding, and Chidekel, 2011). They are 

required for "modulat[ing] the operation of various cognitive subprocesses and thereby the 

dynamics of human cognition" (Miyake, 2000). On the other hand, the self-efficacy is defined as 

“beliefs in one’s capabilities to organize and execute the course of action required for producing 

given attainments” (Bandura, 1997). In the context of physical exercise, both executive functions 

and self-efficacy would hence play an antecedent role in effective self-regulation of physical 

activity (Mullen et Hall, 2015). As a consequence, the more individuals possess efficient 

executive functions, the more they may engage in regular physical activities thanks to their 

confidence in their abilities to handle their engagement in weekly physical activity (McAuley). 

Hence, the aim of this second experiment was to assess a possible correlation between 

individuals’ Executive Functions, Self-Efficacy and Tolerance of exercise intensity. We 

hypothesized that Low and High Tolerant individuals will be characterized by different levels of 

efficiency in their Executive Functioning and by different Self-Efficacy scores. We also 

hypothesized that the individuals’ variability in Tolerance scores can be predicted up to some 

extent by scores in Executive Functions and Self-Efficacy.  

II. Method 

a) Participants 

A total of 39 subjects, of which 20 participants who did not engage in study 1, volunteered to take 

part in experiment 1, 14 men and 25 women (Mage = 23.38 ± 5.58 years, MBMI = 24.74 ± 5.83 

kg.m-2). All participants were right-handed. Before the beginning of the study, each volunteer 
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read an information letter and completed a written consent form. The study was approved by the 

Ethics Committee for behaviour human studies of the University of Lille. 

b) Materials and Procedure 

The same material than in study 1 was used here to assess the Self-Reported Physical Activity 

and the Tolerance of exercise intensity. 

Assessment of the Self-efficacy  

The SCI Exercise Self-Efficacy Scale (ESES – Kroll, Khen, Ho, & Groah, 2007) was used to 

assess the Self-Efficacy of participants. The scale instructs respondents to indicate on the 4-point 

rating scale (1 = not at all true, 2 = rarely true, 3 = moderately true, 4 = always true) how 

confident they are with regard to carrying out regular physical activities and exercise.  

Assessment of the Executive Functions 

The three tasks assessing the executive functioning of participants are the same than those used 

by Miyake et al. (2000) and a brief description is presented in the following section. 

Assessment of the shifting ability 

The computerized task used was the number-letter task, adapted from Rogers and Monsell 

(1995). A number-letter pair (e.g., 7G) was presented in one of four quadrants on the computer 

screen. The participants were instructed to indicate whether the number was odd or even (2, 4, 6, 

and 8 for even; 3, 5, 7, and 9 for odd) when the number-letter pair was presented in either of the 

top two quadrants. Participants were required to indicate whether the letter was a consonant or a 

vowel (G, K, M, and R for consonant; A, E, I, and U for vowel) when the number-letter pair was 

presented in either of the bottom two quadrants (Fig. 2-Bottom-right). The number-letter pair was 

presented only in the top two quadrants for the first block of 32 target trials (Number Condition), 

only in the bottom two quadrants for the second block of 32 target trials (Letter Condition), and in 

a clockwise rotation around all four quadrants for the third block of 128 target trials (Shifting 
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Condition). Thus, the trials within the first two blocks required no task shifting, whereas half of 

the trials in the third block required participants to shift between the two types of categorization 

operations. In all trials, the participants responded by a button press, and the next stimulus was 

presented 150 ms after the response was given. The reaction times (RT), the percentage of correct 

responses and the shift cost were the dependent variables. The shift cost for this task was the 

difference between the mean RTs of the shifting condition (third block) and of the reference 

condition (first and second blocks). 

 

 

Figure 1: Representation of the Antisaccade task (Top), the Keep-track task (Bottom left) 
and Number-Letter task (Bottom right). 
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Assessment of the updating ability 

The computerized task used was the keep-track task (adapted from Yntema, 1963). In each trial 

of the keep track task, participants were first shown several target categories, which appeared at 

the bottom of the computer screen. Fifteen words, including 2 or 3 exemplars from each of six 

possible categories (animals, colours, countries, family, clothing and metals), were then presented 

serially and in random order for 1500 ms, with the target categories remaining at the bottom of 

the screen (Fig. 2-Bottom-left). The task was to remember the last word presented in each of the 

target categories and then, to recall orally these words to the experimenter at the end of the trial. 

Three types of conditions were possible. In Condition 1, participants were instructed to recall 2 

words. In Condition 2, participants were required to recall 3 words. In Condition 3, participants 

were instructed to recall 4 words. For example, if the target categories were metals, animals, and 

countries. Then, at the end of the trial, participants recalled the last metal, the last animal, and the 

last country presented within the list. Thus, to perform correctly the task, participants had to 

closely monitor the words presented and update their working memory representations for the 

appropriate categories when the presented word was a member of one of the target categories. 

Before this task began, participants saw all six categories and the exemplars in each to ensure that 

they knew to which category each word belonged. Participants were also given the possibility to 

practice for three trials corresponding to the three conditions. Then, they performed four trials 

with two target categories, four with three target categories and four trials with four target 

categories, recalling a total of 36 words. The number of words recalled correctly in each condition 

was taken as the dependent measures. 

Assessment of the inhibiting ability 

The computerized task used was the antisaccade task (adapted from Roberts, Hager, & Heron, 

1994). During each trial, a fixation point was first presented in the middle of the computer screen 

for a variable amount of time (one of nine times between 1500 and 3500 ms in 250-ms intervals). 
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A visual cue (0.4 °) was then presented on one side of the screen (e.g., left) for 225 ms, followed 

by the presentation of a target stimulus (2.0 °) on the opposite side (e.g., right) for 150 ms before 

being masked by a gray cross-hatching. The visual cue was a black square, and the target stimulus 

consisted of an arrow inside an open square. The participants' task was to indicate the direction of 

the arrow (left, up, or right) with a button press response. Given that the arrow appeared for only 

150 ms before being masked, participants were required to inhibit the reflexive response of 

looking at the initial cue (a small black square) because doing so would make it difficult to 

correctly identify the direction of the arrow (Fig. 2-Top). Three types of trials were possible. For 

the Congruent trials, the direction of the arrow matched with the side of the screen (e.g., the 

direction of the arrow is left and the arrow appeared on the left side of the screen). For the 

Incongruent trials, the direction of the arrow was opposite to the side at which appeared the arrow 

(e.g., the direction of the arrow is left and the arrow flashes on the right side of the screen). For 

the Neutral trials, the arrow pointed up. The cues and targets were both presented 3.4 cm away 

from the fixation point (on opposite sides) and the participants were seated 70 cm from the 

computer monitor. Thus, the total subtended visual angle from cue to target was approximately 

21.4°. The participants practiced on 22 trials and then, received 90 target trials. The proportion of 

correct responses and the mean reaction times for each type of trial served as the dependent 

measures. We also measured the error cost by calculating the mean reaction times of those trials 

following an error. 

III. Statistical analysis 

ANOVAs were conducted to reveal main effects of Tolerance Level (High versus Low Tolerant) 

on general demographics. ANCOVAs were conducted to determine effects of Tolerance Level 

{2} while controlling for the self-reported physical activity level. Throughout these analyses, 

partial eta squares (η2p) were calculated to report the effect sizes. Bonferroni-adjusted pairwise 

comparisons were used when required for the post-hoc analyses. 
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A regression analysis was conducted to explain the Tolerance of exercise intensity. Before 

conducting the analysis of the regression, we conducted correlational analysis – using Pearson’s 

correlation coefficient - between factors. The objective was to examine the relationship between 

the Tolerance of exercise intensity scores, the Total Physical Activity of the IPAQ, the 

performances in the Executive Functions tasks and the Self-Efficacy scores. Conducting an 

analysis of the correlations allowed us to choose the regression factors by decreasing a more as 

possible the overlap between factors. The regression analysis was then conducted to highlight 

potential neuropsychological predictors of the Tolerance of exercise intensity. The regression 

analysis was conducted from a descendant perspective by considering the different factors and 

taking out those which did not play a significant role in the regression analysis.  

IV. Results 

a) Demographics 

No Tolerance Level main effect were revealed on the Participants’ Age (F(1,37) = 0.916, p = 

0.345), on the Participants’ Body Mass Index (F(1,37) = 2.087, p = 0.157) and on the 

Participants’ Educational Level (F(1,37) = 1.082, p = 0.305). No Tolerance main effects were 

observed for the IPAQ scores obtained on the dimensions Total Physical Activity (F(1,36) = 

2.177, p = 0.149), Total Low (F(1,36) = 0.454, p = 0.505), Total Moderate (F(1,36) = 1.407, p = 

0.243) and Total Vigorous Physical Activity (F(1,36) = 2.578, p = 0.117). Thus, when 

considering the entire spectrum of physical activity, the amount of self-reported physical activity 

practiced weekly did not differ between Low and High Tolerant individuals. A Tolerance Level 

main effect was revealed on the Participants’ Self-Efficacy score (F(1,37) = 6.804, p = 0.013, η2 = 

0.16) with the Low Tolerant individuals considering themselves as less efficient (MLow= 25.15 , 

SD = 5.51) compared to the High Tolerant individuals (MHigh = 29.20, SD = 4.10). Thus, even if 

Low and High Tolerant individuals practiced the same amount of physical activity, the High 
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Tolerant individuals felt themselves as more confident in the context of exercising compared to 

the Low Tolerant individuals.  

No Sex main effects were revealed on the Participants’ Age (F(1,37) = 0.397, p = 0.532), on the 

Participants Educational Level (F(1,37) = 3.877, p = 0.056), on the Participants’ Self-Efficacy 

score (F(1,37) = 1.821, p = 0.185) as well as on the Participants’ Tolerance score (F(1,37) = 

0.611, p = 0.439). A Sex main effect was revealed on the Participants’ Body Mass Index (F(1,37) 

= 24.776, p < 0.001, η2 = 0.40) with the women having smaller BMI (MWomen = 22.01 , SD = 

4.75) compared to the men (MMen = 29.61, SD = 4.23). 

b) Executive functions 

Shifting 

Correct Answers 

No Condition main effect was revealed on the participants’ percentages of Correct Response 

(F(2,109) = 1.082, p = 0.335). Individuals had the same ability to decide whether the letter was a 

vowel or consonant (MLetter_Condition = 100.00, SD = 0.00), whether the number was even or odd 

(MNumber_Condition = 100.00, SD = 0.00) or when they had to switch between rules (MShifting_Conditon= 

99.64, SD = 2.11). No Tolerance Level main effect was revealed on the participants' percentages 

of Correct Response (F(1,109) = 0.528, p = 0.469). Thus, the Low Tolerant individuals had the 

same ability to correctly perform the task (MLow = 100.00, SD = 0.00) than the High Tolerant 

individuals (MHigh = 99.77, SD = 1.70). The interaction Condition*Tolerance Level did not reach 

significance (F(2,109) = 1.087, p = 0.341), suggesting that Low Tolerant individuals had the same 

ability to correctly perform the task than the High Tolerant individuals whatever the complexity 

of the task. 
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Reaction times analyses 

Statistical analyses were conducted only on Correct Response. An effect of Condition was 

revealed on the participants’ reaction times (F(2,106) = 267.043, p < 0.001, ! 2 = 0.34). When 

individuals had to switch between rules (Shifting Condition), they needed more time to respond 

(MShifting = 1316.51 ms, SD = 371.92) compared to when they had only to decide whether the 

letter was a vowel or a consonant (MLetter = 926.11 ms, SD = 228.99) (p < 0.001) or if the number 

was even or odd (MNumber = 902.12 ms, SD = 226.81) (p < 0.001) (Fig. 5-right). An effect of the 

Tolerance Level was revealed on the participants’ reaction times (F(1,106) = 6.128, p = 0.014, ! 2 

= 0.06). The Low Tolerant individuals responded slower (MLow = 1107.52 ms, SD = 319.20) 

compared to the High Tolerant individuals (MHigh = 991.94 ms, SD = 352.45). The interaction 

Condition*Tolerance Level did not reach significance (F(2, 106) = 0.039, p = 0.962), suggesting 

that both High and Low tolerant individuals needed more time when they had to switch between 

rules.  

Shift cost 

These findings were confirmed when calculating the shifting cost (Miyake, 2000). No Tolerance 

main effects reached significance both (1) when subtracting the average reaction times obtained 

in the Number Condition from the average reaction times obtained in the Shifting Condition 

(F(1,34) = 0.012, p = 0.912) and (2) when subtracting the average reaction time obtained in the 

Letter Condition to the average reaction times obtained in the Shifting Condition (F(1,34) = 

0.002, p = 0.971). 

Updating 

A main effect of Condition was revealed on the number of correct words recalled by the 

participants (F(2,106) = 4.093, p = 0.019, ! 2 = 0.07). The number of correct words recalled was 

higher when individuals had to recall 3 words (M3words = 1.84, SD = 0.25) compared to when they 
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had to recall 4 words (M4words = 2.06, SD = 0.54). An effect of the Tolerance Level was revealed 

on the number of correct words recalled (F(1,106) = 16.827, p < 0.001, ! 2 = 0.13). Results are 

presented in Figure 5-left. Low Tolerant individuals recalled fewer words (MLow = 1.74, SD = 

0.47) than High Tolerant individuals (MHigh = 2.04, SD = 0.46). The interaction 

Condition*Tolerance Level did not reach significance (F(2, 106) = 1.515, p = 0.225), suggesting 

that Low Tolerant individuals were characterized overall by less efficient updating abilities than 

High Tolerant individuals, whatever the complexity level of the updating task. 

0

0

Figure 2: Updating performances. Number of Correct Recall (left) and Reaction Times (right) as a 
function of conditions: 2 words, 3 words, 4 words in the Low Tolerant individuals (grey) and in the High 
Tolerant individuals (black). Error bars illustrate the confidence intervals 95% around the mean (*** 
p<0.001). 
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= 11.77) (p = 0.044) (Fig. 3-Top left). No Tolerance Level main effect was revealed on the means 

Correct Responses (F(1,109) = 0.012, p = 0.914). Thus, both High and Low Tolerant individuals 

performed equally well the task. The interaction Conditions*Tolerance Level did not reached 

significance (F(2,109) = 1.572, p = 0.212), indicating that both High and Low Tolerant 

individuals performed less well in the Incongruent and Congruent Conditions than in the Neutral 

one. 

0

 

Figure 3: Inhibition performances. Correct Answers (Top left) and Reaction Times (Top right) as a 
function of conditions: Incongruent, Congruent and Neutral in the Low Tolerant individuals (grey) and 
in the High Tolerant individuals (black). Reactions Times are also represented as a function of previous 
performance (Bottom): previous success and previous failure, in the Low Tolerant individuals (grey) 
and in the High Tolerant individuals (black). Error bars illustrate the confidence intervals 95% around 
the mean (*p<0.05, **p<0.01).  
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Reaction time analyses 

Statistical analyses were conducted only on Correct Responses. An effect of Condition was 

revealed on the participants’ reaction times (F(2,109) = 3.763, p = 0.026, ! 2 = 0.06). Mean 

reaction times were slower in the Congruent Condition (MCongruent = 665.92 ms, SD = 207.30) 

than in the Neutral Condition (MNeutral = 562.66 ms, SD = 145.28) (p = 0.025) (Fig. 3-Top right). 

An effect of the Tolerance Level was revealed (F(1,109) = 8.168, p = 0.005, ! 2 = 0.07) (Fig. 3-

Top right). The Low Tolerant individuals revealed slower reaction times (MLow = 667.64 ms, SD 

= 202.02) than High Tolerant individuals (MHigh = 574.76 ms, SD = 136.82). The interaction 

Condition*Tolerance Level did not reach significance (F(2, 109) = 0.0617, p = 0.940).  

Cognitive control 

All of the participants’ responses were taken into account (both correct and incorrect responses). 

In this section, we assessed whether the Reaction Time during one trial could depend on (1) the 

Previous Performance of individuals (success vs. failure) and (2) on the Tolerance Level of the 

participants.  

An effect of the Previous Performance was revealed on the participants’ mean reaction times 

(F(1,3481) = 34.847, p < 0.001, ! 2 = 0.01). Mean reaction times were longer when participants 

previously failed (MPrevious_Failure= 780.58 ms, SD = 361.27) compared to when they previously 

successed (MPrevious_Success= 627.29 ms, SD = 255.98). No Condition main effects were revealed on 

mean reaction times (F(2,3481) = 0.264, p = 0.768). Thus, when considering both correct and 

incorrect responses, the participants’ reaction times during a trial were not depending on the 

previous condition (Congruent vs. Incongruent vs. Neutral). A Tolerance Level effect was 

confirmed (F(1,3481) = 44.587, p < 0.001, ! 2 = 0.01). The Low tolerant individuals responded 

slower (MLow = 704.15 ms, SD = 317.97) than the High Tolerant individuals (MHigh = 583.43 ms, 

SD = 201.91). More importantly, the interaction Previous Performance*Tolerance Level reached 
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significance (F(2, 3481) = 5.790, p = 0.0162, η 2 = 0.001). Thus, the error cost (RTPrevious_Failure – 

RTPrevious_Success) was greater in Low Tolerant individuals (DeltaLow = 251 ms) than in High 

Tolerant individuals (DeltaHigh = 77 ms) (Fig. 3-Bottom). The interaction Condition*Tolerance 

Level reached significance (F(2, 3483) = 9.613, p < 0.001, η 2 = 0.005). The Low Tolerant 

individuals responded always slower than the High Tolerant individuals. However, the Reaction 

times difference between High and Low Tolerant individuals was higher when the Previous trial 

was an Incongruent Condition (MHigh = 574 ms, SD = 184; MLow = 850 ms, SD = 312) than a 

Congruent Condition (MHigh = 648 ms, SD = 207; MLow = 765 ms, SD = 328) and a Neutral 

Condition (MHigh = 650 ms, SD = 200; MLow = 800 ms, SD = 297). The interaction 

Conditions*Previous Performances did not reach significance (F(2, 3483) = 1.338, p = 0.262). 

Thus, the error cost (RTPrevious_Failure – RTPrevious_Success) was the same in the three Conditions 

(Congruent vs. Incongruent vs. Neutral). The triple interaction Conditions*Previous 

Performances*Tolerance Level reached significance (F(2, 3483) = 13.211, p < 0.001, !  2 = 

0.007). 

Explaining Tolerance variability through Executive Functions efficiency and Self Efficacy 

score 

Correlational analyses – using Pearson’s correlation coefficient – were conducted between 

factors. Due to the main effect of Tolerance Level observed on these variables, the performances 

in the Executive Functions tasks corresponded to (1) the average number of correct words 

recalled in the Updating task, (2) the Error cost in the Inhibition task, and (3) the average 

Reaction Times in the Shifting condition. The results are presented in Table 1. The model 

considering the Updating performances and the Self-Efficacy score (observed as correlated to the 

Tolerance) explained 36 % of the variance of the Tolerance scores (adjusted r2 = 0.366, F(2,36) = 

111.945, p < 0.001). When adding the Inhibition Error cost, an executive functions performance 
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for which an main effect of the Tolerance Level was observed, the model explained 44 % of the 

variance of the Tolerance score (adjusted r2 = 0.442, F(3,28) = 9.198, p < 0.001 – Table 2).  

 

 

Table 1: Reports the statistical results for the correlation analysis between Tolerance of exercise intensity 
scores, Total Physical Activity of the IPAQ, Executive Functions performances and Self-Efficacy scores 
(* : p < 0.05).  

 

Table 2: Multiple linear regression analyses for predicting the Tolerance of exercise intensity score as a 
function of the the performances in the Executive Functions tasks and the Self-Efficacy scores.  

 

V.!Discussion 

We revealed that even if Low and High Tolerant individuals practice the same amount of physical 

activity, the High Tolerant individuals considered themselves as more efficient in the context of 

exercising compared to the Low Tolerant individuals. Moreover, compared to the High Tolerant 

individuals, the Low Tolerant individuals were characterized by weaker executive functions. Low 

Tolerance profile included more difficulties in updating information (less number of correct 
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words recalled whatever the difficulty of the task) and more difficulties in inhibiting on-going 

motor behaviours especially when following a self-initiated error. The results obtained for the 

updating tasks echo those obtained in Study II. More specifically, Low Tolerant individuals were 

characterised by less efficient updating abilities than High Tolerant individuals. An effect of the 

Tolerance Level was also observed on the reaction times in the shifting task. However, these 

results seem to reveal more a general tendency to respond slower than a specific less efficient 

shifting ability. Finally, the results obtained during the regression analysis, revealed that the 

Tolerance of exercise intensity could be explained at 36% by Updating abilities and Self-Efficacy 

scores. Furthermore, the Tolerance of exercise intensity could be predicted 39 % when including 

the Updating and the Inhibiting abilities as well as the Self-Efficacy scores. Hence, through the 

conduction of this second experiment we argued in favour of a neuropsychological approach of 

the Tolerance of effort.  

VI. General discussion 

Executive functions are defined as the most evolutionary elaborated cognitive functions for 

controlling, regulating and adjusting behaviour (Koziol et al., 2011). In such context, the self-

control theoretical hypothesis supposes that during the course of a physical activity executive 

functions may be required to help individuals in the self-regulation and self-control of their effort 

(Audiffren & André, 2015). In active males when running (Feriche et al., 1998) and athletes when 

cycling (Stojiljković et al., 2004), performing a “somewhat difficult” physical exercise means 

performing a motor task at an intensity corresponding to the Ventilatory Threshold. Thus, 

corresponding at an intensity at which the homeostasis starts to be threatened. In such a context, 

due to the necessity to constantly self-regulating the motor behaviour in order to not increase the 

threaten of the homeostasis, executive functions are all the most required.  
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a) Self-regulation abilities and Tolerance of effort 

During the experiment 1, we proposed self-paced physical exercise to both active and inactive 

sedentary individuals. Using the Ratings of Perceived Exertion Scale (RPE), we allowed 

participants to set exercise intensity to their own perception of exertion and contrasted heart rate 

frequency and power output when comparing Low and High Tolerant individuals. These results 

confirm previous studies showing that non-athletes men and women are able to self-regulate 

physical effort on the basis of a score selected on the RPE scale (Carlier, & Delevoye-Turrell, 

2017; Coquart, Garcin, Parfitt, Tourny-Chollet, & Eston, 2014; Feriche et al., 1998). 

Through the conduction of this methodology, we were able to reveal that Low and High Tolerant 

individuals possess different self-regulation abilities. More specifically, while High Tolerant 

constantly increased their power-output, Low Tolerant kept their own constant throughout the 30’ 

session. These results are confirming previous studies indicating that ones’ tolerance to exercise 

is correlated to physical production with more power output produced by those individuals having 

higher tolerance scores (Carlier et al., 2017; Hall et al., 2014). Our work also confirmed that 

tolerance effects can be revealed on power output while controlling statistically for self-reported 

physical activity levels (as evaluated using the IPAQ; Carlier et al., 2017). The replication of the 

results leads to suppose that individuals’ tolerance level may not be entirely related to an 

individual’s motor expertise.  

Revealing differences in self-regulation strategies between Low and High Tolerant individuals 

supports the theoretical model developed by Carlier and Develevoye-Turrell (2017). More 

specifically, authors suggested that performing a “somewhat difficult” physical activity means 

performing a motor task going from a low to a high end moderate continuum (Fig. 4). Hence, the 

constantly increasing Power Output in High Tolerant individuals would mean that these 

participants are able to support higher levels of discomfort in comparison to what they predicted; 
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leading them to detect a mismatch, i.e., a level of discomfort smaller than that expected at the 

beginning of the motor task. Hence, to reduce the discrepancy between true and predicted inner 

states of discomfort they augmented progressively the intensity of practice until the end of the 

physical activity. The Low Tolerant group on the other hand may have found a direct match 

between predicted and true inner states of discomfort leading them to maintain a constant 

intensity of practice throughout the session, remaining at the low end of the moderate intensity 

continuum. Strikingly, High and Low Tolerant individuals distinguished themselves progressively 

during the session by revealing contrasting ways of self-regulating power output. Hence, when 

reaching the last 5 minutes of the session, distinct profiles characterized our groups of participants 

as a function of their Tolerance score. The results suggest that during the course of the previous 

25 minutes of the session High Tolerant individuals were able to handle both the physical and the 

cognitive demands of the task leading them to progressively increase Power Output while Low 

Tolerant individuals were not. The affective states experienced during a session may contribute to 

the formation of a positive or negative memory trace for exercise, which in turn may influence 

consciously or subconsciously subsequent decisions to engage in, adhere to or drop out from 

exercise, (Ekkekakis et al., 2011). In such a case, we can also propose that in order to keep the 

more positive souvenir of the session and possibly re-exercise, High Tolerant individuals 

increased the difficulty of the task while Low Tolerant individuals remained their own stable even 

decreased it.  
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Figure 4. A psycho-physiological framework of Tolerance and Affective states. This conceptual framework illustrates 

the possible functional association between biological (lactate concentration – not measured here), physiological 

(Rating of Perceived Exertion – RPE scale) and psychological factors (Feelings of discomfort; Tolerance to effort). 

Setting the exercise intensity to “moderately difficult” (RPE13), feelings of discomfort will augment with increasing 

concentrations of lactate in the blood. As a function of one’s tolerance to inner states of sensorial distress, individuals 

will target different pre-defined levels of acceptable discomfort, which may be used to detect the upcoming loss of 

homeostasis. Understanding the psychological factors that modulate one’s ability to set and predict correctly one’s 

tolerable level of sensorial discomfort may help us gain a better understanding of why some like it slow and easy, and 

others like it vigorous. 

 

During the Experiment 2, we revealed that Low Tolerant individuals are characterised by weaker 

updating and inhibiting abilities. More specifically, while High Tolerant are characterised by

greater working memory span and greater inhibition abilities, especially when following an error, 

Low Tolerant individuals present less efficient updating and inhibiting abilities. Hence, we can 
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feelings of discomfort than individuals with more efficient executive functions. As a 

consequence, Low Tolerant individuals self-paced the physical session at lower intensities than 

did High Tolerant individuals.  

b) Dissociating the Heart Rate Frequency from physical load  

Throughout the physical activity session, we revealed that for a same perception of effort High 

Tolerant individuals were characterised by an increase in Power Output (PO) associated to an 

increase in Heart Rate Frequency (HRF). However, while Low Tolerant individuals presented the 

same HRF dynamic compared to High Tolerant individuals, their PO did not increase. Effort is 

defined as the « amount of mental or physical energy being given to a task » (Abbiss et al., 2015). 

Then, when asking individuals to perform “somewhat difficult” physical exercise both the 

physical and the cognitive load of the motor task are taken into account as we observed in Study 

II. We can thus suppose that the increase in Heart Rate Frequency in Low Tolerant individuals 

reflects the cognitive difficulties they have to handle during the task instead of reflecting an 

increase in physical effort.  

VII. Conclusion 

Individuals Tolerance level may be considered (1) as a neuropsychological concept and (2) a 

valuable/key psychological factor predetermining the power output during a physical activity 

session. These differences observed for executive functions can then explain why, in addition to 

physical differences, High Tolerant individuals are able to tolerate more pain or discomfort in 

comparison to Low Tolerant individuals. Furthermore, we can suppose that the executive 

differences observed between Low and High Tolerant individuals may be at the core of their 

different self-regulation strategies.  
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 What’s next?  
Study III revealed different cognitive abilities between High and Low Tolerant individuals 

whatever their fitness level. Thus, Low Tolerant individuals will have more difficulty in adjusting 

motor output intensity during practice and risk more easily that High Tolerant individuals to stop 

over the homeostasis threshold into the red zone. The work in study III offers a simple and new 

procedure that can be transferred to clinical settings to detect the degree of tolerance of an 

individual and monitor throughout a session the perceived work load in order to maintain the 

individual within the somewhat difficult zone. In such a context, the transferability of the 

experimental design is actually performed in collaboration with the re-education unit “l’Espoir” 

with patients suffering from stroke (Lille, France).  

The limiting methodological point in study III was the fact that using heart rate frequency to infer 

inner affective states. Hence, in study IV we included a method to monitor both the physiological 

response and the perceived affective states during practice.  

The second major objective of the study IV was to consider how to improve the pleasant 

experience of a bout of moderate physical exercise. This is important because to reach the 

flourishment state of well-being, a regular practice of physical exercise needs to be accepted by 

the practitioners over long period of time. Hence, we conducted a study in which the practice 

environment was enriched with energizing music. Furthermore, the corollary discharge theory 

postulate that the way one perceives how much a physical exercise is exhausted can be a function 

of the environmental condition in which the motor task is performed. Hence the objective of 

Study IV was to assess how these differences in cognitive strategies would lead to set Low and 

High Tolerant individuals to live different cycling either in silent or in musical environment.  
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Study IV 

Tolerance to exercise intensity modulates 
pleasure when exercising in music: the 
upsides of acoustic energy for high tolerant 
individuals. 
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HIGHLIGHTS 

1. Fun activities do not always trigger pleasurable affective states  

2. Tolerance to effort is a cognitive factor that is independent from fitness level 

3. Low tolerant individuals experience increased heart rate when listening to energizing 

music without gain in physical performance and positive feelings. 

4. Tolerance levels must be taken into account when prescribing pleasurable physical 

activity because it can predict the affective outcome of distracting environments 
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Abstract  

Moderate physical activity can be experienced by some as pleasurable and by others as 

discouraging. This may be why many people lack sufficient motivation to participate in the 

recommended 150 minutes of moderately intense exercise per week. In the present study, we 

assessed how pleasure and enjoyment were modulated differently by one’s tolerance to self-paced 

physical activity. 

Sixty-three healthy individuals were allocated to three independent experimental conditions: a 

resting condition (watching TV), a cycling in silence condition, and a cycling in music condition. 

The tolerance threshold was assessed using the PRETIE-Questionnaire. Physical activity 

consisted in cycling during 30 minutes, at an intensity perceived as “somewhat difficult” on the 

Ratings of Perceived Exertion Scale. 

While controlling for self-reported physical activity level, results revealed that for the same 

perception of exertion and a similar level of enjoyment, the High Tolerance group produced more 

power output than the Low Tolerance group. There was a positive effect of music for High 

Tolerant individuals only, with music inducing greater power output and more pleasure. There 

was an effect of music on heart rate frequency in the Low Tolerant individuals without benefits in 

power output or pleasure. 

Our results suggest that for Low Tolerant individuals, energizing environments can interfere with 

the promised (positive) distracting effects of music. Hence, tolerance to physical effort must be 

taken into account to conceive training sessions that seek to use distracting methods as means to 

sustain pleasurable exercising over time. 
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I. Introduction 

Tolerance to exercise intensity is a trait that influences one’s ability to continue exercising at 

levels of intensity associated with discomfort and displeasure [1]. As much as there are 

individuals who like vigorous training sessions and will tolerate high sensory stimulation or pain 

to some extent (the “Feel strong” profile), many inactive individuals will consider engaging in a 

physical exercise only at a slow and leisure pace to avoid senses of fatigue, exhaustion or 

breathlessness. For these reasons, distracting methods (using music and videos) have been 

developed to decrease the perception of exertion and enhance positive affective states and moods 

during exercise [2,3,4,5]. Nevertheless, in a typical week, 60 % of adults in Europe admit 

engaging in no physical exercise at all [6]. Worse yet, in the low number of people who choose to 

initiate a regular program of physical activity, a high rate of dropout has been estimated to be 

approximately 50 % within the first few months [7]. As pleasure seems to be a key feature in 

motivating exercising, the aim of this study was to assess the effects of a distracting musical 

environment on the pleasure and the enjoyment experienced during the practice of self-paced 

cycling activities in sedentary active and inactive individuals. 

The distribution of energy expenditure throughout an exercise task is known as pacing and is 

extremely important as it predetermines the ability to maintain the intensity of a physical exercise 

across a given period of time. When prescribing physical exercises for health benefits to inactive 

individuals, care practitioners need to specify the dosage of exercise as a function of many 

parameters (e.g., frequency (F), intensity (I), duration (time, T) and type (T) – the FITT principle 

– [8]). However, intensity is thought to be the most important variable to guide cardiovascular 

training as exceeding the appropriate intensity leads to discomfort, overexertion and injury, 

possibly leading one to avoid future activity [9,10,11,12]. Conversely, an intensity that is lower 

than what is recommended may prevent noticeable health and fitness benefits but can also be 

boring, causing frustration and again possible dropout. This is why the practice of a moderate 
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physical activity at 75% of VO2 max is proposed as a good pace intensity for health benefit 

physical exercise and low dropout. However, several studies have now reported that when 

prescribing moderate intensities of practice on the basis of maximal oxygen uptake, some 

individuals perceive the physical session as pleasant while others perceive it as unpleasant with 

significantly less positive feelings [13,14,15]. It has been suggested that these differences in 

affective responses (pleasant vs. unpleasant) may be due to the nature of the metabolic strain 

associated with the exercise session [16,17,18], with certain participants using predominantly 

aerobic sources whereas others require substantial anaerobic supplementation [19].  

The point of transition between predominantly aerobic energy production and anaerobic energy 

production (VT) may be a more appropriate point of reference than VO2max when seeking to 

prescribe pleasurable activities in inactive populations [19-24]. In fact, according to the dual 

mode theory, the affective responses to exercise intensity is said to be predicted by the VT 

transition marker [1,25]. More specifically, below the VT, the aerobic metabolism is 

predominant. This is the case when exercising at low intensities (below heart rate of 85 bpm). The 

practitioners will experience positive affect because the body is able to maintain homeostasis, i.e., 

a constant energy stream for exercise, simply by breaking down carbohydrates and fats through 

the use of aerobic metabolic processes. However, above the VT, the rate of oxygen consumption 

is too high and the energy production is not fast enough. Hence, the anaerobic metabolism kicks 

in accompanied by the appearance of fatigue, muscle burning, and pains that may be perceived as 

negative affective states. In later years, it has thus become evident that a method to determine the 

VT intensity must be found. 

To date, incremental protocols are often used to determine the VT intensity. However, such a 

protocol requires practicing until volitional exhaustion, which may not always be accepted by 

athletes and should be avoided when working with inactive populations [26]. In this context, 
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affective states have been suggested as a possible indicator as they are known to be the primary 

means by which information about critical disruptions of homeostasis and energy regulations 

enter consciousness [27-32]. The self-evaluation procedure may help participants to detect slight 

modulations in inner state homeostasis [1], and hence can be used as benchmark to self-regulate 

effort intensity during exercise [19,33,34]. On this basis, the Borg Scale of Perceived Exertion is 

often used to match how hard one feels and experiences the difficulty of a practice session [35]. 

Thus, it is a “relative” scale that starts with “no feeling of exertion” (RPE 6), and ends with “very, 

very hard” (RPE 20). Moderate activities register 11 to 14 on the Borg scale (“fairly light” to 

“somewhat hard”), while vigorous activities usually rate a 15 or higher (“hard” to “very, very 

hard”). In the scientific literature, it has been shown that active healthy individuals and athletes 

are able to use the RPE as a way to produce different physical efforts [36,37,38]. Moreover, 

during incremental exercises using production procedures, VT appears when the physical activity 

is produced and perceived as “somewhat difficult” (RPE 13 on the 6-20 Borg Scale) in active 

males when running [38] and athletes when cycling [37]. Results obtained by Eston and Williams 

[36] are interesting as they indicate that non-athlete adults can use the Borg scale to self regulate 

their physical effort as a function of their inner feelings of exertion. Hence, attention towards 

inner changes in affective states must be encouraged as it may lead inactive participants to detect 

the risk of loss of homeostasis right before the aerobic-anaerobic VT transition, providing the 

means to self-pace exercise intensity throughout a training session [19] and maintain the highest 

intensity possible with tolerable degrees of physical effort and sensorial discomfort.  

The corollary theory is a conceptual cognitive framework that can offer a first level of 

understanding of how inner sensorial information and affective states linked to physiological 

changes may be used by the central system to detect the risk of loss of homeostasis [39]. Indeed, 

the corollary theory suggests that the perception of tolerable discomfort and exertion will depend 

on the match or the mismatch between (1) a predicted sensory information sent directly from the 
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motor to the sensory areas of the brain and (2) the actual sensory information received by the 

sensory areas of the brain directly from the body [40]. If the actual level of discomfort 

corresponds to the acceptable predicted one, the intensity of current practice is maintained. 

However, in the case of a mismatch, the system will modulate the current intensity to regain a 

match and to insure sustainable activity at ones’ preferred/acceptable pre-set-intensity of practice. 

Comparing the actual level of discomfort to the acceptable predicted one will lead practitioners to 

modulate exercise intensity as a function of the signed computed mismatch. It is the case that the 

Rating of Perceived Exertion Scale (RPE) involves the collective integration of afferent feedback 

to enable an individual to evaluate how hard or easy an exercise task feels at any given point in 

time [41]. Hence, self-evaluation scales implicitly lead individuals to orient attention to those 

prediction errors made upon the predicted changes in inner sensorial states, targeting as much the 

positive self-awareness of being, than the negative senses of fatigue, muscle strain and heart 

pounding.  

When considering individuals who possess similar physiological capacities, studies have reported 

that participants will select a wide range of exercise intensities when tested in self-paced 

protocols [33, 42]. For example, Lind, Joens-Matre, and Ekkekakis [33] observed that middle-

aged, healthy but sedentary women selected intensities varying from as low as 60 % to as high as 

160 % of maximal oxygen uptake as identified from a previous graded-volitional exhaustion 

treadmill test. Variability in these self-paced intensities of practice may be due to heritable 

variations in pain sensitivity and tolerance [43] but also in the predicted levels of acceptable 

sensory stimulations [44,45]. Thus, some individuals will set higher thresholds of practice 

intensities because they predict liking vigorous training sessions and hence, predict that they will 

tolerate high sensory stimulations associated to pain and heart rate pounding, while others will 

prefer intuitively engaging in a physical exercise at a low intensity to minimize discomfort, body 

temperature and heart rate increases.  
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The corollary theory postulates also that the environment will influence body states and as such, 

will influence the actual sensory information that the brain truly receives [39]. Thus, modified 

environments, e.g., presence or absence of music, will possibly modulate the mismatch error 

between predicted and actual perceived sensory afferences. Music has an entrainment effect that 

has been well documented in the past ten years. The Embodied Music Cognition model [46], for 

example, describes how music and specifically, the groove effect can increase body rhythmicity 

[47] and modulate body posture [48]. Thus, individuals who tolerate high sensory stimulations 

may experience as pleasant a physical practice in a musical environment while for others, 

practicing in such condition could be more challenging than practicing in silence, because of 

being entrained to cycle at a greater intensity than that expected. 

In the present study, the working hypothesis is that for similar self-reported physical activity 

levels, Low Tolerant individuals will have weaker resistance to sensorial feelings of discomfort 

than High Tolerant individuals and thus, will self-pace the physical session at lower intensities. 

We also hypothesised that the distracting effects of music will be similar in Low and High 

Tolerant individuals. Through the entrainment effects of music, all practitioners should increase 

exercise intensity. However, unlike the High Tolerant individuals, the music will lead Low 

Tolerant individuals to exercise outside of their comfort zone and report unpleasant affective 

states even if practicing within an enjoyable environment. In addition, due to the distracting 

effects of music, Low Tolerant practitioners may miss the cues indicating the loss of homeostasis 

benchmark that is critical to offer the feel-good experience of physical exercise.  

II. Materials and Methods 

a) Participants 

A total of 68 subjects volunteered to take part in the study but only 63 subjects came (Mage = 

22,85 ± 4,78 years, MBMI = 24,89 ± 5,76 kg.m-2). Forty-one women and 22 men were allocated to 
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three independent experimental conditions. All subjects obtained a medical certificate from their 

medical physicians. Before the beginning of the study, each volunteer read an information letter 

and completed a written consent form. The study was approved by the Ethics Committee for 

behaviour human studies of the University of Lille. Participants were asked not to participate in 

any physical training 48 hours before their inclusion. 

b)! Procedure and questionnaires 

The level of self-reported physical activity level was assessed using the International Physical 

Activity Questionnaire (IPAQ – [49]). After reading and completing the consent form, a heart rate 

monitor (Polar Team# - Polar Electro Oy, Kempele, Finlande) was fitted to the participants’ chest 

and heart rate was recorded during 15 minutes at rest, and throughout the experimental session. 

After measuring mean heart rate at rest, participants were asked to complete a series of 

questionnaires in order to obtain socio-demographic data as well as an overall description of 

tolerance and pleasure. A testing diagram is presented in Fig 1 to illustrate the experimental 

design. 

 

Figure 1. Testing diagram to specify the experimental design that was used in the present study. The different 

measures taken before, during and after are specified.  

 

 

Self-reported physical activity level assessment [49]. The IPAQ (International Physical 

Activity Questionnaire) was used to assess the amount of physical activity practiced by our 

participants. The quantity of physical activity practiced by each participant was calculated by 
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considering the intensity of the reported physical activity sessions (expressed in METs – 

Metabolic Equivalent of Task – for 3 different categories: low vs. moderate vs. vigorous) as a 

function of duration (time in minutes) and of the number of days declared per week (METs-

minute/week). The feature of this questionnaire is to consider the overall self-reported physical 

activity level (including daily activities) and not only the physical activity practiced during leisure 

sports time. Four different measures were obtained: (1) the Total Physical Activity score, which 

contains the total amount of physical activity practiced (e.g. METs-minute/week_Low, METs-

minute/week_Moderate and METs-minute/week_Vigorous), (2) the Total Low Physical Activity score, 

(3) the Total Moderate Physical Activity score and (4) the Total Vigorous Physical Activity score.  

Preference for and Tolerance to the Intensity of Exercise Questionnaire (French version [1]). 

The PRETIE-Q was used to assess the variables of preference for and tolerance to exercise 

intensity. The eight-item Tolerance scale contained four items that targeted high exercise 

tolerance (e.g. ‘‘I always push through muscle soreness and fatigue when working out’’) and four 

that targeted low exercise tolerance (e.g. ‘‘During exercise, if my muscles begin to burn 

excessively or if I find myself breathing very hard, it is time for me to ease off’’). Each item was 

composed of a 5-point response scale (1 = ‘‘I totally disagree’’; 2 = ‘‘I disagree’’; 3 = ‘‘Neither 

agree or disagree’’; 4 = ‘‘I agree’’; 5 = ‘‘I strongly agree’’). A high score of tolerance to exercise 

corresponds to a high capacity to pursue the physical activity although it becomes uncomfortable 

or unpleasant [1]. To obtain two contrasting groups, a median tolerance score was calculated 

across all experimental groups. Participants with scores lower than the median (27) were 

considered as Low Tolerant; individuals with scores greater than the median were classified as 

High Tolerant. After assessing tolerance level, participants were assigned to three independent 

experimental conditions: a resting TV condition, a cycling in silence condition or a cycling in 

music condition. In the resting TV condition, there were 10 Low Tolerant individuals and 5 High 

Tolerant individuals. Both in the cycling in silence and the cycling in music conditions, there 
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were 12 High Tolerant individuals and 12 Low Tolerant individuals.  

Feeling Scale [50] was used to assess the changes in affective states (pleasure / displeasure). This 

scale consists in a 11-point, single-item, bipolar scale, used for the assessment of affective 

responses during exercise. The scale ranges from −5 to +5. Anchors are provided at zero, and at 

all odd integers (+5 = very good; +3 = good; +1 = fairly good; 0 = neutral; −1 = fairly bad; −3 = 

bad; −5 = very bad).  

Physical Activity Enjoyment Scale [51]. The PACES was administered 10 minutes after the end 

of the experimental session. The questionnaire is composed of 10 items following a 7-point 

bipolar scale (e.g., I dislike it – I like it). Higher scores reflect greater levels of enjoyment. The 

PACES items were adapted in order to also be used in the resting TV condition. 

Investment assessment was achieved using a 9-point, bipolar scale that was created to get a feel 

of how much practitioners felt involved in the task. Participants were asked 10 minutes after the 

end of the session whether they felt to have been invested in the activity, cognitively and 

physically. The scale ranged from -4 to +4. Anchors are provided at zero and at all even integers 

(-4 = not at all; -2 = hardly; 0 = neutral; +2 = a lot; +4 = to a large degree). 

Well-being assessment. The 5-point SAM Scale was used to assess the state of well-being 10 

minutes after the end of the experimental session. Participants were simply asked whether they 

felt that the session had done them good (e.g., Yes-I totally agree - No-I totally do not agree).  

Perception of exertion assessment [35]. The Ratings of Perceived Exertion was used 10 minutes 

after the end of the experimental session to verify that participants considered having done a 

“somewhat difficult” physical activity throughout the session (RPE 13 on the 6-20 Borg Scale). 

c) Experimental conditions 

Following the scores obtained in the PRETIE-Q questionnaire, participants were evenly assigned 
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to three independent experimental conditions: a resting TV condition, a cycling in silence or a 

cycling in music condition.  

In the resting TV condition, participants watched a 40-minute TV documentary relative to newly 

discovered civilization in Egypt [52]. This experimental condition was chosen in order to control 

whether the tolerance level may have an impact on the cardiac frequency and affective states and 

their dynamics throughout a 40-minute period of watching a screen. In the two cycling 

conditions, participants performed 40 minutes of physical activity. Three phases were proposed: 

the warm-up (5 minutes), the physical activity (30 minutes), and the recovery periods (5 minutes) 

– following criterion described in ACSM [8]. 

For all three experimental conditions, changes in the affective states were assessed using the 

Feeling Scale (FS). In the cycling conditions, the FS was administered before warm up, after 

warm-up, and every 5 minutes during the practice phase. Thus, nine periods were identified: one 

before warm-up (0'), one after warm-up (5’), six during the test (10', 15', 20', 25', 30’, 35’), and 

one after recovery (40'). For all participants, debrief was systematically conducted after the 

experimental session to explain the aims and the construct of the study. 

In the two physical activity conditions, the participants pedalled an electronically ergo-cyclometer 

(EXC NewBike 700SP, Technogym, Italy). A picture of a path through a forest was projected on 

a screen (195 cm x 280 cm) placed 250 cm in front of the participants. Pleasant light was also 

proposed to optimize the pleasant experience of the physical activity [53]. During the warm-up 

phase, participants were asked to pedal at a speed that would allow them to warm-up and to 

become familiar with the ergo-cyclometer. During the physical activity (30 min), participants 

were required to pedal at a speed that they felt as "somewhat difficult" on the Borg RPE scale 

(RPE 13 on the 6-20 Borg Scale). The power-output (PO) and the heart rate frequency (HRF) 
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produced during the three phases were also measured every minute. Nevertheless, for the 

statistical analyses, PO and HRF were resampled at one sample every 5 minutes.  

 To create a more pleasurable environment, music was chosen by the participants amongst four 

"Sport" playlists that were downloaded from the music streaming platform Spotify: “motivation 

for sports”, “power workout”, “cardio” and “sports”. For the warm-up and the recovery phases, 

music was downloaded from the playlist “Keep calm and stretch it”. A stereo system was used 

and set at a comfortable sonic level for each individual (Yamaha hs 8). The properties of these 

audio playlists are available as supplementary materials (S1 Table). 
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KEEP CALM Tempo Energy Groove Duration Mode Valence 

CalmingMusic 66.014 0.125661 0.202002 299.12644 1 0.03312 

MinimalSteps 98.031 0.088988 0.507274 330.71002 1 0.054884 

Dreamers 140.013 0.058212 0.572493 201.86063 1 0.039156 

BlankSpaceFocus 89.986 0.083598 0.37934 261.55868 1 0.037322 

Balance 66.751 0.105551 0.200186 282.72729 0 0.037199 

 
SPORTS Tempo Energy Groove Duration Mode Valence 

Domino 126.993 0.531467 0.7753 200.82667 1 0.882473 

LoseYourself 171.387 0.762663 0.689181 326.64 1 0.060821 

Happy 120.129 0.660274 0.716196 263.49601 1 0.351701 

Stronger 108.495 0.591883 0.411862 246.10667 1 0.35792 

HeyBrother 125.012 0.790496 0.525328 206.67955 0 0.472574 

 
MOTIVATION Tempo Energy Groove Duration Mode Valence 

EyeoftheTiger 108.72 0.377376 0.830521 250.8 0 0.619104 

LightItUp 107.985 0.87694 0.745646 166.13823 0 0.761805 

GoodFeeling 128.006 0.853962 0.704754 247.97333 0 0.679432 

Timber 130.014 0.94247 0.586827 203.42667 1 0.799888 

YoureOn 100.1 0.866125 0.47379 171.97288 0 0.30379 

 
CARDIO Tempo Energy Groove Duration Mode Valence 

LoveMyself 122.909 0.760651 0.619438 218.77333 0 0.319986 

Beverly 102.988 0.504205 0.935589 200.38834 1 0.746023 

SunglassesRemix 117.992 0.937084 0.738041 221.69447 1 0.843092 

Sax 117.981 0.855602 0.716741 219.54753 1 0.871007 

Backbeat 139.932 0.879355 0.707123 227.09492 0 0.681927 

 
WORKOUT Tempo Energy Groove Duration Mode Valence 

CheapThrills 89.976 0.698268 0.628313 211.66667 0 0.730264 

Sorry 99.992 0.759459 0.664727 200.78667 0 0.382132 

YOUTH 91.522 0.74946 0.626575 185.19401 1 0.565315 

CantFeelMyFace 107.954 0.781735 0.713659 216.46667 0 0.586261 

SomethingSweet 99.979 0.790709 0.621856 195.56 0 0.657068 

 
S1 Table: Sonic properties of the audio playlists that were used in the cycling in music condition 
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III. Statistical analyses  

ANCOVAs were conducted to reveal main effects of Experimental Condition (Resting, Cycling 

in silence versus Cycling in music) and Tolerance Level (High versus Low Tolerant) while 

controlling for the self-reported physical activity level: (1) on general demographics; (2) on the 

mean scores of PACES and Well-Being; (3) on the mean scores of the perception of exertion 

scale and the sense of investment felt in the two physical activity conditions. In the resting TV 

condition, we conducted a mixed model ANCOVA with Tolerance Level (High versus Low 

Tolerant) as independent factor and Assessment Time (8) as repeated factor, while controlling for 

the self-reported physical activity level. In the two cycling conditions, mixed Model ANCOVAs 

were conducted to determine effects of Experimental Condition (Cycling in silence versus 

Cycling in music), Tolerance Level (2) and Assessment Time (8) on Feeling Scale (FS), Heart 

Rate Frequency (HRF) and Power Output (PO), while controlling for the self-reported physical 

activity level. For the FS and HRF variables, baseline values were systematically included within 

the statistical model as covariates. Throughout these analyses, partial eta squares (η2p) were 

calculated to report the effect sizes. Bonferroni-adjusted pairwise comparisons were used when 

required for the post-hoc analyses.  

IV. Results 

a) Group demographics 

The participants that were allocated to the three independent experimental Conditions did not 

differ in Age (F(2,59) = 1.473; p = 0.237), Body Mass Index (F(2,59) = 0.465, p = 0.630), 

Educational Level (F(2,59) = 1.467, p = 0.239). No group effects were observed for the IPAQ 

scores obtained on the dimensions Total Physical Activity (F(2,61) = 0.637; p = 0.532), Total 

Low (F(2,61) = 0.686; p = 0.507), Total Moderate (F(2,61) = 0.594; p = 0.555) and Total 

Vigorous Physical Activity (F(2,61) = 0.867 p = 0.425). There was an absence of Tolerance 
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effects on all demographics. Further descriptive results are presented as supplementary material in 

S2-S3 Tables.  

 

 Resting Group 

(N=15) 

Cycling Group 

(N = 24) 

Cycling in music Group 

(N = 24) 

Statistical analysis 

Age (y) 22,8 (6,92) 24,09 (4,21) 21,7 (3,43) F(2,59) = 1.473; p = 0.237 

Body mass 
index (kg.m-2) 

23,64 (4,35) 25,38 (5,25) 25,2 (6,98) F(2,59) = 0.465, p = 0.630 

Educational 
Level (years) 

2,6 (1,5) 3,35 (1,43) 2,67 (1,73) F(2,59) = 1.467, p = 0.239 

Tolerance 
Score 

26,13 (6,78) 26,75 (4,05) 26,63 (4,32) F(2,60) =  0.077, p = 0.926 

Repartition of 
men and 
women 

Men : N= 4 

Women : N= 11 

Men : N= 9 

Women : N= 15 

Men : N= 9 

Women : N= 15 

F(2,60) = 0.441, p = 0.646 

Repartition of 
Low and High 

Tolerant to 
exercise 

Low : N= 10 

High : N= 5 

Low : N= 12 

High : N= 12 

Low : N= 12 

High : N= 12 

F(2,60) = 0.829, p = 0.441. 

S2 Table: Demographics. Reports the descriptive results for Age (years), Body Mass Index (kg.m-2), 

Educational Level (number of years after Baccalauréat), Tolerance Score, Repartition of men and women, 

and Repartition of Low and High Tolerant to exercise as a function of experimental conditions. 
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 Resting Group 
(N=15) 

Cycling in silence 
(N = 24) 

Cycling in music 
(N = 24) 

Statistical analysis 

Total Low Physical 
Activity (METs-
minutes/week) 

1087 (812) 757 (688) 905 (1014) F(2,61) = 0.686; p = 0.507 

Total Moderate Physical 
Activity (METs-
minutes/week) 

457 (340) 617 (734) 751 (1079) F(2,61) = 0.594; p = 0.555 

Total Vigorous Physical 
Activity (METs-
minutes/week) 

944 (1366) 1145 (1391) 1641 (2224) F(2,61) = 0.897 p = 0.425 

Total Physical Activity 
Practiced (METs-

minutes/week) 

2488 (1594) 2520 (1813) 3298 (3789) F(2,61) = 0.637; p = 0.532 

S3 Table: Fitness level. Descriptive results for the quantitative amount of physical activity 

practiced as a function of experimental group (METs: Metabolic Equivalents - a useful, 

convenient and standardized way to describe the absolute intensity of a variety of physical 

activities - ACSM, 2014). 

 

b) Results for the individuals watching TV 

Baseline measures. No main effects of Tolerance Level were found neither on the FS (F(1,12) = 

1.532, p = 0.240) nor on the HRF (F(1,8) = 1.235, p = 0.299). Hence, the Low and the High 

Tolerance groups were similar concerning their affective states and their heart rate frequency 

before the start of the TV session. Session measures. Tolerance Level main effects were revealed 

neither on the FS (F(1,11) = 1.133, p = 0.309) nor on the HRF (F(1,7) =1.949, p = 0.205). No 

Assessment Time effects were revealed on the FS (F(7,77) = 1.329, p = 0.248). An Assessment 

Time effect was found on the HRF (F(7,49)= 2.286, p = 0.043, h2
p = 0.25): HRF was higher at the 

start (MHR = 86.4 bpm; SD = 13.9 bpm) than at the end of the session (MHR = 76.3 bpm; SD = 9.9 

bpm). The interaction Assessment Time x Tolerance Level reached significance neither on the FS 

(F(7,77) = 0.235, p = 0.975) nor on the HRF (F(7,49) = 1.250, p = 0.295). 
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0.827 
 
 
0.018 
0.033 

<.001 

 
 
 
0.05 
0.02 

   - 
 
 
0.16 
0.00 
0.01 
 
 
0.12 
0.10 
0.15 

Interactions effects 
Feeling Scale  

Experimental Condition*Tolerance 
Assessment Time*Experimental Condition 
Assessment Time*Tolerance 
Assessment Time*Experimental Condition*Tolerance 
 

Heart Rate Frequency 
Experimental Condition*Tolerance 
Assessment Time*Experimental Condition 
Assessment Time*Tolerance 
Assessment Time*Experimental Condition*Tolerance 
 

Power Output 
Experimental Condition*Tolerance 
Assessment Time*Experimental Condition 
Assessment Time*Tolerance 
Assessment Time*Experimental Condition*Tolerance 

 
 
0.939 
   - 
   - 
   - 
 
 
0.683 
1.342 
1.146 
0.621 
 
 
0.746 
0.914 
1.114 
0.613 

 
 
1,42 
   - 
   - 
   - 
 
 
1,30 
4,120 
4,120 
4,120 
 
 
1,43 
4,172 
4,172 
4,172 

 
 
0.337 
   - 
   - 
   - 
 
 
0.415 
0.258 
0.338 
0.648 
 
 
0.392 
0.457 
0.352 
0.654 

 
 
0.02 
   - 
   - 
   - 
 
 
0.02 
0.04 
0.04 
0.02 
 
 
0.02 
0.02 
0.03 
0.01 

 
 

   4.161 
0.631 
1.946 
0.139 
 
 
0.15 
3.786 
0.697 
1.287 
 
 
1.094 
0.462 
5.83 
3.599 

 
 
1.42 
5.210 
5.210 
5.210 
 
 
1.30 
5.150 
5.150 
5.150 
 
 
1.43 
5.215 
5.215 
5.215 

 
 
0.047 
0.675 
0.088 
0.983 
 
 
0.701 
0.003 
0.626 
0.273 
 
 
0.301 
0.804 
<.001 
0.004 

 
 
0.09 
0.01 
0.04 
0.00 
 
 
0.00 
0.11 
0.02 
0.04 
 
 
0.02 
0.01 
0.12 
0.08 

 
 
5.304 
   - 
   - 
   - 
 
 
0.298 
0.943 
1.618 
1.723 
 
 
0.587 
2.992 
0.146 
1.288 

 
 
1,42 
   - 
   - 
   - 
 
 
1,30 
4,120 
4,120 
4,120 
 
 
1,43 
4,172 
4,172 
4,172 

 
 
0.026 
   - 
   - 
   - 
 
 
0.589 
0.442 
0.174 
0.149 
 
 
0.447 
0.020 
0.964 
0.276 

 
 
0.11 
   - 
   - 
   - 
 
 
0.00 
0.03 
0.05 
0.05 
 
 
0.01 
0.07 
0.00 
0.03 
 

Table 1: Overall statistical results for the main effects and the interactions on Feeling scale, Heart Rate Frequency and Power Output as a function of Assessment 
period, Experimental Condition and Tolerance group. 
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c) Results for the individuals cycling in silence and in music 

Baseline measures. The main effect of Condition was revealed significant neither for the 

FS (F(1,43) = 2.948, p = 0.093) nor for the HRF (F(1,31) = 0.157, p = 0.694). No 

Tolerance Level main effects were found for the FS (F(1,43) = 0.249, p = 0.620) nor for 

the HRF (F(1,31) = 0.006, p = 0.937). No Condition x Tolerance Level interaction was 

found for the FS (F(1,43) = 0.004, p = 0.947) and for the HRF (F(1,31) = 4.006, p = 

0.054). Hence, the Low and the High Tolerance groups were similar concerning their 

affective states and their heart rate frequencies before the start of practice both in the 

cycling in silence and the cycling in music conditions.  

Warm-up measures. The measures taken on the FS during this period revealed an absence 

of main effects both for Condition and Tolerance Level. Similar absence of effects was 

revealed also for the HRF. Statistical results are presented in Table 1. For the PO, an 

Assessment Time effect was revealed (F(4,172) = 4.599, p = 0.001, h2
p = 0.10): the PO 

was greater at the end (MPower-output = 52.46 watts, SD =23.9 watts) than at the start of the 

warm-up period (MPower-output = 47.07 watts, SD = 21.1 watts). No other effects were 

significant.  

Practice measures. Participants were required to cycle at moderate level (RPE 13) for a 

total period of 30 minutes. When considering the mean FS scores, results revealed an 

absence of main effects for Condition, Tolerance Level and Assessment Time (Table 1). 

However, the interaction Condition x Tolerance Level was significant (F(1,42) = 4.161, p 

= 0.047, h2
p = 0.09). The Low Tolerance groups revealed similar scores on the FS 

whether cycling in music (MFeeling Scale = 2.53, SD = 1.58) or in silence (MFeeling Scale = 2.63, 
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SD = 0.89) (p = 0.846). On the other hand, in the High Tolerant groups, greater FS scores 

were observed in the cycling in music condition (MFeeling Scale = 3.14, SD = 0.89) than in 

the cycling in silence condition (MFeeling Scale = 2.13, SD = 1.37) (p = 0.051) (Fig 2-left).  

 

Figure 2. Scores obtained on the Feeling Scale (FS) in the High and Low Tolerance groups during the 

practice phase (left) and the recovery phase (right) as a function of the experimental condition (cycling in 

silence and cycling in music). 

When considering the HRF, results revealed an absence of main effects of Condition, 

Tolerance Level and Assessment Time. However, the interaction Assessment Time x 

Condition was highly significant (F(5,150) = 3.786, p = 0.003, !2
p = 0.11). For both the 

Low and High Tolerance groups, HRF increased faster for individuals in the cycling in 

music condition compared to participants in the cycling in silence condition (Fig 3). In 

the cycling in music condition, pairwise comparisons revealed greater differences when 
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comparing HRF at different times during the session than in the cycling in silence 

condition (S4 Table for more details). 

 

Figure 3. Variations in heart rate frequency as a function of Assessment Time in the cycling in silence 

condition (grey) and the cycling in music condition (black). Error bars illustrate the confidence intervals 

95% around the mean. 

For the PO, there was no main effect of Condition but the main effect of Tolerance Level 

was significant (F(1,43) = 5.107, p = 0.028, !2
p = 0.11): the High Tolerance group 

produced more power output (MPower-output = 88.81 watts, SD = 32.42 watts) than the Low 

Tolerance group (MPower-output = 70.43 watts, SD = 23.13 watts). An Assessment Time 

effect was also observed (F(5,215) = 3.634, p = 0.004, !2
p = 0.08): the PO was greater at 

the end (MPower-output = 81.98 watts, SD = 39.5 watts) than at the start of the practice phase 

(MPower-output = 76.33 watts, SD = 28.38 watts). The interaction effect between Assessment 

Time and Tolerance Level was also significant (F(5,215) = 5.833, p < 0.001, !2
p = 0.12). 

Pairwise comparisons confirmed significant differences between the High Tolerance 
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group and the Low Tolerance group at 10’ (Deltameans = 17.42, SE = 7.8, p = 0.031), at 

15’ (Deltameans = 16.75, SE = 8.36, p = 0.051), at 20’ (Deltameans = 19.29, SE = 8.46, p = 

0.028) and at 30’ (Deltameans = 32.13, SE = 10.11, p = 0.003) of the physical session, with 

the High Tolerance group producing always more PO than the Low Tolerance group. 

Results also revealed in the High Tolerance group significant differences between PO at 

30’ and at 5’ of practice (Deltameans = 14.38, SE = 4.28, p = 0.019), with more physical 

output produced at 30’.  

Finally, for the PO, the triple interaction Assessment Time x Condition x Tolerance Level 

was significant (F(5,215) = 3.599, p = 0.004, h2
p = 0.08). Results are presented in Fig 4. 

In the High Tolerance group cycling in music, the PO observed at 30’ of practice differed 

from that observed at 5’ (Deltameans = 22.92, SE = 6.05, p = 0.007), at 10’ (Deltameans = 

20.08, SE = 5.49, p = 0.010) and at 15’ (Deltameans = 18.08, SE = 5.47, p = 0.029), with 

always more power output produced at 30’ compared to the other assessment times. Post-

hoc analyses also confirmed differences between the High Tolerance group and the Low 

Tolerance group in the cycling in music condition at 20’ (Deltameans = 25.75, SE = 11.97, 

p = 0.037), at 25’ (Deltameans = 28.42, SE = 13.34, p = 0.039) and at 30’ (Deltameans = 

49.83, SE = 14.3, p = 0.012). For the High Tolerance groups only, post-hoc analyses 

across conditions revealed differences between cycling in music and cycling in silence 

condition at 25’ (Deltameans = 27.33, SE = 13.34, p = 0.047) and at 30’ (Deltameans = 33.92, 

SE = 14.29, p = 0.022), with always more PO produced when cycling in music compared 

to cycling in silence condition (S5 Table for more details). 
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Figure 4. Variations in power output and Feeling Scale. Variations in power output (Top) as a function of 

Assessment Time for the Low Tolerance groups (grey) and the High Tolerance groups (black) in the 

cycling in silence condition (left) and the cycling in music condition (right).  Error bars illustrate the 

confidence intervals 95% around the mean. Scores obtained on the Feeling Scale throughout the 30’ 

exercise session are presented (Bottom) for 8 typical individuals in order to illustrate the non-linearity of 

the modulations in affective states, whether cycling in silence or in music. 

Recovery measures. When considering the FS, neither the main effect of Condition nor 

the main effect of Tolerance Level was significant (Table 1). The interaction Condition x 

Tolerance Level reached significance (F(1,42) = 5.304, p = 0.026, !2
p = 0.11; Fig 2-

right). The Low Tolerance groups were characterized by similar scores on the FS whether 

cycling in music (MFeeling Scale = 2.83, SD = 1.27) or in silence (MFeeling Scale = 3, SD = 1) (p 

= 1.00). On the other hand, the High Tolerant individuals in the cycling in music 
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condition presented greater FS scores (MFeeling Scale = 4.08, SD = 1) than the High Tolerant 

individuals in the cycling in silence condition (MFeeling Scale = 2.33, SD = 2.06) (p = 0.008). 

 

When considering the HRF, no main effects of Condition, Tolerance Level and 

Assessment Time reached significance. No interactions were found (Table 1).  

 

When considering the PO, results revealed a main effect of Assessment Time (F(4,172) = 

7.368, p < 0.001, h2
p = 0.15), indicating that for all experimental conditions the PO was 

lower at the end (MPower-output = 35.67 watts, SD =20.27 watts) than at the start of the 

recovery phase (MPower-output = 41.41 watts, SD = 27.98 watts).  

 

d) Perception of physical effort and investment after practice 

When subjects were asked to score their levels of effort, there was an absence of 

differences between the High and Low Tolerance groups (F(1,35) = 0.159, p = 0.693). In 

addition, the effect of Condition (F(1,35) = 0.013, p = 0.911) and the interaction 

Condition x Tolerance Level did not reach significance (F(1,35) = 0.150, p = 0.701). 

When asked to score their feelings of investment, there was also an absence of mean 

differences between the High and Low Tolerance groups (F(1,43) = 0.067, p = 0.797). 

Individuals felt to be invested in the same way both when cycling in silence and when 

cycling in music (F(1,43) = 1.026, p = 0.317), whether considered as High or Low 

tolerant individuals (F(1,43) = 2.364, p = 0.131).  
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e)! Enjoyment and Well-being 

The PACES enjoyment results revealed a significant effect of Condition (F(2,56) = 

3.659; p = 0.032, !2
p = 0.12), with the cycling in music condition having reported greater 

levels of enjoyment than the resting TV condition (Fig 5-left).  Neither the main effect of 

Tolerance Level (F(1,56) = 1.104; p = 0.298) nor the interaction Condition x Tolerance 

Level (F(2,56) = 0.482; p = 0.620) were significant. The well-being results revealed a 

main effect of Condition (F(2,56) = 7.207; p = 0.002, !2
p = 0.20) with the cycling in 

music condition and the cycling in silence condition reporting greater levels of well-being 

than the resting TV condition (Fig 5-right).  Neither the main effect of Tolerance Level 

(F(1,56) = 0.972; p = 0.328) nor the interaction Condition x Tolerance Level (F(2,56) = 

1.539; p = 0.223) reached significance.  

 

Figure 5. Scores of enjoyment (left) and well-being (right) are presented as a function of the experimental 

condition: resting TV condition, cycling in silence and cycling in music conditions. Mean results for the 

Low and High Tolerance groups are presented to illustrate the absence of group effect. 
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Figure 6. A psycho-physiological framework of Tolerance and Affective states. This conceptual framework 

illustrates the possible functional association between biological (lactate concentration – not measured 

here), physiological (Rating of Perceived Exertion – RPE scale) and psychological factors (Feelings of 

discomfort; Tolerance to effort). Setting the exercise intensity to “moderately difficult” (RPE13), feelings 

of discomfort will augment with increasing concentrations of lactate in the blood. As a function of one’s 

tolerance to inner states of sensorial distress, individuals will target different pre-defined levels of 

acceptable discomfort, which may be used to detect the upcoming loss of homeostasis. Understanding the 

psychological factors that modulate one’s ability to set and predict correctly one’s tolerable level of 

sensorial discomfort may help us gain a better understanding of why some like it slow and easy, and others 

like it vigorous. 

V.!Discussion 

In the present study, we proposed a self-paced cycling activity to both active and inactive 
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sedentary individuals. Using the Ratings of Perceived Exertion Scale (RPE), we allowed 

participants to set exercise intensity to their own perception of exertion and contrasted 

power output and affective states when participants were cycling in silence and cycling in 

music. The main results of our work showed that both High and Low Tolerant 

participants reported to have (1) exercised at a moderate intensity felt as « somewhat 

difficult », i.e., RPE 13 on the 6-20 Borg Scale and (2) invested the task at a similar 

degree of implication. Thanks to the use of a control condition during which participants 

cycled in silence, we confirmed that the RPE scale can be used as a subjective guide to 

gauge exercise intensity both by High and Low Tolerant individuals as they self-paced 

the cycling activity to produce similar levels of power output, at the beginning of the 

session. These results confirm previous studies showing that non-athletes men and 

women are able to self-regulate physical effort on the basis of a score selected on the 

RPE scale [37,26]. However, it is during the course of the physical practice that 

differences between the two groups of participants emerged. 

a) Predicting acceptable intensity of practice 

Our results showed that High Tolerant participants were characterised by greater power 

output compared to the Low Tolerant individuals throughout the 30-min exercise session, 

confirming again previous studies indicating that ones’ tolerance to exercise is correlated 

to physical production with more power output produced by those individuals having 

higher tolerance scores [54]. Our work extends previous studies by confirming tolerance 

effects on power output while controlling statistically for self-reported physical activity 

level (as evaluated using the IPAQ). Indeed, in the present study, we characterised the 

participants by the total quantity of physical activity performed during a typical week 
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across three categories of exercise intensities, which included for example the time spent 

per week doing house work, gardening, and walking to work in addition to the 

information classically noted on the number of hours per week spent doing leisure sports. 

By doing so, we revealed that it may be the individuals’ tolerance level (and not self-

reported physical activity level) that predicts the choice in exercise intensity.  

Contrary to the Low Tolerant individuals, High Tolerant individuals demonstrated the 

overall tendency to increase exercise intensity progressively during the course of a 

session. Setting the exercise intensity to “moderately difficult” but on the low end of a 

continuum, these participants may have detected a mismatch, i.e. a level of discomfort 

smaller than that expected when considering their predicted tolerance threshold (see Fig 

6). Hence, intensity of practice was augmented progressively to reduce the discrepancy 

between true and predicted inner states of discomfort. This process may have led the 

High Tolerant participants in the present study to reach the high end of the moderate 

continuum by the end of the session, while maintaining good levels of positive affective 

states. The Low Tolerant group on the other hand may have found a direct match between 

predicted and true inner states of discomfort leading them to maintain a constant intensity 

of practice throughout the cycling sessions, remaining at the low end of the moderate 

intensity continuum. 

b) Music is a booster in High Tolerant individuals 

Our results confirmed the positive impact of music in the High Tolerant group by 

showing that individuals cycling in music produced greater power output and 

experienced more positive affective states than those practicing in silence. Furthermore, 

the dynamic increase in power output across the duration of the session was significantly 



 

 169 

greater for the group cycling in music than the one cycling in silence. Compared to the 

few studies in the literature that used a production-mode protocol, our findings are 

consistent [55]. For example, Elliott et al. [56,57] had participants cycle for 12 minutes 

on an ergo-cyclometer at an intensity perceived as « somewhat difficult » (RPE 13) in 

silence, while listening to neutral or to motivational music. Authors observed that the 

motivational music had the effect to increase the pedalling distance and the positive 

affective states. In the present case, High Tolerant individuals in the music condition may 

have used the auditory energizing music to entrain each pedal push to the beat of the 

music, facilitating the production of the motor task. Furthermore, the importance set on 

the actual (true) sensory feedback may also have been minimized, i.e. music inhibited the 

perception of inner states of discomfort that emerged from the increase in exercise 

intensity. As a consequence, for similar levels of exercise intensity, the perceived level of 

discomfort with music was weaker than that experienced when cycling in silence. 

Exercise intensity could be increased until a match between predicted and true sensory 

feedback was attained leading High Tolerant individuals to exercise at greater intensities 

when cycling in music than in silence, at a similar perceived exertion scale of RPE13. 

c) Little effects of music for Low Tolerant individuals 

Contrasting results were found in the Low Tolerance group. Here, whatever the self-

reported physical activity level, participants cycling with music produced similar levels 

of power output and reported similar degrees of positive affective states than those 

cycling in silence. However, as in the High Tolerant groups, mean heart rate frequency 

was significantly greater in the group cycling in music than the group cycling in silence. 

Hence, for the Low Tolerant participants specifically, music induced an increase in heart 
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rate without providing the ability to produce greater power output. In the literature, 

greater heart rate has been associated to higher perceived exertion [36,58,59]. Hence, the 

contrasting effects of music on heart rate and power output may be an indicator of the 

higher difficulties experienced by the Low Tolerant individuals to perform a physical 

exercise in music rather than in silence. Four contrasting hypotheses may be considered 

to understand the origin of such difficulty. First, music has an entrainment power that has 

been well documented in the past ten years [46]. The groove contained within the musical 

playlists may have increased body rhythmicity [47] and modulate body posture [48]. The 

entrainment effect of music would have then led Low Tolerant individuals to cycle at a 

pace too high compared to their predicted acceptable level of discomfort. Another 

possibility is that participants used cognitive strategies to resist the entrainment effect of 

the music. Increasing the cognitive load would make the cycling in music task more 

cognitively challenging than cycling in silence. Individuals would in addition feel a 

discordance effect, which may increase furthermore the expressed levels of discomfort. 

Third, music is known to have a distracting effect. By narrowing attention, music can 

divert the mind from sensations of fatigue and inner senses of discomfort [4,5,60]. In the 

present case, the dissociation phenomena of music may have turned attention away from 

detecting the emergence of sensorial negative feelings that cue the forthcoming loss of 

homeostasis. Finally, set in a high state of arousal, Low Tolerant individuals may have 

simply been perturbed by the activating effects of music [61]. Further studies are now 

required to parcel apart the relative contributions of these different possibilities, taking 

into account tolerance levels to physical effort but also controlling for other factors like 

the cognitive abilities associated to the planning of sequential motor activities.  
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d) Pleasure is an affect that varies over time 

Following the writings of Csikszentmihalyi [62], pleasure is an experience that is 

“homeostatic”, i.e., it incorporates affective states that do not produce psychological 

growth but satiates biological needs. Pleasurable experiences make us feel good at a 

given moment. Previous studies have based their assumptions on the fact that changes in 

affective states, which take place between the start and the end of a session – follow a 

linear course [19]. However, by assessing the affective states periodically (every 5’), we 

show here that affective states evolve none linearly through the course of an exercise 

session. Contrasting affective dynamics may even characterise High and Low Tolerant 

individuals (see Fig 4) but additional observations are required. More specifically, future 

studies need to sample affective states throughout the practice sessions at an individual 

level and with adequate frequency, to gain a better understanding of the possible causal 

relationship between heart rate frequency, exercise intensity and the observed variations 

in affective states. As the pleasure experienced in the last 5 minutes of a session is 

predictive of positive emotional memories [63], the assessment of the changes in 

affective states during moderate physical activity may be a key variable to target when 

seeking to convey compliance to regular practice in individuals prone to low thresholds 

of physical effort and muscle pain. 

VI. Concluding remarks 

High and Low Tolerant individuals participated in a production-mode protocol in which 

they were asked to cycle at a moderate intensity felt as « somewhat difficult » (RPE13 on 

the Borg scale).  We show that music is a booster for High Tolerant individuals: the 

musical environment gave them the ability to produce greater power output while 
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experiencing even more pleasure than when cycling in silence. Low Tolerant individuals 

experienced with music an increase in heart rate frequency without gain in power output 

or pleasure, suggesting distress and discomfort when practicing in an energizing 

environment. Interestingly, music brought greater pleasure to the High than to the Low 

Tolerant participants even if both groups reported similar levels of enjoyment (PACES at 

the end of the session). Hence, pleasure and enjoyment may be two different concepts 

[64] that should be dissociated when seeking to develop pleasurable sports. Additional 

studies are needed to reveal which of pleasure or enjoyment is the key to promote durable 

motivation to an active life style in individuals with high and low tolerance to exercise 

intensity. 
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The flourishment is a state of positive mental health; to thrive, to prosper, and to fare well 

in endeavours free of mental illness, filed with emotional vitality and function positively 

in private and social realms (Michael et al., 2009). From a research standpoint, a 

multitude of studies have revealed that benefiting from a flourishing state leads 

individuals to achieve more goals than expected, to be more satisfied by their daily life 

activities and to experience greater physical and psychological health (for a review see 

Hefferon, 2013). Furthermore, the positive psychology suggests that the flourishment 

requires individuals to experience both positive and negative events. Experiencing 

positive events would enable individuals to create a «protective reservoir » upon which 

one can draw from during unpleasant and distressing times (Hefferon & Boniwell, 2011). 

On the other side, experiencing negative life moments would enable individuals to learn 

how to overcome his/her weaknesses through the enhancement of his/her strengths. 

Hence, a flourishing state will be reached only in those individuals who take risk to be in 

environment that require constant switch adaptation of motor behaviour to joyful and 

stressful life event. Consequently, flourishing is not an easy state to find and requires 

effort. As such, its reaching may differ between individuals. 

Thanks to huge acute and chronic benefits of physical exercise, regularly exercising is 

considered as one way enabling individuals and communities to thrive and prosper 

through flourishment (Mutrie & Faulkner, 2004). However, while some individuals 

possess enough cognitive resources to handle the demands of the motor task and thus, 

discover pleasure during a session, some others are not able to do so (Backhouse et al., 

2007; Van Landuyt et al., 2000). At a promotional level, this absence of positive 

experience may explain why 40 to 65 % of individuals initiating exercise programs are 
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predicted to dropout within 3 to 6 months (Annesi, 2003). In fact, deciding to engage in a 

regular practice requires to negotiate with everyday costs and most of all to support 

significant effort, discomfort and even exhaustion during the physical exercise (Mullen, 

& Hall; Hall, & Fong, 2015). As such, incorporating the individuals’ signature strengths 

into programme development activities may lead to greater exercise engagement and 

flourishment (Hefferon, Mutrie, 2012). More specifically, one needs to focus on the 

enhancement of strengths rather than on the strengthening of weaknesses to 

experience positively a task (Hefferon, 2013). When challenging their strengths, 

individuals may create a “protective reservoir” upon which they will be able to draw from 

when the physical exercise becomes more (too) difficult. On the other side, when 

challenging their weaknesses individuals may experience difficulties when facing to the 

requirement of adjusting continuously their motor behaviour while they do not possess 

enough resources to do so. Hence, building training programs focusing on the 

enhancement of strengths will lead one to benefit from an enhancement of one’s motor 

control, mastering, enjoyment of body movement. Following these positive experiences 

should then increase the adherence to regular practice. Stocker (2012) conducted a study 

based on this theoretical idea of strengths-based physical activity programme. He 

reported that when individuals were given a personalized programme based on activities 

using their strengths instead of their weaknesses, participants benefited from an 

enhancement of their self-efficacy and their sense of achievement. Furthermore, through 

this individualized approach, all individuals enjoyed the session.  

More recently, it was suggested that during the performance of a physical exercise 

cognitive resources are required to help individuals in the self-regulation of the cognitive 
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challenges occurring during the planning and the execution of the motor task (Audiffren, 

2016; Audiffren and André, 2015; Burzynska et al., 2017; Müller et al., 2017; Pesce, 

2016). Large interindividual differences exist when considering the cognitive resources 

required to handle the demands of a motor task (Goodway & Branta, 2003; Goodway, 

Suminski, & Ruiz, 2003; Hamilton, Goodway, & Haubenstricker, 1999; Langendorfer & 

Roberton, 2002a, 2002b; Williams, Haywood, & VanSant, 1991). Large individuals’ 

differences also exist when looking at basic abilities to handle difficulty or pain (Mogil, 

1999). Indeed, some individuals will tolerate higher amounts of pain compared to others 

who will prefer to move at an intensity that will minimize physical discomfort and pain. 

Consequently, the general aim of this thesis work was to understand an individual’s 

motor control strengths, especially executive strengths, may predict the way that person is 

able to tolerate the pain and discomfort occurring during the performance of a physical 

exercise in relation to self-regulation strategies.  

I. The main findings 

The first step of this thesis work was to conduct experimental research in order to obtain 

a cognitive definition of physical exercise. 

a) Defining physical exercise throughout their cognitive load 

To flourish through physical exercise, individuals are required to be able to handle the 

challenges occurring during the planning and the execution of the motor task. Study II 

aimed at confirming that physical exercise should be defined as a function of the 

complexity of the motor task and the cognitive resources needed to handle the challenges 

occurring during the task. A dual-task paradigm was developed to assess the amount of 
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cognitive resources needed to perform an ecological whole body physical exercise. We 

revealed that the more physical exercise was challenging during planning and execution, 

the more individuals perceived their performance as cognitively demanding. In fact, the 

dancing condition was experienced as more cognitively demanding than did cycling and 

stepping conditions. Furthermore, through the use of a self-paced protocol, we confirmed 

that the way one perceives the difficulty of a physical exercise depends on the integration 

of both the physical (Eston et al., 2012) and the cognitive loads experienced during the 

motor performance (Abbiss et al., 2015). In fact, by combining the perception of the 

physical and cognitive loads experienced during the physical exercise, perceived effort 

was explained by 38 %. In regard to the results obtained in Study II, we can confirm that 

cognitive functions are required during physical exercise (Audiffren, & André). 

Furthermore, a physical practice should take into account both the physiological and 

cognitive demands of the motor task (Burzynska et al., 2017; Müller et al., 2017; Pesce, 

2016).  

The specificity of the experimental design presented in this thesis work, was the 

elaboration of a self-paced design during which the perception of effort was fixed. As 

such, the individuals had the possibility to increase or decrease the intensity of the motor 

output performed throughout time. Hence, the involvement of cognitive functions during 

the physical exercise sessions was most probably related to the necessity to self-regulate 

the motor output intensity in order to stand the “somewhat difficult” effort. Furthermore, 

results obtained in Studies II, III and IV suggest that the cognitive monitoring of 

behaviour during the course of a “somewhat difficult” physical exercise is not equal 

between Low and High Tolerant individuals.  
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b) Assessing one individual’s Tolerance to effort to predict one’s 

ability to handle the cognitive demands of physical exercise  

The effort perceived during the performance of a motor task is defined as emerging from 

the comparison between a predicted and an actual sensory-motor information (Abbiss et 

al., 2015). More specifically, in order to strive, move efficiently and interact safely, 

individuals must anticipate the effort they will need to plan and execute adequately a 

motor task. Hence, during the performance of sequences of movements a comparison is 

made between the effort that participants predicted and the actual effort they are 

experiencing. In a case of a match, the perceived effort corresponds to the predicted one. 

Thus, individuals can run and pursue the course of their motor production. However, in 

the case of a mismatch, the actual perceived effort does not correspond to the predicted 

one. Hence, individuals will require to re-adjust their motor output until the actual effort 

perceived corresponds to the predicted one. The necessity to on-line monitor, re-plan and 

re-execute the movement will lead individuals to experience the motor performance as 

cognitively more demanding, i.e., more effortful than in a case of a perfect match. 

In the present task, we took the standpoint that the effort discrepancy may be related to 

the concept of Tolerance (Ekkekakis, 2005). Thus, we systematically used the Tolerance 

scale in the studies to reveal possible contrasts between low and high tolerant individuals. 

In Study I, the statistical analyses conducted on the Tolerance subscale led to a good 

construct of the French-speaking version of the questionnaire. More specifically, when 

deleting the items 3 and 15 from the original questionnaire, the internal consistency of the 

Tolerance subscale was equal to 0.76. Moreover, the test-retest reliability of the 

Tolerance subscale was equal to 0.90 at 3-month and at 4-month delays. More 
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importantly, the concept of Tolerance was valid whatever the “level of self-reported 

physical exercise” of individuals. In fact, the internal consistency of the Tolerance 

subscale ranged from 0.71 to 0.78 when performing the statistical analyses in inactive, 

active and athletic populations. These findings led us in the following studies of this 

thesis to test samples that were characteristic of the general population, with both inactive 

and active adults. 

Based on the French validation of the Tolerance to effort concept (Study I), the results 

obtained in Study III revealed that Low Tolerant individuals, i.e., individuals who are less 

able to continue exercising at an imposed level of intensity when the activity becomes 

uncomfortable or unpleasant (Ekkekakis, Hall & Petruzzello, 2005), possess weaker 

executive functions than High Tolerant individuals. More specifically, their working 

memory span was lower than that measured in the High Tolerant individuals. In addition, 

the results revealed that compared to High Tolerant individuals, Low Tolerant individuals 

possessed weaker abilities to inhibit their motor behaviour, especially when following an 

error. In regard to these results, it is possible that Low Tolerant individuals are 

characterised by weaker abilities to self-regulate motor output as a function of the effort 

they are perceiving. Furthermore, the cognitive load generated by the constant adjustment 

of motor output may be the source of the greater cognitive load experienced during 

physical exercise than High Tolerant individuals.  

The findings presented throughout Studies III and IV are thus coherent: (1) High Tolerant 

individuals self-regulate their motor performance differently than Low Tolerant 

individuals; (2) while High Tolerant are characterised by an overall spontaneously 

increase in the intensity of motor output throughout a session, Low Tolerant remain at a 
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constant exercise intensity; (3) although Low Tolerant individuals do not increase the 

intensity of physical exercise throughout time, heart rate frequency is similar to that 

observed in the High Tolerant participants. Hence, Low Tolerant may have weaker 

abilities to update relevant information and to inhibit non-relevant sensory-motor related 

cues during motor performance, which offers fewer possibilities for efficient re-

adjustment most of motor output in the context of physical exercise.  

Similar interpretations are supported by the results presented in Study II. Indeed, we 

revealed that when asking individuals to perform a cognitive task in addition to the 

physical exercise, Low Tolerant individuals perceived the performance as more 

exhausting than did High Tolerant individuals. Furthermore, when the physical exercise 

was the most complex in terms of motor planning, execution and self-regulation (i.e., 

dancing), the counting performances of Low Tolerant individuals were less efficient than 

that observed in all other conditions. The results are all the more powerful that the 

statistical analyses were conducted by controlling for the individuals’ self-reported 

weekly physical exercise (i.e., fitness level). 

It is the case that the difficulties objectively encountered by Low Tolerant individuals 

during the course of “somewhat difficult” physical exercise is supported through their 

global subjective affective experience of the session. Hence, in the next section, we will 

consider the importance of affective states for better understanding of the contrasting 

self-regulation strategies observed in High and Low Tolerant individuals for greater 

flourishment through physical exercise.  
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c) Tolerance and affective state for pleasurable physical exercise 

Affective states provide the primary means by which information about critical 

disruptions of homeostasis enter consciousness (Cabanac, 1979; Panksepp, 1998 – as 

cited by Ekkekakis, 2013). It is the case that, affective states emerge from the 

discrepancy that may occur when integrating the predicted and the actual sensorial 

information when moving (Carver, & Scheier, 1998; Frijda, 1988; Frijda, 1986 - as cited 

by Carver, Johnson, Joorman, & Scheier, 2015). Hence, the leading hypothesis in this 

thesis was that differences in sensorial affect should be observed in Low and High 

Tolerant individuals.  

Physical exercise was reported to be more effortful (Study II), more cognitively 

demanding (Study II) and overall less pleasant (Study II and IV) in Low Tolerant 

individuals than in High Tolerant individuals. Hence, we can suggest that due to their 

weaker executive functions, Low Tolerant individuals may experience more difficulties 

to update relevant information, and to inhibit non-relevant sensory-motor cues while 

exercising. Thus, due to their weaker self-regulation strategies, they may experience 

higher negative states because of perceived higher threat to their homeostasis while 

performing a physical exercise. This hypothesis is supported by the results obtained in 

Studies II and IV. In Study IV, results suggested that when asking both Low and High 

Tolerant individuals to perform a cycling task, similar affective states are observed. 

However, while the music allows the High Tolerant individuals to perceive the cycling 

exercise as more pleasant than did High Tolerant individuals who performed in silence, 

the affective states of Low Tolerant individuals performing in music or in silence did not 

differ. Interestingly, although these Low Tolerant individuals did not increase the 
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intensity of the physical exercise, their heart rate frequency increased. Hence, we may 

propose that Low Tolerant individuals are able as much High Tolerant individuals to 

cognitively handle a physical exercise like cycling in silence. However, asking them to 

perform a dual-task like counting and listening to music while exercise requires cognitive 

resources that they do not have; leading them to experience more negatively the session 

(Study II) or to express their difficulties throughout an increase in heart rate frequency 

(Studies III and IV) compared to High Tolerant individuals. What may the effect of these 

sensorial reactions to exercise for an individual’s engagement to regular practice?  

d) Tolerance and affective states to engage in a regular practice 

The affective states experienced during a session is defined as contributing to the 

formation of either a positive or negative memory trace for exercise, which in turn may 

influence consciously or subconsciously subsequent decisions to engage in, adhere to or 

drop out from exercise (Ekkekakis et al., 2011) . In Study II we confirmed that the desire 

of participants to re-exercise was a function of the affective states they experienced 

during the session (Jekauc, 2015; Wienke & Jekauc, 2016; Zenko, Ekkekakis, & Ariely, 

2016). However, results revealed also that the affective states experienced during motor 

performance was a function of an individual’s Tolerance level. Hence, in daily life, we 

may hypothesise that Low Tolerant individuals may experience weaker positive affective 

states during the course of a physical exercise which would lead them to be more 

sensitive to drop out of an exercise program than may do High Tolerant individuals. In a 

study recently conducted in collaboration with Decathlon Sportslab (Villeneuve d’Ascq, 

France), we revealed that for a same quantity of self-reported weekly physical exercise, 

Low Tolerant individuals were indeed characterised by weaker abilities to explain the 
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reason why they engage in a regular practice than did High Tolerant individuals (Carlier, 

Boidin, Delplanque, & Delevoye-Turrell, in preparation). Furthermore, when they were 

able to describe the motive of drop out, participants showed lower levels of intrinsic 

motivation than did High Tolerant individuals. In regard to these results, future research 

is required to focus on the understanding of the condition that may lead Low Tolerant 

individuals to be more intrinsically motivated to lead them to flourish through regular 

practice without the need of extrinsic motivators. For example, in a recent study (Carlier, 

Calais, & Delevoye-Turrell, in preparation) we reported that Low Tolerant individuals 

can experience a strenuous bout of exercise but only if the session lasted for 3 minutes. 

These findings open the way to new research future, and suggest assessing if the most 

flourishing physical exercise for Low Tolerant individuals may be those which do not 

require long self-regulation session (e.g., 30 minutes). In fact, Low Tolerant individuals 

may be more enjoyed in short bout of exercises like those proposed during intermittent 

session.  

e) Conclusion about the findings 

The results obtained in this thesis work allow to suggest that to encourage most people to 

flourish through regular physical exercise several things must be considered. First, 

physical exercise must be defined from the cognitive resources they require. Second, 

individuals’ cognitive efficiency and Tolerance to effort must be considered as they 

predict the way one is able to handle the demands of the physical exercise. Finally, the 

affective states reflect the physical and cognitive difficulties that individuals encounter 

during the course of a physical exercise and may be critical variable to use as intensity 

controller. Nevertheless, at least critical questions remain.  
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II. Remaining questions 

First, individual’s Tolerance was defined as depending on both physical and cognitive 

abilities. But how to quantify the dependency and independency between these two 

aspects? Second, individuals are constantly faced to environmental changes leading them 

to sometimes being more exhausted on some days than on others. Thus, could we 

consider that Tolerance may fluctuate and may be constituted by both a trait and a state 

feature? Finally, and most importantly in this thesis work, how could we relate Tolerance 

to effort to the ability to reach a flourishing state through physical exercise?  

a) Defining the physiological and the psychological indexes of 

Tolerance to effort during the performance of a physical exercise 

Differences between Low and High tolerant individuals have been reported from a 

physiological point of view. In these studies, tolerance of exercise intensity is revealed to 

be predictive of oxygen consumption during exercise (Schneider & Graham, 2009), of the 

motor production (Hall et al., 2014) and also to be predictive of the ability to continue a 

physical exercise even if the physiological and physical resources are sold out (Ekkekakis 

et al., 2005). Interestingly, when considering the dual mode theory, few experimental 

studies have tried to analyse how the physiological and cognitive abilities of individuals 

interact during physical activity. More specifically, it is unknown to date whether the 

differences observed between low and high tolerant individuals on oxygen consumption, 

motor production and individuals’ perseverance are only a function of physiological 

abilities or emanating from the integration of both physical and cognitive resources. 

Hence, future research may be conducted to study the causal links between (1) the 

efficiency of an individual’s cognitive functioning and (2) his/her physiological 
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regulation abilities during the performance of a physical exercise. This transdisciplinary 

project will enable a better understanding of how this interaction may predict the 

affective states (pleasure, displeasure) experienced during physical exercise, as stated in 

the dual mode theory of Ekkekakis et al. (2003). For instance, we may study, by 

controlling for individuals objectively reported weekly physical exercise (i.e., measured 

through Actigraph), whether Low and High Tolerant individuals are characterised by 

different physiological functioning, namely the Ventilatory Threshold occurrence (VT). 

Second, we may study how individuals’ interaction between physiological and cognitive 

resources may differ as a function of the individuals’ tolerance level and the intensity of 

the physical exercise performed (i.e., below the VT, around the VT, above the VT). 

However, such studies may require asking individuals to come several times. Hence, 

measuring possible variation in one’s Tolerance level may be useful, and necessary.  

b) Defining Tolerance to effort into a Trait and a State components 

to enhance individuals training programs 

Tolerance Trait may be defined as emerging from the interaction between educational 

differences, physiological abilities and cognitive and physical resources. More 

specifically, during the course of development, one’s genetics will enable one to develop 

physiological pain and tolerance to discomfort. Hence, thanks to true experience and 

learning to interact with the world, one will develop stable tolerance abilities and coping 

strategies. Then, throughout their maturation, children and adolescents will develop their 

cognitive abilities. Thus, from an embodiment framework, their cognitive efficiency will 

depend on one’s physiological and physical competences. The interaction between the 
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three (i.e. educational environment, physiological resources and cognitive and physical 

resources) will then enable the emergence of one’s Tolerance level. (Fig. 1-left) 

On the other side, individuals are constantly faced to environmental changes leading 

them to sometimes being more exhausted than other days. Hence, individual’s Tolerance 

State may exist from the interaction between daily emotional states, cognitive and 

physical abilities and physiological resources that are available at a specific moment (Fig. 

1-right). To confirm such a theoretical idea, studies need to be conducted looking at the 

stability of the Tolerance scale in a longitudinal study in a large cohort of healthy 

individuals.  

Figure 4 : Schematic representation of individuals’ Tolerance Trait and Tolerance 
State. 
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c) The Integrative model of physical exercise dynamic for adherence 

and flourishment 

When looking at the benefits of physical exercise on cognitive functioning, we observe 

that (1) all individuals can cognitively benefit from physical exercise with younger and 

older individuals being the most sensitive, (2) the cognitive functions devoted to the self-

regulation of motor behaviour (i.e., the executive functions) are the most sensitive to an 

enhancement, and (3) contrary to physiological and physical competences, the cognitive 

performance gains do not differ as a function of the percentage of improvement in 

aerobic fitness (Etnier, 2008; Etnier, Powell, Landers, & Sibley, 2006). Hence, in regard 

to this pattern of results, it was suggested that the cognitively benefits depends on both 

moderators and mediators (Spiriduso, Poon, Chodzko-Zajko, 2008).  

A moderator is defined as a third variable which partitions a focal independent variable 

into groups that establish its domains of maximal effectiveness in regard to a given 

dependent variable (Baron, & Kenny, 1986 – as cited by Etnier, 2009). A moderator can 

be categorical or continuous in nature, and affects the direction of the strength of the 

relationship between the independent and the dependent variables. In the field of sport 

psychology, a possible moderator influencing the relationship between the performance 

of a physical exercise and the cognitive benefits obtained may be the gender because men 

and women beneficiate differently from practice (Etnier, 2008). A mediator variable is 

defined as representing broader hypothetical constructs that influence the dependent 

variable of interest. In the field of sport psychology, a possible mediator influencing the 

cognitive benefits emerging from the performance of a physical exercise could be the 

quality of sleep. More specifically, the more individuals recover from effort performed 
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during previous days, the more they are able to cognitively handle the task and thus, the 

more they can overall benefit from practice. Hence, the cognitive benefits observed after 

a single bout of physical exercise may emerge from both direct and indirect pathways 

(Spiriduso, Poon, Chodzko-Zajko, 2008).  

Recently, the beneficial effect of exercising on cognitive functions was revealed as 

depending on individuals baseline abilities (Drollette et al., 2014; Godde and Voelcker-

Rehage, 2017). More specifically, in adults, results revealed that when assessing the brain 

activation during motor imagery, the individuals with lower baseline motor performances 

were those who revealed the greatest improvements (Godde and Voelcker-Rehage, 2017). 

The notion that individuals baseline motor control abilities could explain, to some extent, 

the heterogeneity of the results was already supposed in adults (Pesce, 2010) and revealed 

in children (Drollette et al., 2014).  

Throughout this thesis work we revealed that Low Tolerant individuals are characterised 

by weaker executive functions, i.e., the most elaborated cognitive functions devoted to 

motor control; leading them to self-regulate the intensity of their physical exercise with 

more difficulties than High Tolerant individuals. Hence, in regard to the aforementioned 

studies, we can hypothesise that because of their weaker executive functions, Low 

Tolerant individuals may greater benefit from physical exercise than High Tolerant 

individuals. However, since physical exercise can be defined from their motor 

complexity, the way Low Tolerant individuals may cognitively benefit from a practice 

may also depend on their abilities to handle the challenges occurring during the task (Fig. 

2). Hence, the importance of designing, in future work, physical sessions adapted to Low 

Tolerant individuals’ cognitive abilities, may be the best opportunities to offer Low 
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Tolerant individuals to discover flourishment through pleasurable physical exercise (Fig 

2.)  
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Figure 2: Schematic representation of the role of mediators and moderators in exercise effects on individuals’ cognition and affective 
states. The more individuals are able to handle the challenges and the changes occurring their practice will lead them to experience 
positively the session and thus the possibility to flourish through regular physical exercise (green line). However, the less individuals are 
able to handle the challenges and the changes occurring their practice will lead them to experience negatively the session because of a 
high threat of their homeostasis; leading them to not be able to flourish through regular physical exercise (red line)(Adapted from 
Etnier, 2008)  
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III. Final conclusions  

Physical and physiological abilities of an individual was for a long time the only features that 

were controlled and adapted for reducing the barriers for compliance to a physically active 

lifestyle. However, in regard to the results presented in this document, we have described 

experimental findings in line with the cognitive load theory of physical exercise. Our results 

highlight the importance of considering executive abilities for motor planning and adjustment 

during the practice of physical exercise, as cognitive capacities predict to a certain extent the 

affective consequences of physical exercise. Hence, to bring the most individuals to regular 

practice, it seems important in light of the present work to bear in mind two key points. The 

cognitive efficiency of patients and their tolerance to effort need to be considered when 

prescribing exercise programs as these elements predict (1) the cognitive benefits of exercise 

and especially, (2) the affective tag of the exercise session that predicts the future adherence 

to exercise practice.  

IV. 5 rules towards flourishment through physical exercise 

1. Focus on your strengths rather than your weaknesses. 

2. Exercise as a function of your inner affective sensations states rather than performance 

measures. 

3. Listen to your body with curiosity. 

4. Acknowledge your pains and your limits of today; they may be different tomorrow.  

5. Accept to be different as flourishment may emerge from a variety of sources such as 

enjoyment, mastery, friendship, wellbeing and even why not competition.  
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