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ABSTRACT 

The purpose of this study was threefold; (a) to determine how different 

components of effort are perceived during physical activity; (b) to examine whether 

attention focus varies as a function of intensity during physical activity; and (c) to test the 

effect of dispositional and task-specific self-efficacy on the ability to tolerate sustained 

physical activity.  Adult male and female participants were exposed to the sensation of 

physical effort via two exhaustive tasks: a handgrip squeezing task (n=35) and a 

stationary cycling task (n=13). 

 Three clusters of perceived effort sensations (physical, motivational, and affective 

sensations) were measured at regular intervals for the duration of the two tasks.  Results 

indicated that the three sensations were perceived distinctly, and operated differently in 

the duration of the two physical tasks. Thus it was concluded that feelings of effort are a 

consequence of several distinct physiological and psychological determinants.  The 

consequences of this for the efficacy of a single-item measure of perceived effort are 

discussed. 

 Information regarding participant’s thoughts during the two tasks was gathered 

through self-report, and classified to reveal patterns of associative and dissociative 

attention focus.  It was expected that attention focus would be primarily associative in the 

latter stages of the two tasks, due to overwhelming physiological sensations resulting 

from the extreme physical load.  Results indicated a convergence of increased proportion 

of associative thoughts with an increase in physical load.  Thus, the hypothesis was 

confirmed in both tasks.  Based upon these findings practical suggestions are made for 

recreational exercisers and endurance athletes. 

 Self-efficacy was expected to be a strong determinant of effort tolerance (i.e., the 

ability to tolerate the exertive task for a sustained period of time).  Task-specific self-

efficacy and task-specific perceived ability were found to contribute significantly to 

accounted variance of exertion tolerance in the handgrip task, while physical self-efficacy 

and training history were found to contribute significantly to accounted variance of 

exertion tolerance in the cycle task.  Thus, it was concluded that self-efficacy plays an 

important role in tolerating sustained physical effort.  Based upon this it is suggested that 

optimizing self-efficacy should be a fundamental part of any exercise program. 
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CHAPTER 1 

INTRODUCTION 

The study of human performance and perceived exertion during physical activity 

has been an area of research interest for several decades.  The majority of research on 

perceived effort has been conducted within the scientific disciplines of 

psychophysiology, exercise physiology, and exercise testing and prescription.  Until 

recently, the study of perceived effort has not been afforded significant attention in the 

field of sport and exercise psychology, and relatively few studies have been published in 

this area. According to Noble and Robertson (1996), of the 450 published studies on 

perceived exertion only 39 (8.6%) examined psychological factors.  Consequently, the 

perception of effort, and its relationship to performance and fatigue, is not well 

understood within the sport psychology domain.  Less attention still has been given to 

exertion tolerance (i.e., the ability to sustain and cope with feelings of exertion for a 

period of time).  The influence of psychological variables on perceived and sustained 

effort is substantial, and is estimated to account for as much as 30% of the variance 

between ratings of perceived exertion (RPE) and physiological factors (Williams & 

Easton, 1989).  Experimental data show that interindividual differences in perceptual 

response are commonly observed when physiological response is held constant (Boutcher 

& Trenske, 1990; Hardy, Hall & Presthold, 1986; Rejeski & Ribisil, 1980; Rudolph & 

McAuley, 1996).  Additionally, manipulation of psychological variables, such as 

attention, during exercise has been shown to have a significant effect on RPE 

(Delingniers & Brisswalter, 1994; Fillingim & Fine, 1986; Pottiger, Schroder & Goff, 

2000) and on the ability to sustain exertion for a prolonged period of time (Morgan, 

Horstman, Cymerman & Stokes, 1983; Weinberg, Smith & Jackson, 1984).  In response 

to this, the influence of psychological factors on perceived and sustained effort has 

gained an increasing amount of attention in the sport and exercise psychology literature.  

This current study endeavors to expand the current body of research pertaining to 

psychological factors in the field of perceived and sustained effort.  First, this study 

explores different determinants of effort, and how each determinant contributes to an 

individual’s sense of perceived effort during an exertive task.  Second, this study 

examines individuals’ attention focus during physical exertion, and the mediating effect 
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of effort intensity on attention focus.  Finally, this study examines the effect of 

dispositional and task specific self-efficacy, and dispositional and task specific perceived 

ability on the ability to tolerate effort for a sustained period of time.  

To demonstrate the potential role of these psychological factors in perceived and 

sustained effort, main ideas of effort perception, attention focus, and self-efficacy are 

reviewed, and their related sport and exercise research is outlined in the following 

chapter. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Perceived Effort 

Everybody perceives effort.  Monitoring how we feel about the task we are 

performing is an inherent and ongoing process for active humans.  Perceptions of effort 

intensity govern our self-regulation capacities; we adjust our energy output accordingly 

when sensations of effort are perceived to be too intense, or not challenging enough.   

Most of our perceptions associated with effort are made so automatically that their 

presence and usefulness are often taken for granted.  Nevertheless, over the past 30 years 

there has been growing scientific and clinical interest in the measurement concept we 

have come to know as perceived effort (see Noble & Robertson, 1996 for details).  From 

the standpoint of exercise participants, knowing what they perceive (feel) they are doing 

may well be more important than knowing what they are actually doing (Rejeski, 1981). 

The study of effort perception has long been dominated by the work of Gunnar 

Borg.  During the 1960’s Borg introduced the concept of “perceived exertion” as a 

subjective complement to the objective responses during physical work, and developed a 

scale to measure this concept, known as the Rating of Perceived Exertion (RPE) scale.  

Borg’s RPE scale was widely endorsed and subsequently became the preferred measure 

in the study of perceived exertion.  Currently, Borg (1998) conceptualizes perceived 

exertion within a gestalt framework, i.e. a configuration of sensations stemming from the 

peripheral muscles, pulmonary system, cardiovascular system and other sensory organs 

and cues.  Within the gestalt conceptualization of perceived exertion, motivation and 

emotions are psychological variants that are viewed as an integral part of the experience 

of exertion.  The RPE scale is an undifferentiated measure of these gestalt exertional 

perceptions 

Other researchers have claimed that precision in scaling exertional signals during 

exercise can be enhanced by differentiating perceptual reports according to their specific 

physiological mediators (Pandolf, Bruse, & Goldman, 1975; Pandolf, 1982).  In an 

applied context, differentiated exertional sensations are anatomically regionalized to 

those body compartments that are involved in the exercise performance.  The anatomical 

regionalization of differentiated perceptions of exertion is particularly useful when 
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developing exercise prescriptions for varied recreational, occupational, and home 

environments.  As the mode of physical activity varies between such environments, so do 

the involved muscle groups.  Therefore to provide an effective and clinically appropriate 

cardiovascular stimulus, an exercise prescription must be mode specific (Noble & 

Robertson, 1996).   

Recent research by Demura and Nagasawa (2003) examined the variability of 

three types of RPE during incremental cycling exercise to exhaustion: respiratory (chest; 

RPE-R), peripheral (legs; RPE-P) and overall (overall body; RPE-O).  Results indicated 

that RPE-P was significantly higher than RPE-R during both exercise and recovery.  At 

the point of exhaustion RPE-P and RPE-O reached a peak, but RPE-R did not.  During 

the exercise period RPE-R increased according to an increase in incremental load, but the 

amount was significantly lower than RPE-P or RPE=O.  This is consistent with previous 

research where peripheral (legs) RPE has been demonstrated to be higher than respiratory 

RPE during cycle ergometer exercise (Garcin, Vautier, Vandewalle, Wolff, & Monod, 

1998; Shephard, Vandewalle, Gil, Bouhlel, & Monod, 1992). These findings indicate that 

exercise participants are able to distinguish between differentiated physiological signals 

even at maximal physical effort. 

Certain types of exertional symptoms are not specifically related to physiological 

processes.  These non-specific symptoms reflect psychological factors.  A number of 

researchers have examined the role of psychological factors during exercise and 

concluded that they represent distinct inputs in the perceptual report.  Hardy and Rejeski 

(1989) first questioned the isomorphic measure of perceived exertion and feelings of 

pleasure and displeasure and concluded, “theories addressing the subjective and objective 

consequences of exercise-related exertion must acknowledge these as distinct inputs” (p. 

205).  Parfitt, Markland and Holmes (1994) investigated the relationship between 

exercise experience, RPE and psychological affect and concluded that psychological 

affect is sensitive to the mediating effect of exercise experience, but RPE is not.  They 

concluded, “perceived exertion and the psychological interpretation of this perception are 

not the same, and further research is necessary to elucidate the relationship between these 

two constructs and their antecedents” (p. 185).   
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McAuley and Courneya (1994) questioned the efficacy of a one-item measure of 

affect, and developed a three-factor Subjective Exercise Experience Scale (SEES) to 

measure the feelings and emotions people experience while engaged in physical activity.  

This scale identified three dimensions: positive well-being, psychological distress, and 

fatigue.  McAuley and Courneya suggested that the SEES might “represent a starting 

point for the examination of the hierarchy of psychological responses to exercise 

participation” (p. 173).  More recently, Tenenbaum, Fogarty, Stewart et al. (1999) 

examined perceived discomfort in running and, based upon runners’ self-reported 

thoughts and feelings, identified eight discomfort constructs, which were then collapsed 

into three global categories suggested by pain researchers: sensory-discriminative 

(proprioceptive symptoms, leg symptoms, respiratory difficulties, dryness and heat, head 

or stomach symptoms), motivational-affective (mental toughness), and cognitive-

evaluative (disorientation, task completion thoughts).  Based upon this recent body of 

research, Tenenbaum (in press) has challenged Borg’s gestalt concept of perceived 

exertion:  

“The measurement of perceived effort through one variable viewed as gestalt is 

insufficient to capture the whole range of sensations that people experience when 

exercising or being physically active.  A more comprehensive concept should 

replace the traditional one item perceived exertion concept in the study and 

measurement of effort perception.” 

In an attempt to establish a more comprehensive understanding of perceived effort 

this study will examine three separate determinants of effort sensation: physical, 

motivational and affective sensations.  These determinants were derived from the 

previous work of Tenenbaum et al. (1999), and pilot research (Hutchinson & Tenenbaum, 

2003), which support distinct determinants of effort. 

Gender Differences In Perceived Effort.   

The majority of research involving perceived effort has been carried out with 

males (Koltyn, O’Connor & Morgan, 1991), and in those investigations where females 

have been included in a study, it has been assumed or implied that males and females 

perceive effort in a similar fashion (Mihevic, 1978).  However, some studies have 

reported that males and females may perceive effort differently.  O’Connor, Raglin and 
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Morgan (1996) reported that during progressive arm ergometry to exhaustion, females 

had significantly higher RPE (overall and local) than males at absolute power outputs of 

33, 50, and 67 watts.  Research by Noble, Maresh, and Ritchey (1981) found that females 

rated exercise as more effortful than males at absolute levels of power output.  However, 

when comparisons were made at relative power outputs, i.e. percent of maximal oxygen 

uptake (VO2 max), these investigators did not observe gender differences in perception of 

effort.  Similar conclusions were drawn by Robertson, Moyna, Sward et al. (2000), who 

observed no gender differences in RPE when comparisons were made at relativized VO2 

and heart rate reference criteria, and by Green, Crews, Bosak and Peveler (2003) who 

concluded that RPE at the respiratory compensation threshold (RCT) was not 

significantly different between genders during cycling or treadmill exercise.   

Other studies have supported a gender effect in perceived effort during exercise of 

relative intensity.  For example, Goss, Robertson, DaSilva, et al. (2003) observed that 

females reported significantly higher RPE’s during semi-recumbent leg cycling at low to 

moderate relative intensities (35-53% VO2 peak), while, Koltyn et al. (1991) found that 

female competitive swimmers judged a paced swim (90% best time) to be less effortful 

than did male swimmers, despite a greater objective strain (higher mean heart rate) in the 

females.  In sum, studies that examine gender differences in perception of effort are 

equivocal in that some investigators have reported gender differences while others have 

not.  Seemingly, this uncertainty is not limited to studies involving dynamic aerobic 

activities, but also to the lesser-researched area of resistance exercise as well. 

Evidence is both limited and inconsistent regarding the effect on gender on 

perceived effort arising from isolated muscle contractions.  Pincivero, Coelho and 

Erikson (2000) demonstrated no statistically significant gender differences in RPE across 

various levels of contraction intensities during isometric quadriceps contraction.  

However, a follow-up study by Pincivero, Coelho, Campy, Salfetnikov and Bright (2001) 

indicated that females had consistently higher RPE ratings than males during isometric 

quadriceps exercise, particularly at the higher contraction intensities (70-90% max. 

voluntary contraction [MVC]).  These results were not statistically significant, but the 

authors suggested that this was partly due to a limited sample size, resulting in low 

statistical power.  Most recently, pilot data by Hutchinson and Tenenbaum (2003) 
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showed that females reported significantly (11%) higher values for physical symptoms of 

effort during sustained muscular contraction in a handgrip-squeezing task than did males.  

Conflicting evidence makes it difficult to draw any firm conclusions regarding the 

influence of gender on perceptions of effort during exercise.  There is evidence to suggest 

that such a gender difference exists, but a confounding variable that affects many studies 

is the failure to carefully match males and females on the state of training and physical 

fitness (Morgan, 2001a).  Hence it is not always possible to assert that fitness differences 

were not responsible for the alleged gender difference.  However, in groups that have 

been matched on fitness level and tested at the same relative workloads, gender 

differences in perceived effort have still been observed in a number of studies (Goss et 

al., 2003; Koltyn et al., 1991).  Therefore, it is possible to conclude that the underlying 

processes governing the monitoring and integration of sensory cues during exercise may 

differ in females and males (Koltyn et al., 1991). The current study intends to further the 

understanding of possible gender differences in perceived effort by examining the 

influence of gender on perceptions of a number of different determinants of effort during 

exercise tasks of relative intensity.    

Effort sensations refer to what are felt, (i.e. the sensations of physical and 

psychological strain experienced during physical exercise), however, what is felt is not 

always obvious, since such sensations can be mediated by attention focus.  Of all the 

sensory information available to an exerciser only some are consciously attended to and 

processed, while the remainder are filtered out (Rejeski, 1985).  The extent to which 

attention focus can influence effort perception, and the extent to which this process is 

directly controllable by the exerciser are discussed next. 

Attention Focus 

Recognizing the importance of appropriate attentional allocation for effective 

performance, exercise psychology researchers have devoted considerable effort toward 

understanding how attentional style relates to achievement in sport (Connolly & Janelle, 

2003).  A distinction between two broad categories of attention focus, association and 

dissociation, was highlighted by Morgan and Pollock in 1977, and has since become a 

dominant theory in the area of attention focus and physical activity.  Morgan and Pollock 

explored the cognitive strategies employed by 27 skilled long-distance runners and found 
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that elite runners tended to use an internal strategy they termed “association”.  These 

runners reported that they “paid very close attention to bodily input such as feelings and 

sensations arising in their feet, calves and thighs, as well as their respiration” (p.390).  

Non-elite runners, in contrast, were found to use a strategy termed “dissociation,” which 

Morgan and Pollock described as attempting to “dissociate the painful sensory input” 

(p.391) by directing attention away from physiological sensations and toward external 

distracting stimulation.  Since Morgan and Pollock’s landmark study, association and 

dissociation (A/D) have been central to investigations of cognitive strategies employed 

by distance runners and other exercisers (Masters & Ogles, 1998).  Investigations 

concerning the influence of A/D on perceptions of effort and exertion are of particular 

interest here.  

Pennebaker and Lightner (1980) compared fatigue reported by walkers in three 

conditions: (a) listening to street sounds (external focus), (b) listening to their own 

breathing (internal focus), and (c) a control condition with no attention manipulation.  

Fatigue, was experienced as greater in the breathing condition than in the other two 

conditions, confirming the hypothesis that external focus decreases the perception of 

fatigue-related symptoms.  Fillingim and Fine (1986) questioned the methods Pennebaker 

and Lightner used to establish attentional focus, and repeated the experiment using 

improved experimental procedures.  Rather than listening to street sounds, participants 

were asked to respond to a word-cue for the external focus condition, and to specifically 

focus their attention on their breathing and the beating of their heart for the internal focus 

condition. Again, with improved experimental procedures, the hypothesis that an external 

focus can reduce internal symptomatology was confirmed.  This finding has been 

supported by a number of subsequent studies using a variety of dissociation methods such 

as math problems (Johnson & Siegel, 1987), and music (Boutcher & Trenske, 1990), and 

across a variety of exercise modes, such as stationary cycling (Potteiger et al., 2000), 

treadmill running (Stones, 1980), repetitive leg-lift tasks (Gill & Strom, 1985), and 

isometric leg-extension tasks (Weinberg, 1985).   

In addition to perceptions of effort, the effect of different attentional strategies on 

an exerciser’s ability to tolerate prolonged physical effort has been examined.  Morgan 

Horstman, Cymerman and Stokes (1983), for example, found that a dissociative cognitive 
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strategy resulted in 32% longer endurance on a treadmill compared to a control condition.  

In a subsequent study, Weinberg, Smith, and Jackson (1984) compared associative, 

dissociative and positive self-talk strategies in the performance of an endurance task.   

Participants were asked to employ one of these strategies throughout the duration of a 

muscular leg-endurance task. Results indicated that the dissociation and positive self-task 

conditions produced significantly greater persistence than the association or control 

conditions.  Rejeski and Kenney (1987) varied the complexity of a dissociative coping 

task to see if this affected effort tolerance.  The time that a participant could maintain an 

isometric contraction of 40% on a handgrip dynamometer was used as a dependent 

variable.  No differences were found between the simple and complex dissociation 

groups, with both tolerating fatigue greater than controls. 

In contrast to these reported findings, several investigations have been unable to 

support a change in either perceived effort or effort-tolerance with manipulation of 

attention focus.  Russell and Weeks (1994) found no significant effect of attentional 

strategy on RPE scores in a group of trained cyclists.  The dissociation condition actually 

yielded higher RPE scores than the association condition, a finding contrary to the 

dissociative effect previously reported in the literature.  Similar findings have been 

reported by Delingniers and Brisswalter (1994) where adding an information-processing 

task to self-paced running on a treadmill led to an increase in RPE.  Hull and Potteiger 

(1999) did not find that passive visual distraction (video) altered RPE or regulation of 

intensity during a 30 min treadmill run, and likewise in a swimming sample, Couture, 

Jerome and Tihanyi (1999) found no evidence to suggest that cognitive strategy 

significantly affects either perceived fatigue or perceived effort. 

Clearly, findings regarding the effects of A/D on perceived and sustained effort 

are somewhat mixed.  In order to resolve this a number of methodological issues need to 

be addressed.  First, different researchers have used different methods for measuring 

attentional strategies.  Some researchers have relied upon post-race interviews (Morgan 

& Pollock, 1977), while others have used portable tape recorders and ‘thought sampling’ 

techniques to collect verbal reports from athletes during exertion (Schomer, 1986).  It 

would be helpful if a standardized measurement tool were devised to assess attentional 

styles in athletes.  Brewer, Van Raalte and Linder (1996) have made some progress to 
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this end with the development of a self-report scale called the Attentional Focusing 

Questionnaire (AFQ).  However, to date, this scale has only been used in a limited 

number of studies (Brewer & Van Raalte, 1995; Connolly & Janelle, 2003).  

Measurement of perceived effort is inherently difficult because the object of inquiry is 

internal to the participant, and not directly observable to others.  Additionally, 

participants are involved in physical activity when perceptions of effort occur, making 

recording them a challenging task.  Masters and Ogles (1998) reviewed the various 

strategies that have been employed to measure A/D, and concluded that measurement 

issues are very important to A/D research and wherever possible multiple methods of 

assessing A/D should be incorporated in the same study.   

   A second issue concerns the tendency by some researchers to regard an external 

focus of attention as being synonymous with a dissociative strategy (Morgan, 1978).  As 

Padget and Hill (1989) have pointed out, these concepts refer to different phenomena.  

The adoption of an external focus requires one to look out for cues that stem from 

specific environmental stimuli, whereas the use of dissociative techniques involves 

letting the mind wander randomly, not in some guided manner (Moran, 1998).  In 

addition, different types of attentional focus can exist within a particular concentration 

style.  This issue was raised by Clingman and Hilliard (1990), who investigated the 

relationship between different types of internal attentional focus and race-walking 

performance.  They found that different types of internal focus had different effects on 

performance.  Specifically, when asked to focus attention on their cadence (i.e. speed of 

leg movement) participants walked faster than when asked to focus on their stride 

lengths.  Accordingly Clingman and Hilliard concluded, “The advantage gained from an 

internal attention focus is dependent upon what the athlete is attending to” (1990, p.30).  

It remains to be seen whether the same is true for an external attention focus. 

One possible solution to the issues raised in the previous two concerns comes 

from the work of Stevinson and Biddle (1999).  Stevinson and Biddle have proposed a 

two-dimensional classification system, which considers both the direction of attention 

(internal or external) and task relevance (relevant or irrelevant) when classifying athletes’ 

thoughts.  Task-relevant conditions, in which attention is focused on something pertinent 

to the task, are considered associative while task irrelevant conditions are considered 
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dissociative.  Task-relevant thoughts involving an internal focus (e.g. physical sensations) 

are classified as internal association, whereas task-relevant thoughts with an external 

focus (e.g. strategy) are labeled external association.  Similarly task-irrelevant thoughts 

with an internal focus (e.g. daydreams) were categorized as internal dissociation and 

task-irrelevant thoughts with an external focus (e.g. scenery) as external dissociation.  A 

small pilot sample (n = 10) and a study of 66 sub elite marathon runners (Stevinson & 

Biddle, 1998) confirmed that these four categories were “all inclusive and mutually 

exclusive” in terms of the wide range of cognitions available to endurance performers.   

A further problem in this area is that some researchers (e.g. Masters & Ogles, 

1998) have criticized the use of the terms association and dissociation to describe 

different types of attentional focus.  The term ‘dissociation’ carries pathological 

implications, since in clinical psychology the term is primarily used to refer to 

dissociative symptoms or disorders.  The American Psychiatric Association (1994) 

defines dissociation as “a disruption in the usually integrated functions of consciousness, 

memory, identity or perception of the environment” (p. 477).  Stevinson and Biddle 

(1999) responded to this and labeled the four categories in their classification system 

inward and outward monitoring and inward and outward distraction.  Despite these 

recent advances, broader consensus is needed before the discipline can move forward 

from this point of confusion.   

Information Processing Approach.   

The mixed results regarding the effectiveness of A/D coping strategies on 

perceptions of exertion, and the apparent non-linear relationship between psychological 

and physiological factors as they affect ratings of perceived exertion have been of 

concern.  One theory, which might explain such inconsistencies, is Rejeski’s (1985) 

information processing model.  Rejeski (1985) adapted a parallel processing model for 

pain, originally proposed by Levanthal and Everhart (1979).  The parallel processing 

model suggests that sensory and emotional information are pre-consciously processed in 

parallel, but during conscious processing, where it is difficult to focus attention on 

multiple sources of information, only a certain amount of information is processed at a 

time.  In the original model, Levanthal and Everhart distinguished between perception 

and focal awareness.  Whereas perception refers to all the processed material to which 
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one can attend, focal awareness represents that segment of potential stimuli to which one 

does attend (Rejeski, 1985).  From a parallel processing perspective, Rejeski 

hypothesized that dissociative strategies bring relief from fatigue by occupying limited 

channel capacity that is critical to bringing a percept into focal awareness.   Rejeski 

further suggested that the relative contribution of psychological and physiological factors 

to self-reports of exertion might depend upon the strength of the exercise stimulus.  In 

other words, there is a point in the physical stress of exercise at which sensory cues, due 

to their strength, dominate perception.  Consequently, psychological factors may be 

salient at light and moderate exercise intensities, but during exercise of high intensity and 

long duration it is likely that attention is focused on overwhelming physiological 

sensations, which dominate focal awareness.  Thus, while dissociative coping strategies 

can be influential on RPE at low to moderate levels of exercise intensity, they are not 

likely to be effective at higher levels of exercise intensity.    

Two empirical studies have provided support for the role of exercise intensity as 

an important variable in determining the salience of psychological factors on RPE.  In the 

first such study Boutcher and Trenske (1990) compared a sensory deprivation (internal 

focus) condition to a music (external focus) condition and a control condition at three 

different levels of intensity using untrained subjects on a cycle ergometer.  RPE 

responses in the music condition (M=7.91) were significantly lower than responses in the 

deprivation condition (M=8.48) at low (60% HR max) exercise intensity, but no 

differences in RPE were found at moderate (75% HR max) or high (85% HR max) 

exercise intensities.  These findings led them to conclude that the influence of music on 

RPE was “load dependent;” a conclusion that supports Rejeski’s information processing 

model.  This conclusion was confirmed in a recent study by Tenenbaum, Lidor, Lavyan 

et al. (2004) in which various types of music failed to yield effects on RPE or sustained 

exertion in a running sample during high (90% VO2 max) exertion.   

Interestingly, even Morgan and Pollock’s original (1977) paper showed evidence 

of an association between exercise intensity and RPE.  Morgan and Pollock observed that 

during the initial stages of a treadmill task, running at 10mph, no significant difference 

existed between the RPE values of elite and non-elite runners.  However, once the 

treadmill speed increased to 12mph, the non-elite runners perceived the exercise intensity 
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to be significantly greater than did the elite runners.  Morgan and Pollock attributed this 

finding to the onset of anaerobisis in the non-elite runners at 12mph.  However, the fact 

remains that even at 10mph the non-elite runners were exercising at a “significantly 

higher metabolic load” than the elite runners, yet they did not differ from the elite runners 

in their perception of effort.  This leads to a different conclusion, that the dissociative 

strategy employed by the non-elite runners was successful at lower exercise intensities 

(10mph); but at higher exercise intensities (12mph) the overwhelming physiological 

sensations rendered a dissociative attentional focus ineffective, and consequently 

perception of effort increased for this group of runners. 

Tenenbaum (2001) has put forward a new concept of effort symptomatology 

(Figure 1).  Tenenbaum’s model suggests that under conditions of low effort, attention 

can be shifted voluntarily from external to internal, and from wide to narrow spans.  

However, under extreme effort levels, attention cannot voluntarily be controlled, and 

thus, the effectiveness of external strategies on perceived and sustained effort is limited.  

As a consequence of this, manipulation of perceived exertion and exertion tolerance 

shifts from “easy” at low levels of intensity to “hard” at high intensity levels.  Low 

intensity exercise is defined as an RPE < 4 on a 0-10 scale, or < 12 on Borg’s 6-20 scale, 

while high intensity exercise refers to an RPE > 7, or >16 on the same scales respectively.  

RPE values between 4 and 7 on a 0-10 scale, or 12 and 16 on a 6-20 scale represent 

moderate intensity exercise. 

The current study will test Tenenbaum’s (2001) model by examining attention 

focus at regular intervals throughout the duration of two exertive tasks to test if, as 

Tenenbaum’s model asserts, attention focus shifts from an external dissociative focus to 

an internal associative focus as task intensity increases. 
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Figure 1.  Perceived exertion and exertion tolerance as a function of exercise intensity 

and the physiological substrata.  From “A social-cognitive perspective of perceived exertion and exertion 

tolerance” by G. Tenenbaum, In R.N. Singer, H. Hausenblas, & C. Janelle (Eds.), 2001, Handbook of sport psychology 

(pp. 813).  New York, NY: Wiley & Sons. 

 

Also included in Tenenbaum’s model are levels of subjective report.  There are 

four levels of subjective reporting of sensory experiences during an ongoing physical 

exercise, each associated with physiological processes that induce fatigue.  These levels 

were derived from an early model (Kinsman & Weiser, 1976; Weiser & Stamper, 1977; 

Pandolf, 1982) that proposed a relationship between physiological symptoms occurring 

during exercise, and their perceptions by the exerciser – the so-called subjective-objective 

link.  The first level of subjective reporting, discrete, is associated with symptoms such as 

sweating, perspiring, panting, heart pounding, leg aches and cramps, muscle tremors, leg 

twitching, heavy and shaky legs, tiredness, drive, vigorous mood and determination.  The 

second level, subordinate, is associated with cardiopulmonary, leg and general fatigue.  

The third level, ordinate, is linked to task aversion and the motivation to adhere to the 

task.  The fourth level, super-ordinate, is associated with extreme fatigue and/or physical 

exhaustion.  At this stage, one cannot identify specific sensations, such as muscle aches 

and breathing, but rather extreme general fatigue and exhaustion (Tenenbaum, 2001).  

The subjective-objective link to exertion is strongly related to the attentional mode of the 

exerciser.  As exercise intensity increases there is a shift in attention from an external-

dissociative mode to an internal-associative mode.  Likewise, as physiological symptoms 
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shift from discrete at low levels of exercise, to being undifferentiated at the super-

ordinate level, it becomes much harder for an exerciser to divert attention from the 

overwhelming physiological symptoms experienced at high levels of exertion.   

Noble and Robertson (1996) have recently revised the original Kinsman-Weiser 

model.  In the original model non-specific symptoms not related to physiological 

processes constitute the clusters labeled task aversion and motivation located at the 

ordinate level.  The various components of these psychological sensation clusters interact 

to form a perceptual style (Robertson, Gillespie, Hiatt, & Rose, 1977).  In doing so they 

systematically influence exertional sensations at all levels of subjective reporting.  “It is 

apparent that these (sensation) clusters contribute to perceptual responsiveness at a point 

more fundamental than the ordinate level, necessitating a revision of the original 

Kinsman-Weiser model” (Noble & Robertson, 1996, p.100).  In the revised model the 

sequence of sensory processing during exercise is reordered (Figure 2).  The sensation 

clusters labeled task aversion and motivation have been combined into a single 

conceptual classification called the perceptual-cognitive reference filter.  This filter 

encompasses a broad range of psychological and cognitive processes.  These processes 

are not directly related to the underlying physiological substrata.  Nevertheless, they 

systematically account for individual differences in perceptual responses during physical 

exercise. From an operational standpoint, the perceptual-cognitive reference filter is 

positioned at the subordinate level of sensory processing.  Such positioning illustrates the 

role of the filter in modulating sensory signals as they travel from their physiological or 

neuromotor origins to conscious expression of both differentiated and undifferentiated 

exertional perceptions (Noble & Robertson, 1996).   
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Figure 2.  Revised model of sensory reporting with the perceptual-cognitive reference 

filter appearing at the subordinate level.  From Perceived Exertion (p.101) by B.J. Noble and R.J. Robertson, 

1996.  Champaign, IL: Human Kinetics. 

 

Possible components of the perceptual reference filter include both dispositional 

and situational factors, such as personality characteristics and attentional focus, as well as 

external factors such as athletic experience and value of task.  Each component of the 

perceptual-cognitive reference filter can systematically increase or decrease the intensity 

of the exertional signal.  “Identification of the individual components of the filter and 

subsequent quantification of the way in which they shape sensory experience is a 

prerequisite to accurate clinical interpretation of exertional perceptions” (Noble & 

Robertson, 1996, p. 101).  This study will investigate one possible component of the 

cognitive reference filter: self-efficacy.  
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Self-Efficacy Theory 

Self-efficacy has been conceptualized as “confidence in one’s ability to behave in 

such a way as to produce a desirable outcome for a given task” (Bandura, 1997).  It is 

important to note that self-efficacy does not refer to a ‘trait’ in the sense that a given 

individual can be ranked on this dimension across situations.  Instead self-efficacy must 

be assessed for an individual as a function of a specific situation (Gerin, Litt, Deich & 

Pickering, 1996).  Efficacy beliefs vary on several dimensions that have important 

performance implications.  First they differ in level.  The level of self-efficacy refers to 

its dependence on the difficulty of a particular task.  The range of perceived capability for 

a given person is measured against levels of task demand, which represent varying 

degrees of challenge.  For example, in measuring high-jump efficacy, athletes judge the 

strength that they can jump over crossbars set at different heights (Bandura, 1997).  

Efficacy beliefs also differ in strength.  Disconfirming experiences easily negate weak 

efficacy beliefs, however, people whose efficacy beliefs are strong will persevere despite 

innumerable difficulties and obstacles.  They are not easily overwhelmed by adversity 

(Bandura, 1997).  Finally, efficacy beliefs vary in generality.  People may judge 

themselves as efficacious across a wide range of activities or only in certain domains.  

Thus, someone who has high self-efficacy with respect to exercise may feel quite 

comfortable about his or her capabilities in jogging, biking, calisthenics, and so forth.  

Some evidence exists in the sport and exercise literature to support this notion of self-

efficacy cognitions generalizing across events (McAuley, Courneya, & Lettunich, 1991).  

However, this particular aspect is not as well substantiated as other tenets of self-efficacy 

theory.   

Properties of self-efficacy judgments (level, strength, and generality) are 

measured using questionnaire items that are task specific, vary in difficulty, and capture 

degrees of confidence (Zimmerman, 2000).  With regard to their content self-efficacy 

measures focus on performance capabilities rather than on personal qualities, such as 

one’s physical or psychological characteristics.  “Self-efficacy measures are also 

designed to be sensitive to variations in performance context, such as learning in a noisy 

lounge compared to the quietude of the library” (Zimmerman, 2000, p.84).   
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Physical self-efficacy and coping self-efficacy are both believed to play an 

influential role in moderating the motivational effects of painful sensations that result 

from physical effort.  Coping efficacy is thought to bring relief from pain through (a) 

developing the belief that ability to manage pain lies within one’s control, (b) reducing 

distressing anticipations, and (c) diverting cognitive attention away from pain sensations 

to an alternative focus (Bandura, O’Leary, Taylor, Gauthier & Gossard, 1987).  

Bandura et al. (1987) maintain that judgments of self-efficacy determine the effort 

people invest while performing a task, and their perseverance in the face of either 

aversive experiences or taxing environmental demands.  Stemming from the area of pain 

research, there is considerable evidence to support the notion that efficacy cognitions 

play an important role in influencing an individual’s ability to sustain and cope with 

symptoms of discomfort.  It is reasonable to assume that such cognitions might also play 

a role in the ability to cope with exertive discomforts associated with exercise.   

Litt (1988) investigated tolerance of discomfort caused by a cold pressor task and 

found that efficacy expectations strongly determined performance duration.  Participants 

in this study were able to tolerate the cold-pressor task longer with higher degrees of both 

self-efficacy and perceived control.  Exertion endurance was longest when both of these 

factors were high.  Litt concluded “self-efficacy expectations can be causal determinants 

of behavior in an aversive condition (p.149)”.  Similar findings were reported by Baker 

and Kirsch (1991), who also demonstrated self-efficacy to be a strong predictor of 

discomfort tolerance in a cold-water task.  Bandura, Cioffi, Taylor and Brouillard (1988) 

examined pain control self-efficacy and pain tolerance on a cold-pressor task.  

Participants’ baseline pain endurance self-efficacy was found to correlate (r = .47) with 

their level of pain tolerance.  Furthermore, the stronger an individual’s belief in their 

ability to endure pain, the longer they were able to withstand mounting pain in 

succeeding cold-pressor tasks.  In an exercise context it would be hypothesized that self-

efficacy will have a positive effect on an individual’s ability to sustain exertion for an 

extended period of time.  In the only located study designed to test this hypothesis, 

Tenenbaum, Hall, Calcagnini et al. (2001) confirmed that perceived dispositional and 

task-specific self-efficacy can determine how long one can tolerate exertion and 

discomfort on both a running and a strength-endurance task.  Tenenbaum and his 
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colleagues assigned 47 male participants to one of three groups according to their athletic 

training status.  The first group  (n = 15) comprised individuals who were either untrained 

or engaged in regular physical exercise less than three times per week.  The second group 

(n = 17) comprised individuals who engaged in regular physical exercise through 

participation in team sports at least three times per week.  The third group (n = 17) 

comprised individual event athletes or individuals engaging in regular physical exercise 

of an aerobic nature more than three times per week.  In the first of two studies, 

participants were asked to rate their confidence in sustaining exertion while squeezing a 

handgrip dynamometer at 50% of their maximum squeeze.  One-way ANOVAS were 

performed to compare the three groups on time spent in the zone of exertion (defined as 

the time between RPE “hard” and cessation of exertion) followed by post-hoc Scheffe 

tests at p <.05.  Individual and team sport athletes persisted a significantly longer time (in 

seconds) in the zone of exertion, resulting in a significantly longer overall time on task 

than the untrained participants (M= 161.94, 150.65, and 74.81 respectively).  Hierachical 

regression analyses revealed that group membership and self-efficacy accounted for 10% 

and 12% of the variance in “time in exertion” respectively.   

In the second study, the same participants ran on a treadmill at 90% of their 

previously established VO2 max to volitional fatigue.  Mean ± SD VO2 max 

(ml.kg/minֿ¹) of the individual athletes, team sport athletes and untrained participants 

were 70.4 ± 8.8, 57.77 ± 5.7, and 54.79 ± 7.19, respectively.  The three groups were 

significantly different (p <.04) on the time in exertion.  On average, individual sport, 

team sport and untrained participants tolerated exertion for 475.55, 313.63, and 279.58 

seconds respectively.  In this study group membership accounted for 11% of the 

explained variance in “time in exertion”, while self-efficacy accounted for 7% of this 

variance.  Based upon these findings Tenenbaum et al. concluded that self-efficacy plays 

an important role in tolerating exertion. 

Significance of the Current Study 

 Perceived Effort.  Since Borg’s original proposal of perceived exertion as a 

subjective complement to physiological responses during exercise the RPE scale has been 

the preferred measure in the study of perceived effort.  However, a number of researchers 

have questioned the efficacy of this single-item measure of perceived exertion (Hardy & 
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Rejeski, 1989; McAuley & Courneya, 1994; Parfitt et al., 1994; Tenenbaum, in press; 

Tenenbaum et al., 1999).  The current study will examine three separate determinants of 

perceived effort: physical, motivational and affective sensations, in an attempt to 

establish a more comprehensive understanding of effort perceptions during exercise. 

Attention Focus.  The lack of consensus regarding the effectiveness of A/D 

coping strategies on perceptions of exertion, and the apparent non-linear relationship 

between psychological and physiological factors as they affect ratings of perceived 

exertion, have been of concern to researchers and practitioners of sport psychology.  

Theories that address these inconsistencies (Rejeski, 1985; Tenenbaum, 2001) have 

focused on the role of exercise intensity in determining attention focus during exercise.  

Specifically, as exercise intensity increases, the frequency of associative thoughts 

increases, as a result of overwhelming internal sensory cues that dominate perception.  

Research studies that have tested this hypothesis (Boutcher & Trenske, 1990; Tenenbaum 

et al, 2003) have been supportive of the hypothesized relationship between exercise 

intensity and attention focus.  However, it is premature to draw conclusions of support for 

these models based upon only two research studies.  Therefore, this study will seek to 

confirm this relationship between exercise intensity and attention focus in both an aerobic 

and an anaerobic task. 

Self-Efficacy.  Considering previous findings on the effect of self-efficacy on 

sustained effort (Tenenbaum et al. 2001), it is apparent that perceived self-efficacy plays 

an important role in determining an individual’s sustained engagement in physical effort.  

However, this effect is not fully understood and the impact of self-efficacy on effort 

tolerance has received only scant research attention.  It is apparent, therefore, that further 

investigation of the relationship between self-efficacy and sustained effort is warranted.   

The Purpose of the Current Study 

 The purpose of the current study is threefold; (a) to determine how different 

components of effort are perceived during a sustained handgrip task and a sustained 

cycling task; (b) to examine whether attention focus varies as a function of intensity 

during a sustained handgrip task and a sustained cycling task; and (c) to test the effect of 

dispositional and task-specific self-efficacy and perceived physical ability on effort 

tolerance during a sustained handgrip task and a sustained cycling task. 
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Hypotheses 

1. Participants will perceive different determinants of effort (physical, motivational 

and affective sensations) distinctly during exercise.  Specifically, motivational 

sensations will be stable over time, and will be felt more strongly than either 

physical or affective sensations.  Physical and affective sensations will increase in 

intensity over time in a linear fashion, with affective sensations rated higher than 

physical sensations. 

2. Females will rate physical sensations higher than males, will exhibit similar 

motivations, but higher affective responses than males during the task 

performance. 

3. During the initial stages of physical effort participants’ attention will be flexible 

(i.e. dissociative, associative, or shifting from one mode to the other), in line with 

each participant’s preferred attentional-style.  As effort intensifies, participants’ 

attention will shift to an internal associative orientation.  

4. Self-efficacy will be a strong determinant of the ability to tolerate the exertive 

task for a sustained period of time. 
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CHAPTER 3 

METHOD 

 Two studies will be conducted to test the hypotheses of the present research.  The 

first study will determine how different determinants of effort are perceived during a 

sustained handgrip squeezing task and a sustained cycling task.  The influence of self-

efficacy, perceived ability, and task-specific motivations on sustained effort will also be 

examined in the first study.  The second study will examine whether attention focus 

varies as a function of intensity during a sustained handgrip squeezing task and a 

sustained cycling task.   

Study One  

 Study One will determine how different determinants of effort are perceived 

during a sustained handgrip squeezing task and a sustained cycling task.  Specifically, 

three clusters of effort sensations (physical, motivational, and affective sensations) will 

be measured simultaneously during the two tasks.  The physical cluster will comprise 

muscle aches, pain, and fatigue; the motivational cluster will comprise concentration, 

determination, and mental toughness; and the affective cluster will comprise effort, 

exertion and task aversion.  These clusters were chosen to represent three distinct inputs 

in the range of sensations that are felt during exercise.  It is hypothesized that the 

participants in this study will perceive these three sensation clusters differently during 

exercise. 

Participants  

For the handgrip task 35participants (21 males and 14 females) were recruited 

from Florida State University undergraduate and graduate classes.  Participants had a 

mean age of 23.65 (SD=3.23) years.  For the cycle task 13 participants (seven males and 

six females) were recruited from Florida State University graduate classes.  Participants 

had a mean age of 26.85 (SD=4.91) years.  Participants had no known physical or 

psychological disabilities that interfered with the purpose of the study.  The Florida State 

University Institutional Review Board for the protection of human subjects approved the 

study (Appendix A). 
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Instrumentation 

 Informed consent (Appendix B).  Informed consent was obtained from each 

participant prior to obtaining any data.  The informed consent form detailed what would 

be asked of the participants, informed participants of their rights, ensured anonymity and 

provided contact information for further discussion or questions.  This form was used to 

obtain written documentation of the participants’ willingness to participate in the study. 

 Demographic profile (Appendix C).  This document was used to obtain basic 

demographic information including: participant’s name, age, gender, and frequency and 

intensity of regular physical activity. 

Effort sensations (Appendix D).  To gain a comprehensive measure of perceived 

effort during physical exertion, different effort sensations were measured at 15-second 

intervals during the handgrip task, and 30-second intervals during the cycle task.  The 

sensations selected for the handgrip study comprised (a) physical, (b) motivational, and 

(c) affective sensations.  These sensations were chosen to represent three hypothesized 

distinct inputs in determining effort perceptions during exercise.  Effort sensations were 

measured by verbal report on a 10-point scale ranging from 0 (“nothing”) to 10 

(“extremely strong”).  The scale and the corresponding effort sensations were displayed 

to participants throughout the exertive tasks.  The scale used in this study is based on 

Borg’s category-ratio Rating of Perceived Exertion (RPE) scale (Borg, 1985).  Borg’s 

ratio RPE scale has been shown to have high intratest (r = .93) and retest (r = .83 to .94) 

reliability (Borg, 1998). 

Physical Self-efficacy Scale (PSE; Ryckman, Robbins, Thornton, & Cantrell, 

1982: Appendix E).  The Physical Self-Efficacy Scale consists of a 10-item Perceived 

Physical Ability (PPA) subscale and a 12-item Physical Self-Presentation Confidence 

(PSPC) subscale.  The scores on the two subscales are summed together into an overall 

physical self-efficacy score.  Higher values on the PSE indicate a stronger sense of 

physical self-efficacy.  Cronbach’s alpha coefficients of internal consistency have been 

reported at .85 for PPA, .74 for PSPC, and .80 for PSE.  Test-retest reliability has been 

reported at .85 for PPA, .69 for PSPC, and .80 for PSE (Ryckman et al., 1982).  The 

possible range for PSE is 22-132, the possible range for PPA is 10-60 and the possible 

range for PSPC is 12-72. 
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Task-Specific Motivations Scale (TSM: Appendix F).  A four-item Scale was 

created by the author to examine (a) task-specific self-efficacy (two items), (b) task-

specific perceived ability, and (c) task-specific motivation.  Participants rated their task-

specific self-efficacy, perceived ability, and motivation on a Likert scale from 0 (“very 

low”) to 10 (“very high”).  

Bandura (2001) has stated that self-efficacy measurement should be specific both 

to the situation in which the behavior occurs and level of challenge in that situation.  

Self-efficacy appraisals need to reflect the level of difficulty individuals believe they can 

surmount because if there are no obstacles to overcome, the activity is easily performable 

and everyone has uniformly high self-efficacy for it.  Accordingly, two items are included 

for self-efficacy, reflecting gradations of task-specific efficacy. 

Commitment check (Appendix G).  This scale measured participants’ commitment 

to, and effort investment in, the task.  Participants were asked to report their commitment 

and effort investment on a five-point Likert-type scale ranging from 1 (“completely 

uncommitted / very little effort”) to 5 (“very highly committed” / “a large amount of 

effort”) at the conclusion of each trial.  Since it has been theorized that task-specific 

commitment/determination, and the effort one is ready to invest and tolerate while 

experiencing exertion, may affect coping and persisting behaviors (Tenenbaum, 2001), 

participants who indicated that they were not committed/invested in the task were 

excluded from the analysis. 

Health History Form (Appendix H).  The health history form was used to assess 

aspects of personal health history and risk factors for chronic diseases to optimize safety 

during exercise testing.  Participants who were considered to be at risk for disease, or 

who presented medical contraindications to exercise were excluded from the study. 

Handgrip Dynamometer.  Handgrip capacity in the dominant arm was measured 

using a calibrated Lafayette
TM

 handgrip dynamometer Model 78010 (Lafayette 

Instrument Company, Lafayette, Indiana).  This device consists of an adjustable hand bar 

connected to a steel spring that, when compressed, moves a pointer.  Force exerted is 

recorded in kilograms by the pointer on the body of the instrument.  The testing range for 

this dynamometer is 0-100kg. 
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 Aerobic Testing.  Aerobic exercise testing was conducted using a Monark 828e 

mechanically braked cycle ergometer (Monark Exercise AB, Vansbro, Sweden).  Heart 

rate (HR) data was collected using a Vantage XL Polar HR Monitor (Polar Electro, 

Finland).  Maximal oxygen uptake and gas exchange measures were computed using 30 

second breath averaging on a Parvo Medics TrueMax 2400 Metabolic Measurement 

System (Parvo Medics Inc., Sandy, UT).  

Task Manipulation 

Handgrip Task.  To determine maximum grip strength participants were 

instructed to squeeze the dynamometer’s hand bar three times as hard as possible using 

their dominant hand, with one minute of rest between squeezes.  Measurements were 

taken with the participants seated and their elbows bent at a right angle resting on a table 

in front of them.  The strongest contraction out of three measurements was used as a 

baseline measure of maximum handgrip capacity.   

Participants performed three hand-strength squeezing tasks, with a minimum of 

five minutes of rest between trials.  The task required participants to squeeze the 

dynamometer at 25% of their previously established maximum grip for as long as they 

possibly could.  During the test the participants were able to observe the amount of force 

they were exerting, thus enabling them to regulate their efforts to keep at 25% of 

maximum.  At the point at which participants could no longer sustain exertion on the task 

they were advised to release their grip and put the dynamometer down in front of them.  

At this point, time was recorded and established as the point at which the participant 

could no longer maintain the task (time to fatigue).  If at any point during the test there 

was a decrease in performance by more then 10% of participants’ designated 25% max, 

the examiner terminated the test, and this time was established as the point at which the 

participant could no longer sustain exertion on the task.  Time to fatigue was recorded for 

each task and used as a measure of effort tolerance.   

Squeezing the dynamometer’s hand bar and holding it at 25% or more of maximal 

strength requires a considerable amount of effort.  During the task muscle fatigue and a 

reduction in local blood flow result in the perception of localized pain and exertion 

(McArdle, Katch & Katch, 1991).  This particular strength test was chosen for its ease of 

administration and because it does not involve excessive loading of any major joint.  
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Furthermore, it was unlikely that any of the participants had experience with this type of 

exercise, thus eliminating the potential positive effects of experience or familiarity with 

the task, as described by Tenenbaum et al. (2001).   Participants were tested individually 

in a private room to eliminate a possible social facilitation effect.   

Cycle Task.  Maximal oxygen uptake (VO2 max) was obtained using a continuous 

cycling protocol on a mechanically braked cycle ergometer.  Prior to testing basic gas and 

flow measurements were corrected for ambient temperature, barometric pressure, and 

water vapor. The system was calibrated before each test using standard gases with known 

concentrations, and with a calibrated 3-L syringe (VacuMed, Ventura, CA), for gas 

concentrations and volume, respectively.     

Participants began the test by sitting quietly on the cycle for two min while resting 

HR was determined.  Following this, participants cycled in the upright position at a 

cadence of 60 rev.min¯¹ (rpm).  The initial resistance was set at five watts and was 

increased by five watts every two minutes until exhaustion.  For all gas collection 

procedures participants breathed through a mouthpiece attached to a one-way valve and 

wore a nose clip to prevent air escaping via the nose.  Expired gases were routed through 

the metabolic cart (Parvo-Medics TrueMax) for the determination of respiratory 

exchange ratio (RER), ventilation (VE), volume of oxygen uptake (VO2) and volume of 

carbon dioxide output (VCO2) using the metabolic measurement system. HR was 

monitored throughout the test and recorded at 30 sec intervals.   

The VO2 max test was terminated upon the participant’s signal of exhaustion, or 

when the participant could no longer maintain the required pedal cadence.  The criteria 

for achieving VO2 max was attainment of at least two of the following three criteria (a) 

RER ≥ 1.1; (b) a plateau of VO2 with increasing exercise intensity; and (c) heart rate 

within (± 15 bpm) participants’ age predicted maximal value (220-age).   All participants 

met the required criteria for VO2 max.  The VO2 max protocol was implemented and 

overseen by an attending exercise physiologist. 

Participants returned one week later to complete the cycling task for this study.  

For the cycling task participants were exposed to the sensation of exhaustion by cycling 

on a Johnny G Spinner® Pro stationary bike (Star Trac, Irvine, CA) at 50%, 70% and 

90% of their VO2 max to volitional fatigue.  A target HR equivalent to the prescribed % 
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VO2 max was determined by plotting HR responses during the VO2 max test as a 

function of corresponding VO2 responses.  During testing, exercise intensity was adjusted 

by the examiner until the target HR (± 5 bpm) was achieved, ensuring that the prescribed 

relative metabolic rate was maintained.  At the point at which participants could no 

longer sustain exertion on the task, the task was terminated and time was recorded and 

established as “time to fatigue”.  The participants then completed a 2-minute cool down 

session to complete the test. 

Procedure and Research Design 

Before participants performed any task they were asked to read and sign the 

informed consent form and the health history form.  In addition, the PSE and the AFQ 

were administered to participants at this time.  Following this, participants were asked to 

read through the definitions of terms used in the study (Appendix I) and given the 

opportunity to clarify any definitions they were uncertain about with the examiner.  

Participants were then instructed as to the nature and use of the scales used during testing, 

given examples to assist them in anchoring the perceptual range, and given the 

opportunity to ask questions (see Appendix J).  To check that participants were clear on 

the definitions used in the study they were required to explain each definition (to the 

satisfaction of the examiner) prior to testing.   

Handgrip Task.  Participants were familiarized with the operation of the handgrip 

dynamometer and given the opportunity to practice using the dynamometer.  Once 

participants were comfortable with the dynamometer, maximum handgrip capacity was 

established, using the highest value of three maximal squeezes, as outlined above.  Task 

specific self-efficacy, perceived ability, and motivation were measured at this point. 

Participants were seated individually in a laboratory and asked to squeeze the 

dynamometer at 25% of their previously established maximum handgrip capacity, and to 

maintain the exertive squeeze for as long as they possibly could.  During the task 

participants were asked to vocally express the number corresponding to their current 

perception of each sensation on a 10-point scale, ranging from 0 (“nothing”) to 10 

(“extremely strong”), for 3 sensations consecutively.  This test was repeated three times, 

with a minimum of five minutes rest between tests.  Sensations presented were arranged 

such that one sensation from each cluster is presented per trial (see Table 1.)  Verbal 
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ratings were given at 15-second intervals, when prompted by the examiner, until the task 

was terminated.  Each sensation and corresponding 10-point rating scale was placed in 

front of participants, and remained in view for the duration of the task.   

Table 1 

Ordering of Effort Sensations for Handgrip Task 

Trial Sensations Presented 

1 Muscle aches (P), Concentration (M), Effort (A) 

2 Task aversion (A), Pain (P), Determination (M)  

3 Mental toughness (M), Exertion (A), Fatigue (P) 

Note: A = affective cluster, M = motivation cluster, P = physical cluster.  

 

Cycle Task.  Participants were fitted with a Polar heart rate monitor to observe HR 

during the task.  Participants were given the following standard oral instruction: “You 

have to cycle for 5 minutes at 50% of your VO2 max, then for 5 minutes at 70% of your 

VO2 max, then at 90% of your VO2 max for as long as you possibly can.”  Task specific 

self-efficacy, perceived ability, and motivation were measured at this point.  Following a 

three-minute warm up participants were gradually brought up to a HR corresponding to 

50% VO2 max and testing began.  After five minutes at this intensity the resistance on the 

bicycle was increased and participants were brought up to a HR corresponding to 70% 

VO2 max, then after a further 5 minutes this process was repeated and participants were 

brought up to a HR corresponding to 90% VO2 max. 

During the task participants were asked to vocally express the number 

corresponding to their current perception of each sensation on a 10-point scale, ranging 

from 0 (“nothing”) to 10 (“extremely strong”), for three sensations simultaneously.  

Based upon the results of the handgrip task, one sensation was selected as representative 

of each cluster, so a total of three sensations were assessed in this task.  Verbal ratings 

were given at 30-second intervals, when prompted by the examiner, until the task was 

terminated.  Sensations and corresponding 10-point scales were held in front of 

participants, and remained in view for the duration of the task. 

Once each task was terminated participants answered three questions pertaining to 

commitment, effort tolerance and effort investment (see Appendix F).  Participants were 
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encouraged to be honest in completing this form and were informed that there would be 

no penalty for non-willingness to invest in the exertion task.  Participants who indicated 

that they were not willing to invest effort in the task were excluded from the analysis.  

Statistical Analysis 

 For the handgrip task a repeated measures (RM) multivariate analysis of variance 

(MANOVA) was employed with gender as a between subjects factor, and time intervals 

(15 sec) nested within three sensation variables nested within three clusters (i.e., physical, 

motivational and affective sensations) as repeated factors and gender as a between 

subjects factor.  For the cycle task a RM MANOVA was employed with time intervals 

(30 sec) nested within three sensation variables as repeated factors and gender as a 

between subjects factor. 

 A hierarchical linear regression analysis was conducted to determine how much 

of the variance in “time to fatigue” was accounted for by dispositional and task-specific 

factors.  The significance level used in this study was p ≤ 0.05.   

 

Study Two 

 Study Two examined whether attention focus varied as a function of intensity 

during a handgrip squeezing task and a cycle endurance task.   

Participants 

 The same participants used in the first study were used in the second study for 

both the handgrip task and the cycle task. 

Instrumentation 

As in Study One, participants completed an informed consent form (Appendix B) 

and a demographic profile (Appendix C).  In addition to these questionnaires, a thought 

classification system was used to classify participants’ vocalized thoughts, and 

participants’ preferred attentional style was determined using the AFQ. 

Thought Classification (Appendix K).  To obtain a measure of attentional focus 

participants were asked to vocally express their current thoughts - in sentences, phrases or 

words – continuously during the testing procedure.  The examiner recorded these 

thoughts and the time they occurred.  Following testing participants’ thoughts were 

classified according to an established classification system developed by Schomer 
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(1986).  While the two-dimensional system more recently proposed by Stevinson and 

Biddle (1999) offers a more comprehensive classification, the closed-environment nature 

of this study did not lend itself to the direction of attention dimension (internal-external) 

utilized in Stevinson and Biddle’s system.  Moreover, Stevinson and Biddle’s system was 

developed and validated exclusively using elite marathon runners, and to date has not 

been used outside this group.  In contrast, Schomer’s classification system has been 

applied in several studies encompassing a range of different exercises modes, such as 

laboratory treadmill running (Smith, Gill, Crews, Hopewell, & Morgan, 1995), endurance 

marching (Couture, Singh, Lee, et al. 1994), swimming (Couture, Jerome, & Tihanyi, 

1999), stationary rowing (Connolly & Janelle, 2003) and stationary cycling (Breus & 

O’Connor, 1998). 

Schomer’s classification system endorses 10 valid and reliable attention focus 

sub-classifications: feelings and affects (A), body monitoring (B), command and 

instruction (C), pace monitoring (P), environmental feedback (E), reflective activity 

thoughts (R), personal problem solving (S), work, career, and management (W), course 

information (I), and talk and conversational chatter (T).  Categories A, B, C, and P make 

up the task-related (associative) attention focus classification.  The task-unrelated 

(dissociative) attention focus classification embraced the categories R, S, W, E, I, and T. 

Attention Focus Questionnaire (AFQ; Brewer, Van Raalte & Linder, 1996: 

Appendix L).  Prior to testing, participants’ preferred attentional styles were determined 

using the Attention Focus Questionnaire.  The AFQ consists of 30-items of various 

attention behaviors that are rated on a seven-point scale ranging from 1 (“would not do at 

all”) to 7 (“would do a lot”) during a hypothetic maximal effort endurance run.  The AFQ 

has three subscales: association (11 items. e.g. “monitoring specific body sensations”, 

“focusing on staying loose and relaxed”), dissociation (12 items. e.g. “singing a song in 

your head”, “focusing on the outside environment”), and distress (7 items. e.g. “wishing 

the run would end”).  Brewer, Van Raalte and Linder (1995) conducted analyses to assess 

the internal consistency of both pretrial (hypothetical) and post trial (Lifestep) versions of 

the AFQ.  Alpha reliability coefficients for the AFQ subscales were as follows: 

association (0.79 pretrial, 0.66 post trial), dissociation (0.77 pretrial, 0.66 post trial), and 

distress (0.85 pretrial, 0.88 post trial).  Correlations between pretrial and post trial AFQ 
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association, dissociation and distress subscale scores were 0.43, 0.61, and 0.62 

respectively.   

 The same equipment used in Study One, Lafayette handgrip dynamometer model 

78010 and Monark 828e cycle ergometer, will be used in this second study. 

Procedure and Research Design 

Participants completed two exertive tasks, a handgrip task and a cycling task, as 

previously described in Study One.  During each task participants were instructed to 

vocally express their current thoughts - in sentences, phrases or words – continuously 

during the testing procedure.  The examiner recorded these thoughts and the time they 

occurred, and classified them according to Schomer’s system.  Participants were given 

the opportunity to practice this vocalizing skill prior to the test conditions and were 

advised that there are no correct or incorrect responses 

Statistical Analysis 

 A Chi-square (χ²) test for independence was used to determine whether attention 

focus differed over time by amounts greater than would be expected by chance.   

Based on the AFQ participants were categorized as association-oriented (A), 

dissociation-oriented (D), or association/dissociation-oriented (A/D).  Statements given 

during the physical effort will be categorized at the beginning, middle and end of each 

participant’s effort as either associative or dissociative.  At each of the time frameworks 

(beginning, middle, and end) chi-square and phi statistics will be incorporated to estimate 

the AFQ to reported strategies relationship. The significance level used in this study was 

p ≤ 0.05.   
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CHAPTER 4 

RESULTS 

Manipulation Check  

Following completion of the two exertive tasks, participants were asked three 

questions pertaining to their commitment to, tolerance of, and effort investment in, the 

task (Appendix G).  Means and standard deviations (SDs) for these questions are 

presented in Table 2.   

Table 2. 

Means and Standard Deviations of the Three Manipulation Check Questions Following 

Handgrip and Cycling Tasks (values range between 1-5). 

 

Task Commitment Tolerance Effort 

Handgrip Task    M 

(n=35)                 SD    

4.32 

.89 

3.88 

.98 

4.47 

.83 

Cycle Task         M 

(n=13)                S        

4.46 

.78 

4.08 

1.12 

4.70 

.48 

 

Participants in both tasks displayed very high ratings for the three manipulation 

check questions, indicating they were dedicated to the task.  One participant in the 

handgrip task indicated he was not highly invested in the task; consequently this 

participant’s data was removed from the analysis. 

Preliminary Analyses 

 Prior to hypothesis testing, an examination of distribution normality assumptions 

of the data was undertaken to secure lack of major statistical violations.  The skewness 

coefficient limit of ±2 was kept for all data.  Since none of the variables were markedly 

skewed, the data were considered supporting the assumed normality of the distributions.  

The data were also checked for multivariate normality and outliers using Mahalanobis 

distances.  None of the participants’ Mahalanobis distance scores exceeded the critical 

values of 26.13 for the handgrip task or 59.70 for the cycle task (p<.01), indicating that 

there were no multivariate outliers in the data. 
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Descriptive Statistics 

 Means and SDs of grip strength, physical self-efficacy, physical perceived ability, 

task-specific self-efficacy, task-specific perceived ability, and task specific motivation for 

the handgrip task are summarized in Table 3.  Means and SDs of VO2 max, physical self-

efficacy, physical perceived ability, task-specific self-efficacy, task-specific perceived 

ability, and task specific motivation for the cycle task are summarized in Table 4.  

Participants in both the handgrip task and the cycle task displayed high levels of self-

efficacy, perceived ability, and motivation for the task. 

Table 3. 

Means and Standard Deviations of Grip Strength, Physical Self-Efficacy, Physical 

Perceived Ability, Task-Specific Self-Efficacy, Task-Specific Perceived Ability, and Task-

Specific Motivation for Participants in the Handgrip Task (n=34). 

 

Variable Mean SD Possible Range 

Maximum grip (kg) 40.93 12.55 - 

Physical self-efficacy 96.24 14.37 22-132 

Physical perceived ability 43.85 7.73 10-60 

Task-specific self-efficacy 15.29 2.47 0-20 

Task specific perceived ability 7.15 1.86 0-10 

Task-specific motivation 7.32 1.53 0-10 

 

 

Table 4. 

Means and Standard Deviations of VO2 max, Physical Self-Efficacy, Physical Perceived 

Ability, Task-Specific Self Efficacy, Task-Specific Perceived Ability, and Task-Specific 

Motivation for Participants in the Cycle Task (n=13). 

 

Variable Mean SD Possible Range 

VO2 max (ml.kg.min¯¹) 45.16 9.41 - 

Physical self-efficacy 100.77 13.46 22-132 

Physical perceived ability 46.77 6.13 10-60 

Task-specific self-efficacy 16.31 3.35 0-20 

Task specific perceived ability 7.84 1.68 0-10 

Task-specific motivation 8.15 1.28 0-10 
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Effort Sensations 

 Handgrip Task.  Three clusters, each comprising three sensations of effort, (i.e. 

physical, motivational, and affective sensations), were examined at 15-second intervals 

during the handgrip task.  A repeated measures (RM) multivariate analysis of variance 

(MANOVA) was performed for each cluster separately to examine possible variation 

among the three sensational dimensions within each cluster.  Table 5 and Figures 3 and 4 

pertain to the results of these analyses.  Each cluster showed a significant effect for time, 

as expected.  There was no effect for sensation, and within two of the three clusters no 

significant sensation dimension by time interaction effect.  The one significant sensation 

dimension by time effect in the physical cluster appeared to be due to the higher rating 

for fatigue during the latter stage of the task (see Figure 4a).  Still, this sensation 

remained more homogeneous with the sensations within the physical cluster, than the 

sensations within the other two clusters.  In light of these findings the three sensation 

dimensions within each cluster were combined into physical, motivational, and affective 

sensations.  Subsequent analyses were conducted using only these three sensation 

dimensions. 

 

Table 5. 

RM MANOVA for (a) Perceived Aches, Pain, and Fatigue (Physical Cluster); (b) 

Perceived Commitment, Determination, and Mental Toughness (Motivational Cluster); 

and (c) Perceived Effort, Exertion, and Task Aversion (Affective Cluster) 

 

(a) 

Effect F df p 

Sensation Dimension 3.040 2,15 .078 

Time 34.500** 7,10 .000 

Sensation Dimension by Time 9.127* 14,3 .047* 

     *p<.05. **p<.001. 
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Table 5 Continued. 

(b) 

Effect F df p 

Sensation Dimension .509 2,15 .611 

Time 3.435* 7,10 .038 

Sensation Dimension by Time .572 14,3 .797 

       *p<.05. 

 

(c) 

Effect F df p 

Sensation Dimension 2.213 2,15 .144 

Time 14.120** 7,10 .000 

Sensation Dimension by Time 1.726 14,3 .362 

**p<.001. 
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Figure 3.  Three Sensation Dimensions within each Cluster for the Handgrip Task. 
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Figure 4.  Mean ratings for (a) physical, (b) motivational, and (c) affective clusters across 

8 time intervals. 
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 The first hypothesis stated that participants would perceive different sensations of 

effort (i.e. physical, motivational and affective sensations) distinctly during exercise.  

Specifically, it was anticipated that motivational sensations would be stable over time, 

and would be felt more strongly than either physical or affective sensations.  Physical and 

affective sensations were expected to increase in intensity over time in a linear fashion, 

with affective sensations rated higher than physical sensations.   

The RM MANOVA (see Table 6) revealed significant main effects for sensation, 

F (2,60) = 11.36, p<.00, η²=.28; time F = 163.23, p<.00, η²=.82; and sensation by time, F 

(14,420) = 25.06, p<.00, η²=.46. 

Table 6.  

RM MANOVA Using Dimension and Time as Within Subjects Factors and Gender as a 

Between Subjects Factor 

 

Effect F df p η² 

Sensation 11.36* 2,60 .00 .275 

Sensation by Gender 

Time 

.24 

163.23*

2,60 

7,210 

.79 

.00 

.008 

.817 

Sensation by Time 

Sensation by Time by Gender 

25.06* 

.78 

14,420 

14,420 

.00 

.69 

.455 

.025 

*p<.001. 

 

The effect for sensation is presented in Figure 5.  On average, motivational 

sensations were rated 17% higher than physical sensations (Effect Size (ES) = 0.78) and 

11% higher than affective sensations (ES = 0.30).  Affective sensations were rated 7% 

higher than physical sensations (ES = 0.43).   
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Figure 5.  Mean values for the physical, motivational and affective sensations. 

 

The sensation by time effect is illustrated in Figure 6.  Both the physical and 

affective sensations increased over time by 68% and 53%, respectively.  The affective 

sensation was rated higher during the initial 60 seconds of the task, but the two sensations 

were rated similarly during the latter 60 seconds.  In contrast, motivation remained more 

stable over time, showing a slight increase of 27% from the outset.  These results confirm 

the study’s first hypothesis related to the handgrip task. 
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Figure 6.  Mean ratings for each dimension within 15 sec intervals during 120 sec 

duration for the handgrip task. 
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Cycle Task.  To test the first hypothesis pertaining to the cycle task, a similar 

analysis was employed.  The RM MANOVA revealed significant main effects for 

sensation F (2,18) = 24.59, p<.00, η²=.74; time F = 69.86, p<.00, η²=.88; and a 

significant sensation by time interaction effect, F = 23.22, p<.00; η²=.72, (see Table 7).  

The significant main effect for sensation is presented in Figure 7.   

Table 7. 

Repeated Measures MANOVA Results using Sensation Dimension and Time as Within 

Subjects Factors and Gender as a Between Subjects Factor. 

 

Effect F df p η² 

Sensation 24.59* 2,18 .00 .73 

Sensation by Gender 

Time 

.00 

69.86*

2,18 

29,261

1.00 

.00 

.00 

.89 

Sensation by Time 

Sensation by Time by Gender

23.22* 

.51 

58,522 

58,522

.00 

.69 

.72 

.05 

      *p<.001. 
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Figure 7.  Means for physical, motivational, and affective sensations in the cycle task. 

 

  On average, motivational sensations were rated 37% higher than physical 

sensations (ES = 0.64), and 29% higher than affective sensations (ES = 0.82).  Affective 



40 

sensations were rated 11% higher than physical sensations (ES = 0.08).  Similarly to the 

handgrip task, the three sensations were rated differently each from the other. 

 The sensation dimension by time effect is presented in Figure 8.  The graphical 

presentation indicates that the three sensation dimensions resulted in different patterns 

over the time course.  Both the physical and affective sensations increased monotonically 

over time, by 76% and 68%, respectively.  Affective sensations were rated higher than 

the physical dimension throughout the task.  Motivations, in contrast, remained relatively 

stable over time, with a slight (3%) average decrease at the end of the task.  Thus, the 

first hypothesis was fully supported in both the handgrip task and the cycle task. 

0

1

2

3

4

5

6

7

8

9

10

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 720 750 780 810 840 870

Time (sec)

P
er

ce
iv

ed
 S

en
sa

ti
o

n
s

physical motivational affective

Figure 8.  Mean ratings for each sensation dimension in 30 sec intervals during 900 sec 

of the cycle task. 

 

 The second hypothesis stated that females would rate physical symptoms higher 

than males, exhibit similar motivations, but higher affective responses than males during 

the task performance.  The RM MANOVA indicated no significant effect for gender in 

either the handgrip task, F (2,60) =.24, p=.79, η²= .04, or the cycle task F(2,18) =.004, 

p=.99, η²=.00.  There was also no gender by sensation by time interaction effect for either 

the handgrip task, F (14, 420) =.78. p= .69, η²= .03, or the cycle task, F (58,522) =.51. p= 

.99, η²= .05.  Consequently, the second hypothesis was not supported for either task. 
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Attention Focus 

 Handgrip Task.  The third hypothesis stated that during the initial stages of 

physical effort participants’ attention would be flexible (i.e., dissociative, associative, or 

shifting from one mode to the other), in line with each participant’s preferred attentional-

style.  As effort intensified, participants’ attention was expected to shift to an associative 

orientation regardless of preferred attentional-style.  The frequency and percentage of 

thoughts, classified according to Schomer (1986), during the three stages of the handgrip 

task are displayed in Table 8.   

 

Table 8. 

Frequency and Percentage of Thoughts Classified as Associative or Dissociative during 

each Stage of the Sustained Handgrip Task. 

 

 

Stage of Exercise 

Attention 

Associative 

n     % 

Focus 

Dissociative 

n     % 

 

Total 

n     % 

Beginning 16 (45.7) 19 (54.3) 35 (100) 

Middle 18 (51.4) 17 (48.6) 35 (100) 

End 33 (94.3) 2 (5.7) 35 (100) 

Total 67 (63.8) 38 (36.2) - 

 

 A Cochran’s Q test was performed to examine the association between attention 

focus and the three stages of the handgrip task.  The analysis revealed that the frequency 

counts did differ significantly across the three exercise stages, Q (2) = 25.90, p<.00.  This 

effect is presented in Figure 9.  The frequency of associative thoughts was greater during 

the final exercise stage, accounting for 94% of participants’ reported thoughts at this 

stage.  The frequency ratio of associative to dissociative thoughts at this stage was 33:2.  

Dissociative thoughts were dominant at the beginning of the task, by a frequency ratio of 

19:16, and accounting for 54% of reported thoughts at this stage.  Thoughts during the 

middle stage of exercise were evenly distributed between association  (51%) and 

dissociation (49%); the frequency ratio of association to dissociation was 18:17 at this 

stage.  
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Figure 9.  Categories of Thoughts for Beginning, Middle and End Phase of the Handgrip 

Task. 

 

In order to account for the preferred attentional-style of participants in the study 

the AFQ was administered prior to testing.  The results of the AFQ for both the handgrip 

and the cycle task are shown in Table 9.  

Table 9.   

Results of the Attention Focus Questionnaire for Participants in the Handgrip Task and 

Participants in the Cycle Task. 

 

Preferred Attentional-Style Handgrip Task 

n     % 

Cycle Task 

n     % 

Association 18 (52.9) 7 (53.8) 

Dissociation 7 (20.6) 2 (15.4) 

Both association and dissociation 9 (26.5) 4 (30.8) 

Total 34 (100) 13 (100) 

 

Phi (Ф) coefficients were calculated to assess the strength of the relationship 

between participants’ preferred attentional-style and participants’ actual attentional focus 

during the task.  It was expected that correlations would be stronger during the beginning 

stage of both tasks, where attention is hypothesized to be controllable than during the end 
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stage of the tasks where attention is expected to be uncontrollable.  Ф coefficients for the 

handgrip task are presented in Table 10. 

Table 10.   

Ф Coefficients for the Handgrip Task at each of the Three Stages for the Preferred and 

Actual Attention Focus. 

 

Exercise Stage Ф p 

Beginning .21 .48 

Middle  .43* .04 

End .17 .62 

     *p<.05. 

Ф coefficients indicate that the relationship between the preferred and the actual 

attention focus was greater at the beginning stage of exercise (Ф=.21) than during the 

final exercise stage (Ф=.17).  The strongest correlation, however, was observed during 

the middle stage of exercise (Ф=.43).   

The third hypothesis, that associative attentional strategies would be dominant 

during the latter stages of exercise was supported in the handgrip task.  The assumption 

that stronger correlations between preferred attentional focus and actual attentional focus 

would be observed during the beginning stage of the task than during the end stage was 

also supported. 

Cycle Task.  Table 11 shows the frequency and percentage of classified thoughts 

during the beginning, middle, and end stages of the cycle task.  

Table 11. 

Frequency and Percentage of Thoughts Classified as Associative or Dissociative During 

Each Stage of the Cycle Task. 

 

 

Stage of Exercise 

Attention 

 

Associative 

n     % 

Focus 

 

Dissociative 

n     % 

 

 

Total 

  n     % 

Beginning 3 (23) 10 (77) 13 (100) 

Middle 8 (62) 5 (38) 13 (100) 

End 11 (85) 2 (15) 13 (100) 

Total 22 (56) 17(44)  
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 A Cochran’s Q test was conducted to examine the association between attention 

focus and stage of the cycling task.  The analysis revealed that the frequency counts did 

differ significantly across the three exercise stages, Q (2) = 10.89, p<.01, (see Figure 10).  

The frequency of associative thoughts was greatest during the final exercise stage, with a 

frequency ratio of 11:2, accounting for 85% of total reported thoughts.  Associative 

thoughts also dominated attention during the middle stage of the cycle task, with a 

frequency ratio of 8:5, accounting for 62% of total reported thoughts.  Dissociative 

thoughts were more prevalent at the beginning of the task, by a frequency ratio of 10:3, 

accounting for 77% of total reported thoughts.   
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Figure 10.  Categories of Thoughts for Beginning (55% VO2 max), Middle (75% VO2 

max), and End (95% VO2 max) Phases of Exercise. 

 

Ф coefficients were again calculated to assess the strength of the relationship 

between participants’ preferred and reported attention focus.  Ф coefficients for the 

handgrip task are presented in Table 12. 
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Table 12. 

Ф Coefficients for the Cycle Task at each of the Three Stages for the Preferred and 

Actual Attention Focus. 

 

Exercise Stage Ф p 

Beginning .51 .18 

Middle  .63 .08 

End .64 .07 

 

The relationship between preferred and actual attention focus was stronger during 

the final (Ф=.64) and middle (Ф=.63) stages of exercise than during the beginning stage 

(Ф=.51).  Thus, the assumption that stronger correlations between preferred attentional 

focus and actual attentional focus would be observed at the beginning phase of the task 

was not supported in the cycle task.  However, the hypothesis that associative attentional 

focus would be dominant during the latter stage of exercise was supported in the cycle 

task.   

The AFQ results indicate that the majority of participants in both tasks preferred 

an associative focus.  Therefore the Ф correlations may be misleading.  Tables 13 and 14 

show the number of participants with a preferred dissociative focus and a preferred 

associative/dissociative focus respectively who reported an associative focus at different 

stages of the handgrip and cycle tasks. 

Table 13. 

Number and Percentage of Preferred Dissociative Participants Reporting an Associative 

Focus at Different Stages of the Handgrip and Cycle Tasks. 

 

 

Exercise stage 

 

n

Change to association 

     n                 % 

Handgrip    

Beginning 4  0 0 

  Middle 4 2 50 

       End 4 2 50 
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Table 13 Continued. 

 

Exercise stage 

 

n

Change to association 

     n                 % 

Cycle    

Beginning 2 0 0 

  Middle 2 0 0 

       End 2 2 100 

 

The results displayed in Tables 13 and 14 demonstrate that a substantial number 

of preferred dissociative and preferred associative/dissociative participants reported an 

associative focus during the final exercise stage for both the handgrip and the cycle task. 

This pattern was particularly evident in the cycle task where 100% of preferred 

dissociative and associative/dissociative participants experienced an associative focus 

during the final exercise stage.  These findings confirm the third hypothesis, that 

associative attentional strategies would be dominant during the latter stages of exercise 

was supported in the handgrip task, even in participants who do not favor an associative 

attentional style. 

Table 14. 

Number and Percentage of Association/Dissociative Preferred Participants Reporting an 

Associative Focus at Different Stages of the Handgrip and Cycle Tasks. 

 

 

Exercise stage

 

n

Change to association 

     n                 % 

Handgrip    

Beginning 9  3 33 

  Middle 9 3 33 

       End 9 8 89 

Cycle    

Beginning 8 3 38 

  Middle 8 2 25 

       End 8 8 100 
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Exertion Tolerance 

Handgrip Task.  A hierarchical linear regression analysis was employed to 

ascertain the proportion of exertion tolerance (i.e., time to fatigue) accounted variance 

during the handgrip task. Exertion tolerance was the dependent variable, while the 

independent variables were task-specific self-efficacy (TSSE), task-specific motivation 

(TSM), task-specific perceived ability (TSPA), physical self-efficacy (PSE), and 

perceived physical ability (PPA).  The predictors of exertion tolerance were entered in the 

following block order: (a) task-specific self-efficacy and perceived ability; (b) task-

specific motivation; and (c) physical self-efficacy and perceived ability.  This order was 

determined after surveying the relevant literature.  The first two blocks pertain to the 

specific task of exertion tolerance used in this study, while the variables in the last block 

pertain to relatively stable psychological factors relevant to any physical task.  Thus, 

these variables were entered together on conceptual grounds.  The analysis results for the 

handgrip task are shown in Table 15.   

 

Table 15. 

Hierarchical Linear Regression Analysis Results for the Sustained Handgrip Task. 

 

 

 

Model 

 

 

R 

 

 

R² 

Unstandardized 

Coefficients 

β 

 

 

SE 

Standardized 

Coefficients 

β 

 

 

p 

 

 

p 

change 

        

1 

TSSE 

 TSPA 

.447 

 

 

.200 

 

 

9.70 

-8.83 

 

3.47 

4.61 

 

.71 

-.49 

 

.01* 

.07 

.03* 

2 

TSSE 

TSPA 

TSMOT 

.448 .201  

9.49 

-8.82 

0.74 

 

3.65 

4.68 

3.31 

 

.69 

-.49 

.04 

 

.01* 

.07 

.82 

.82 
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Table 15 Continued. 

 

 

 

Model 

 

 

R 

 

 

R² 

Unstandardized 

Coefficients 

β 

 

 

SE 

Standardized 

Coefficients 

β 

 

 

p 

 

 

p 
change 

3 

TSSE 

TSPA 

TSMOT 

PSE 

PPA 

.450 .202  

9.05 

-8.74 

0.94 

0.23 

-0.29 

 

4.26 

5.44 

3.69 

1.04 

1.69 

 

.66 

-.48 

.05 

.10 

-.07 

 

.04* 

.12 

.80 

.83 

.87 

.98 

Note: TSSE  = task-specific self-efficacy, TSPA = task-specific perceived ability, TSM = task-specific 

motivation, PSE = physical self-efficacy, and PPA = perceived physical ability.  *p<.05 

   

Task-specific self-efficacy and task-specific perceived ability together accounted 

for 20% of the variance of exertion tolerance, and were significant predictors of exertion 

tolerance (p<.05).  The two other clusters, task specific motivation, and physical self-

efficacy and perceived physical ability, did not add to the accounted variance of exertion 

tolerance.   

Cycle Task.  Similarly to the handgrip task, the dependent variable was time on 

task, and the independent variables were TSSE, TSPA, TSM, PSE, and PPA.  Training 

intensity (TI) was added as an independent variable for the cycle task to account for 

experience of and familiarity of the participants with sustained exertion.  

 The results for the cycle task are shown in Table 16.  Task-specific self-efficacy 

and task-specific perceived ability accounted for 33% of the total 86% accounted 

variance in exertion tolerance.  Task-specific motivation contributed minimally to the 

explained variance (6%), while physical self-efficacy and perceived physical ability 

contributed an additional 10%.  These results, however, were statistically nonsignificant.  

Only training intensity and physical self-efficacy emerged as a significant predictors of 

exertion tolerance, accounting for 38% of the variance in exertion time (p<.05). 
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Table 16. 

Hierarchical Linear Regression Analysis Results for the Sustained Cycle Task. 

 

 

 

Model 

 

 

R 

 

 

R² 

Unstandardized 

Coefficients 

β 

 

 

SE 

Standardized 

Coefficients 

β 

 

 

p 

 

 

p 

change 

        

1 

TSSE 

 TSPA 

.573 

 

 

.328 

 

 

73.96 

-146.95 

 

34.76 

69.53 

 

1.02 

-1.01 

 

.06 

.06 

.14 

2 

TSSE 

TSPA 

TSMOT 

.619 .383  

54.14 

-118.84 

52.99 

 

41.58 

77.02 

59.49 

 

.74 

-.82 

.28 

 

.23 

.16 

.40 

.40 

 

3 

TSSE 

TSPA 

TSMOT 

PSE 

PPA 

.691 .478  

55.46 

-152.35 

45.50 

12.13 

-21.94 

 

50.87 

89.57 

62.92 

10.98 

21.59 

 

.76 

-1.05 

.24 

.67 

-.55 

 

.31 

.13 

.49 

.31 

.34 

.56 

4 

TSSE 

TSPA 

TSMOT 

PSE 

PPA 

TI 

.925 .856  

-66.24 

89.93 

26.47 

20.28 

20.66 

-420.08 

 

42.16 

79.53 

36.05 

6.57 

16.30 

106.00 

 

-.91 

.62 

.14 

1.12 

.52 

-1.53 

 

.17 

.30 

.49 

.02* 

.25 

.01* 

.01* 

Note: TSSE  = task-specific self-efficacy, TSPA = task-specific perceived ability, TSM = task-specific 

motivation, PSE = physical self-efficacy, and PPA = perceived physical ability.  *p<.05. 

 

Additional Analyses Pertaining to Self-Efficacy and Perceived and Sustained Effort 

Self-Efficacy and Perceived Effort.  To investigate the relationship between self-

efficacy and perceived effort in the handgrip task, participants were divided into three 

groups: low, moderate and high self-efficacy, based on their task-specific self-efficacy 
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(TSSE) scores. A repeated measures (RM) multivariate analysis of variance (MANOVA) 

was employed, with time (15 sec) as a repeated factor, perceived effort sensations as 

dependent factors and self-efficacy (3 groups) as an independent factor (see Table 17). 

Table 17. 

Grouping Criteria for Low, Moderate, and High Self-Efficacy Participants in the 

Sustained Handgrip Task. 

 

Self-efficacy TSSE score n 

Low < 15 10

Moderate 15-16 18

High > 16 7 

 

The RM MANOVA revealed no significant main interaction effects for TSSE 

(Table 18).   

Table 18. 

RM MANOVA Using Sensation and Time as Within Subject Factors and Task-Specific 

Self-Efficacy as a Between Subjects Factor in the Sustained Handgrip Task 

 

Effect F df p η² 1-β 

TSSE 0.22 2,29 .81 .02 .08 

Sensation by TSSE 2.22 4,58 .07 .13 .62 

Time by TSSE .21 14, 203 .99 .01 .14 

Sensation by Time by TSSE 1.28 28,406 .15 .08. .95 

 

The interaction for sensation by TSSE approached significance (p=.07), and the 

effect size was large (η²=.13).  Further examination of this effect indicated that 

participants with low TSSE perceived physical sensations more extensively than 

participants with moderate TSSE, who in turn perceived physical sensations more 

extensively than participants with high TSSE.  However, participants with moderate 

TSSE displayed higher perceived motivational sensations, and lower perceived affective 

sensations than the other two self-efficacy groups.  This effect is presented in Figure 11. 
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Figure 11. Mean values for the physical, motivational, and affective sensations for low, 

moderate, and high task-specific self-efficacy participants in the sustained handgrip task. 

 

Owing to a smaller sample size, participants in the cycle task were divided into 

only two groups, low and high self-efficacy, based on a median split of their TSSE scores 

(low group had scores <17 high group had scores >17).  As in the handgrip task, a RM 

MANOVA was employed to test the effect of self-efficacy on perceived effort.  The RM 

MANOVA revealed no significant main effect, but a significant interaction effect for 

sensation by time by TSSE, F (58,522) = 4.54, p<.00, η²=.33.  The RM MANOVA 

results are summarized in Table 19.   
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Table 19. 

RM MANOVA Using Sensation and Time as Within Subject Factors and Task-Specific 

Self-Efficacy as a Between Subjects Factor in the Sustained Cycle Task 

 

Effect F df p η² 1-β 

TSSE 3.84 1,9 .08 .30 .42 

Sensation by TSSE 1.78 2,18 .20 .17 .32 

Time by TSSE .38 29,261 .99 .04 .34 

Sensation by Time by TSSE 4.54* 58,522 .00 .33 1.00 

*p<.01. 

 

The sensation by time by TSSE effect is presented in Figure 12 for each of the 

three sensations (physical, motivational, and affective sensations).  Figure 12 reveals that 

low TSSE participants perceived physical and affective sensations less extensively than 

high TSSE participants, until approximately 800 seconds, but the two groups were equal 

from the 800
th
 second until the end of the task.  Low TSSE participants initially report 

higher motivational sensations than high TSSE participants, however the motivation of 

low TSSE participants decreased toward the end of the task, while the motivation of high 

TSSE participants increased toward the end of the task.   

The main effect for TSSE approached significance (p=.08), and the effect size 

was large (η²=.30).  Further examination of this effect indicated that high TSSE 

participants rated effort sensations higher on average (M=7.4, SD=.39) than low TSSE 

participants (M=6.4, SD=.36).  This effect is graphically represented for each sensation 

separately in Figure 13, and means and standard deviations are displayed in Table 20. 
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Figure 12.  Mean ratings for (a) physical, (b) motivational, and (c) affective sensations 

during 30-second time intervals for low and high TSSE participants in the sustained cycle 

task. 
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Figure 13.  Mean ratings for (a) physical, (b) motivational, and (c) affective sensations 

for low and high TSSE participants in the sustained cycle task. 
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Table 20. 

Mean Ratings and Standard Deviations for Physical, Motivational, and Affective 

Sensations for Low and High TSSE Participants in the Sustained Cycle Task. 

 

 Low TSSE High TSSE

Physical 5.1 

(.64) 

6.2 

(.70) 

Motivational 8.6 

(.37) 

8.9 

(.40) 

Affective 5.5 

(.38) 

7.3 

(.42) 

 

Self-Efficacy and Sustained Effort.  To investigate the relationship between self-

efficacy and sustained effort (time on task), participants in the handgrip task were divided 

into low, moderate, and high self-efficacy groups as previously described.  A one-way 

analysis of variance (ANOVA) indicated no significant difference in sustained effort time 

for low and high TSSE participants, F (2,32)=2.74, η²=.15, p=.08.  ANOVA results are 

summarized in Table 21. 

Table 21. 

Summary of ANOVA Results using Sustained Effort Time as a Dependent Variable and 

Self-Efficacy as an Independent Variable in the Sustained Handgrip Task.  

 

 Sum of Squares df Mean Square F p 

Between Subjects 5536.90 2 2768.45 2.73 0.08 

Within Subjects 32379.61 32 1011.86   

Total 37916.52 34    

 

Despite the non-significant differences in sustained effort across the three self-

efficacy groups, the mean sustained effort times (Figure 14), revealed a positive 

relationship between TSSE and sustained effort.  Post-hoc comparisons using Tukey 

HSD test indicated that the difference between the mean times for low TSSE (M=125.15, 

SD=30.53) and high TSSE (M=159.57, SD=33.83) participants approached significance 
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(p=.08).  Moderate TSSE times (M=148.00, SD=31.74) did not differ significantly from 

either low TSSE or high TSSE times.   
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Figure 14.  Mean sustained effort times for high, moderate, and low self-efficacy 

participants in the sustained handgrip task. 

 

 To explore the effect of self-efficacy on sustained effort in the cycle task 

participants were divided into two groups, low and high self-efficacy, based on a median 

split of their TSSE scores.  An independent samples t-test indicated no significant 

differences in the scores for low TSSE (M=574.29, SD= 165.62) and high TSSE 

participants [M=485.00, SD=323.34, t(7) =.611, p=.56].    
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CHAPTER 5 

DISCUSSION 

  This research was undertaken to expand the current body of knowledge on 

psychological factors affecting perceived and sustained effort.  The study of effort 

perception has long been dominated by the work of Gunnar Borg, who first introduced 

the concept of “perceived exertion” as a subjective complement to the objective 

responses during physical work in the 1960’s (Borg 1962).  Currently, Borg (1998) 

conceptualizes perceived exertion within a gestalt framework, i.e. a configuration of 

sensations stemming from the peripheral muscles, pulmonary system, cardiovascular 

system and other sensory organs and cues.  Within the gestalt conceptualization of 

perceived exertion, motivation and emotions are psychological variants that are viewed as 

an integral part of the experience of exertion.  In this respect, Borg views the term 

exertion as a latent variable that incorporates many other symptoms, though he uses 

measures to estimate exertion level that fail to account for the many symptoms that 

comprise exertion (Tenenbaum, in press).  More recently it has been proposed that 

differentiated exertional signals provide a more concise definition of the physiological 

and psychological processes that shape the perceptual context during exercise (Noble & 

Robertson, 1996).   

This current study explored three different determinants of effort (physical, 

motivational, and affective sensations), and examined how each determinant contributes 

to an individual’s sense of perceived effort during a physical task.  Based on 

Tenenbaum’s (in press) multidimensional conception of effort it was predicted that 

participants would perceive different determinants of effort distinctly during exercise.  

Previous empirical research findings (e.g. Hutchinson & Tenenbaum, 2002; Tenenbaum 

et al., 1999) have supported these propositions.  To examine this hypothesis, three 

sensation dimensions were measured at regular intervals throughout two exertive tasks; a 

sustained handgrip task, and a sustained cycling task.  Clusters comprising physical 

sensations (muscle aches, pain, and fatigue), motivational sensations (concentration, 

determination, and mental toughness), and affective sensations (effort, exertion and task 

aversion) were measured at 15-second intervals during the handgrip task.  Sensations 
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were arranged such that one sensation from each cluster was presented per trial to avoid 

artificial similarity within the clusters caused by presentation order.   

Within each cluster the three sensations were perceived similarly, on average and 

across the time duration of the task, despite being rated during three separate testing 

sessions.  Thus indicating that participants did not differentiate between sensations 

belonging to the same cluster.  Consequently, the three sensation dimensions within each 

cluster were combined into physical, motivational, and affective sensations.  Subsequent 

analyses were conducted using only these three sensation dimensions.  

Results revealed significant sensation dimension and time effects, and significant 

dimension by time interaction effects for both the handgrip task and the cycle task.  Thus 

the contention that participants would perceive different determinants of effort distinctly 

during exercise was supported in both tasks.  Furthermore, the three sensation dimensions 

were perceived as expected across time intervals.  In both tasks the motivational 

sensation was perceived strongly from the start, and ratings remained stable for the 

duration of the tasks, with changes over the time course of 27% and 3% in the handgrip 

and cycle task respectively.  In contrast, the physical and affective sensations were 

initially perceived to be slight, but became more intense with task intensity.  Physical 

sensations showed a 68% and 76% increase over the duration of the handgrip task and 

cycle task respectively, while affective sensations increased by 53% and 68% on the 

same tasks.  Affective sensations were felt stronger than physical sensations for the 

duration of the cycle task, and for the initial 120 seconds of the handgrip task.   

These results indicate that perceived effort comprises several distinct inputs that 

are perceived differently across the duration of an exertive task.  This conclusion lends 

support to the assertion that exertion is only one of many sensations that are felt during 

exercise engagement (Hardy & Rejeski, 1989; McAuley & Courneya, 1994; Parfitt et al., 

1994; Tenenbaum, in press), and questions the efficacy of a one-item measure of effort.  

Similarly to previous research where exercise participants have been able to 

differentiate between central, peripheral, and overall physical sensations (Demura & 

Nagasawa, 2003), this study has demonstrated that participants can also differentiate 

between physical, motivational, and affective sensations during sustained physical tasks.  

Physiological mediators of effort perception have been functionally linked to underlying 
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sensory factors, yet much less is known about the origins of psychological mediators of 

perceived effort.   

Knowledge of underlying physiological responses to exercise guides our 

examination of differentiated physiological perceptions of perceived effort.   

Physiological sensory cues have been separated into two major categories: peripheral 

factors (e.g., sensations from working muscles and joints), and respiratory-metabolic 

factors (e.g., sensations from the cardiopulmonary system).  Peripheral signals originate 

from peripheral sensory receptors (e.g., primary endings of muscle spindles, golgi tendon 

organs, and mechanoreceptors) that reflect alterations in contractile properties of working 

skeletal muscles, while respiratory-metabolic signals arise from the chest in response to 

exercise induced increases in ventilatory drive (Robertson, 2001).  The final common 

neurophysiological pathway for the peripheral and respiratory-metabolic signals of 

perceived exertion involves a combined feedback-feedforward mechanism (Cafarelli, 

1988).  During exercise, increases in motor unit recruitment and firing frequency in both 

peripheral and respiratory skeletal muscle require an increase in central motor 

feedforward commands.  Corollary discharges diverge from the descending motor 

commands, terminating in the sensory cortex.  The greater the magnitude of the corollary 

signals the more intense are the perceptions of physical exertion (Noble & Robertson, 

1996).  Afferent feedback signals reflecting the level of force production are integrated 

centrally with the information derived from efferent motor commands to regulate motor 

outflow commands.  In this manner, the respiratory-metabolic and peripheral exertional 

signals share a final common neurophysiological pathway (Noble & Robertson, 1996).   

These signals influence differently physical (e.g. aches, pain, and fatigue), 

motivational (determination, concentration, and mental toughness), and affective (effort, 

exertion, and task aversion) perceptions.  It seems that while physical and affective 

perceptions increase in accordance with increases in physical load, motivational 

perceptions do not.  Motivational perceptions are perceived highly regardless of 

physiological signals stemming from exercise, and change very little with increases in 

physical load. 

Psychological influences on perceived effort are hypothesized to occur when 

signals arising in the sensory cortex are matched with the perceptual-cognitive reference 
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filter. Positioned at the subordinate level of sensory processing (see Figure 2) the 

perceptual-cognitive reference filter encompasses a broad range of psychological and 

cognitive processes not directly related to the underlying physiological substrata.  “As the 

neural signal passes through the reference filter it is fine-tuned, its intensity modulated 

according to a matrix of past and present events that reflect the individual’s psychological 

characteristics and perceptual style” (Robertson, 2001, p. 190).  Comparatively little is 

known about the components of the perceptual-cognitive reference filter or how these 

components function to influence the effort sense (Noble & Robertson, 1996).  The 

challenge for sport and exercise psychology researchers, then, is to uncover the various 

dispositional and situational variables that operate independently or in consort to mediate 

the intensity of neural signals resulting from sensory responses to exercise.  Robertson’s 

(2001) systematic approach “Define, Measure, Classify, Explain, and Apply” (p. 196) 

might guide such endeavors. 

While complete understanding of the psychophysiological process governing 

effort perception eludes researchers, there is certainly enough evidence to conclude that 

perceived effort cannot be measured holistically and be assumed to represent the vast 

array of sensations felt during an ongoing activity.  The practical implication of this is 

that a single-item measure of effort is insufficient to capture the whole range of 

sensations that people experience when exercising or being physically active.  

Furthermore, the value of a single-item measure of perceived effort in an exercise 

prescription setting is questionable.  Consider exercise prescriptions for anxious or 

depressed individuals where the desired training outcome is enhanced mood state.  In this 

instance a rating scale incorporating affective sensations such as perceived 

pleasure/displeasure would be more efficacious than a measure based solely on one’s 

physiological response to exercise.   

Of interest to this research is the effect of gender on perceived effort.  Previous 

research examining gender differences in effort perception are equivocal in that some 

investigators have reported significant gender differences (Goss et al., 2003; Hutchinson 

& Tenenbaum, 2003; Koltyn et al., 1991; Morgan, 2001; O’Connor, Raglin and Morgan, 

1996), while others have not (Green et al., 2003; Pincivero et al., 2000; Robertson et al., 

2000).  Based on pilot research (Hutchinson & Tenenbaum, 2003) it was hypothesized 
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that males and females would differ in their perceptions of effort sensations.  

Specifically, it was expected that females would rate physical sensations higher than 

males, exhibit similar motivations, but higher affective responses than males during the 

task performance.  Contrary to expectation, no difference was found between males and 

females’ effort perceptions on either task or sensation dimension.  Thus, the second 

hypothesis was not supported in the current study.  The failure to obtain gender 

differences further adds to the inconsistent findings in the literature.  

It has been argued that failure to match male and female participants on training 

state and physical fitness is a confounding variable affecting many studies regarding the 

influence of gender on perceptions of effort during exercise (Morgan, 2001a).  Hence, it 

has not always been possible to assert that fitness differences were not responsible for the 

alleged gender difference.  In the present study, task intensity was relative to each 

individual’s fitness level.  Thus, possible fitness confounds were eliminated.  

Additionally, male and female participants did not differ on frequency or intensity of 

training history, controlling for possible familiarity with effort confounding effect.  

Gender differences in perceived effort have also been attributed to underlying gender 

differences in self-efficacy for physical tasks (Hutchinson & Tenenbaum, 2003; McAuley 

et al., 1991).   In the current study, however, males and females did not differ on either 

task-specific or physical self-efficacy for either the handgrip or cycle task, indicating that 

gender differences in perceived effort are not apparent when self-efficacy is controlled 

for.  Thus, it can be concluded that the underlying processes governing the monitoring 

and integration of sensory cues during exercise do not differ in males and females.  It is 

likely that gender differences in other factors, such as physical fitness, task familiarity, or 

perceived self-efficacy, have led to erroneous conclusions in previous studies where 

gender differences in perceived effort have been reported.   

A second aim of this study was to examine attention focus during a sustained 

handgrip task and a sustained cycling task, and to ascertain the influence of task intensity 

on attention focus.  Pioneering research by Morgan and Pollock (1977) first highlighted 

the distinction between association and dissociation in attention focus during physical 

activity.  Comparing elite and non-elite marathon runners, Morgan and Pollock purported 

that elite runners tended to employ associative attentional strategies, while non-elite 
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runners were characterized by dissociative attentional strategies.  Morgan (2001b) 

summarized his and his colleague’s findings, stating: 

“Instead of ignoring stressful sensations by dissociating sensory input, the elite 

runners reported that they paid close attention to multiple signals of somatic 

nature (e.g. muscle pain, cramps, respiration, effort sense).  It was common for 

these runners to make a conscious decision to slow the pace if they started to 

experience respiratory distress” (p. 4). 

Subsequent research devoted to this issue has not always supported Morgan and 

Pollock’s conclusions.  Indeed, Morgan, O’Conner, Sparling and Pate (1987) reported 

that during training runs of slow pace, elite female runners were more likely to use 

dissociative coping strategies, whereas during a race the runners were more likely to use 

associative strategies.  In addition, Stevinson and Biddle (1998) found that non-elite 

runners also tended to use association strategies during competition runs.   

Findings pertaining to the effect of attention focus on perceived or sustained 

exertion have been plagued by inconsistency.  Some studies have reported a positive 

effect of attention focus on perceived and sustained effort (Boutcher & Trenske, 1990; 

Fillingim & Fine, 1986; Gill & Strom, 1985; Johnson & Siegel, 1987; Morgan, 

Horstman, Cymerman & Stokes, 1983; Pennebaker and Lightner, 1980; Potteiger et al., 

2000; Weinberg, Smith, & Jackson, 1984; Weinberg, 1985), while others have not 

supported this effect (Delingniers & Brisswalter, 1994; Hull & Potteiger, 1999; Rejeski & 

Kenney, 1987; Russell & Weeks, 1994).   

 Some authors (Tammen, 1996; Tenenbaum, 2001; Tenenbaum, in press) have 

suggested that it isn’t running experience, but running intensity that influences the use of 

associative mental coping.  Examining the thought ratings of eight elite distance runners 

during a flat track graded exercise test, Tammen (1996) found that as the pace increased 

the runners shifted to an associative style.  In accordance with these findings Tenenbaum 

(in press) stated: 

“It is my belief that the discrepancy of research findings on the use of association-

dissociation strategies is not linked to skill-level and methodological flaws, as 

Morgan (2001) argues, but rather to the effort intensity and the environmental 
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conditions under which the exercisers are engaged at each stage of the race or 

exercise” 

The use of associative and dissociative strategies by exercisers, whether elite or 

recreational, can be accounted for by Rejeski’s (1985) information processing model and 

Tenenbaum’s (2001) model of attention as a function of exercise intensity.  

From a parallel processing perspective Rejeski’s model considers task intensity as 

a critical factor in determining attention focus during physical activity.  According to 

Rejeski, dissociative strategies provide relief from fatigue by occupying limited channel 

capacity that is critical for bringing a percept into focal awareness.  Therefore, 

dissociative coping strategies can be influential on RPE at low to moderate levels of 

exercise intensity, but under high levels of exercise intensity, where sensory cues 

dominate perception, dissociative coping strategies are likely to be ineffective.  Based 

upon this premise, Tenenbaum (2001) put forward a new concept of effort 

symptomatology (Figure 1) that predicts under conditions of low effort, attention can be 

shifted voluntarily from external dissociative mode to internal associative mode, and 

from wide to narrow spans.  However, under extreme effort levels, attention cannot 

voluntarily be controlled, and thus, the effectiveness of external strategies on perceived 

and sustained effort is limited.   

Based upon Tenenbaum’s (2001) model, the current study hypothesized that 

during the initial stages of physical effort attention focus will differ among participants.  

More specifically, some participants will prefer dissociation, while others association, in 

line with each participant’s preferred attentional-style.  As effort intensifies, participants’ 

attention is expected to shift to an associative focus with minimal differentiation among 

the participants.   

Information regarding participants’ thoughts during the two tasks was gathered 

through self-report, and categorized according to an established classification system 

(Schomer, 1986) to reveal patterns of attention focus during the task.  Each task was 

divided into three stages; beginning, middle and end.  Results revealed that attention 

focus differed significantly across the three exercise stages in both the handgrip and cycle 

task.  In the handgrip task attention focus was predominantly dissociative during the 

beginning stage, predominantly associative during the end stage, and evenly distributed 
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between association and dissociation during the middle stage.  In the cycle task, attention 

focus was predominantly dissociative during the beginning stage, and predominantly 

associative during the middle and end stages.  Thus, the notion that participants’ attention 

would be primarily associative during the latter stages of exertion was supported in both 

tasks.   

These findings are consistent with Tenenbaum’s (2001) model postulating the 

relationship between physical effort and attention allocation, and the information 

processing theory (Rejeski, 1985), which maintains that above a given effort threshold 

physiological cues dominate attention focus due to their strength.  Consequently, during 

conditions of high exercise intensity and prolonged duration, attention is focused on 

overwhelming physiological sensations, which dominate focal awareness.  At this point 

an associative attention focus is virtually unavoidable.   

Based upon this it was anticipated that during the beginning phase of the task 

some participants would prefer dissociation, and others association, in line with each 

participant’s preferred attentional-style, yet at the end of the task all participants’ 

attention focus would be associative, regardless of their preference.  The strength of the 

relationship between participants’ preferred and reported attention focus in the handgrip 

task revealed, as expected, that the correlations were stronger during the beginning stage 

of the task than during the end stage of the task.  However, the strongest correlation 

(Φ=.43) was observed during the middle stage of the handgrip task.  A possible 

explanation for this is that the beginning of the task was unchallenging for participants 

resulting in boredom, and participants’ attention drifting to other matters (i.e. dissociative 

focus).  As the task increased in intensity participants’ attention was directed back to the 

task and they employed their preferred attentional strategy to cope with the demands of 

the middle exercise stage.  At a given effort threshold, the physical sensations of the task 

then became overwhelming and, by necessity, almost all of the participants (94%) 

experienced an associative focus during the final exercise stage.  

 In the cycle task, contrary to expectation, stronger correlations were noted 

between preferred and actual attention focus during the middle (Φ=.63), and end (Φ=.64) 

stages of exercise than during the initial stage (Φ=.51).  Examination of participants’ 

preferred attention focus indicates that 85% of the participants favored either an 
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associative or a combined associative/dissociative focus.  Therefore, it is not surprising 

that higher Φ correlations are evident during the latter stages of exercise.  Examination of 

results for just the participants who preferred a dissociative focus indicated, as expected, 

that 100% of them switched to an associative focus during the final exercise stage.  

Perhaps a more interesting observation is that during the beginning stage of the 

cycle task 77% of participants reported dissociative thoughts, despite the fact that only 

15% preferred such a focus.  Again, it may be that the initial exercise stage was not 

challenging enough to maintain participants’ interest in the task.  Boredom is commonly 

cited as a barrier to exercise adherence (Agnew, 2002).  One implication here for 

exercisers who complain of boredom during their exercise routines would be to increase 

the intensity at which they exercise.  Alternatively, dissociative strategies such as 

listening to music, reading a magazine, or conversing with a companion, may be 

suggested as effective ways to relieve the monotony of a low-intensity exercise routine 

while still enabling the exerciser to get sufficient health benefits from their workout.  

These suggestions are speculative, based on the results of this study.  Clearly there is a 

need for intervention studies to directly assess these strategies, and how they impact 

adherence in an exercise or rehabilitation setting.   

The overall results of this study fully support Tenenbaum’s (2001) model 

postulating the relationship between physical effort and attention allocation, and 

Rejeski’s (1985) information processing theory.  The implications of this for the 

exerciser, the endurance athlete, or for fitness professionals working with athletes or 

exercisers, are that manipulations of attention focus, such as listening to music or solving 

math problems, will be most effective during low to moderate intensity activity.  Thus, 

potential recreational exercisers, who are frequently deterred from engaging in physical 

activity by unpleasant sensations associated with exertion, could be taught dissociative 

strategies to aid them in filtering out these unwanted sensations while exercising at low to 

moderate intensity.  An exerciser could, through practice, uncover their own upper limits 

of tolerance where they are able to gain fitness benefits from regular exercise while still 

being able to dissociate from the accompanying arduous sensations.  In contrast, an 

endurance athlete, who desires to push him/herself beyond the point of overwhelming 

effort sensation, may learn when it is effective to employ a dissociative focus (e.g., to 



66 

break up the tedium of training runs), and when it is preferable to embrace an inevitable 

associative focus (e.g. during competition).  This athlete can use association to his/her 

advantage during the latter stages of a race to monitor important factors, such as 

breathing and pace, rather than investing energy into a futile attempt to block out these 

sensations. 

A further aim of this study was to test the effect of dispositional and task-specific 

self-efficacy and perceived physical ability on effort tolerance during a sustained 

handgrip task and a sustained cycling task.  Self-efficacy, defined as “confidence in one’s 

ability to behave in such a way as to produce a desirable outcome for a given task” 

(Bandura, 1997) is assumed to determine the effort people invest while performing a task, 

and their perseverance in the face of either aversive experiences or taxing environmental 

demands (Bandura et al., 1987).  Previous empirical research findings (Bandura et al., 

1988; Litt, 1988; Tenenbaum et al., 1999) have supported this proposition.   

In the handgrip task, task-specific self-efficacy and task-specific perceived ability 

together accounted for 20% of the variance of exertion tolerance, and were significant 

predictors of exertion tolerance.  The two other clusters, task specific motivation, and 

perceived physical self-efficacy and physical ability, did not add to the accounted 

variance of exertion tolerance.  This finding is consistent with Bandura’s (1997) assertion 

that task-specific measures of self-efficacy are more predictive of behavior and offer 

more explanatory power than do more generalized measures, since they are directly 

relevant to the selected domain of functioning. 

In the cycle task, only training intensity and physical self-efficacy emerged as 

significant predictors of exertion tolerance, accounting for 38% of the variance in 

exertion time.  The significant contribution of physical self-efficacy (and non-significant 

contribution of task-specific self-efficacy) to the accounted variance was inconsistent 

with Bandura’s theory, and to the findings of the handgrip task.  However, this is 

interesting because it shows that in instances where one is unable to obtain a task-specific 

measure of efficacy (e.g. during competition) physical self-efficacy may hold some 

validity as a predictor of behavioral outcomes such as effort tolerance.  

Given that individuals who exercise at a higher training intensity will be relatively 

accustomed to sensations of effort/physical discomfort, and have likely developed the 
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appropriate strategies to deal with these sensations, it is unsurprising that training 

intensity contributed significantly to the accounted variance of effort tolerance.  This is 

consistent with the findings of Tenenbaum et al. (1999) where individual event athletes 

and team sport athletes were found to display greater effort tolerance than their untrained 

counterparts.  This finding reinforces the need to carefully match participants on history 

of training and training intensity in future studies pertaining to perceived and sustained 

effort. 

The overall results regarding self-efficacy and effort tolerance lend support to the 

conclusions of Tenenbaum et al. (1999) that self-efficacy plays an important role in 

tolerating sustained effort.  Less is known about the how self-efficacy influences effort 

tolerance, and several explanations have been put forward.  Bandura et al. (1987) 

reported that an actual decrease in the appraisal of aversive stimuli might be responsible 

for increased tolerance.  According to Bandura (1995) “self-percepts foster actions that 

generate information as well as serve as a filtering mechanism for self-referent 

information in the self-maintaining process” (p. 359).  An alternative explanation offered 

by Hardy and Rejeski  (1989) is that efficacy cognitions determine affective reactions to 

tasks that challenge personal skills or capabilities.  For example, engaging in exercise 

produces demands on the system that can result in considerable in-task affect which, if 

positive, might lead to continued participation, or, if negative, to ultimate disengagement 

from the activity.  This assumption was recently confirmed by McAuley and Blissmer 

(2000) who successfully manipulated self-efficacy via false performance feedback in a 

group of young, low active women and concluded that the self-efficacy manipulation 

differentially influenced feeling state responses.  Specifically, high-efficacy participants 

reported significantly greater positive well-being and less psychological distress and 

fatigue than low-efficacy participants exercising at the same intensity.  Finally, Harter 

(1990) suggested that self-efficacy plays an influential role in moderating effort tolerance 

because it represents a critical aspect of self-worth.  Therefore, self-judgments about 

one’s competence on meaningful tasks moderate the motivational effects of aversive 

feedback or physical exertion on persistence and performance.  Further research 

evaluating the mechanisms by which self-efficacy positively impacts effort tolerance is 

warranted. 



68 

The findings from the present study have substantial relevance for the applied 

practitioner who is interested in the effect of self-efficacy on effort tolerance; not only as 

it pertains to enhancement of sport or exercise performance, but also to related fields such 

as military, occupational, or rehabilitation performance.  Bandura (1977) has 

hypothesized that information about one’s level of self-efficacy can be modified through 

four major sources: performance accomplishments, vicarious experience, physiological 

states, and verbal persuasion.  Employing these measures to enhance self-efficacy 

expectancies is anticipated to have a positive impact upon performance in domains where 

the ability to sustain physical effort for a prolonged period of time is important for 

success.  Future studies examining the effect of self-efficacy manipulation on sustained 

effort will not only benefit athletes and their coaches, but will also help to determine the 

utility of extending self-efficacy theory to this new context. 

Additional analyses pertaining to self-efficacy and perceived and sustained effort 

uncovered meaningful results that might guide future research in this area.  Participants 

with moderate to high levels of self-efficacy were found to perceive lower physical and 

affective sensations, and greater motivational sensations during the handgrip task than 

those with low self-efficacy.  However, in the cycle task, participants with high self-

efficacy perceived higher physical and affective sensations than those with low self-

efficacy.  More research is needed to resolve these inconsistent findings.   

Interestingly, the perceived motivation of participants with low self-efficacy was 

found to decline throughout the aerobic task duration while, in contrast, the perceived 

motivation of participants with high self-efficacy increased as the cycling task progressed 

(see Figure 12b).  This is consistent with Bandura et al’s (1987) assertion that self-

efficacy determines the effort people invest while performing a task, and their 

perseverance in the face of either aversive experiences or taxing environmental demands.   

Further investigation of the relationship between self-efficacy and perceived 

motivational sensations, and the impact of these perceptions on task persistence is a 

fruitful avenue for future research.  Studies that go beyond the correlational nature of the 

efficacy-perceived effort relationship and directly manipulate self-efficacy are warranted.  

Such studies will further our knowledge of how we might structure interventions to 
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maximize efficacy and in turn influence both psychosocial and behavioral outcomes 

associated with exercise (McAuley & Blissmer, 2000). 

Limitations and Future Research Directions 

 There are several limitations in the present study that should be considered when 

interpreting the findings.  A major limitation was that volunteers rather than randomly 

selected individuals participated in the study.  This selection bias might explain why 

participants in both the handgrip task and the cycle task displayed high levels of self-

efficacy, perceived ability, and motivation for the task.  The mean task-specific self-

efficacy and physical self-efficacy scores were in the 75
th 

and 78th percentile for the 

range of scores on these scales respectively.  Thus, true low and high self-efficacy 

classification was not achieved, i.e. ‘low task-specific self-efficacy participants were low 

in task-specific self-efficacy only compared to the other participants in the task.  It is 

believed that, had the self-efficacy groups been composed of true ‘low’ and ‘high’ self-

efficacy scores, the differences among them on the variables of interest to this study 

would have been more pronounced.   

A second limitation of the current study is that participants were all young adults 

who engage in regular physical exercise.  Future studies might address the same research 

questions in other populations, particularly populations considered at risk for non-

adherence to exercise programs, such as older adults or adults with a sedentary lifestyle.   

A third limitation noted in this research is that the “demand characteristics” of the 

laboratory and testing environment may have created a social desirability bias in 

responses.  However, every effort was made to emphasize that there were no right or 

wrong responses, and that study participants could be most helpful by reporting what they 

thought and how they felt as honestly and accurately as possible.   

Finally, most of the participants in the present study were from the friendship 

group, and although they were instructed not to, it is possible that participants felt that 

they were competing with each other on some level.  However, participants were tested 

individually to avoid this possible “social facilitation” effect.   

Summary and Conclusions 

Based on the results of this study the following conclusions can be made.  First, 

different dimensions of effort (physical, motivational, and affective sensations) are 
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perceived distinctly during exercise, and operate differently in the duration of an exertive 

task.  Thus, it is clear that feelings of effort are a consequence of several physiological 

and psychological determinants.  To study the dependence of perceived effort on one 

physiological index is an oversimplification of the psychophysiological construct. 

Accordingly, a single-item measure of effort, such as Borg’s RPE scale, is insufficient to 

capture the whole range of sensations that people experience when exercising or being 

physically active.  An adequate theory of effort perception ought to sufficiently account 

for the distinct inputs that shape the perceptual milieu during sustained physical activity.  

More research is needed to establish a comprehensive concept of perceived effort, and to 

develop an associated multidimensional measure of perceived effort.  Future studies of 

perceived and sustained effort using multidimensional measures of effort will provide 

additional insights into the various psychophysiological determinants of perceived effort.   

Second, attention focus during sustained effort is largely dependent on stimulus 

intensity.  Specifically, during high intensity exercise activities attention is focused on 

overwhelming physiological sensations, which dominate focal awareness.  Consequently, 

dissociative coping strategies can be influential on perceived and sustained effort at low 

to moderate levels of exercise intensity, but they are not likely to be effective at higher 

levels of exercise intensity.     

Finally, self-efficacy plays an important role in tolerating exertion.  Task-specific 

self-efficacy and task-specific perceived ability together account for substantial amounts 

of variance of physical effort tolerance.  Based upon this it is suggested that optimizing 

self-efficacy should become one of the focal points of any exercise program, or 

performance enhancement program in events where the ability to sustain effort for a 

prolonged period of time is important for success. 

Recent research on psychological factors in perceived and sustained effort has just 

begun to uncover the complex relationships between dispositional and situational factors 

and the subjective experience of effort.  Much opportunity exists for rewarding research 

in the area of perceived and sustained effort in the future.  Intervention studies involving 

attention focus and exercise adherence, and self-efficacy and perceived and sustained 

effort are both promising avenues for future investigation. 
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APPENDIX A 

 

HUMAN SUBJECTS APPROVAL 
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 APPENDIX B 

 

INFORMED CONSENT FORM 
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APPENDIX C 

DEMOGRAPHIC PROFILE
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Demographic Profile 

ID number 

 

Age           Gender:      Male     

   Female  

 

Physical Activity: 

No activity or irregular activity    

Recreational       Type of activity………………………. 

     Times per week ……………………… 

     Average duration of each session………………… 

     Intensity at which you exercise……………………  

(rate 0-10 with 10 highest) 

 

Competitive      Which sport?………………………… 

     Times per week ……………………… 

     Average duration of each practice………………… 

     Intensity at which you exercise……………………  

(rate 0-10 with 10 highest) 
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EFFORT SENSATIONS
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Trial 1 

 

Aches 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong 

Concentration 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong  

Effort 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong  

Trial 2 

 

Task Aversion 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong  

Pain 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong  

Determination  

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong  

 

Trial 3 

 

Mental Toughness 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong 

Exertion 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong 

Fatigue 

 

0 1 2 3 4 5 6 7 8 9 10 

nothing        extremely strong 
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PHYSICAL EFFICACY SCALE
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Date          ID Number   

  

PHYSICAL SELF-EFFICACY SCALE 

 

Please indicate the extent to which to agree or disagree with the following statements by 

circling the number of the scale that corresponds most closely with your feelings: 

 

1. I have excellent reflexes 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

2. I am not agile or graceful 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

3. I am rarely embarrassed by my voice 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

4. My physique is rather strong 
 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

5. Sometimes I don’t hold up well under stress 

  

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 



82 

6. I can’t run fast 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

7. I have physical defects that sometimes bother me 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

  

8. I don’t feel in control when I take tests involving physical dexterity 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

9. I am never intimidated by the thought of a sexual encounter 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

10. People think negative things about me because of my posture 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

11. I am not hesitant about disagreeing with people bigger than me 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

12. I have poor muscle tone 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 
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13. I take little pride in my ability in sports 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

14. Athletic people usually do not receive more attention than me 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

15. I am sometimes envious of those better looking than myself 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

16. Sometimes my laugh embarrasses me 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

17. I am not concerned with the impression my physique makes on others 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

18. Sometimes I feel uncomfortable shaking hands because my hands are 

clammy 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 
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19. My speed has helped me out of some tight spots 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

20. I find that I am not accident prone 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

21. I have a strong grip 

 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 

 

 

22. Because of my agility, I have been able to do things  

which many others could not do 
 

1  2  3  4  5  6 

         Strongly                Strongly 

         Agree                                      Disagree 
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Task-Specific Motivations 

 

Please circle the number of the scale that corresponds most closely with your feelings 

about the upcoming task. 

 

How confident are you that you will perform adequately on this task? 

0 1 2 3 4 5 6 7 8 9 10 

very low         very high 

 

How confident are you that you will perform well on this task? 

0 1 2 3 4 5 6 7 8 9 10 

very low         very high 

 

How do you rate your physical ability for this task? 

0 1 2 3 4 5 6 7 8 9 10 

very low         very high 

 

How motivated are you to perform well on this task? 

0 1 2 3 4 5 6 7 8 9 10 

very low         very high 
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COMMITMENT CHECK
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Thank you for participating in the exercise task.  Please answer the 

following questions as honestly as you can. 

 

1. How committed to the task were you while performing? 

 

1  2  3  4  5 
    Completely       Very highly  

    uncommitted     committed    

 

 

 

2. How well do you believe you have tolerated physical discomfort 

during the execution of the task? 

 

1  2  3  4  5 
Not very well          Very well 

 

 

3. How much effort did you put into the task? 

 

1  2  3  4  5 
Very little effort     A large amount  

of effort 
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HEALTH HISTORY 

(Long Form) 

 

Name:  
Age: 
Address:  
Sex: 
Telephone Nos. (daytime):   (evening): 
Current Weight:   Desired Weight: 
Personnel Physician: 
 
Physician’s Address: 
 
 
Directions: Please answer the following questions to the best of your knowledge about yourself. 
Check below Directions: Please answer the following questions to the best of your knowledge 
about yourself. Check below any medical condition, treatment or problems that concern you.  

I. HEART and CIRCULATORY 
A. _____ Heart Attack, Heart disease or any other heart related problems 
B. _____ Heart Valve Problems 
C. _____ Heart Murmur 

D. _____ Enlarged Heart 
E. _____ Irregular Heart Beat 
F. _____ Atherosclerosis 

G. _____ Stroke 
H. _____ High Blood Pressure (controlled) 
I. _____ High Blood Pressure (uncontrolled) 
J. _____ Rheumatic Fever 

K. _____ Cardiac Surgery 
L. _____ Coronary Bypass 
M. _____ High Triglyceride Level 

N. _____ High Cholesterol Level 
O. _____ Varicose Veins 
P. _____ Anemia 

Q. _____ Hemophilia 
R. _____ Diabetes (controlled) 
S. _____ Diabetes (uncontrolled) 
T. _____ Phlebitis, Emboli (blood clots) 

U. _____ Other, Specify  
 
II. RESPIRATORY 

A. _____ Emphysema 
B. _____ Bronchitis 
C. _____ Pneumonia 
D. _____ Asthma: _______ (childhood) _________ (currently) 

E. _____ Lung Disease 
F. _____ Other, Specify  
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III. OTHER DISEASE or ALIMENTS 
A. _____ Back Injuries/Back Pain 

B. _____ Epilepsy/Seizures (past or present) 
C. _____ Allergies 
D. _____ Liver Disease (Hepatitis, Jaundice) 
E. _____ Kidney Disease 

F. _____ Arthritis 
G. _____ Orthopedic Leg, Arm or Joint Problems 
H. _____ Neurologic Diseases 

I. _____ Migraine Headaches/Other Frequent Headaches 
Please explain any conditions you checked YES in I-III above: 
 

 
 
 
IV. HAVE YOU RECENTLY HAD: 

A. _____ Chest Pain 
B. _____ Shortness of Breath Upon Exertion 
C. _____ Heart Palpitations 

D. _____ Cough on Exertion 
E. _____ Cough Up Blood 
F. _____ Swollen, Stiff or Painful Joints 
G. _____ Dizziness 

H. _____ Lightheadedness 
I. _____ Fainting 
J. _____ Back Problems 

K. _____ Gastrointestinal Disturbances (nausea, vomiting, diarrhea, abdominal pains) 
Please explain any conditions you checked in IV above: 
 
 

 
 
 

V. FAMILY MEDICAL HISTORY (Immediate Relatives) 
A. _____ Heart Attack, Heart Disease or other heart related problems 
B. _____ Stroke 

C. _____ Atherosclerosis 
D. _____ High Blood Pressure 
E. _____ Diabetes 
F. _____ Lung Disease 

G. _____ Respiratory Problems 
H. _____ Heart Surgery or 
I. _____ Heart Related Surgery 

J. _____ Other, Specify: _________________________________________________  
 
VI. TOBACCO 
A. Do you currently smoke or use tobacco products? _____ Yes _____ No 

B. What type? _____ Cigarette 
_____ Pipe 
_____ Cigar 

_____ Chewing tobacco 
C. How long? _____ 
D. Amount smoked per day? __________ 
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E. If you do not currently smoke, have you ever? _____ Yes _____ No 
F. If YES, how long ago did you quit? __________ 

 
VII. EXERCISE 
A. Do you exercise? _____ Yes _____ No 
B. What kind of exercise do you presently engage in?  

 
 
 

 
 
C. Is your level of effort: minimal _____ moderate _____ high_____ 

D. How often do you exercise? __________ days per week 
E. How long do you exercise? __________ minutes per day 
Please list any prescription medications, vitamin/nutritional supplements, over-the-counter 
medications you are currently taking or have taken in the last 7 days (don’t forget to include birth 

control pills, headache/migraine medications, etc.): 
 
 

 
 
Please describe your present medical condition and anything we should be aware of concerning 
your health: 

 
 
 

Date of last physical examination? _______________________ Results: 
_____________________________ 
Date of last EKG _______________________ Results: 
____________________________________________ 
I certify that my responses to the foregoing questionnaire are true, accurate and complete: 
 
Signature:        
Date:  
 
Signature of Parent/Guardian:  

(required for participants under 18 years of age)
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Definition of Terms 

 

 Muscle aches refers to physical sensations of strain from your working muscles 

 Pain refers to unpleasant painful sensations from your working muscles 

 Fatigue refers to a high level of tiredness or exhaustion from physical work 

 Concentration refers to your focus on the task at hand and your ability to filter 

out other irrelevant stimuli 

 Determination refers to your drive to persist in the task 

 Mental toughness refers to your ability to psychologically cope with the 

demands of the task and your resilience to the adverse conditions of the task 

 Effort refers to your energy expenditure and the difficulty of the task for you 

(how hard you are trying) 

 Exertion is an overall measure of the amount of heaviness and strain experienced 

during the task 

 Task aversion refers to feelings of unpleasantness and discomfort and an 

unwillingness to want to continue with the task 

 Self-efficacy refers to your belief in your ability to meet the demands of this task 

 

 



95 

APPENDIX J 

PRETEST INSTRUCTIONS



96 

Pretest Instructions 

While engaged in the task we want you to rate your perception of a number of 

sensations on how heavy and strenuous the exercise feels to you.  Look at the rating 

scale; we want you to use this scale from 0 to 10, where 0 means “no exertion at all” and 

10 means “maximal exertion”. 

 

0 1 2 3 4 5 6 7 8 9 10 

  nothing         weak                 moderate         strong           extremely  

    strong 

 

 2 “weak” corresponds to very light exercise.  For a normal healthy person it is like 

walking slowly at his or her own pace for some minutes. 

 5 on the scale is “moderate” exercise, but still feels ok to continue 

 8 “strong” is very strenuous.  A healthy person can still go on, but he or she really 

has to push him or herself.  It feels very heavy and the person is very tired. 

 10 on the scale is an extremely strenuous exercise level.  For most people this is 

the most strenuous exercise they have ever experienced. 

Try to appraise your feelings of exertion as honestly as possible, without thinking what 

the actual physical load is.  Don’t underestimate it but don’t overestimate it either.  It is 

your own feeling of effort and exertion that it important, not how it compares to other 

peoples.  What other people think is not important either.  Look at the scale, and the 

expressions and then give a number.  Any questions? 
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 SCHOMER’S THOUGHT CLASSIFICATION SYSTEM 

Items 1, 2, 3, and 4 make up task-related (associative) mental strategy.  Items 5, 6, 7, 8, 9, 

and 10 make up task-unrelated (dissociative) mental strategy. 

 

1. Feelings and Affects  

Thoughts concentrating on general bodily sensations, like feelings of 

vitality or fatigue, without mention of specific body parts.  Example: “I 

feel bushed” 

2. Body Monitoring 

Thoughts of a here and now nature containing specific mention of 

anatomy, body parts, or body physiology like breathing rhythm or painful 

calf muscles.  Example: “Shoulders are stiff” 

3. Command and Instruction 

Thoughts reflecting emphatic self-regulatory instructions to specific body 

parts or instructions to whole body functioning related to the activity.  

Example: “Relax your shoulders” 

4. Pace Monitoring 

Verbalized feedback on current performance with respect to time, 

distance, speed or other available form of pacing.  Example: “About a 

minute to go” 

5. Environmental Feedback 

Thoughts of a here and now nature on the weather condition, temperature, 

light conditions, smell, and noise level.  Example: “Bit of cloud over there, 

not too hot” 

6. Reflective Activity Thoughts 

Thoughts on past and future issues related to running, like past 

experiences or training sessions, and future race preparation and planning.  

Example: “I remember I struggled up this hill” 
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7. Personal Problem Solving 

Thoughts revolving around issues of an intrapersonal and interpersonal 

nature, including reflective introspection, belief system evaluation and 

modification.  Example: “I wonder how my girl is?” 

8. Work, Career, and Management 

Thoughts spent on job, work, and career opportunities including thoughts 

centering on the execution, planning, and construction of work.  Example: 

“I’m supposed cut the lawn - rats” 

9. Course Information 

Thoughts of a descriptive nature about scenery and general whereabouts 

that are of no consequence to pace.  Example: “Those mountains are 

beautiful” 

10. Talk and Conversational Chatter 

Direct speech when in communication with other runners and thoughts 

expressing follow-up chatter to initial exchanges, as well as unintelligible 

extraneous chit-chat.  Example: “Hi (name) good to see you again” 
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ATTENTIONAL FOCUSING QUESTIONNAIRE 

 
Date          ID Number   

 

Please put an “x” in the space that indicates how much you would engage in 
each of the following activities during a maximal effort endurance run: 
 

1. Letting your mind wander (daydreaming) 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

2. Monitoring specific body sensations (e.g. leg tension, breathing rate) 

 
would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

3. Trying to solve problems in your life 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
4. Paying attention to your general level of fatigue 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

5. Focusing on how much you are suffering 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

6. Singing a song in your head 

 
would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

7. Focusing on staying loose and relaxed 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 
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8. Wishing the run would end 
 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

9. Thinking about school, work, social relationships, etc 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

10. Focusing on your performance goal 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

11. Wondering why you are even running in the first place 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
12. Making plans for the future (e.g. grocery list) 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

13. Getting frustrated at yourself over your performance 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

14. Writing a letter or a paper in your head 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

15. Paying attention to your form or technique 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
16. Reflecting on past experiences 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 
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17. Paying attention to your running rhythm 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
18. Thinking about how much you want to quit 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
19. Focusing on the outside environment (scenery) 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

20. Thinking about strategy or tactics 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

21. Counting (e.g. objects in the environment) 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
22. Monitoring your pace 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
23. Thinking about how much the rest of the run will hurt 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

24. Meditating (focusing on a mantra) 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

 

 
 



104 

 
25. Encouraging yourself to run fast 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
26. Trying to ignore all physical sensations 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
27. Concentrating on the run 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 

28. Wondering whether you will be able to finish the run 
 

would not            would do 

do at all   :___:___ :___ :___ :___ :___ :___ a lot 
 

29. Thinking about pleasant images 

 
would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
30. Monitoring the time of the run 

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 

 
31. Other  

 

would not            would do 
do at all   :___:___ :___ :___ :___ :___ :___ a lot 
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