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ABSTRACT 

 

 

 

 

A study was designed to explore a proposed conceptual scheme linking the concepts of 

perceived exertion, flow, and the attention strategies of association and dissociation. The purpose 

of the current study was to: 1) examine whether attention allocation would vary as a function of 

perceived effort, 2) examine if flow would vary as a function of attention allocation, and 3) 

examine if flow would vary as a function of perceived effort. Sixty high school and collegiate 

rowers were recruited to participant in the rowing ergometer task. Participants were divided into 

30 experienced (15 males and 15 females) and 30 novice rowers (15 males and 15 females) 

based on years of experience. 

After establishing a maximal power output, participants were asked to row at 30%, 50%, 

and 75% workload intensities for 10 minutes. At each minute, measures of heart rate, attention, 

and perceived exertion were taken. After completion of all sessions, participants completed the 

Flow State Scale-2 (FSS-2), commitment checks, and recorded their thoughts.  

Results demonstrated that: 1) as workload increased, perceived exertion and heart rates 

significantly increased, and attention significantly shifted from dissociation to association; 2) as 

workload increased, endorsement of the nine flow dimensions also changed. Merging of action 

and awareness, sense of control, and clear goals were felt more intensely during lower levels of 

perceived exertion and dissociation, while total concentration and challenge-skill balance were 

more highly endorsed during higher levels of perceived exertion and association. 3) Males and 

females did not differ in their use of attention as workload increased. In regards to flow, females 

reported higher global flow at the highest workloads, while males reported higher global flow at 

the 30% workload. 4) In regards to experience, novice and experienced rowers did not 

significantly differ in attention allocation or flow experience as workload increased.  

 Results lend support for the proposed conceptual model in that a relationship did exist 

between perceived exertion, attention allocation, and flow. Both attention allocation and 



 xiii 

 

endorsement of the nine flow dimensions shifted as workload and perceived exertion increased. 

Future research should further examine the conceptual model in different settings and activities.  
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CHAPTER 1:  INTRODUCTION 

 

 

 

 

 Many athletic outcomes have been attained as a result of the athlete’s ability to focus his 

or her attention on the stimuli at hand, and not become distracted by inconsequential stimuli. 

Concentration lapses, making simple skill errors, and a decrease in performance may often be 

attributed to poor attention skills during competition (Boutcher, 1992). Attention is a key factor 

in a wide variety of sports, from sprints or power-based sports, to ball sports and aerobic-

oriented sports (Nideffer, 1990). In endurance sports, such as long-distance running, swimming, 

and rowing, attentional factors have been reliably shown to separate elite athletes from the rest of 

the field (Morgan & Pollock, 1977). A prominent branch of research in attention has been 

concerned with the two broad categories of attentional focus; namely, association and 

dissociation. Association is briefly defined as turning focus inward and toward bodily sensations; 

as opposed to dissociation where focus is directed outward and away from how the body feels 

(Scott, Scott, Bedic, & Dowd, 1999). 

 The research on attentional strategies has incorporated the effect of perception of effort 

on performance. The concept of effort perception was proposed by Borg (1982), and has been 

used extensively in research with pain, physiological performance, and attention (McCaul & 

Malott, 1984; Russell & Weeks, 1994; Schomer, 1986). Rejeski (1985) paired the parallel-

processing model (Leventhal & Everhart, 1979) within the context of effort perception to present 

the information processing model. Tenenbaum (2001) has proposed a new model built upon the 

information processing theory that accounts for the relationship between direction of attention 

and level of effort perception. This model is used to further investigate the relationship between 

attentional styles and the concept of flow (Csikszentmihalyi, 1990) as mediated by effort 

perception.  

The purpose of this study is to examine the relationship among attentional focus, effort 

perception, and main tenets of the theory of flow. Although theories of the relationship between 
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perceived effort and attentional focus have been researched and modified, researchers have failed 

to examine how flow alters along with subsequent changes in the individual’s attention and 

perception of effort. A framework has been proposed, which integrates all the constructs into a 

unified conceptual scheme. A pilot study was carried out and elicited results that support the 

conceptual scheme that a relationship exists between the concepts of attentional focus, perceived 

effort, and flow.  

The current study is designed to allow for further investigation into the relationship and 

endeavors to expand the current body of research pertaining to psychological factors (i.e., 

attentional focus, flow) and their effects on perceived exertion. This study examines how an 

individual’s perceived effort affects his or her use of attention and experience of nine 

components, which constitute flow. 

To demonstrate the potential role of effort perception on attention and flow, the main 

concepts and findings on attentional focus, perceived exertion, and flow are reviewed, and their 

related sport and exercise research is outlined in the following chapter. Finally, working 

hypotheses are derived, which guide the methods to test them.  
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CHAPTER 2: REVIEW OF LITERATURE 

 

 

 

 

This review presents concepts and research findings on attention, effort perception, and 

the theory of flow. A conceptual framework, based on models proposed by Rejeski (1985) and 

Tenenbaum (2001), is presented that integrates these concepts. The results of a pilot study based 

on the conceptual framework are also presented. Finally, hypotheses are derived, which are 

based on the conceptual framework developed for this study.  

Attentional Focus   

  Morgan and Pollock’s (1977) landmark study with elite marathoners initiated research 

into the area of associative and dissociative attentional styles. “Elite” runners were chosen based 

on a certain time standard for the marathon. The researchers defined dissociation as focusing on 

the environment or daydreaming, while association involved focusing on how the body feels, 

staying relaxed, and focusing on form. Morgan and Pollock asked their participants to describe 

what they thought about during a training run and during a marathon race. Based on previous 

research, Morgan and Pollock hypothesized that the runners would employ a dissociative 

strategy during a marathon. They assumed that the marathon is an intense, stressing, and taxing 

race that requires the athlete to dissociate from his or her bodily sensations to complete the race. 

In contrast, the runners reported utilizing an associative focal strategy during races, and a 

dissociative strategy during training runs. The runners reported paying attention to how their 

bodies felt, their breathing, and staying relaxed during races.  

Running samples: Elite athletes. Since 1977, research into attentional styles has been 

plentiful, especially within the population of runners. The tendency to employ runners is partly 

due to the lack of skill training required by the sport, but also because it is an easy population to 

target due to the large number of participants. Research with elite runners has been conclusive 

and unanimous, demonstrating that elite athletes prefer to associate during races, and that 

association increases as intensity increases (Silva & Applebaum, 1989; Tammen, 1996). Silva 
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and Applebaum (1989) found that marathoners employed an attentional flexibility between 

association and dissociation, but that the top finishers still associated during the majority of the 

race. Tammen (1996) demonstrated that as pace increased, elite runners at the Olympic Training 

Center associated more, and also enjoyed the maximum pace while feeling more relaxed than 

during the lower intensity runs. Morgan (1978) concluded that elite athletes are able to associate 

more because of their experience and knowledge of how to effectively monitor their bodies. This 

conceptualization may help to explain the presence of conflicting findings with novice athletes 

and non-elite runners. 

Running samples: Non-elite athletes. Early studies explored profiles of runners, 

especially marathoners, with regard to their motivations to run races, and their thoughts during 

runs (Masters & Lambert, 1989; Morgan & Pollock, 1977; Ogles, Lynn, Masters, Hoefel, & 

Marsden, 1993-94; Summers, Sargent, Levey, & Murray, 1982; Ungerleider, Golding, Porter, & 

Foster, 1989; Wrisberg & Pein, 1990). Participants were asked about their cognitions and other 

demographic characteristics to draw correlations with performance and attentional styles 

employed. Overall, results demonstrated that athletes preferred to associate during races, and to 

dissociate during training runs. These athletes included novices, recreational runners, and 

masters (athletes over 40 years of age). Masters and Lambert (1989) reported that 93.7% of 

runners in their study with marathoners preferred the associative strategy. Findings also indicated 

that in a group of runners that included athletes who associated or dissociated during a race, the 

associaters ran faster (Masters & Lambert, 1989).  

Early studies typically isolated one of the two primary attentional strategies, and 

compared it to a control group to verify its effectiveness. For example, Morgan, Horstman, 

Cymerman, and Stokes (1983) compared a dissociative group to a control group to identify 

which strategy facilitated the endurance performance of running on a treadmill to fatigue at 80% 

of maximal aerobic capacity. Morgan et al. found that the two groups were similar in blood 

lactate and catecholamine levels, but participants in the dissociative group performed for a 

significantly longer time than those in the control group. They concluded that the “distraction of 

sensory discomfort enabled subjects in the dissociative group to tolerate a greater amount of 

discomfort for a longer time” (p. 251).  

Pennebaker and Lightner’s (1980) work with runners on treadmills and runners in the 

natural environment elicited similar results with respect to reports of fatigue and boredom. Those 
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on the treadmill reported more fatigue and effort when attending to their own breathing 

(association) as opposed to listening to external sounds (dissociation). Participants on a cross-

country course (dissociation) reported faster times than those asked to run around a track 

(association). These two studies (Morgan et al., 1983; Pennebaker & Lightner, 1980) 

demonstrate how perceptions of effort and fatigue are significantly different when association or 

dissociation takes place. Novices and non-elite runners are more likely to report fatigue and 

boredom when asked to associate, whereas reports of vigor and quick passage of time are 

typically elicited when asked to dissociate.  

Padgett and Hill (1989) found similar results to that of Morgan et al. (1983) and 

Pennebaker and Lightner (1980) in an investigation of college runners who used one of three 

dissociative strategies. The athletes were asked to focus on thoughts either unrelated to running 

(dissociation), the environment (external focus), or to listen to an essay (no imagery). The 

participants in the external focus condition ran significantly faster than those in the other two 

conditions; an indication that the external focus was “the best cognitive strategy for increasing 

endurance performance” (p. 338). Afterwards, the participants reported that time went by slower 

and they felt more fatigued in the associative condition. Associating is typically reported as more 

tiresome and boring, while dissociating usually causes time to go by faster and elicits more 

energetic responses.   

 These findings indicate that association is the attentional strategy of choice for 

performance gains in running, despite the presence of conflicting studies. Indeed, it is indicative 

that association is more effective than dissociation. A final but important study dealing with 

running performance among non-elite athletes was conducted by Stevinson and Biddle (1998), 

and assessed post-race reports of marathoners. They asked the runners to report their attentional 

strategies during the race, and then compared the results to occurrences of “hitting the wall” 

during the marathon among the runners. Morgan’s (1978) early work with elite marathoners 

demonstrated that association allows one to avoid “hitting the wall.” Stevinson and Biddle 

revealed conflicting results. Utilizing their model as a conceptual framework, Stevinson and 

Biddle (1998) classified the thoughts of the marathoners into the four categories of internal 

association, external association, internal dissociation, and external dissociation. They compared 

the thoughts to the finishing times and occurrences of “hitting the wall,” and found that most 

runners reported internal associative thoughts, while internal dissociative thoughts were reported 
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the least amount of time. Runners who employed internally dissociative thoughts also reported 

“hitting the wall” more than the other runners. However, runners who utilized a large amount of 

internal association reported an “earlier onset and longer duration of the wall” (p. 233). They 

concluded that paying too much attention to the body may magnify pain, which caused “the 

wall” to last longer. Finally, Stevinson and Biddle discussed how association could not prevent 

“hitting the wall” but that alternating internal association with external dissociation would create 

for a more enjoyable marathon with a better performance outcome.  

 Stevinson and Biddle also reported gender differences, in that significantly more men 

reported “hitting the wall” than women. They reported that there were no significant differences 

in cognitive orientations between the genders, but suggested that women may be able to pace 

themselves better, or that women may train more thoroughly than men. However, no data were 

presented to support either of these suggestions. 

In summary, research with non-elite runners has demonstrated that association is the 

attentional strategy of choice during races and for performance gains, while dissociation is 

utilized during training runs (Masters & Lambert, 1989). Padgett and Hill (1989) demonstrated 

that participants reported associative conditions as more tiresome and boring, while dissociative 

conditions were found to be less tiresome and time seemed to go by faster. Early research with 

non-elite runners corroborates work with non-running activities in that association induced more 

fatigue and effort than dissociation (Morgan et al., 1983; Pennebaker & Lightner, 1980). The 

current study will further examine these reports of time going faster or finding the condition 

tiresome or boring by implementing the flow dimensions into the research design and by further 

investigating the difference between novice and experienced athletes. Next, studies of attentional 

strategies conducted with non-running populations and with novel tasks are reviewed.  

Non-running populations and novel tasks. Clingman and Hilliard (1990) questioned 

which type of attentional focus was more effective among race walkers. The researchers had 

previously concluded that an associative strategy was more effective for elite athletes than a 

dissociative strategy, based on the research of Gill and Strom (1985), Spink (1988), and 

Pennebaker and Lightner (1980). However, they were interested in the effectiveness of two 

different associative strategies; one that focused on cadence or number of steps taken in a certain 

time period, versus one that focused on stride length, both of which were compared to a general 

dissociative strategy. Clingman and Hilliard (1990) found no significant differences in 
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performance time between the overall associative and dissociative conditions, but the associative 

condition of cadence yielded significantly faster times than the other two conditions. This finding 

suggests that a general associative strategy may not be as effective for maintaining endurance in 

a novel task when compared to one that targets a specific aspect of performance. 

Scott et al. (1999) tested focal strategy in novice rowers over a ten-week period. After 

each athlete rowed a baseline distance on the ergometer for 40 minutes, they were prescribed one 

of three focal strategies. In the associative condition, athletes were asked to listen to a tape of a 

coxswain telling them to focus on breathing, form, and sensations in their muscles. Scott et al. 

divided the rest of the participants into two dissociative conditions, one where the rowers 

listened to music and another group that watched a video. Each rower completed a 40-minute 

ergometer session for 10 weeks. The results indicated that the rowers improved in all conditions, 

which would be expected due to their novice status.  However, the greatest gains in performance 

were found in the associative condition. Furthermore, the coach was asked to evaluate overall 

improvement in technique, and commented that the rowers in the associative condition exhibited 

greater improvement than the athletes in the dissociative conditions. Therefore, the athletes in the 

associative condition displayed “superior endurance performance” (p. 65) and an increase in skill 

acquisition.  

Connolly and Janelle (2003) also found similar results among male and female collegiate 

Division I rowers. In their first study, they asked female rowers to erg at an aerobic pace for 20 

minutes in both a dissociative session of observing collages and answering questions about them, 

and an associative condition of concentrating on breathing, technique, and bodily sensations. 

Results indicated that the athletes rowed significantly more meters in the associative condition 

when compared to the dissociative condition. In their second study, Connolly and Janelle 

examined the influence of the dimensions of the Stevinson and Biddle (1999) model on male and 

female ergometer performance. Rowers were asked to row a baseline performance of 2000m at 

anaerobic pressure, defined as maintaining a heart range between 160 and 180 beats per minute. 

Then, they completed four more sessions of 2000m utilizing an attentional strategy 

representative of each dimension. It was revealed that the athletes performed significantly faster 

in the associative dimensions when compared to the dissociative dimensions. No significant 

differences were found between any of the four dimensions of the Stevinson and Biddle model or 

between the genders.  
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Generally, research with novel tasks and non-running populations examined which 

attentional strategy was more effective for performance. Clingman and Hilliard (1990) found that 

a specific associative strategy of focusing on cadence caused significantly better performance 

versus a general dissociative strategy and specific associative strategy of focusing on number of 

steps taken in race walkers. Scott et al. (1999) and Connolly and Janelle (2003) supported prior 

research that rowers, novice and experienced, performed better when utilizing associative 

attentional strategies than dissociative attentional strategies. The current study will further 

elucidate the relationship between performance, attentional strategy use, effort perception, and 

the athlete’s level as either novice or experienced in the population of rowers. Next, the 

relationship between attention and effort perception is examined in more detail.  

Perceived Effort and Attention 

 The ability to monitor how an individual feels physiologically and psychologically is an 

important skill that can also affect the performance and feelings toward that performance. Noble 

and Robertson (1996) defined perceived exertion as a subjective experience of effort, strain, 

discomfort, and fatigue during exercise. This definition was influenced by the work of Borg 

during the 1960’s, and his creation of the Ratings of Perceived Exertion (RPE; 1982) scale. The 

RPE was developed to measure an individual’s choice to maintain or stop physical exertion, 

based on his or her subjective feelings toward the situation. Borg designed a 15-category scale 

and a 10-item category-ratio scale to assess an individual’s perception of effort. Numerous 

studies have utilized the instrument in exercise, non-exercise, and athletic settings. However, 

only those closely related to the current interests are presented. 

 Schomer (1986) asked a marathon sample, which consisted of novice, average, and elite 

runners, to describe their thoughts during runs by way of cassette recorders, and to report their 

levels of perceived exertion. Not surprisingly, he found that runners employing association 

strategies were more likely to report higher ratings of perceived exertion among all three classes 

of runners. Schomer also manipulated the training protocol during the study to make training 

more intense. He found that an increase in training intensity caused the runners to report more 

associative thoughts and focus more specifically on body monitoring, technique, and pace. 

Because this pattern occurred across the three groups of runners, Schomer concluded that all 

runners are capable of associating, and that this attentional strategy is not dependent on the 

amount of experience or status of running. This postulation refuted Morgan’s (1978) suggestion 
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that only elite runners were able to associate, while novices were only capable of dissociating 

because they lacked experience and physical fitness. These results also supported the findings of 

Pennebaker and Lightner (1980) in that association elicited greater perceptions of fatigue and 

boredom than dissociation. Fillingim and Fine’s (1986) joggers also reported less negative 

symptoms in the dissociative condition than in the associative condition or control group. 

 Although association resulted in higher RPE reports than dissociation, conflicting results 

were demonstrated. Russell and Weeks (1994) studied cyclists performing under three attention 

conditions: association, dissociation, and control. They found no significant effect of attentional 

style on RPE. Hatfield, Spalding, Mahon, Slater, Brody, and Vaccaro (1992) asked male athletes 

to employ an attentional strategy while running on a treadmill. Findings revealed that RPE scores 

in the attentional conditions were significantly lower than the control group. However, scores of 

effort perception were not significantly different between the associative and dissociative 

conditions. Connolly and Janelle (2003) also found no significant differences in male and female 

rowers in their report of RPE scores between associative and dissociative ergometer sessions.  

 One may notice that the findings regarding the relationship between attentional focus and 

perception of effort are mixed and conflicting. Part of this conflict may arise from 

methodological issues in the past research. The differences in measurement and manipulations of 

association and dissociation strategies may have resulted in conflicting results. While some 

studies have used qualitative methods of interviews and verbal reports (Morgan & Pollock, 1977; 

Schomer, 1986), others have attempted to create introspective measures such as the Attentional 

Focusing Questionnaire (AFQ; Brewer, Van Raalte, & Linder, 1996) or the Running Styles 

Questionnaire (RSQ; Silva & Applebaum, 1989). In addition to the inconsistencies in measuring 

attentional focus, measurement of effort perception is also difficult due to the internal and 

perceived nature of effort. One cannot observe and quantify another’s perception of effort, even 

with measures of heart rate. Masters and Ogles (1998) posited that the measurement issues of 

association and dissociation are important, and that sound inquiries should employ multiple 

methods of assessment in their studies.  

 Rejeski’s (1985) theory of information processing offers a solution to amending the 

inconsistencies regarding the relationship between effort perception and attentional focus. 

Rejeski adapted Leventhal and Everhart’s (1979) parallel processing model for pain to the 

concept of perception of effort. The parallel processing model posits that information of a 
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sensory and emotional nature is processed pre-consciously in parallel. However, during 

conscious processing, only a limited amount of information can be processed because it is 

impossible to focus attention on all sources of stimuli.  

From this model, Rejeski (1985) proposed that the use of dissociative attentional 

strategies provide relief from fatigue because they occupy the limited amount of awareness that 

is available to the individual. Rejeski further posited that the intensity or strength of the exercise 

stimulus would impact mental and physical factors that would ultimately affect the self-report of 

exertion. In other words, at levels of low exercise intensity, individuals employ dissociative 

strategies. However, during exercise of high intensity, attention becomes predominantly focused 

on bodily sensations, i.e., association. Tammen’s (1996) work with elite runners supports this 

conclusion. During the sub-maximal runs, the runners reported being aware of the researchers 

and other stimuli in the environment. However, when asked to run at a maximum intensity, the 

runners associated and commented that they were forced to focus only on one or two sensations 

(e.g., form, breathing, muscles).   

 Tenenbaum (2001) has proposed a new model that builds upon Rejeski’s (1985) 

information processing model. In his model (see Figure 1), Tenenbaum posits that during 

conditions of low effort, attention can be easily and voluntarily shifted from internal to external, 

and from wide to narrow widths. However, when effort levels become high or maximal, attention 

cannot be voluntarily shifted or controlled but is forced to remain internal and narrow. Due to 

these constraints, dissociative strategies no longer become effective during exercise of high 

intensity and long duration.  

Tenenbaum (2002) posits that elite runners report utilizing associative strategies because 

their effort and intensity are high during competition, while recreational athletes do not exercise 

at a high effort or intensity, and are thus able to switch back and forth more easily between 

associative and dissociative strategies. According to Borg’s (1982) scale, low intensity exercise 

is defined as an RPE < 4 on the 0-10 scale, or < 12 on the 6-20 scale, while high intensity 

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

exercise correlates with values between 4 and 7 on the 0-10 scale, and 12 to 16 on the 6-20 scale.  

Tenenbaum’s (2001) model also includes levels of subjective reporting of sensory 

experiences during a physical activity that are correlated with physiological processes that lead 

to fatigue. These levels were based on an early model (Kinsman & Weiser, 1976; Pandolf, 1983; 
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Weiser & Stamper, 1977) that posited a relationship between the subjective perceptions and 

objective physical symptoms. The four levels are: (a) discrete, which is associated with sweating, 

panting, heart pounding, leg aches and cramps, tiredness, vigorous mood and determination, (b) 

subordinate, which is linked with leg, cardiopulmonary, and general fatigue, (c) ordinate, which 

is associated with task aversion and motivation to adhere to the task, and (d) super-ordinate, 

which is linked with extreme fatigue and/or physical exhaustion. During this last stage, the 

individual only feels general exhaustion and cannot distinguish between specific bodily 

sensations (Tenenbaum, 2001). 

 

 

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. 

 

Noble and Robertson (1996) revised the Kinsman-Weiser model by reordering the 

sequence of sensory processing during exercise. They revised the ordinate level of task aversion 

and motivation into a single classification of perceptual-cognitive reference filter because they 

found that the two concepts “contribute to perceptual responsiveness at a point more 

fundamental than the ordinate level, necessitating a revision” (p.100). The filter incorporates a 

wide range of cognitive and psychological processes that are not directly related to physiological 

symptoms during the exercise. These processes do allow for individual differences in reports of 
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perception, and include trait and situational factors, such as personality dispositions and 

attentional focus, as well as external factors such as athletic ability. The components of the filter 

can increase or decrease the strength of the perception of exertion. 

 The relationship between attentional style and perceived effort is mediated by the relative 

level of physical load and the performer’s characteristics (i.e., level of fitness and familiarity 

with the task). The use of association and dissociation is affected by the intensity of the exercise 

and the performer’s characteristics. Research has demonstrated that as intensity of exercise 

increases, the individual’s attention narrows into an internal focus, i.e. association (Tammen, 

1996). Thus, characteristics of the individual, the intensity of the exercise, and the attentional 

strategy employed affect the individual’s performance and perceived effort. The current study 

will utilize Tenenbaum’s (2001) model by varying the intensities of effort for experienced and 

novice rowers to verify the change in attentional focus as intensity increases. 

 The individual’s perceptions of performance are also linked to Csikszentmihalyi’s (1990) 

concept of flow. Flow is a state of pleasantness where the individual feels in control, focused, 

and a balance between one’s abilities and the task’s demands. Based upon this definition, flow 

state requires attentional resources from the individual. The performer’s focus of attention and 

ability to enter into a state of flow affects his or her performance and perceptions towards the 

performance. Although the use of attentional coping strategies and flow state both occupy 

aspects of the individual’s attentional capacity, researchers have yet to unify these two concepts, 

or explore a relationship between them in their studies. Similarly, research has yet to examine the 

effect of physical load and exercise durations on the flow state, attention strategies, and 

perceived effort simultaneously. Although flow has been studied in a variety of areas (i.e., 

classrooms, work environments, spirituality), the topic needs to be further expanded in the sport 

and exercise literature. Since research has failed to link flow, perceived exertion, and attentional 

strategies in an integrative way, the next section presents research on the flow state as a separate 

construct from perceived exertion and attentional styles. An attempt to integrate these concepts 

follows the theoretical view on flow.   

Flow 

 When asked about their state of mind in the midst of practice or competition, most 

athletes describe an experience of total absorption, clear focus, and having fun. Csikszentmihalyi 

(1990) describes this experience as a “flow” experience. He has developed a theory that consists 
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of nine dimensions of flow and establishes a relationship between the individual’s perception of 

his or her performance and flow state. The ability to enter the flow state requires attentional 

resources of the individual, and is affected by the environment and the nature of the task or 

performance. The interplay of the attention, environment, and task affect both the individual’s 

perception of performance and the actual performance. The theory of flow has been recently 

applied and studied in the sport environment (Jackson, 1995; 1996) to determine if and how 

athletes are experiencing flow. The theory and research with athletes is presented in this section.  

The Theory of Flow 

 Csikszentmihalyi (1990; 1997) elaborated on the differences in subjective experiences of 

individuals and the way these differences are related to a variety of psychological phenomena 

such as happiness and performance. Csikszentmihalyi (1990) noticed that individuals 

experienced optimal functioning when in a state of “flow,” or total absorption in the task. He 

argued that the likelihood of an individual experiencing flow depends on the relationship 

between the abilities of the person and the complexity level of the task. For example, if a person 

perceives that the task is more difficult than his or her abilities, the individual experiences 

anxiety. If the person perceives his or her skills to be greater than the difficulties of the task, then 

the person most likely endures boredom. If both challenges and skills are perceived to be low, 

then the individual most probably experiences apathy or indifference. Flow occurs if the 

individual perceives a balance between the task and his or her skill level. It is noteworthy to 

point out that the individual’s perceptions of his or her skill level and the task demands are vital 

in determining if flow occurs. Csikszentmihalyi (1990) believed that “it is not easy to transform 

ordinary experience into flow, but almost everyone can improve his or her ability to do so” 

(p.83).  

 Based on his work with various cultures, age groups, gender, and economic status, 

Csikszentmihalyi (1990) found basic characteristics common to each group’s perceptions of 

enjoyment or flow. These characteristics were formulated into nine dimension, which include the 

following: (a) balance between challenges and skills, (b) merging of awareness and action, (c) 

clear goals, (d) unambiguous feedback, (e) concentration on the task at hand, (f) sense of control, 

(g) loss of self-consciousness, (h) transformation of time, and (i) autotelic experience. Research 

supporting these nine dimensions in sport and exercise domains has been performed by Jackson 
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and colleagues (Jackson, 1992; Jackson, 1995; Jackson & Marsh, 1996) and is discussed in the 

next section.  

Research on Flow in Sport 

Jackson (1992) conducted a qualitative investigation into flow experiences, interviewing 

sixteen elite figure skaters, both pair partners and singles. All participants had achieved the 

distinction of the United States National Champion. Jackson chose the sport of figure skating 

because she posited that “the nature of the sport, involving a blend of performing and 

competitive aspects, creativity, flowing movements, and continuity of movement, makes it an 

activity where flow may be expected to readily occur” (p. 165). The interviewer asked the 

participants to describe their “optimal experience” in skating, which was satisfying and would be 

remembered throughout their lives. Next, the interviewer asked about the challenges and skills of 

the performance, the quality of the experience, and then the participant’s familiarity with flow 

and the frequency he or she experienced flow.  

 Jackson found similarities between the figure skaters’ descriptions of flow and 

Csikszentmihalyi’s (1990) dimensions of flow, especially the characteristics of total focus, 

enjoyment, and perceived control. The flow dimension of loss of self-consciousness was not 

supported by a majority of the skaters. Jackson (1992) also asked what factors were perceived to 

be the most important for the athlete to “get into flow.” The following five dimensions emerged: 

(a) positive mental attitude, which included confidence and high motivation, (b) positive pre-

competitive and competitive affect, which included controlling anxiety and enjoyment, (c) 

maintaining appropriate focus, which included staying in the present and concentrating on the 

performance, (d) physical readiness, which included the necessary training needed to compete 

and having good practice sessions before competition, and (e) partner unity (for pair skaters), 

which included cohesion and both partners being in the moment. Although the participants were 

divided on how well they thought they could control flow, they did agree on factors that 

prevented or disrupted flow. These included (a) physical problems or mistakes, (b) inability to 

maintain focus, (c) negative mental attitude, and (d) lack of audience response. Jackson 

concluded that, “through the psychological state of flow…positive sport performances and 

experiences can be attained” (p. 178).  

Moving beyond describing characteristics of flow into analyzing salient factors of flow, 

Jackson (1995) performed qualitative interviews with 28 Australian and New Zealand elite 
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athletes from the sports of track and field, rowing, swimming, cycling, triathlons, rugby, and 

field hockey. The participants were composed of athletes that had achieved at least a top 10 

placement in international competition and included World and Olympic medalists. The athletes 

were asked about what disrupts, prevents, and assists flow. Jackson found that factors that 

assisted flow included (a) motivation to perform, (b) achieving optimal arousal level, (c) physical 

readiness, (d) feeling good during the performance, (e) focus, (f) confidence, and a (g) positive 

attitude. Athletes felt that (a) lack of motivation, (b) not being aroused, (c) poor performance, (d) 

poor physical preparation, (e) lack of appropriate focus, (f) environmental problems, (g) lack of 

confidence, and (h) negative attitude prevented flow from occurring. Finally, poor focus, 

performance errors or problems, self-doubts or self-pressure, and problems with the environment 

and physical readiness contributed to disrupting flow. Jackson found that most of the 

characteristics for flow to occur were controllable, while characteristics outside of the athlete’s 

control could prevent or disrupt flow.   

 Jackson also asked about the athletes’ perceived ability to control flow. She found that 

79% of the athletes perceived flow as controllable. These athletes believed that the individual 

had to take responsibility for allowing flow to occur. Athletes, who believed that flow could not 

be controlled, thought flow was out of their control and occurred on special days when 

everything was working right and felt good.  

Jackson (1996) also examined how flow was experienced by the same sample of elite 

athletes. Similar to her early research (Jackson, 1992) with elite figure skaters, Jackson (1996) 

found agreement between Csikszentmihalyi’s (1990) dimensions of flow and the athlete’s 

responses. Out of 295 raw data themes from the interviews, 97% were classified into one of the 

nine dimensions. The dimension of autotelic experience was the most reported by the athletes. 

Their descriptors included that competing was enjoyable and intrinsically rewarding. Also, 

merging of action and awareness, concentration on the task at hand, and paradox of control were 

also reported in over 80% of the athlete’s interviews. Again, the dimensions of loss of self-

consciousness and time-transformation were not as endorsed by the athletes. Jackson was not 

sure if the time-transformation dimension was dependent on the type of activity (i.e., swimmers 

were very aware of time and pace). However, she concluded that overall the results from the 

qualitative investigation did support Csikszentmihalyi’s (1990) proposed dimensions of flow.  
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Research with elite athletes revealed that a relationship existed between 

Csikszentmihalyi’s (1990) proposed dimensions of flow, and the athletes’ perceptions of the 

flow experience. Jackson (1992, 1996) found that elite athletes in a variety of sport settings 

reported the prevalence of flow characteristics during their flow experiences, especially the 

characteristics of autotelic experience, paradox of control, and total focus or concentration. The 

dimensions of time-transformation and loss of self-consciousness were not as endorsed by the 

athletes. Jackson (1995, 1996) also found that elite athletes disagreed about the perceived ability 

to control flow, but most athletes did believe that they were able to control the flow experience. 

Although flow has been examined in sport, further research is needed in other sport 

contexts (practice vs. competition), enlarging the sport contexts, and enlarging the research 

populations (i.e., novice to elite level, youth to the elderly), and examining the influence of 

culture on flow. Sparkes and Partington (2003) claimed that present research has focused 

primarily on the what of flow (i.e., characteristics, measurement), but more research needs to 

expand into the how of flow (i.e., how flow is constructed or how it occurs). Finally, research 

needs to continue to elucidate relationships between flow and psychological concepts that are 

relevant in sport psychology, such as attentional strategies and perceived exertion. The current 

study will serve this purpose by investigating a proposed conceptual model that incorporates 

perceived exertion, attentional strategies, and flow.  

 A Unified Concept of Attention and Flow Mediated by Physical Exertion 

Research has currently failed to link the concepts of attentional strategies, flow, and 

physical effort. Flow and attentional strategies have fallen into separate areas of research 

interests. However, both flow and attention strategies are affected by task characteristics such as 

physical load and venue, and in turn these affect performance. Flow and the use of association 

and dissociation attentional strategies are mediated by the intensity and the duration of the task. 

Figure 2 portrays a conceptual scheme depicting a relationship between the three concepts as 

mediated by intensity level and the individual’s characteristics.  

In this scheme, attentional style is composed of association (i.e., focusing internally) and 

dissociation (i.e., focusing externally). Flow is comprised of dimensions that are consciously 

controlled or under the control of the individual (i.e., clear goals, concentration on the task at 

hand, loss of self-consciousness, autotelic experience, and sense of control), or dimensions that 

are unconscious or not necessarily under the control of the individual (i.e., balance between 
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challenges and skills, merging of awareness and action, unambiguous feedback, and 

transformation of time). The flow dimensions and the use of association and dissociation are 

interchangeable. Thus, a person associating or dissociating may experience different flow state 

dimensions. However, it is not a guarantee that he or she will experience a flow state, while 

associating or dissociating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A scheme depicting the linkage between attentional styles and flow experiences, 

mediated by relative physical effort and the performer’s personal characteristics.  

 

Flow and attentional style are also mediated by the level of physical effort (i.e., intensity 

and duration) required by the task and the performer’s fitness level and gender. The interplay 

between the performer’s characteristics and the level of physical effort and the use of attentional 

style and dimensions of flow affect the individual’s perception of effort and performance. Thus, 

perceived exertion and performance are determined by the complex relationship between gender, 

fitness level, attentional style, flow, and physical effort. Though not directly examined, a few 

studies offer scientific evidence for this postulation. 
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Tammen’s (1996) work with elite runners indicates that a change in physical effort 

intensity affects the individual’s utilization of attentional style, and the ability to experience 

different dimensions of the flow state. The participants in Tammen’s study ran sub-maximal and 

maximal runs. During the sub-maximal sessions, the runners reported focusing internally and 

externally, but also felt uncomfortable due to the unnatural pace and setting. When running at 

high intensities, the runners reported feeling pleasant because their attention was focused 

internally, and they were able to focus on only one or two features in this state. Although 

Tammen did not measure the athlete’s flow experience, it could be inferred that at high intensity, 

the runners were able to experience the flow dimensions of balance between their abilities and 

the demands of the pace, merging of action and awareness, clear goals, sense of control, 

concentration on the task at hand, and loss of self-consciousness.  

Scientific evidence has also demonstrated that novices and non-elite athletes report vigor 

and a quick passage of time when dissociating, and feelings of boredom and fatigue when 

associating (Pennebaker & Lightner, 1980). In their study, participants were asked to perform 

under both conditions of association and dissociation. The report of a quick passage of time and 

more vigor when in the dissociation state is related to the flow dimension of transformation of 

time, where the individual either feels that time is speeding up or slowing down. 

 Padgett and Hill (1989) also concurred with these results; their participants reported that 

time went by slower, and they felt more fatigued when associating than when dissociating. In 

regards to the flow state, the dimensions of transformation of time and the balance between the 

challenges of the activity and the skills of the individual may have been employed. Gill and 

Strom (1985) supported these results asking participants to perform leg extensions while 

associating or dissociating. Performance in the dissociation condition was significantly 

improved, and participants reported preferring to dissociate over association. Participants also 

reported that the dissociative coping strategy was easier to use. The use of dissociation may have 

assisted these individuals in achieving a balance between the demands of the leg repetitions and 

their own abilities, and allowed them to concentrate on the task at hand. Finally, Connolly and 

Janelle’s (2003) results supported the deduction that dissociation is less tiresome, boring, and 

elicit a quicker passage of time than association during rowing ergometer sessions. 

 Summers, Sargent, Levey, and Murray (1982) asked non-elite runners about their mental 

state, including which cognitive strategies were employed and the presence of the “runner’s 
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high” (p.964) or highly pleasurable experience during a run. They found that although most 

runners (69%) dissociated during training runs, only 6% of the same sample dissociated during 

the marathon, while 37% associated. The rest of the runners employed both strategies. This result 

is similar to Silva and Applebaum’s (1989) finding that marathon runners displayed attentional 

flexibility during the race by switching between association and dissociation. Summers et al.’s 

(1982) runners also reported experiencing a “runner’s high” during their training runs (48%), 

which they described as feeling “extreme pleasure, confidence,” “body moves easily,” and a 

“detached a dreaming state of mind” (p. 967). The description of the runner’s high shares some 

similarities with flow, especially regarding pleasure and confidence, while the latter descriptor of 

a detached mind state seems to be referring to a dissociative attentional strategy. Only 24% of 

the runners reported experiencing a runner’s high during the actual marathon race. The 

researchers were not sure if the lack of a runner’s high (i.e., flow) was due to the hot 

temperatures of the day. Based on these results, we may conclude that runners dissociating 

during training runs, which are usually performed at lower physical intensity than races, are more 

likely to experience a runner’s high or flow than runners associating during a race.  

These studies indicate that the use of association and dissociation may elicit different 

dimensions of the flow state for individuals engaged in physical activity. Findings revealed that 

dissociation may elicit the dimensions of transformation of time and balance between challenges 

and skills for the non-elite athlete (Connolly & Janelle, 2003; Gill & Strom, 1985; Padgett & 

Hill, 1989, Pennebaker & Lightner, 1980). Elite athletes were found to prefer more intense 

sessions that allowed for the flow dimensions of merging of action and awareness, clear goals, 

sense of control, and total concentration on the task at hand (Tammen, 1996). Thus, it would 

seem that the nine dimensions of flow (Csikszentmihalyi, 1990) may be differentiated by the 

individual’s use of associative and dissociative strategies. Athletes dissociating may achieve 

different dimensions of flow when compared to athletes that associate. Also, the level of 

intensity that affects the individual’s ability to associate or dissociate may determine which or 

how the dimensions of flow are experienced (Summers et al., 1982). However, it should be noted 

that studies have failed to measure the concept of flow in regards to association and dissociation 

and perceived exertion, and this must be further studied. A pilot study was performed to examine 

this relationship and offer preliminary results regarding the conceptual model.  

 



 20 

 

Pilot Study  

 The purpose of the pilot study we conducted was to examine the relationship between 

flow and attentional strategies as mediated by perceived effort. Participants were asked to hold a 

hand grip device until they reported perceived exertion levels on the RPE 10-point scale (Borg, 

1998) of 3, 5, 7, and maximal. During the task, participants reported their use of attention on a 

continuum from dissociation (0) to association (10). After each perceived exertion level was 

achieved, the participants completed the Flow State Scale-2 (FSS-2; Jackson & Eklund, 2004). 

Manipulation checks were completed at the end of protocol to ascertain commitment, effort 

investment, and ability to withstand discomfort.  

Results demonstrated that participants’ attention shifted from dissociation to association 

as perceived effort increased monotonically across the four levels of RPE. When examining the 

change in flow dimension scores as RPE increased, a significant relationship emerged. The 

dimensions of merging of action-awareness, sense of control, and loss of self-consciousness were 

less salient as RPE increased. Total concentration and time transformation increased as RPE 

level increased. Finally, challenge-skill balance, clear goals, unambiguous feedback, and 

autotelic experience remained unchanged as perceived exertion increased. Irregardless of level of 

RPE, the flow dimensions of balance between challenge and skills, clear goals, unambiguous 

feedback, sense of control, and loss of self-consciousness were felt more extensively than the 

dimensions of time transformation, autotelic experience, total concentration, and merging of 

action and awareness. 

A gender effect in the use of flow also emerged in that female participants reported an 

overall higher mean of flow at each of the RPE levels than males except at maximal RPE. An 

interesting pattern between males and females was also revealed by the global flow score. Global 

flow score is the summation of all nine flow dimensions. Female participants demonstrated a 

higher global flow score across all four RPE levels than males. However, the female scores 

decreased as effort increased, while the male global flow scores increased as effort increased. 

Thus, females were in a higher flow state at the lower levels of RPE and “less in flow” as RPE 

increased to the maximal level. In contrast, males felt less in flow at the lower levels of RPE, and 

became “more in flow” at the higher levels of RPE. This relationship demonstrates that the 

global flow experience in males and females may be different while dissociating but become 

more similar while associating. 
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The pilot study lent support for Tenenbaum’s (2001) model that posits that as effort 

levels become high or maximal, attention is no longer voluntarily shifting between dissociation 

and association, but is forced to remain internal and narrow (i.e., associative). The results may 

also add another dimension to Tenenbaum’s model by revealing that as attention is forced to 

narrow and shift internally as perceived exertion increases, so too, the flow experience shifts 

towards a similar point for both males and females in regards to their global flow scores. 

The results also supported the conceptual scheme of a relationship among the variables of 

attentional strategies, perceived exertion, and flow. As perceived exertion increased, attention 

shifted from dissociation to association, and the endorsement of the nine flow dimensions was 

also altered. A gender effect was demonstrated in that females exhibited a higher global flow 

score than males at the lower level of perceived exertion (i.e., when dissociating). However, both 

groups demonstrated similar global flow scores at the maximal RPE level when associating.  

Significance of the Current Study  

 The current study has been designed to allow for further investigation into the 

relationship among attentional focus, flow, and perceived exertion. It endeavors to expand the 

current body of research pertaining to psychological factors (i.e., attentional focus, flow) and 

their effects on perceived exertion. While research in the field of attentional focus has been 

plentiful since 1977, many questions still remain to be answered. Some studies (Morgan, 1978) 

have proposed that the level of an individual’s experience may determine which attentional 

strategy he or she prescribes to, while others (Tenenbaum, 2001) have proposed that the intensity 

of the exercise plays a major role in determining the use of association or dissociation.  

 Similarly, research in the area of flow and athletics is still in its foundling years. While 

researchers (Jackson, 1996; Jackson & Marsh, 1996) have examined the flow experience of elite 

and non-elite athletes, questions regarding flow’s relationship to other psychological constructs 

have not been well researched. Also, the effect of intensity effort or duration of perceived 

exertion has not been examined in the context of flow.  

 A conceptual scheme (Figure 2) has been developed to postulate a relationship between 

flow and attentional strategy as mediated by perceived effort. This scheme proposes a 

relationship that has not been investigated in the literature. The examination of this relationship 

may also further current research in the separate domains of attentional focus, flow, and 

perceived exertion by demonstrating a link among the concepts.  
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The Purpose of the Current Study 

The purpose of the current study is to explore this new conceptual scheme, and examine: 

(1) whether attentional allocation varies as a function of perceived effort, (2) whether flow state 

varies as a function of attentional allocation, and (3) whether flow state varies as a function of 

perceived exertion. 

Hypotheses 

1. Participants would record scores of dissociation during the lower levels of effort 

perception. During the high levels of effort perception, participants would record scores 

of association.  

2. During lower levels of effort perception (i.e., dissociation), participants would score 

higher on the flow state dimensions of merging of action-awareness and sense of control. 

During higher levels of effort perception (i.e., association), participants would score 

higher on the flow state dimensions of total concentration and time transformation.  

3. Males and females would show similar attention allocation during easy and hard physical 

effort.  

4. A gender difference would emerge in the profile of flow as effort perception increased. 

Females would report higher global flow scores during low levels of effort perception, 

while males would report higher global flow scores during high levels of effort 

perception. 

5. Novice and experienced participants would demonstrate similar attention allocation and 

flow experiences during easy and hard physical effort.  
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CHAPTER 3:  METHOD 

 

 

 

 

Participants 

 Sixty participants (30 females and 30 males) were recruited to participate in the rowing 

ergometer task. Participants were recruited from local high school club crew teams (age range 

14-18 years) and a southeastern university Division I rowing team (age range 18-25 years). 

Fifteen experienced male (mean age = 19.7 yrs, SD = 2.1 yrs), 15 experienced female (mean age 

= 19.1 yrs, SD = 1.7 yrs), 15 novice male (mean age = 16.1 yrs, SD = 2.4 yrs), and 15 novice 

female (mean age = 16.5 yrs, SD = 2.3 yrs) rowers completed the study. Novice rowers were 

defined as participants who had less than one year of rowing experience, while experienced 

rowers were defined as participants who had at least three years of rowing experience. Average 

years of experience for male and female experienced rowers were 5.73 years (SD = 1.91 yrs) and 

5.13 years (SD = 1.68 yrs), respectively, while average years of experience for male and female 

novice rowers were .39 years (i.e., 4.7 months, SD = .05 months) and .4 years (i.e., 5 months, SD 

= 0 months). Rowers train two-three hours five to six days a week. Training is divided into water 

training (i.e., rowing in boats) and land training (i.e., rowing on ergometers, weightlifting, 

running).  

The Human Subjects Committee of the Florida State University Institutional Review 

Board approved the study (Appendix A). Since some participants were minors, parental consent 

and assent were required from both the parents and participants. Participants possessed no known 

physical or psychological disabilities that interfered with performing the task.  

Instrumentation 

 Informed consent and assent forms (Appendices B and C). Informed consent was 

obtained from each minor participant’s parent or guardian, while assent was obtained from each 

minor participant prior to obtaining any data. Participants that were 18 years of age or older 

completed the informed consent form prior to participation. The informed consent and assent 
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forms detailed what was asked of the participants, informed participants of their rights, ensured 

anonymity, and provided contact information for further discussion or questions. These forms 

were used to obtain written documentation of the participant’s willingness to participate in the 

study.  

 Health history form (Appendix D). 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 with medical 

contraindications to exercise would be excluded from the study. No participants were excluded 

from the study due to medical conditions.   

Demographic profile (Appendix E). This document was employed to obtain basic 

demographic information including: name, age, gender, years rowing, and frequency and 

intensity of regular physical activity.  

 Ratings of perceived exertion (RPE; Borg, 1982; Appendix F). The RPE is a 10-point 

category-ratio scale ranging from 0 (nothing) to 10 (extremely strong) and was used to gauge the 

participant’s verbal report of perceived exertion throughout the task. The higher the RPE score, 

the higher the rating of perceived exertion. The scale has been shown to have high intra-test (r 

=.93) and re-test (r = .83 to .94) reliability (Borg, 1998), in addition to being a reliable measure 

of physical discomfort and strongly correlated with several other physiological measures of 

exertion (Borg, 1982, 1998). Borg stated that “the simplicity of the scale should make it 

applicable in many different kinds of situations where estimates of subjective intensities are 

needed” (Noble & Robertson, 1996, p.73). Noble and Robertson (1996) have concluded that the 

RPE scale is an effective and efficient measurement tool for examining an individual’s 

sensations of pain and effort during experimental procedures, and is a valid measure of intensity 

of exercise. In support of this conclusion, numerous researchers have employed the RPE scale 

and have demonstrated adequate reliability and validity when working with various populations, 

including cyclists (Russell & Weeks, 1994), runners (Fillingim & Fine, 1986; Hatfield et al., 

1992; Schomer, 1986), and rowers (Connolly & Janelle, 2003). The RPE scale is also correlated 

with measures of heart rate (r =.92), systolic blood pressure (r =.78), and pain scales (r =.98) 

(Borg, 1998).  

 Attention (Appendix G). A 10-point scale ranging from 0 (external thoughts, 

daydreaming, environment) to 10 (internal thoughts, how body feels, breathing, technique) asked 
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participants to report their attentional focus throughout the task. The scale is designed to 

represent the continuum of attentional strategies from pure dissociation (0) to pure association 

(10). Similar assessment of association and dissociation has been reported by Tammen (1996). 

Tammen found the one-question scale to be an efficient and valid measure of attentional 

strategies used during effort engagement of elite runners. Okwumabua, Meyers, and Santille 

(1987) also used a one-question scale when they asked runners to estimate the percent of time 

they spent associating or dissociating in a 10k run. They found that participant’s use of 

association and dissociation varied along a continuum, and that the one-item measure was an 

effective way of capturing the participant’s attentional focus. Masters and Ogles (1998) surveyed 

attentional strategies and found that the use of a one-item measure could be an efficient method 

of capturing the participant’s use of attention in the immediate moment during the experimental 

session.  

Schomer’s classification (Appendix H). Participants were asked to write down their 

thoughts after each session. Following testing, participants’ thoughts were classified according to 

an established classification system developed by Schomer (1986). 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), and 

stationary cycling (Breus & O’Connor, 1998).  

Schomer asked runners to verbally report their thoughts during runs via cassette 

recorders. Based on the statements of the novice, non-elite, and elite marathoners, he created a 

classification system that placed internal and task-related thoughts within the associative strategy 

and external and task-unrelated thoughts were placed in the dissociative strategy. His 

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 comprise the task-related (associative) attention focus classification. 

The task-unrelated (dissociative) attention focus classification embraces the categories R, S, W, E, 

I, and T. Schomer’s classification system was used to further assess attention for rowers. 
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Masters and Ogles (1998) have proposed that multiple methods of assessing the attention 

strategies should be employed in studies to allow for an effective measurement of the construct. 

 Flow State Scale-2 (FSS-2; Jackson & Eklund, 2004; see Appendix I). The Flow State 

Scale-2 consists of 36 items that assess 9 dimensions of flow (i.e., balance of challenges and 

skills, merging of action and awareness, clear goals, unambiguous feedback, concentration, sense 

of control, loss of self-consciousness, time transformation, autotelic experience). Examples of 

items include, “I knew clearly what I wanted to do” (e.g., challenge-skill balance dimension), 

and “I felt like I could control what I was doing” (e.g., sense of control dimension). Each 

dimension is scored by adding up 4 items, and an overall global score of flow is obtained by 

summing all 36 items. The possible range of scores for each dimension is 4-20, while the 

possible range for the global score is 36-180. Jackson and Eklund (2002) found internal 

consistency in the item identification sample for the FSS-2 ranged from .80 to .90 (mean alpha = 

.85), while reliability for the cross-validation sample ranged from .80 to .92 (mean alpha = .87). 

The FSS-2 has also demonstrated predictive validity with other performance correlates such as 

perceived success (Jackson & Marsh, 1996), and strong construct validity in terms of strong 

factor loadings of the items on the respective flow dimensions (Jackson & Eklund, 2004).  

 Commitment check (Appendix J). This scale measured each participant’s commitment to, 

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

investment, and ability to tolerate physical discomfort on a five-point Likert-type scale ranging 

from 1 (completely committed/ very little effort/ not very well) to 5 (very highly committed/ a 

large amount of effort/ very well). Tenenbaum, Forgary, Stewart, et al. (1999) have demonstrated 

the use of these one item measures and their validity in assessments of runners’ perception of 

task demand, ability to withstand suffering during a race, and various symptoms of discomfort 

during a race. Similarly, LeUnes and Burger (2000) have proposed that the use of single item 

scales are practical, efficient, and capture the participant’s immediate response to the construct 

being measured. Participants that reported less than 3 on the measure of commitment to the task 

were eliminated from the study. No participants were removed from the study because all 

participants reported at least a 3 on the commitment to task item. 

Apparatus 

Concept II ergometers (Concept II, Inc., Morrisville, VT) were used by each participant 

to row with during each session. A rowing ergometer serves as a land machine that simulates the 
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rowing motion for one participant. It is used as a training device by coaches to allow for 

workouts on land when the water is too rough or severe weather is inclement. The ergometer 

possesses a screen that is situated in front of the rower. The screen’s height can be adjusted by 

the rower, and it displays constant information about the amount of time elapsed, distance erged, 

power output values, and number of slides of the rower per minute. In the present study, the 

screen was covered so only the power output was displayed. Heart rate data were collected using 

a Vantage XL Polar HR Monitor (Polar Electro, Finland) that was strapped around each 

participant’s chest. Data output were viewed via a wristwatch.   

Procedure 

  Participants completed a maximal baseline measure by completing an ergometer step test 

(Nolte, 2005). The ergometer screen was set to watts (i.e., power), so that the participant and 

experimenter viewed the amount of energy the participant was expending. The rest of the 

ergometer screen was covered, so that the participant could only view the power output. During 

the ergometer step test, participants warmed up on the ergometer for five minutes. Next, 

participants began to erg at a “steady state” pace for three minutes. A “steady state” pace was 

defined as moderate intensity, where the participant would be able to converse easily. At three 

minutes, the participant was asked to increase his or her wattage by 20 watts and to hold the new 

power output. After one minute, the participant was asked to increase his or her wattage again by 

20 watts. This pattern continued until the participant could no longer row and elected to stop. 

The maximal wattage served as the baseline measure. Distance in meters and time in seconds to 

maximal power output were also recorded.  

 At 60s intervals throughout the step test, the participant was asked to vocally express his 

or her perceived effort on the Borg’s (1982) 10-point scale ranging from 0 (nothing) to 10 

(extremely strong), and attention from a 10-point scale ranging from 0 (external thoughts, 

daydreaming, environment) to 10 (internal thoughts, how body feels, breathing, technique) that 

were presented to them briefly to assist dissociation toward the scale. Heart rate was also 

recorded at 60s intervals. After the participant stopped rowing, he or she completed the FSS-2 to 

measure flow state at that moment, completed the commitment check to ascertain commitment to 

the task, and were asked to record their thoughts during the piece. 

 On a separate day, participants performed three additional ergometer pieces, with a 

minimum of fifteen minutes rest between pieces. Based on the maximal power output, 
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calculations of 30%, 50% and 75% power outputs were performed. Previous studies have 

demonstrated that the use of performing at percentages of maximal workload during cycle 

ergometer and treadmill tasks (Dunbar, Robertson, Baun, & Blandin, 1992; Hardy, Hall, & 

Prestholdt, 1986) have been utilized to determine differences in workload. The participants were 

asked to row at the required power output for 10 minutes. Power outputs were counterbalanced 

to eliminate any order effects. At 60s intervals, the participant were asked to vocally express his 

or her perceived effort on a 10-point scale ranging from 0 (nothing) to 10 (extremely strong), and 

attention from a 10-point scale ranging from 0 (external thoughts, daydreaming, environment) to 

10 (internal thoughts, how body feels, breathing, technique) that was presented to them. Heart 

rate data were also recorded at 60s intervals. After the participant stopped rowing, he or she 

completed the FSS-2 to measure flow state at that moment and were be asked to record their 

thoughts during the piece. Distance in meters was recorded at the end of each trial.  

 After completion of each of the four trials, the participant was asked to complete the 

commitment check. Participants were encouraged to be honest in reporting their effort levels, 

commitment, and ability to maintain discomfort. The participant was debriefed when they 

completed all ergometer sessions. At this point, the researcher answered any questions that the 

participant had regarding the protocol.  

Statistical Analysis 

 Ratings of perceived exertion (RPE), heart rate, and attention allocation were subjected to 

separate repeated measures (RM) analysis of variance (ANOVA) using gender (males vs. 

females) and expertise level (novice vs. experienced) as two between subject factors, and power 

output (30%, 50%, and 75%), and time intervals (1…10) as within subjects repeated measures. 

The global measure of flow was subjected to a RM ANOVA using gender (males vs. females) 

and expertise level (novice vs. experienced) as two between subject factors, and power output 

(30%, 50%, 75%, and maximal) as the within subjects repeated measure. The nine flow 

dimensions were used together in a RM multivariate analysis of variance (MANOVA) using 

gender (males vs. females) and expertise level (novice vs. experienced) as between subject 

factors and power output (30%, 50%, 75%, and maximal) as the within subjects repeated 

measure. Tukey’s Honestly Significant Difference post-hoc tests were employed on the 

significant main effects and interaction effects when appropriate. Kendall’s W test was 
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performed on Schomer’s classification of the thoughts written after each trial. The significance 

level in this study was set at p ≤ .05.  
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CHAPTER 4:  RESULTS 

 

 

 

 

Preliminary Analysis 

 Prior to testing the study’s hypotheses, an examination of distribution normality 

assumptions of the data were undertaken to secure lack of major statistical assumption violations. 

The means, standard deviations, skewness, and kurtosis for all variables are presented in Table 1. 

The majority of the skewness and kurtosis values were within the ±2 range. Thus, no 

transformations were needed for testing the study’s hypotheses. The means for perceived 

exertion, attention, and heart rate increased as workload increased. Thus, as participants worked 

harder due to the increase in workload, they significantly reported higher scores of perceived 

exertion, shifted their attentional strategy from dissociation (i.e., less than 5) to association (i.e., 

greater than five), and their heart rates increased. When examining the means of the flow 

dimensions, results demonstrated that average scores remained within 2 points as workload 

increased. 

 

Table 1. 

Means, Standard Deviations, Skewness, and Kurtosis for the Measures of Watts, RPE, Attention, 

Heart Rate (in beats per minute), the Nine Flow Dimensions, and the Global Flow Score (N=60) 

______________________________________________________________________________ 

Variable    30% Load 50% Load 75% Load          Max Load 

______________________________________________________________________________ 

Watts      

 Mean    79.5  132.5  198.7  264.4 

 SD     22.4  37.3  55.9  72.9 

 Skewness   .56  .55  .55  .54   

 Kurtosis   -.55  -.56  -.57  -.52 

 

RPE (range 0-10)    

Mean    1.9  4.7  8.3  9.8   

 SD     .9  1.4  .9  .4  

Skewness (range across  

1-10 minutes)   .50-1.4  -.1-.66  -1.41- -.48 -2.68 
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Table 1 continued… 

______________________________________________________________________________ 

Kurtosis (range across  

1-10 minutes)  -.67-2.8 -.64-.77 -.59-1.97 7.20  

 

Attention (range 0-10) 

Mean    2.8  4.8  7.9  9.6   

 SD     1.9  1.9  1.2  .9  

Skewness (range across 

1-10 minutes)   .83-1.2  .07-.36  -.1- -1.37 -3.52 

Kurtosis (range across 

1-10 minutes)  -.22-1.3 -.42-.23 -.35-1.2 16.02 

  

Heart Rate (in beats per minute) 

Mean    135.4  156.8  175.1  189.2   

 SD     11.9  11.2  9.9  11.3  

Skewness (range across        

1-10  minutes)  -.03- -.31 -.29-.02 -.07- -.31 -.49 

Kurtosis (range across  

1-10 minutes)  -.12- -.71 -.69- -.08 -.57-20  .55 

 

Flow Dimensions (range 4-20) 

 Challenge-skill 

Mean   13.52  15.22  15.71  15.75   

  SD    3.47  2.44  2.34  2.00 

  Skewness  -.12  -.10  -.46  .34 

  Kurtosis  -.72  -.02  .50  -.01 

 

 Merge Action-awareness 

Mean   16.44  15.23  13.52  14.53  

  SD    2.85  2.74  3.46  3.18 

  Skewness  -.34  -.47  -.22  -.31   

  Kurtosis  -.61  .20  -.55  -.64 

 

 Clear Goals 

Mean   16.68  16.78  16.08  15.37   

  SD    3.13  2.17  1.91  2.41 

  Skewness  -1.42  .15  .08  -.18 

  Kurtosis  3.61  -.78  .50  -.56 

 

Unambiguous Feedback 

Mean   16.35  16.32  15.33  15.48 

  SD    3.02  2.99  2.37  2.51 

  Skewness  -.63  -1.31  -.27  -.29 

  Kurtosis  .24  3.15  1.03  .04 
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Table 1 continued… 

______________________________________________________________________________ 

Total Concentration 

Mean   10.19  12.71  14.28  13.97 

  SD    4.10  3.80  3.06  3.45 

  Skewness  .17  -.47  -.40  -.06   

  Kurtosis  -.97  -.47  -.14  -.86 

 

 Sense of Control 

Mean   16.45  16.17  14.85  15.65 

  SD    2.47  2.24  2.81  2.46 

  Skewness  -.06  -.001  -.55  -.38  

  Kurtosis  -.76  -.13  .61  .05 

 

 Loss of Self-consciousness 

Mean   16.04  15.32  14.42  13.22 

  SD    3.47  3.60  4.13  3.87 

  Skewness  -.87  -.65  -.72  .17   

  Kurtosis  .84  .03  .03  -.98 

 

 Time Transformation 

Mean   13.23  13.33  13.62  13.93  

  SD    3.27  3.06  2.86  2.64 

  Skewness  -.51  -.22  -.45  .09   

  Kurtosis  .34  .14  -.01  .37 

 

 Autotelic Experience 

  Mean   12.85  12.81  12.21  11.98 

  SD   3.81  3.42  3.70  3.59 

  Skewness  .06  -.07  -.48  -.16 

  Kurtosis  -.04  .40  -.31  .03 

 

 Global Flow Score (range 36-180) 

  Mean   131.90  134.04  130.01  129.88 

  SD   14.41  14.32  14.78  14.59  

  Skewness  .67  .24  .49  .41 

  Kurtosis  .72  -.17  .95  -.03 

______________________________________________________________________________ 

 

Commitment check. Following completion of each workload, participants were asked 

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

(Appendix J). Means, standard deviations, skewness, and kurtosis for these questions are 

presented in Table 2. Participants displayed very high ratings for the three manipulation check 

questions, indicating that they were dedicated to the task. The effort item increased in 
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endorsement as workload level increased from 30% to 75%. Thus, no participants were removed 

from the analysis.  

Table 2. 

Means, Standard Deviations, Skewness, and Kurtosis for the Commitment Check (range 1-5; 

N=60) 

______________________________________________________________________________ 

Variable    30%  50%  75%   Maximal 

______________________________________________________________________________ 

Commitment      

 Mean    4.08  4.39  4.41  4.34 

 SD    .85  .71  .64  .61  

 Skewness   -.16  -1.05  -.65  -.36 

 Kurtosis   -1.61  .90  -.48  -.62 

 

Physical Discomfort    

 Mean    4.59  4.50  4.21  4.04 

 SD    .69  .68  .76  .78 

 Skewness   -1.45  -1.34  -.39  -.31 

 Kurtosis   .72  1.91  -1.18  -.71 

 

Effort      

Mean    2.63  3.61  4.51  4.42 

 SD    1.54  1.09  .60  .55 

 Skewness   .36  -.42  -.83  -.36 

 Kurtosis    -1.40  -.51  -.27  -.67 

_____________________________________________________________________________ 

 

Time. To test the assumption that male and female rowers would differ in the amount of 

time to achieve maximal workload, a 2 (Gender) x 2 (Experience Level) analysis of variance 

(ANOVA) was performed on the measure “time to achieve maximal workload” during the 

maximal session. The results are presented in Table 3. Significant (p ‹.001) gender and 

experience effects emerged. In addition, their interaction effect was significant (p < .05). Male 

rowers (M = 832.70s, SD = 174.48s) required significantly longer time to reach maximal 

workload than female rowers (M = 564.50s, SD = 94.62s). 
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Table 3.  

ANOVA for Time to Achieve Maximal Workload (N=60) 

_________________________________________ 

Effect     F   df   p η² 

  _________________________________________ 

  Gender             78.58** 1,56 .000 .58 

 

  Experience Level       22.46** 1,56 .000 .29 

 

  Gender  x Experience 4.74*  1,56 .034 .08   

  _________________________________________ 

  *p<.05. ** p<.001 

 Experienced rowers (M = 770.30s, SD = 207.17s) also required more time to achieve 

maximal workload than novice rowers (M = 626.90s, SD = 151.81s). Tukey’s Honestly 

Significant Difference (HSD) post-hoc tests were performed to further delineate the interaction 

effect of gender by experience. The HSD showed that each group was significantly (p‹ .05) 

different from the other three groups. Male experienced rowers (M = 937.33s, SD = 140.03s) 

required the most time to achieve maximal workload than the other three groups, while female 

novice rowers (M = 525.73s, SD = 76.29s) required the least amount of time. In addition, female 

experienced rowers (M = 603.27s, SD = 97.50s) achieved maximal workload sooner than male 

novice rowers (M = 728.07s, SD = 141.39s). Figure 3 demonstrates the time to achieve maximal 

workload for male and female experienced and novice rowers.  

 

Figure 3. Average time (sec) for male experienced, (n=15), male novice (n=15), female 

experienced (n=15), and female novice (n=15) rowers to achieve maximal workload. 

 

* 

* 

* 

* 

*p < .05 
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Manipulation Check 

 RPE. A 2 (Gender) x 2 (Experience Level) x 3 (Workload) x 10 (Minutes) repeated 

measures (RM) analysis of variance (ANOVA) was performed on the measure of perceived 

exertion (RPE) to verify that RPE increased as workload increased from 30% to 75% of maximal 

load. The RM ANOVA revealed that the workload main effect was significant, Wilk’s λ = .03, F 

(2,55) = 1060.10, p =.000, η² =.98. Tukey’s HSD post-hoc tests were performed on the main 

effect of workload and demonstrated that RPE significantly (p‹ .05) increased as workload 

increased. Comparisons of the three workloads, demonstrated effect sizes of 2.55 between 30% 

(M = 1.91, SD = .93) and 50% (M = 4.70, SD = 1.40), 3.31 between 50% and 75% (M = 8.31, SD 

= .94), and 5.86 between 30% and 75%. Thus, perceived exertion substantially increased as 

workload increased from 30% to 75%. Figure 4 illustrates the change in perceived exertion as 

workload increased. Additional significant effects from the RPE RM ANOVA can be found in 

the “Additional Important Effects” section on page 64.  

 

   *p <.05  

 

Figure 4. Average RPE score (range 0-10) for all rowers (N=60) at the workloads of 30%, 50%, 

and 75%.  

 

Heart rate. A 2 (Gender) x 2 (Experience Level) x 3 (Workload) x 10 (Minutes) repeated 

measures (RM) analysis of variance (ANOVA) was performed on the measure of heart rate 

(bpm) to verify that heart rate would increase as workload increased from 30% to 75% of 

maximal load. Results revealed that the workload main effect was significant, Wilk’s λ = .04, F 

(2,55) = 693.16, p =.000, η² =.96; post-hoc analysis demonstrated significant (p‹ .05) differences 

between the three workloads. Comparisons of the three workloads demonstrated effect sizes of 

* 

* 

* 
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1.94 between 30% (M = 135.42 bpm, SD = 11.86 bpm) and 50% (M = 156.77 bpm, SD = 11.20 

bpm), 1.66 between 50% and 75% (M = 175.07 bpm, SD = 9.91 bpm), and 3.61 between 30% 

and 75%. As expected, heart rates increased as workload increased. Figure 5 illustrates the 

change in heart rate as workload increased.  

 

 *p <.05 

 

Figure 5. Average heart rate (bpm) for all rowers (N=60) at the workloads of 30%, 50%, and 

75%.  

 

The workload by minutes interaction effect, Wilk’s λ = .15, F (18,39) = 12.64, p =.00, η² 

=.85, and Tukey’s HSD post-hoc tests indicated that rowers’ heart rates increased during each 

workload’s ten minutes, and that each workload session of ten minutes was significantly 

different from the other workload sessions; heart rates were lowest in the 30% workload ten 

minute session (range 130.50-137.75 bpm) and highest in the 75% workload session (range 

157.98-184.43 bpm). Figure 6 illustrates the relationship between workload and minutes. 

Additional significant effects from the heart rate RM ANOVA can be found in the “Additional 

Important Effects” section on page 64. 

* 

* 

* 
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Figure 6. Average heart rate (bpm)) for rowers (N= 60) at each minute of the session at 30%, 

50%, and 75% workloads.  

 

Watts. To test the assumption that rowers would pull greater wattage as workload 

increased, the measure of watts was recorded at each workload level. A 2 (Gender) x 2 

(Experience Level) x 4 (Workload Level) repeated measures (RM) analysis of variance 

(ANOVA) was performed. The RM ANOVA revealed that the workload main effect was 

significant, Wilk’s λ = .02, F (3,54) = 1071.92, p =.000, η² =.98, and post-hoc analysis 

demonstrated that participants’ watt output significantly (p‹ .05) increased between the workload 

levels of 30% (M = 79.48, SD =10.94), 50% (M = 132.53, SD =18.20), 75% (M = 198.65, SD 

=27.27) and maximal (M = 264.37, SD =35.33). Figure 7 illustrates the change in watts as 

workload increased. Additional significant effects from the watts RM ANOVA can be found in 

the “Additional Important Effects” section on page 64. 
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   *p <.05  

 

Figure 7. Average watts for all rowers (N=60) at the workloads of 30%, 50%, 75%, and 

maximal.  

 

Hypothesis Testing 

Hypothesis One   

 To test the first hypothesis linking a perceived effort increase to an attention shift from 

dissociation to association, a 2 (Gender) x 2 (Experience Level) x 3 (Workload) x 10 (Minutes) 

repeated measures (RM) analysis of variance (ANOVA) was performed on the measure of 

attention at the workloads of 30%, 50%, and 75%. The results are presented in Table 4. 

Table 4.  

RM ANOVA for Attention Using Workload and Minutes as RM and Gender and Experience 

Level as Between Subject Factors (N=60) 

______________________________________________________________ 

Effect                        Wilk’s λ       F  df p η² 

______________________________________________________________ 

Main Effects 

Workload (30, 50, & 75%)  .13 183.59** 2, 55 .000 .87 

 

Gender     --- 2.84  1, 56 .10 .05 

 

Experience Level   --- 3.68  1, 56 .06 .06 

 

Minutes (1-10min)  .54 4.59**  9, 48 .000 .46 

 

Two-way Interaction Effects 

Experience x Gender   --- 3.54  1, 56 .07 .06 

*

*

* 

* 
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Table 4 continued… 

______________________________________________________________________________ 

Workload x Experience .94 1.87  2, 55 .16 .06 

 

Workload x Gender  .95 1.54  2, 55 .22 .05 

 

Minutes x Experience  .83 1.12  9, 48 .37 .17 

 

Minutes x Gender  .90 .62  9, 48 .77 .10 

 

Workload x Minutes  .39 3.33*  18, 39 .001 .61 

 

Three-way Interaction Effects 

Workload x Experience    

x Gender  .99 .33  2, 55 .72 .01 

 

  Minutes x Experience  

x Gender   .63 3.08*  9, 48 .005 .37 

 

  Workload x Minutes  

        x Experience  .72 .85  18, 39 .64 .28 

 

  Workload x Minutes  

x Gender   .66 1.10  18, 39 .38 .34 

 

Four-way Interaction Effect 

  Workload x Minutes x Experience 

     x Gender   .81 .50  18, 39 .94 .19  

________________________________________________________________ 

    *p<.05. ** p<.001. 

 

The main effect for workload was found to be significant, Wilk’s λ = .13, F (2,55) = 

183.59, p =.00, η² =.87, demonstrating that as workload increased, attention shifted from 

dissociation to association. Tukey’s HSD post-hoc tests revealed significant (p‹ .05) differences 

among the three workload levels. At the 30% workload, the average attention score was 2.78 (SD 

= 1.92; i.e., dissociative), while at the 75% workload, the average attention score was 7.85 (SD = 

1.24; i.e., associative). Comparisons of the three workloads demonstrated effect sizes of 1.17 

between 30% and 50% (M =4.78, SD = 1.97), 1.91 between 50% and 75%, and 1.79 between 

30% and 75%. Figure 8 demonstrates the difference in attention scores for all participants as 

workload increased.  



 40 

 

 

Figure 8. Average attention score (dissociation range 0-3, association range 7-10) for rowers (N= 

60) at each session workload. 

 

The interaction effect of workload by minutes was significant, Wilk’s λ = .39, F (18,39) 

= 3.33, p =.001, η² =.61, and demonstrated that attention allocation differed at each minute as 

workload increased from 30% to 75%. Tukey’s HSD post-hoc tests revealed that attention scores 

were significantly (p‹ .05) different among the three workloads. At 30% workload, attention was 

dissociative (2.47-2.97) across the ten minutes, while attention was associative (6.23-8.83) across 

the ten minutes of the 75% workload session. During the 50% workload session, attention was in 

the combined associative/dissociative range of 4.12-5.15. Thus, rowers’ attention became more 

associative as their effort increased due to the increase in workload from 30% to 75% of the 

maximal workload. Figure 9 illustrates the change in attention as workload increased across each 

ten minute session. 

 

 

Figure 9. Average attention score (range 0-10) for rowers (N=60) for each minute of the session 

at 30%, 50%, and 75% workloads. 

*

*

*

*p < .05 
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Schomer’s classification. Results demonstrated that as perceived effort increased, 

attention shifted from dissociation to association. Schomer’s (1986) thought classification 

scheme (Appendix H) was employed to categorize the thoughts that rowers wrote after each 

workload session. The frequency and percentage of thoughts for the workloads of 30%, 50%, 

and 75% are presented in Table 5.  

Table 5.  

Frequency and Percentage of Thoughts Classified as Associative, Associative/Dissociative, or 

Dissociative during 30%, 50%, and 75% Workloads (N=43) 

________________________________________________________________  

    Associative  Assoc/Dissoc     Dissociative  Total 

     

Workload  f       %   f        %      f       %  f    %  

_________________________________________________________________ 

30%   13 (30.2) 15  (34.9)      15 (34.9)           43 (100) 

 

50%   22  (51.2) 16 (37.2)       5 (11.6)           43 (100) 

 

75%   38  (88.4) 5   (11.6)       0 (0)           43 (100)  

__________________________________________________________________ 

 

A Kendall’s W test was conducted to examine the relationship between attention focus 

and workload level. Seventeen participants were excluded from the analysis because they failed 

to write comments after all three sessions. The analysis revealed that the frequency counts did 

differ significantly across the three workload levels, Kendall’s W = .24, χ² (4, N =43) = 20.67, p 

=.000. Results demonstrated that rowers’ use of associative strategies increased from the 30% 

(30.2%) to the 75% (88.4%) workload levels. In addition, as workload increased, dissociative 

thoughts decreased from 30% (34.9%) to 75% (0.0%) workload level.  Thoughts classified as 

associative included feelings and affect, body monitoring, command and instruction, and pace 

monitoring, while dissociative thoughts included environmental feedback, reflective activity, 

personal problem solving, school related, course information, and talk or conversational chatter. 

Figure 10 demonstrates these findings.  
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Figure 10. Distribution of thoughts (in %) at each of the three workloads (N=43).  

Hypothesis Two 

The second hypothesis stated that during low levels of effort perception, rowers would 

rate higher the flow dimensions of merging of action-awareness and sense of control. During 

high levels of effort perception, rowers would more readily endorse the dimensions of total 

concentration and time transformation. Thus, flow dimension levels would vary as workload 

increased. To test this hypothesis, a 2 (Gender) x 2 (Experience Level) x 4 (Workload-30%, 

50%, 75%, and maximal) repeated measures (RM) multivariate analysis of variance (MANOVA) 

was performed for the measures of the nine dimensions of flow. Table 6 presents the results of 

this analysis. 

Table 6.  

RM MANOVA for the Nine Flow Dimensions Using Workload as RM and Gender and 

Experience Level as Between Subject Factors (N=60) 

_______________________________________________________________ 

Effect                           Wilk’s λ     F  df p η² 

_______________________________________________________________ 

Main Effects 

Workload (30%, 50%, 75% 

  and maximal)  .86 2.93*  3,54 .04 .14 

  

Experience Level   --- .016  1,56 .90 .00 

 

  Gender     --- 1.98  1,56 .17 .03  
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Table 6 continued… 

______________________________________________________________________________ 

Flow    .21 23.25** 8,49 .000 .79 

 

Two-way Interaction Effects 

Experience x Gender   --- .14  1,56 .72 .002 

 

Workload x Experience .90 1.99  3,54 .13 .10  

 

Workload x Gender  .84 3.33*  3,54 .03 .16 

 

Flow x Experience  .95 .36  8,49 .94 .06 

 

Flow x Gender  .95 .32  8,49 .96 .05 

 

Workload x Flow  .18 6.17**  24,33 .000 .82 

  

 Three-way Interaction Effects 

Workload x Experience    

x Gender  .995 .08  3,54 .97 .01 

 

  Flow x Experience x Gender .68 2.95*  8,49 .01 .33 

 

  Workload x Flow  

x Experience   .48 1.47  24,33 .15 .52 

 

  Workload x Flow x Gender  .58 1.00  24,33 .50 .42 

 

 Four-way Interaction Effect 

  Workload x Flow x Experience 

     x Gender  .67 .68  24,33 .84 .33 

 _______________________________________________________________ 

   *p<.05. ** p<.001. 

 

The main effect of workload was significant, Wilk’s λ = .86, F (3,54) = 2.93, p =.04, η² 

=.14, and demonstrated that overall mean for the nine dimensions varied as a result of the 

increase in effort perception. Tukey’s HSD post-hoc tests were not significant, but showed that 

rowers demonstrated higher average means (possible range 4-20) for the flow dimensions at 30% 

(M =14.64, SD = 1.61) and 50% (M =14.88, SD = 1.63) workloads, and lower but equivalent 

average means at the workloads of 75% (M =14.44, SD = 1.59) and maximal (M =14.43, SD = 

1.54). Figure 11 illustrates the average means of the mean nine flow dimensions at each 

workload.  
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Figure 11. Average flow dimensions score (range 4-20) for rowers (N=60) at each workload.  

 

The interaction effect of workload by flow was significant, Wilk’s λ = .18, F (24,33) = 

6.17, p =.00, η² =.82, indicating that rower flow dimension varied significantly as perceived 

effort increased. Tukey’s HSD post-hoc analysis revealed that significant (p‹ .05) differences 

were obtained for challenge-skill balance, merging of action-awareness, clear goals, total 

concentration, sense of control, and loss of self-consciousness. Figure 12 demonstrates the 

change in the endorsement of each flow dimension at the four workloads.  
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 *p < .05  

 

Figure 12. Average flow dimension score (range 4-20) at each workload for each flow 

dimension for all rowers (N=60). 

 

The flow dimension of challenge-skill balance was endorsed significantly higher at the 

workloads of 50%, 75%, and maximal than the 30% workload. Rowers did not feel as strongly a 

balance between their skill levels and the challenges of the erg task at the 30% workload. In 

regards to merging of action and awareness, rowers endorsed it significantly more at the 30% 

workload than the other workloads. They also endorsed it significantly more at the 50% 

workload than the 75% workload. Rowers felt a decrease in merging of action and awareness as 

workload increased from 30% to 75%, thus supporting the hypothesis that rowers would more 

highly endorse the dimension at lower levels of effort perception.  

* * * * **
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The flow dimension of clear goals was endorsed higher in the 30% and 50% workload 

sessions than at the maximal workload session. During the 30% and 50% workload sessions, 

rowers were told what watt number to hold for the entire ten minutes, whereas in the maximal 

workload session, rowers were asked to increase their wattage by 20 until they could no longer 

hold the power output. Thus, rowers had a clearer understanding of their goal to maintain the 

chosen watt during the 30% and 50% sessions.  

Total concentration significantly increased as workload increased from 30% (M = 10.19, 

SD = 4.01) to 50% (M = 12.71, SD = 3.83) to 75% (M = 14.28, SD = 3.07). Although there was a 

slight decrease between 75% and maximal workload (M = 13.97, SD = 3.33), significant 

differences still emerged among all four workloads. The hypothesis was supported in that it 

posited that at higher levels of effort perception, total concentration would be more readily 

endorsed than during lower levels. Rowers required greater concentration to maintain their 

power outputs at the higher workloads. 

 Sense of control was significantly more pronounced at the workloads of 30% and 50% 

than the 75% workload. There were no significant differences in regards to the maximal 

workload. This result also supported the hypothesis that the sense of control dimension would be 

more pronounced at lower levels of effort perception.  

Loss of self-consciousness decreased as workload increased. Significant differences 

demonstrated that loss of self-consciousness was higher at the 30% workload than the 75% and 

maximal workloads. Also, during the maximal (M = 13.22, SD = 3.87) workload, rowers felt the 

lowest loss of self-consciousness than under 30% (M = 16.04, SD = 3.46), 50% (M = 15.32, SD = 

3.65), and 75% (M = 14.42, SD = 4.16) workloads. Thus, rowers became more self-conscious as 

effort perception increased.  

Finally, the flow dimensions of unambiguous feedback, time transformation, and 

autotelic experience remained relatively unchanged. The lack of significant differences within 

the time transformation dimension does not support the hypothesis that it would be more 

pronounced at higher levels of effort perception. Additional significant effects from the flow RM 

MANOVA can be found in the “Additional Important Effects” section on page 64. 

Hypothesis Three  

Hypothesis three stated that male and female participants would demonstrate similar 

attentional allocation during easy and hard physical effort. This hypothesis was supported in that 
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the main effect of gender for the measure of attention at the workloads of 30%, 50%, and 75% 

was not significant, F (1,56) = 2.84, p =.10, η² =.05 (see Table 4). Male (M =4.84, SD = 1.95) 

and female (M = 5.44, SD = 1.95) rowers did not significantly differ in their average attention 

score for all three workloads. The two-way interaction effect of workload by gender was also 

non-significant, Wilk’s λ = .95, F (2,55) = 1.54, p =.22, η² =.05. Thus, male and female rowers 

did not significantly differ in attention allocation as workload increased from 30% to 75%. 

Figure 13 demonstrates male and female use of attention as workload increased. 

 

Figure 13. Average attention score (dissociation range 0-3, association range 7-10) for male 

(n=30) and female (n=30) rowers at each workload.  

 

Schomer’s classification. A Kendall’s W test was conducted on the comments of males 

and females to examine how each group’s attention focus shifted as workload increased. 

Frequency counts did differ significantly across the three workload levels for males and females. 

The results are presented in Table 7. A Kruskal-Wallis analysis was conducted to verify if males 

and females significantly differed in their attention use across the three workloads. Results were 

not significant at the 30% workload, χ² (1, N =51) = .45, p =.50, 50% workload, χ² (1, N =49) = 

3.09, p =.08, and 75% workload levels, χ² (1, N =51) = 1.52, p =.22. Both males and females 

demonstrated similar attention strategies to adjust to the changing workload intensities. Attention 

shifted from dissociation and a combination of association and dissociation at 30% workload to 

mostly association at 75% workload intensity. The 50% workload level demonstrated a tendency 

toward significance in that males utilized slightly more associative attention strategies than 
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females. However, both groups’ attention focus was forced to become internal and narrow at the 

most intense workload level.  

 

Table 7. 

Classification of Thoughts (Mean ranking) and Kendall’s W Analysis for Males and Females 

during 30%, 50%, and 75% Workloads (Note: Association =1, Dissociation =2, and 

Association/Dissociation =3) 

_______________________________________________ 

Workload  Females Males  All 

                                      (n=22)    (n=21)     (N=43) 

_______________________________________________ 

30%   2.09  2.00  2.05 

 

50%   2.13  1.57  1.86 

 

75%   1.27  1.19  1.23 

_______________________________________________ 

Kendall’s W  .23  .29  .24 

 

χ²   10.04  12.25  20.67 

 

p   .007  .002  .000 

________________________________________________ 

Hypothesis Four 

The fourth hypothesis stated that during low levels of effort perception, female rowers 

would report higher global flow scores, while male rowers would report higher global flow 

scores during high levels of effort perception. A 2 (Gender) x 2 (Experience Level) x 4 

(Workload-30%, 50%, 75%, and maximal) repeated measures (RM) analysis of variance 

(ANOVA) was performed on the global flow score to test this hypothesis. Table 8 presents the 

results of this analysis. 

Table 8.  

RM ANOVA for Global Flow Score Using Workload as RM and Gender and Experience Level as 

Between Subject Factors (N=60) 

_________________________________________________________ 

Effect                 Wilk’s λ   F df p η² 

_________________________________________________________ 

Main Effects 

Workload (30%, 50%, 75% 

 and maximal)  .85 3.30* 3,54 .03 .16 
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Table 8 continued… 

______________________________________________________________________________ 

Experience Level   --- .005 1,56 .95 .00 

 

Gender     --- 2.13 1,56 .15 .04 

 

 Two-way Interaction Effects 

Experience x Gender   --- .18 1,56 .68 .003 

 

Workload x Experience .89 2.17 3,54 .10 .11  

 

Workload x Gender  .85 3.10* 3,54 .03 .15 

 

Three-way Interaction Effect 

Workload x Experience 

 x Gender  .997 .05 3,54 .99 .003 

 _________________________________________________________ 

   *p<.05 

 

 The main effect of gender was non-significant, indicating that male (M = 129.24, SD = 

12.92) and female rowers (M = 133.68, SD =15.46) did not exhibit significant differences on 

average global flow score. However, the interaction effect of workload by gender was significant 

(p = .03), and post-hoc analysis revealed significant (p < .05) difference in the workloads of 75% 

(Effect Size (ES) = .42) and maximal (ES = .42). Females demonstrated significantly higher 

global flow scores than males at these workloads. Significant differences were not present at the 

workloads of 30% and 50%. Males exhibited a reduction in flow as workload increased, while 

females demonstrated an increase between 30% and 50% workload level, and then a plateau in 

their flow experience. Figure 14 illustrates the change in global flow as workload increased for 

male and female rowers. Additional significant effects from the global flow RM ANOVA can be 

found in the “Additional Important Effects” section on page 64. 
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  *p < .05 

 

Figure 14. Average global flow score (range 36-180) at each workload for male (n=30) and 

female (n=30) rowers.  

 

Hypothesis Five  

The fifth hypothesis stated that novice and experienced rowers would demonstrate similar 

attentional allocation and flow experiences during easy and hard physical effort. Table 9 

demonstrates the relevant effects for this hypothesis.  

Table 9. 

Effects Pertaining to the Experience Hypothesis (N=60) 

_______________________________________________________________ 

Effect                 Wilk’s λ   F  df p η² 

_______________________________________________________________ 

Attention Effects  

Workload x Experience .94 1.87  2, 55 .16 .06 

 

Workload x Experience    

x Gender  .99 .33  2, 55 .72 .01 

 

  Minutes x Experience  

x Gender   .63 3.08*  9, 48 .005 .37 

* *
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Table 9 continued… 

______________________________________________________________________________ 

  Workload x Minutes 

   x Experience  .72 .85  18,39 .64 .28 

 

  Workload x Minutes 

   x Gender  .66 1.10  18,39 .38 .34 

 

  Workload x Minutes x Experience 

   x Gender  .81 .50  18,39 .94 .19 

 

 Flow Effects 

Experience Level   --- .016  1,56 .90 .00 

 

 Experience x Gender   --- .14  1,56 .72 .002 

 

Flow x Experience  .95 .36  8,49 .94 .06 

 

Workload x Experience .90 1.99  3,54 .13 .10  

 

  Workload x Flow  

x Experience   .48 1.47  24,33 .15 .52 

 

Workload x Experience 

x Gender  .995 .08  3,54 .97 .01 

 _______________________________________________________________ 

   *p<.05. ** p<.001. 

 

 

Experience hypothesis-attention. The hypothesis that novice and experienced rowers 

would demonstrate similar attentional allocation as workload increased from 30% to 75% was 

supported in that the interaction effects of workload by minutes by experience level, Wilk’s λ = 

.72, F (18,39) = .85, p =.64, η² =.28, and workload by minutes by gender, Wilk’s λ = .66, F 

(18,39) = 1.10, p =.38, η² =.34, were non-significant. Also, the interaction effect of workload by 

minutes by experience level by gender was non-significant, Wilk’s λ = .81, F (18,39) = .50, p 

=.94, η² =.19. Experienced and novice rowers and male and female rowers did not significantly 

differ in their attention allocation across the ten minutes of each workload session. Thus, 

attention allocation was similar for both novice and experienced rowers, and male and female 

rowers as workload level increased.  

Similarly, the interaction effects for workload by experience was non-significant, Wilk’s 

λ = .94, F (2,55) = 1.87, p =.16, η² =.06, and workload by experience by gender also failed to 
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reach statistical significance, Wilk’s λ = .99, F (2,55) = .33, p =.72, η² =.01. Male and female 

experienced and novice did not differ in their attention style as workload increased from 30% to 

75%.  

However, the three-way interaction effect of minutes by experience level by gender 

reached significance, Wilk’s λ = .63, F (9,48) = 3.08, p =.005, η² =.37. Tukey’s HSD post-hoc 

tests revealed that female novice rowers demonstrated significantly (p‹ .05) higher attention 

scores (i.e., more associative) at each minute than male novice, male experienced, and female 

experienced rowers. There were no other significant differences among the three other groups. 

Female novices perceived their exertion to be significantly greater than all other rowers at each 

minute of the session. Thus, female novice rowers’ attention was more associative and 

perception of exertion was greater at each minute than all other rowers. Figure 15 illustrates the 

difference in attention allocation for each minute of the session for male (15a) and female (15b) 

experienced and novice rowers.  

 

 MALES     FEMALES 

  

         (a)       (b) 

 

Figure 15. Average attention score (range 0-10) for the 30%-75% workloads for (a) male 

experienced (n=15), male novice (n=15), and (b) female experienced (n=15) and female novice 

(n=15) rowers at each minute of the exercise session. 

  

Schomer’s classification. A Kendall’s W test was conducted on the comments of 

experienced and novice rowers to examine how each group’s attention focus shifted as workload 

increased. Frequency counts did differ significantly across the three workload levels for both 

experienced and novice rowers. The results are presented in Table 10. A Kruskal-Wallis analysis 
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was conducted to verify if experienced and novice rowers significantly differed in their attention 

use across the three workloads. Results were not significant at the 30% workload, χ² (1, N =51) 

= 2.96, p = .09, 50% workload, χ² (1, N =49) = .48, p = .49, and 75% workload levels, χ² (1, N 

=51) = .40, p = .53. Both experienced and novice rowers demonstrated similar attention 

strategies to adjust to the changing workload intensities. The 30% workload level demonstrated a 

tendency toward significance in that novice rowers utilized a slightly more dissociative attention 

strategy than experienced rowers. However, attention shifted to mostly association at 75% 

workload intensity for all rowers.    

 

Table 10.  

Classification of Thoughts (Mean ranking) and Kendall’s W Analysis for Experienced and 

Novice Rowers during 30%, 50%, and 75% Workloads (Note: Association =1, Dissociation =2, 

and Association/Dissociation =3)  

________________________________________________ 

     Workload   Experienced          Novices                All 

                                                                   (n=19)          (n=24)   (N=43)                                      

________________________________________________ 

30%   1.95  2.13  2.05 

 

50%   2.05  1.71  1.86 

 

75%   1.21  1.25  1.23 

________________________________________________ 

Kendall’s W  .24  .32  .24 

 

χ²   9.10  15.37  20.67 

 

p   .011  .000  .000 

________________________________________________ 

 

Experience hypothesis-flow. The fifth hypothesis also posited that novice and 

experienced rowers would demonstrate similar flow experiences as workload increased. The 

interaction effects of workload by flow by experience level, Wilk’s λ = .48, F (24,33) = 1.47, p 

=.15, η² =.52,  workload by experience by gender, Wilk’s λ = .995, F (3,54) = .08, p =.97, η² 

=.01, were non-significant, demonstrating that male and female experienced and novice rowers 

did not differ in flow dimensions as workload increased from 30% to maximal. The effects of 

experience level, F (1,56) = .016, p =.90, η² =.00, and experience by gender, F (1,56) = .14, p 
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=.72, η² =.002, were also non-significant, indicating that female and male experienced and 

novice rowers did not significantly differ in their average flow dimension scores.  

The workload by experience level interaction was non-significant, Wilk’s λ = .90, F 

(3,54) = 1.99, p =.13, η² =.10. Experienced rowers did not exhibit significantly different average 

flow scores at the workloads of 30%, 50%, 75%, and maximal than novice rowers. The 

interaction of flow by experience level was also non-significant, Wilk’s λ = .95, F (8,49) = .36, p 

=.94, η² =.06, indicating that experienced and novice rowers did not significantly differ in their 

average flow dimension score.  

Additional Important Effects 

Additional Effects of the RM ANOVA for RPE 

Several additional significant effects were revealed by the 2 (Gender) x 2 (Experience 

Level) x 3 (Workload-30%, 50%, and 75%) x 10 (Minutes) RM ANOVA pertaining to RPE. The 

main effects of gender, F (1,56) = 8.35, p =.005, η² =.13, and experience, F (1,56) = 4.38, p 

=.041, η² =.07, were significant. The main effect of experience revealed that experienced rowers 

(M = 4.73, SD = 1.28) reported an overall lower RPE than novice rowers (M = 5.22, SD = 1.28) 

(ES = .38). Similarly, males (M = 4.64, SD = 1.28) reported a lower average RPE than females 

(M = 5.32, SD = 1.28) (ES =.53). The experience by gender interaction effect was also 

significant, F (1,56) = 17.82, p =.000, η² =.24. Although Tukey’s HSD post-hoc tests were non-

significant, female novice rowers (M = 6.06, SD = 1.81) reported a distinctly higher average RPE 

score than male experienced rowers (M = 4.89, SD = 1.81), female experienced rowers (M = 

4.57, SD = 1.81), and male novice rowers (M = 4.39, SD = 1.81). Figure 16 illustrates the gender 

by experience level interaction effect. 
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Figure 16. Average RPE score (range 0-10) for male experienced, (n=15), male novice (n=15), 

female experienced (n=15), and female novice (n=15) rowers across the three exercise loads. 

 

Workload by experience interaction effect, Wilk’s λ = .86, F (2,55) = 4.68, p =.013, η² 

=.15, indicated novice rowers felt slightly higher RPE scores at the 30%, 50%, and 75% 

workloads than experienced rowers. Figure 17 demonstrates this relationship.  

 

Figure 17. Average RPE score (range 0-10) at each workload for experienced (n=30) and novice 

(n=30) rowers. 
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Main effect of minutes, Wilk’s λ = .29, F (9,48) = 13.09, p =.000, η² =.71, and Tukey’s 

HSD post-hoc tests revealed that the average RPE significantly (p‹ .05) increased as minutes 

increased from 1-10. Figure 18 illustrates the change in RPE scores as the minutes increased. 
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Figure 18. Average RPE score (range 0-10) across the 30%, 50%, and 75% workloads for all 

participants (N = 60) at each minute of the session. 

 

The minutes by experience effect, Wilk’s λ = .69, F (9,48) = 2.36, p = .027, η² = .31, and 

Tukey’s HSD post-hoc tests revealed that novice rowers felt significantly (p <.05) higher RPE at 

the 3-10 minutes than the experienced rowers. Figure 19 demonstrates this result.  

 

  

Figure 19. Average RPE score (range 0-10) across the workloads of 30%, 50%, and 75% for 

each minute for experienced (n=30) and novice (n=30) rowers.  

* 
*

*
* 

* 

*p < .05 
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The workload by minutes interaction effect, Wilk’s λ = .25, F (18,39) = 6.61, p = .00, η² 

= .75, and Tukey’s HSD post-hoc tests revealed that participants’ RPE changed more sharply (p 

<.05) each minute as the workloads (30%, 50%, 75%) increased. Figure 20 demonstrates this 

result. 

 

Figure 20. Average RPE score (range 0-10) at each minute of the session for the workloads of 

30%, 50%, and 75% (N = 60).  

 

Minutes by experience by gender interaction, Wilk’s λ = .70, F (9,48) = 2.28, p =.032, η² 

=.30, and Tukey’s HSD post-hoc tests revealed differences across the four groups as time passed 

from 1-10 minutes. Female novice rowers reported greater RPE for each minute than male 

novice, male experienced, and female experienced rowers. Female experienced rowers 

experienced greater RPE at minutes 1-4 than male novice rowers. Male experienced rowers 

experienced greater RPE for minutes 1-3 and 8 than female experienced rowers, and minutes 1-6 

than male novice rowers. Figure 21 further illustrates these differences.  
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(a)       (b) 

 

Figure 21. Average RPE score (range 0-10) across the workloads of 30%, 50%, and 75% for 

each minute for (a) female experienced, (n=15), male novice (n=15), (b) male experienced 

(n=15), and female novice (n=15) rowers.  

  

Finally, the workload by minutes by experience by gender interaction Wilk’s λ = .53, F 

(18,39) = 1.89, p =.048, η² =.47, and  Tukey’s HSD post-hoc tests demonstrated that at 30% 

workload, female novice rowers reported significantly (p‹ .05) higher RPE at each minute than 

male experienced, female experienced, and male novice rowers. At 50% workload, female 

novice rowers again reported significantly higher RPE at each minute than the other three 

groups. Male experienced rowers also reported significantly higher RPE at each minute than 

male novice and female experienced rowers. At the 75% workload, female novices reported 

significantly higher RPE at each minute than male novice and female experienced rowers. They 

also reported higher RPE than male experienced rowers during all minutes except for minute 1. 

Male experienced rowers reported significantly higher RPE scores than male novice rowers 

during minutes 1-8, while male novice rowers reported a significantly higher RPE score in the 

tenth minute. Male experienced rowers also reported higher RPE scores than female experienced 

rowers during minutes 1-3 and 5-7. Thus, at 50% and 75% workloads, female novice and male 

experienced rowers perceived greater effort than female experienced and male novice rowers 

across most of the effort duration. Female novice rowers also felt they were working harder at 

the 30% workload than the other three groups. Figure 22 illustrates the relationship between 

workload, minutes of each session, gender, and experience level.  
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MALES     FEMALES 

  

  (1a)      (1b) 

 

 
 

  (2a)      (2b) 

 

 
 

  (3a)      (3b) 

 

Figure 22. RPE (range 0-10) for male (1a, 2a, 3a) and female (1b, 2b, 3b) experienced and 

novice rowers at 30% (1a, 1b), 50% (2a, 2b), and 75% (3a, 3b) workloads.  
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Additional Effects of the RM ANOVA for Heart Rate 

 Several additional significant effects were revealed by the 2 (Gender) x 2 (Experience 

Level) x 3 (Workload-30%, 50%, and 75%) x 10 (Minutes) RM ANOVA pertaining to heart rate. 

Results revealed that the experience main effect was significant, F (1,56) = 28.97, p =.000, η² 

=.34, and demonstrated that experienced rowers (M = 148.60 bpm, SD = 14.43 bpm) exhibited 

significantly lower overall heart rates across the workloads than novice rowers (M = 162.90 bpm, 

SD = 14.43 bpm). Figure 23 demonstrates this result.  

 

 *p < .001  

 

Figure 23. Average heart rate (bpm) for experienced (n=30) and novice (n=30) rowers.  

 

 The workload by experience interaction effect was also significant, Wilk’s λ = .75, F 

(2,55) = 9.01, p =.00, η² =.25; post-hoc analysis revealed that novice rowers exhibited 

significantly (p‹ .05) higher heart rates than experienced rowers at 30%, 50%, and 75% 

workloads. Figure 24 demonstrates the interaction effect of workload by experience for the 

measure of heart rate.  

* 

*
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Figure 24. Average heart rate (bpm) for experienced (n=30) and novice (n=30) rowers across the 

three workloads.  

 

The minutes main effects, Wilk’s λ = .06, F (9,48) = 88.37, p =.000, η² =.94, and Tukey’s 

HSD post-hoc tests revealed differences in heart rate among the minutes across workload levels. 

Participants’ average heart rates of the workloads of 30%, 50%, and 75% increased as the 

minutes increased from 1-10. Figure 25 illustrates the change in heart rate as the minutes 

increased. 

 
Figure 25. Average heart rate (bpm) across the workloads of 30%, 50%, and 75% for each 

minute (N = 60).   

 

* 
*

* 
*

*
* 

*

*

*

*

*p < .05 

*p < .05 
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Additional Effects of the RM ANOVA for Watts 

Several additional significant effects were revealed by the 2 (Gender) x 2 (Experience 

Level) x 4 (Workload-30%, 50%, 75%, maximal) RM ANOVA pertaining to watts. The results 

revealed that gender, F (1,56) = 154.64, p =.000, η² =.73, and experience, F (1,56) = 35.94, p 

=.000, η² =.39, main effects were significant (p ‹.001). Male rowers (M = 205.68, SD =36.42) 

performed at significantly higher average watts (ES = 2.65) than female rowers (M =131.83, SD 

=19.39), and experienced rowers (M =186.56, SD =44.39) performed at significantly higher 

average watts (ES = .81) than novice rowers (M =150.96, SD =43.56).  

The workload by gender interaction effect, Wilk’s λ = .26, F (3,54) = 50.86, p =.000, η² 

=.74, and post-hoc analysis revealed that males erged at significantly (p <.05) higher watts at 

30%, 50%, 75%, and maximal workload than female rowers. The interaction of workload by 

experience was also significant, Wilk’s λ = .61, F (3,54) = 11.74, p =.000, η² =.40. Tukey’s HSD 

post-hoc tests demonstrated that experienced rowers erged at significantly (p‹ .05) higher watts at 

the four workloads than novice rowers. Figure 26 demonstrates the increase in watts across the 

four workloads for male and female experienced and novice rowers.  
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Figure 26. Watt output for male (a) and female (b) experienced and novice rowers across the 

four workloads. 

 

Additional Effects of the RM MANOVA for the Flow Dimensions 

Several additional significant effects were revealed by the 2 (Gender) x 2 (Experience 

Level) x 4 (Workload-30%, 50%, 75%, maximal) RM MANOVA pertaining to the flow 

dimensions. The main effect of flow was significant, Wilk’s λ = .21, F (8,49) = 23.25, p =.00, η² 

=.79, indicating intra-differences among the flow scales across all workload levels. The 

dimensions of balance between challenge and skills (M = 15.05, SD = 1.76), merging of action 

and awareness (M = 14.93, SD = 2.31), clear goals (M = 16.23, SD = 1.66), unambiguous 
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feedback (M = 15.87, SD = 2.08), sense of control (M = 15.78, SD = 1.77), and loss of self-

consciousness (M = 14.75, SD = 3.20) were more highly endorsed by participants than the 

dimensions of time transformation (M = 13.53, SD = 1.90), autotelic experience (M = 12.46, SD 

= 2.84), and total concentration (M = 12.79, SD = 2.34). Tukey’s HSD post-hoc tests revealed 

that significant (p‹.05) differences emerged between the dimension of time transformation and 

clear goals, unambiguous feedback, and sense of control. Time transformation was felt 

significantly (p‹ .05) less than these dimensions. Total concentration was also felt significantly 

less than challenge-skill balance, merging of action-awareness, clear goals, unambiguous 

feedback, sense of control, and loss of self-consciousness. Finally, autotelic experience was felt 

significantly less than challenge-skill balance, merging of action-awareness, clear goals, 

unambiguous feedback, sense of control, and loss of self-consciousness. Figure 27 demonstrates 

differences in average flow dimension scores. 
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  *p < .05  

 

Figure 27. Average flow score (range 4-20) for each flow dimension for all rowers (N=60).  

 

The workload by gender interaction effect, Wilk’s λ = .84, F (3,54) = 3.33, p =.03, η² 

=.16, indicated that males and females experienced different flow at each of the workloads. 

Although Tukey’s HSD post-hoc test revealed no significant differences, males felt lower 

* 

* 
*
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average flow at the workloads of 50%, 75%, and maximal than females, but a higher flow at the 

workload of 30%. Figure 28 demonstrates this result.   

 

Figure 28. Average flow score (range 4-20) for male (n=30) and female (n=30) rowers at each 

workload.  

 

The interaction effect of flow by experience by gender also reached statistical 

significance, Wilk’s λ = .68, F (8,49) = 2.95, p =.01, η² =.33, demonstrating that female and male 

experienced and novice rowers exhibited differences in several flow dimensions. Tukey’s HSD 

post-hoc tests exhibited significant (p < .05) differences for only the dimension of time 

transformation. Time transformation was significantly higher for female novices (M = 14.67, SD 

= 3.82) than male novices (M = 12.63, SD = 3.82), but significant differences were not present 

when compared to female experienced (M = 13.00, SD = 3.82) or male experienced (M = 13.82, 

SD = 3.82) rowers. Figure 29 illustrates the flow dimensions for male (a) and female (b) novice 

and experienced rowers. 
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MALES 

 

      (a) 

 

FEMALES 

 

      (b) 

Figure 29. Average flow dimension score (range 4-20) for (a) male experienced (n=15), male 

novice (n=15), and (b) female experienced (n=15) and female novice (n=15) rowers for each 

flow dimension.  
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Additional Effects of the RM ANOVA for Global Flow  

In regards to the hypothesis testing of global flow, several additional significant effects 

were revealed by the 2 (Gender) x 2 (Experience Level) x 4 (Workload-30%, 50%, 75%, 

maximal) RM ANOVA. Workload main effect for global flow was significant, Wilk’s λ = .85, F 

(3,54) = 3.30, p =.03, η² =.16. As workload increased, a change in global flow was evident; 

however, Tukey’s HSD post-hoc tests revealed that significant (p < .05) differences did not 

emerge. Flow was felt most strongly at the 50% workload (M = 134.04, SD =14.50) and then 

decreased slightly at the 30% (M = 131.90, SD =14.53), 75% (M = 130.01, SD =14.34), and 

maximal (M = 129.88, SD =13.88) workloads. Figure 30 demonstrates the difference in global 

flow scores as workload increased.  
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Figure 30. Average global flow score (range 36-180) for male (n=30) and female (n=30) rowers 

at each workload.  
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CHAPTER 5: DISCUSSION 

 

 

 

 

The current study was undertaken to investigate changes in attention strategies and flow 

state as a function of increase in effort perception. The conceptual scheme linking all three 

concepts was developed to demonstrate this relationship and draw working hypotheses. Research 

was conducted with male and female participants utilizing a rowing ergometer task to test the 

study’s hypotheses. 

Previous research has demonstrated a relationship between direction of attention and 

level of effort perception (Schomer, 1986; Tammen, 1996). Tenenbaum (2001) has proposed a 

new model that builds upon Rejeski’s (1985) information processing model and Kinsman and 

Weiser’s (1976) model of subjective perceptions and their corresponding objective physical 

symptoms. In his model, Tenenbaum (2001) posits that during conditions of low effort, attention 

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

However, when effort levels become high or maximal, attention cannot be voluntarily shifted or 

controlled, but is forced to remain internal and narrow. Due to these constraints, dissociative 

strategies no longer become effective during exercise of high intensity and long duration. When 

the individual is under high physical demands, all attention resources are devoted to effort 

sensation (i.e., breathing, muscle fatigue), and not to other sources of attention (i.e., environment, 

daydreaming), which are available during low to moderate effort. 

Research has corroborated Tenenbaum’s model in that Schomer (1986) found that an 

increase in training intensity during marathon training caused the runners (novice, average, and 

elite) to report more associative thoughts and focus more specifically on body monitoring, 

technique, and pace. Tammen’s (1996) work with elite runners also supports this conclusion. 

During sub-maximal runs, runners reported being aware of the researchers and other stimuli in 

the environment. However, when asked to run at a maximum intensity, runners associated and 

commented that they were forced to focus only on one or two sensations (e.g., form, breathing, 
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muscles). Finally, this current dissertation’s pilot study also supported Tenenbaum’s (2001) 

model in a sample of participants utilizing a hand grip. Results demonstrated that participants’ 

attention shifted from dissociation to association as perceived effort increased monotonically 

across four levels of RPE (i.e., RPE of 3, 5, 7, and maximal). 

In the current study, as intensity increased from 30% (M =79.5 watts, SD = 22.4 watts) to 

50% (M =132.5 watts, SD = 37.3 watts) to 75% (M =198.7 watts, SD = 55.9 watts), rowers’ 

bodies physiologically compensated to handle the change in workload. Heart rate increased from 

135.4 bpm (SD = 11.7 bpm) in the 30% workload to 156.8 bpm (SD = 11.2 bpm) in the 50% 

workload to 178.1 bpm (SD = 9.9 bpm) in the 75% workload. In addition to objective measures 

of physical work, rowers also demonstrated changes in introspective reporting of effort as 

workload increased. RPE significantly increased from the 30% (M = 1.9, SD = .9) to the 50% (M 

= 4.7, SD = 1.4) to the 75% (M = 8.3, SD = .9) workload levels; workload intensity increase was 

associated with rowers’ augmented perceived exertion. Attention was expected to shift from 

dissociation to association as heart rate and perceived exertion increased. Similarly, flow was 

expected to change, as evidenced by fluctuations in the nine flow dimensions, as heart rate and 

perceived exertion shifted.  

The first hypothesis proposed that participants would record scores of dissociation during 

the lower levels of effort perception, and scores of association during the higher levels of effort 

perception. This hypothesis was based on Tenenbaum’s (2001) model that has demonstrated that 

at lower effort levels, attention can easily be shifted between association and dissociation, but 

when effort levels become maximal, attention becomes solely associative. The hypothesis was 

strongly supported in that a significant main effect of workload resulted. Attention shifted from 

dissociation to association as workload increased from 30% to 75%. This result lends support to 

Tenenbaum’s (2001) model that posits that as effort levels substantially elevate, attention can no 

longer voluntarily shift between dissociation and association, but is forced to remain internal and 

narrow (i.e., associative).  

According to Borg’s (1982) 10-point scale, low intensity exercise is defined as an RPE < 

4, while high intensity exercise refers to an RPE > 7. In the current study, participants reported 

an average attention score of 2.8 (i.e., dissociative) at the 30% workload (1.9 RPE), while at the 

75% workload (8.3 RPE), the average attention score was 7.9 (associative). These results also 

lend support to Rejeski’s (1985) information processing model, which posited that the strength of 
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the exercise stimulus affects the amount of information the individual is able to process. As 

exercise intensifies, individuals are forced to narrow attention to body signals to adapt to the 

environmental demands. As workload increased, individuals reported attention scores in the 

associative range, and 88% of comments were classified as solely associative. There were no 

dissociative comments at the highest workload level. Based on their reports, rowers focused on 

the screen to maintain the required wattage or their bodily sensations during the 75% workload 

level. Thus, at more intense levels of exertion (i.e., RPE > 7), the sensory cues utilized were 

associative in nature, centering mainly on internal body cues or wattage. During the 30% 

workload level, 35% of comments included looking around at the environment or daydreaming 

about school or the weekend, and 35% of comments were a combination of association and 

dissociation. Thus, attentional resources were more open and flexible to encompass a wider 

variety of stimuli at the lower effort levels. For all rowers, perceived exertion increased, and 

attention shifted from dissociation to association. Heart rates increased to manage the increased 

workload, as evidenced by the increase in watts at each workload level.  

In this vain, we also hypothesized that gender differences would not be demonstrated in 

attention use during easy and hard physical effort because both male and female rowers use 

similar attention strategies to cope with effort and adjust to the environmental demands. Similar 

to previous research on associative and dissociative strategies, gender differences were not noted 

as effort intensity increased (Connolly & Janelle, 2003; Masters & Lambert, 1989; Schomer, 

1986). Although male rowers worked at a greater wattage at each workload and reported a lower 

overall RPE average across all workloads, they failed to demonstrate any differences in attention 

use; in line with Tenenbaum’s (2001) model, in that intensity of the physical stimulus determines 

the participant’s attention rather than gender.  

Similarly, we hypothesized that novice and experienced rowers would demonstrate 

similar attention allocation during low and high effort perception. Since rowers of various 

experience levels utilize similar attention strategies to cope with the physical demands of the 

task, a difference was not expected to emerge for experience level. Novice rowers demonstrated 

higher overall RPE and higher heart rates at each workload than experienced rowers. 

Interestingly, experienced rowers pulled greater wattage at each workload than the novice 

rowers. This result demonstrates the superior fitness level of the experienced rowers in their 

ability to work at a greater power output, while utilizing their bodies more efficiently at a lower 
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heart rate. Female novice rowers reported higher RPE at each workload and at each minute in 

each workload than all other groups. Male experienced rowers also demonstrated higher 

perceived exertion scores during the 50% and 75% workloads than female experienced and male 

novice rowers. 

Despite physical differences associated with gender and experience, results revealed 

similar attention allocation by both experienced and novice rowers as workload increased. Both 

groups reported attention in the dissociative range during the 30% workload, and in the 

associative range during the 75% workload. Thus, intensity of the workload, and not experience 

level, affected the participants’ attention allocation. A significant finding in the analysis revealed 

that female novice rowers reported higher or more associative thoughts at each minute of the 10 

minute sessions across the three workloads than female experienced, male experienced, and male 

novice rowers. Female novice rowers perceived their effort to be greater than all other rowers, 

and utilized more associative strategies at each intensity level to cope with the demands of the 

session. Although male experienced rowers reported higher perceived exertion scores at 50% and 

75% workloads than female experienced and male novice rowers, their attention scores were not 

significantly different. Thus, they utilized similar attention coping strategies as female 

experienced and male novice rowers, but they perceived their effort to be greater. Male 

experienced rowers did not need to employ more associative thoughts in the 50% and 75% 

workloads to handle their increase in effort. 

These results reaffirm Tenenbaum’s (2001) model that work intensity plays a greater role 

in attention use than gender or experience level. Although the novice rowers were working 

harder as indicated by their heart rate and perceiving their exertion to be greater than experienced 

rowers, they did not overall demonstrate a significant difference in attention use at each 

workload level. However, female novice rowers did exhibit slightly more associative coping 

strategies at each workload level than all other groups. Female novice rowers found the 

environmental demands of the task to be more taxing and were forced to attend internally and 

narrowly to cope with these demands.   

The culmination of the above results strongly demonstrates the linkage between effort 

and attention via Tenenbaum’s (2001) and Rejeski’s (1985) parallel processing models. At low 

levels of effort, the individual is able to switch focus between internal and external sources of 

attention (i.e., association and dissociation). As effort intensity increases towards maximal effort, 
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the scope of attention narrows and becomes internal. The individual is no longer able to switch 

attention between multiple sources of information because the demands of the environment are 

too exacting. The individual is only able to cope with the task demands by focusing on one or 

two sources of information that are relevant (e.g., bodily sensations).  

This interplay of attention and environmental demands affects not only the individual’s 

effort perception, but also his or her affective perception of the performance (i.e., flow 

experience). Flow is a state of pleasantness, feeling in control and focused, having clear goals 

and unambiguous feedback, feeling a loss of self-consciousness, and feeling a balance between 

one’s abilities and the task’s demands (Csikszentmihalyi, 1990). Attentional resources are 

required by the individual to experience flow, and consequently these affect one’s performance 

and perceptions about the performance. The current study and previous studies’ results 

(Schomer, 1986; Tammen, 1996; Tenenbaum, 2001) demonstrated a strong relationship between 

attention coping strategies and effort based on task or environmental demands. Since attention 

has been shown to shift between dissociation and association as effort perception increases, the 

flow experience was also expected to change as a function of environmental demands due to 

flow’s reliance on attention. A conceptual scheme (see Figure 31) was developed that examines 

this relationship between attention, perceived exertion, and flow as mediated by intensity level of 

the task and individual characteristics.  

In this scheme, attentional style is composed of association (i.e., focusing internally) and 

dissociation (i.e., focusing externally). Flow is comprised of the nine dimensions that may be 

controlled to some degree or not controlled by the individual, depending on the demands of the 

task or environment. The flow dimensions and the use of associative and dissociative attention 

are interchangeable, and are also mediated by the level of physical effort (i.e., intensity and 

duration) required by the task and the performer’s fitness level and gender. Tammen (1996) 

demonstrated that a change in physical effort intensity affected elite runners’ use of attention and 

experience of different dimensions of flow. As intensity increased, runners utilized associative 

strategies and experienced a more pleasant running trial because their abilities matched the 

challenges of the task, they had a greater sense of control, clearer goals, and demonstrated a loss 

of self-consciousness toward the experimenters. In regards to novice or non-elite athletes, it was 

demonstrated that participants find dissociation to be less tiresome, boring, and elicit a quicker 
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passage of time than association (Connolly & Janelle, 2003; Padgett & Hill, 1989; Pennebaker & 

Lightner, 1980).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. A scheme depicting the linkage between attentional styles and flow experiences, 

mediated by relative physical effort and the performer’s personal characteristics.  

 

Participant’s gender has been shown to play a minor, if any, role in attention use, but 

rather the intensity of the task determines the attentional coping strategy (Schomer, 1986; 

Tammen, 1996; Tenenbaum, 2001). However, a gender effect on flow has been demonstrated in 

a few studies. Tenenbaum, Fogarty, and Jackson (1999) showed that females found it easier to 

experience the dimensions of autotelic experience and merging of action-awareness, while males 

found it easier to experience challenge-skill balance. This dissertation’s pilot study also 

demonstrated that female participants reported an overall higher mean of flow at the RPE levels 

of 3, 5, 7, and maximal than males when using a handgrip device. Males and females may 

exhibit different flow experiences depending on the demands of the task. Thus, the conceptual 

scheme posits that perceived exertion and performance are determined by the complex 

relationship between gender, fitness level, attentional style, flow, and physical effort.  
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In the current study, significant changes were noticed for the dimensions of challenge-

skill balance, merging of action-awareness, clear goals, total concentration, sense of control, and 

loss of self-consciousness as effort perception increased. As workload increased from 30% to 

maximal, the flow dimensions of total concentration and challenge-skill balance increased 

significantly while merging of action-awareness, sense of control, loss of self-consciousness, and 

clear goals decreased.  

These results lend partial support for the second hypothesis, which posited that during 

lower levels of effort perception, participants would score higher on the flow state dimensions of 

merging of action-awareness and sense of control. This was fully supported in that merging of 

action-awareness and sense of control were more highly experienced in the 30% and 50% 

workloads than the 75% and maximal workloads. During higher levels of effort perception, it 

was expected that participants would feel greater total concentration and time transformation. 

Partial support was evidenced in that total concentration was felt more strongly at the higher 

workloads (i.e., 75% and maximal) than at the 30% and 50% workloads, while time 

transformation remained unchanged as effort perception increased.  

Rowers felt a greater challenge-skill balance between their skill levels and the task 

demands at 50%, 75%, and maximal workloads than at 30% workload. Most rowers commented 

that it was too easy, required little effort, and was almost hard to pull at that low of a power 

output. The rowers found the 30% workload to be uncomfortable because it was not natural to 

pull at such a low power output. However, the greater power outputs elicited a greater balance 

between the rowers’ fitness levels and task demands. Most ergometer practices require the rower 

to demonstrate power outputs of 50% or greater. Thus, rowers would feel more comfortable at 

the higher workloads than at 30% since they are used to performing at these intensities.  

Clear goals were more pronounced when working under 30% and 50% workloads than 

the maximal workload. During 30% and 50% workloads, rowers were told what watt value to 

maintain for the entire ten minutes, whereas during the maximal workload session, rowers were 

asked to increase their wattage by 20 until they could no longer hold the power output. Thus, 

rowers may have been unsure of when to stop, or how long they felt they could maintain the 

power output in the maximal session. At 75% workload, rowers demonstrated a slightly lower 

score than during the 30% and 50% workloads. Again, rowers were told what watt value to hold 

during this session. Overall, rowers had a clearer understanding of their goals when they were 
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told what power output to maintain. When the power output increased each minute until they 

chose to stop, rowers felt unsure of their goals for the session.  

Loss of self-consciousness decreased as workload increased. At 30% workload, rowers 

reported higher loss of self-consciousness scores than at 75% and maximal workloads. Thus, 

rowers became more self-conscious as effort perception increased. As workload increased, 

rowers were physiologically working harder, and may have felt greater self-awareness during 

these stages because the power outputs were harder to maintain than the 30% session. Finally, 

unambiguous feedback, time transformation, and autotelic experience remained relatively 

unchanged as workload increased from 30% to maximal. 

Overall, the flow dimensions of balance between challenge and skills, merging of action 

and awareness, clear goals, unambiguous feedback, sense of control, and loss of self-

consciousness were felt more extensively than the dimensions of total concentration, time 

transformation, and autotelic experience. These results lend partial support to findings where 

athletes reported the absence of time transformation when describing their flow experience 

(Jackson, 1996). However, athletes have also reported an increase in total concentration, 

autotelic experience, merging of action-awareness, clear goals, and a decrease in loss of self-

consciousness when in flow (Jackson, 1996; Jackson, Thomas, Marsh, & Smethurst, 2001; Stein, 

Kimiecik, Daniels, & Jackson, 1995). The participants in these studies were both recreational 

and elite athletes performing at both maximal and sub-maximal intensities, thus demonstrating 

that certain flow dimensions are more pronounced when in flow than others. In the current study, 

the endorsement of certain dimensions over others may have been affected by the physical task 

of the ergometer, which may not have been as pleasant to the rowers as rowing on water. More 

than one participant remarked that they didn’t like not being able to see how much time they had 

left because the screen was covered. Examination of rowing on water may have elicited greater 

autotelic experience, especially if the water was flat and the wind calm. 

In addition to the change in individual flow dimensions as workload intensity increased, a 

change in global flow was evident. Global flow was highest at the 50% workload intensity 

(134.0) but similar at 30% (131.9) and 75% (130.1) workloads. The difference in global flow 

may indicate that at 50%, rowers may have felt a greater overall flow state than at the other 

intensities. During this workload session, rowers were utilizing both attention strategies of 

association and dissociation, and perceived their exertion as moderate (range 3.9-5.1). Thus, 
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when working at 50% effort, rowers were able to switch their attention between association and 

dissociation to handle the task demands, while also exhibiting a more intense flow state. When 

only associating (i.e., 75% workload) or utilizing more dissociation (i.e., 30% workload), the 

rowers did not experience as great a flow state. When effort was too easy or too intense, the flow 

state shifted in accordance with attention.  

The fourth hypothesis proposed that a gender difference would emerge in the profile of 

the global flow score. At high levels of effort perception, males were expected to report higher 

global flow scores, while at low levels of effort perception females were expected to experience 

higher global flow scores. Researchers (Tenenbaum et al., 1999) have found some evidence of a 

gender effect in regards to flow and the nine dimensions. This dissertation’s pilot study 

demonstrated that female participants reported higher flow as perceived exertion increased when 

using a handgrip device, while Tenenbaum et al.’s (1999) findings indicated that females found it 

easier to experience the dimensions of autotelic experience and merging of action-awareness, 

while males found it easier to experience challenge-skill balance. When examining the global 

flow score (Jackson & Eklund, 2002; 2004), it was argued that the evaluation of the nine 

dimensions provides more specific information about the flow experience than a single score of 

flow. However, Lindsay, Maynard, and Thomas (2005) have reported that the global score may 

be preferable when a big picture of the total flow experience is desired.  

Females reported significantly higher global flow scores at the workloads of 75% and 

maximal, while males demonstrated slightly higher global flow scores at the 30% workload. In 

addition, males also demonstrated lower average flow dimension scores at the workloads of 

50%, 75%, and maximal than females. Thus, females were in a higher flow state at the higher 

levels of effort perception, and “less in flow” as workload decreased to the 30% workload. In 

contrast, males felt less in flow at the higher levels of effort perception, and were “more in flow” 

at the lower levels of effort perception. This result did not support the proposed hypothesis that 

females would feel more in flow at lower levels of effort perception and males would feel more 

in flow at higher levels of effort perception. The result demonstrates that the participant’s gender 

plays a role in his or her affective perception of the performance. While female rowers were 

associating, they found the ergometer session to be physically taxing, but also experienced 

greater flow. This increase in flow may have been the result of an increase in their perceptions of 

their physical abilities to match the environmental demands. However, as physiological demands 
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increased, males associated but found the ergometer task to elicit less flow than at the 30% 

workload.  

Although a gender difference did not emerge for the individual flow dimensions, the 

overall flow state was different. Females showed higher scores in challenge-skill balance, 

merging of action-awareness, loss of self-consciousness, sense of control, and autotelic 

experience at the 75% and maximal workloads. Males were slightly higher in total concentration, 

sense of control, merging of action-awareness, clear goals, and unambiguous feedback at the 

30% workload. Although males and females did not demonstrate significantly different flow 

dimensions, they did reveal global flow differences. Thus, the nine dimension scores may fail to 

illustrate the entire flow state, while the global flow score calls attention to the gestalt or total 

flow experience.   

Results in the pilot study were not significant, but also revealed a difference in gender in 

that female participants demonstrated a higher global flow score across all four RPE levels than 

males. However, the female scores decreased as effort increased, while the male global flow 

scores increased as effort increased. Overall, these results demonstrate that the global flow 

experience of males and females may be different while dissociating and associating. This result 

may also add another dimension to Tenenbaum’s (2001) model by revealing that as attention is 

forced to narrow and shift internally as perceived exertion increases, so too, the flow experience 

shifts for both males and females to corroborate the shifting of attention.  

The fifth hypothesis posited that novice and experienced rowers would demonstrate 

similar attention allocation and flow experiences during low and high effort perception. Research 

has failed to examine the experience paradigm in regards to elite and novice differences in 

experiencing flow. Most of the scientific effort was devoted to answer the question of how elite 

athletes have described their flow experiences (Jackson, 1992; 1995). Results supported the 

hypothesis that experienced and novice rowers would demonstrate similar flow experiences as 

workload increased from 30% to 75%. The only significant difference in regards to experience 

level was that average time transformation across the three workloads was felt more extensively 

by female novice rowers than male novice rowers, but not significantly different than female 

experienced or male experienced rowers. Overall, a change in time perception, as in time going 

by more slowly, was felt more by the female novice than male novice rowers throughout the 

study. Female novices had also demonstrated greater perceived exertion and more association at 
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each of the workloads than all other groups. Since they felt they were working very hard, time 

may have seemed to slow down for them as they were associating. Further examination of the 

study’s conceptual scheme is presented next.  

Conceptual Scheme 

The results lend support for the study’s conceptual scheme. Attention shifted from 

dissociation to association as perceived exertion increased. Endorsement of the flow dimensions 

also shifted as perceived exertion increased. During dissociation, the dimensions of merging of 

action-awareness, sense of control, clear goals, and loss of self-consciousness were more highly 

experienced than other dimensions. As the task became more exerting, participants experienced 

less control and merging of action-awareness in their abilities. According to the conceptual 

scheme, flow is composed of both controlled and uncontrolled dimensions that the individual can 

experience as he or she is associating or dissociating. The flow dimensions and the use of 

association and dissociation are interchangeable. The results of the current study also support this 

assertion in that the individual’s experience of controlled dimensions (i.e., clear goals, total 

concentration, loss of self-consciousness, autotelic experience, and sense of control) were not 

experienced differently than the dimensions not necessarily under the control of the individual 

(i.e., challenge-skill balance, merging of action-awareness, unambiguous feedback, and time 

transformation). Although differences in experiences of uncontrolled and controlled dimensions 

did not differ between association and dissociation, differences in overall experiences of the 

dimensions did exist as intensity increased, and individuals became more associative. Thus, the 

use of controlled and uncontrolled dimensions was not affected by the change in intensity or 

shifting of attention.  

During association, the dimensions of challenge-skill balance and total concentration 

were experienced more intensively. As the task became more intense, participants were forced to 

work harder as evidenced by the increase in wattage, while utilizing greater concentration to 

accomplish this. They also felt a greater balance between their skill levels and the demands of 

the task at the higher workloads than at 30% workload.  

Finally, the dimensions of unambiguous feedback, time transformation, and autotelic 

experience remained unchanged as attention shifted from dissociation to association modes as 

perceived exertion increased. The nature of the ergometer task may have affected the 

unambiguous feedback as the participants were asked to maintain an exact wattage for the 10 



 78 

 

minutes of each workload session, and were able to view their wattage output the entire time. 

Regarding autotelic experience, most rowers enjoy rowing on the water more than erging on 

land. Examination of flow after rowing on the water could possibly alter the flow experience in 

regards to autotelic experience.  

According to the conceptual scheme, it was posited that individuals could experience 

flow while either associating or dissociating. This result was supported with a possible trend in 

gender. In the conceptual scheme, gender is a factor that falls under a performer’s characteristics, 

and can affect their attentional styles and perception of effort. In the current study, a gender 

effect was demonstrated in that females exhibited higher global flow scores at the 50%, 75%, 

and maximal workloads than the male participants. Males displayed slightly higher global flow 

scores at 30% workload. Thus, males and females demonstrated slightly similar global flow 

scores when dissociating, but they exhibited different global flow scores when utilizing 

association.  

Thus, results supported the conceptual scheme of a relationship among the variables of 

attentional strategies, perceived exertion, and flow. As perceived exertion increased, attention 

shifted from dissociation to association and the endorsement of flow dimensions was also 

altered. A gender effect was demonstrated in that females exhibited a higher global flow score 

than males at the higher levels of perceived exertion (i.e., when associating). However, both 

groups demonstrated similar global flow scores at the 30% workload when dissociating. Overall, 

the flow experience changed for males and females as their attention changed to meet the 

demands of the task.   

Applications 

 Based on the results of this dissertation and the theoretical models it was based upon, we 

feel the following applied practice recommendations are relevant. Tenenbaum’s (2001) model 

posits that as environmental demands increase, the body physically responds to accept these 

demands as evidenced by an increase in heart rate and other physiological symptoms. To 

psychologically cope with this increase in physical and environmental demands, the individual 

narrows his/her attention from a dissociative to an associative state, thus coping directly with the 

hardening physical and physiological symptoms. Coaches and athletes should be made aware of 

this relationship: when physical effort levels reach near or maximal, the athlete narrows his/her 

attentional field. Depending on the sport venue or situation, this  “attention narrowing” may 
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result in simple skill errors, which stem from avoiding processing important cues from the 

environment, fellow teammates, or opponents. To assist in reducing the consequences of this 

effect, the coach and athlete should recognize the athlete’s overall fitness level and allow ample 

time in practices to (a) improve fitness, and (b) perform at high intensities, so that the athlete 

may become acclimated to the increased effort load, while allowing an increase in attentional 

scope. During competitions, coaches may also try to keep their athletes as “fresh” as possible in 

terms of player substitutions to allow the athletes a brief respite from their maximal effort, which 

will help alleviate unforced errors or erroneous decision-making. When interventions are planned 

for endurance athletes such as marathon runners, triathletes, and rowers, they should be thought 

of as associative attentional techniques to cope with the physical/physiological demands. These 

may include focusing on the body, technique, or pace. However, dissociative or attention 

flexibility techniques are more appropriate for recreational participants who work at a low 

intensity. 

 Likewise, Csikszentmihalyi’s (1990) flow also offers some practical applications. Since 

the flow state is based upon the balance between the individual’s perceptions of his or her skills 

and the demands of the task, anxiety will occur if the individual feels that the task demands are 

greater than his or her skill level. Thus, coaches and athletes should recognize the athlete’s skill 

level and work in practices to provide a setting that challenges the athlete to improve, but at the 

same time does not overwhelm the athlete’s abilities.  

The proposed conceptual scheme posited that the interplay of attention, flow, and 

perceived effort were mediated by the intensity of the exercise and the performer’s fitness/skill 

level. Both coaches and athletes should be aware that fitness level and skill level are the 

foundations for great performances. Out-of-shape, or novice athletes, will feel overwhelmed by 

the physical demands of a maximal intensity performance, miss important information due to the 

narrowing of attention, and ultimately, not enjoy the experience because they perceive the task to 

be greater than their skill level. However, coaches can help alleviate this result by improving 

fitness and skills during practice time, so that athletes will be able to physically handle 

competitions and perceive their abilities to match or exceed the task demands. As intensity level 

increases and attention narrows, experienced athletes may begin to feel a balance between their 

skill level and the task demands, clearer goals, greater concentration, and a sense of being in 

control.  
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 Finally, sport psychologists can also employ the conceptual scheme when working with 

athletes. When working with anxious individuals, the sport psychologist should recognize that 

anxiety can occur when the athlete feels an imbalance in skill level and task demands. Also, 

athlete’s fitness levels should be assessed when there are complaints of losing focus or an 

inability to concentrate during competitions. If the athlete does demonstrate a high fitness level, 

intervention strategies such as relaxation or visualization should be employed to help reduce the 

athlete’s physiological arousal during competition. By reducing the overwhelming physical 

stimuli of the body, attention will be allowed to broaden and assist the athlete in focusing on 

important cues in the competition.   

Limitations and Further Research  

There are several limitations in the present study that should be considered when 

interpreting the findings. A major limitation was that high school and collegiate rowers were 

chosen rather than randomly selected to participate in the study. This selection bias of young 

adults who engage in regular physical exercise limits the ability to generalize the results to other 

sports or other populations. Future studies might address the same research questions in other 

populations and sport tasks.  

Another limitation noted in this research is that the “demand characteristics” of the 

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 on rowing 

teams, and although they were instructed that their performance would not affect their team 

standings, it is possible that participants felt that they were competing with each other on some 

level. However, trials were counterbalanced to avoid this possible “social facilitation” effect, so 

not all rowers in the same group were performing at the same workloads. Rowers were also 

spaced far enough apart to reduce the likelihood of watching each other’s performance.  

Future research should continue to elucidate the relationship among perceived exertion, 

attentional strategies, and flow. By altering the task, a change in the endorsement of the flow 

dimensions may result. Follow-up of the gender effect would also be warranted since only one 

study on flow (Tenenbaum et al., 1999) has demonstrated a gender difference, while most 

research (Jackson & Marsh, 1996; Jackson & Eklund, 2002) has not revealed a gender difference 
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in the use of flow or the FSS-2 (Jackson & Eklund, 2004). Future research should also look at 

populations considered at risk for non-adherence to exercise programs, such as older adults, or 

adults with a sedentary lifestyle. By examining their affective perceptions of performance (i.e., 

flow), researchers may help design programs of a moderate intensity that facilitate a balance 

between the abilities of the individual and the demands of the task.  

Summary and Conclusions  

Based on the results of this study the following conclusions can be made. First, attention 

focus during exercise sessions is largely dependent on the intensity of the task. 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 effort at low to moderate levels of exercise intensity, but they are not 

likely to be effective at higher levels of exercise intensity.  

Second, different dimensions of flow are perceived distinctly during exercise, and operate 

differently in the duration of an exertive rowing task. The endorsement of these dimensions is 

influenced by the demands of the task and the nature of the task. Endorsement shifts as intensity 

changes from easy to moderate to hard, and as attention shifts from dissociation to association.  

Third, a change in the total flow experience can be different for males and females as 

workload intensity changes. Males and females affectively perceive their performances to be 

different as their attention shifts from association to dissociation.  

The conceptual scheme that was proposed for this study was supported and has just 

begun to uncover the complex relationship between perceived effort, attention, and flow as 

mediated by task intensity and participant’s fitness level and gender. Much opportunity exists for 

rewarding research in this area. Intervention studies involving attention focus, flow, and exercise 

adherence or change in intensities for a variety of tasks are promising avenues for future 

investigation.  
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I have been informed that my parent(s) have given permission for me to participate, if I want to, 

in a study concerning thoughts during erging. My participation in this project is voluntary and I 

have been told that I may stop my participation in this study at any time. If I choose not to 

participate, it will not affect my treatment or placement on the team in any way. 

 

I will be asked to complete 4 total ergometer pieces. One is a maximum effort piece that will last 

10-12 minutes. I will then have at least a day of rest. On the next testing day, I will be asked to 

complete three 10 minute ergometer pieces at 30%, 50%, and 70% of maximum power. I will 

have 15 minutes of rest in between each of them.  

 

There is some risk of discomfort during the maximum piece where I may feel out of breath or 

that it is hard to breath, I may feel my heart racing, and my back and legs may feel very tired. I 

can tell the researcher that you wish to stop erging at any time throughout the study.  

 

My participation in this study will advance research in the area of thoughts and flow during 

erging. This study may be published but my name will remain confidential and my results will be 

destroyed in March 2008.  

 

I will not be paid for participating in this study.  

 

If I have any questions about the study or your participation, I can email Cathleen Connolly at 

cconnolly5@yahoo.com or call (850) 385-5705, or her advisor Gershon Tenenbaum, Phd, (850) 

644-8791, or the human subjects committee (850) 644-7900 at FSU. 

 

I have read the above assent form and understand that I may stop at any time without any 

penalty. A copy of this assent form will be offered to me.  

 

Name: ________________________________________________________ 
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Name:          Age: 

Address:         Sex:  

Telephone number: (daytime)  (evening) 

Current Weight:  

Personal Physician:  

 

Physician’s Address:  

 
Directions: Please answer the following questions to the best of your knowledge about yourself. Check next to any 
medical condition, treatment, or problems that concern you. 
 

I. HEART AND CIRCULATORY 
 

_____ Heart attack, heart disease, or any other 
heart related problems 

_____ Heart Valve Problems 

_____ Heart Murmur 

_____ Enlarged heart 

_____ Irregular heartbeat 

_____ Atherosclerosis 

_____ Stroke 

_____ High blood pressure (controlled) 

_____ High blood pressure (uncontrolled) 

_____ Rheumatic fever 

_____ Cardiac Surgery 

_____ Coronary Bypass 

_____ High Triglyceride level 

_____ High Cholesterol level 

_____ Varicose veins 

_____ Anemia 

_____ Hemophilia 

_____ Diabetes (controlled) 

_____ Diabetes (uncontrolled) 

_____ Phlebitis, Emboli (blood clots) 

_____ Other, specify:  

 

II. RESPIRATORY 
_____ Emphysema 
_____ Bronchitis 
_____ Pneumonia 
_____ Asthma: ________ (childhood)  _________ (currently) 
_____ Lung disease 
_____ Other, specify:  
 
III. OTHER DISEASE or AILMENTS 

_____ Back injuries/back pain 

_____ Epilepsy/seizures (past or present) 

_____ Allergies 

_____ Liver disease (hepatitis, jaundice) 

_____ Kidney disease 

_____ Arthritis 

_____ Orthopedic leg, arm, or joint problems 

_____ Neurologic diseases 

_____ Migraine headaches/other frequent 
headaches 

 
Please explain any conditions you checked Yes in I-III above:  
 
______________________________________________________________________________ 
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IV: HAVE YOU RECENTLY HAD:  

_____ Chest pain 

_____ Shortness of breath upon exertion 

_____ Heart palpitations 

_____ Cough on exertion 

_____ Cough up blood 

_____ Swollen, stiff, or painful joints 

_____ Dizziness 

_____ Lightheadedness 

_____ Fainting 

_____ Back Problems 

_____ Gastrointestinal disturbances (nausea, 
vomiting, diarrhea, abdominal pains) 

 

Please explain any conditions you checked in IV above:  

 

___________________________________________________________________________________ 

 

V. FAMILY MEDICAL HISTORY (Immediate Relatives) 

_____ Heart attack, heart disease, or any other 
heart related problems 

_____ Atherosclerosis 

_____ Stroke 

_____ High blood pressure  

_____ Diabetes  

_____ Lung disease 

_____ Respiratory problems 

_____ Heart surgery or 

_____ Heart related surgery 

_____ Other, specify:  

 

VI. TOBACCO  

Do you currently smoke or use tobacco products? _____ Yes _____ No 

What type? _____ Cigarette _____ Pipe _____ Cigar _____ Chewing tobacco 

How long? _____ Amount smoked per day? ________ 

If you do not currently smoke, have you ever? _____ Yes _____ No  

If YES, how long ago did you quit? _____ 

 

VII. EXERCISE 

Do you exercise? _____ Yes _____ No 

What kind of exercise do you presently engage in? ____________________________________________ 

Is your level of effort: minimal _____  moderate _____  high ______ 

How often do you exercise? ______ days per week 

How long do you exercise? _______minutes per day 

 

Please describe you present medical condition and anything we should be aware of concerning your 

health:  

_____________________________________________________________________________________ 

 

Date of last physical examination: ______________ 

 

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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ID Number  

 

 

 

 

Age __________       Gender:  Male   

    

           Female 

 

 

Rowing Experience:  

 

Number of years rowing: _________ 

 

Number of days rowing a week: _________ 

 

Number of days erging a week: __________ 

 

Intensity at which you exercise: __________ 

 (Rate 0-10 with 10 highest) 

 

Side you row: Port _______  Starboard _________  Both _________ 
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Effort 

 

_________________________________________________________________ 

0   1       2       3       4       5       6       7         8        9       10 

nothing           extremely strong 
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Attention 

 

_________________________________________________________________ 

0   1       2       3       4       5       6       7         8        9       10 

external thoughts               internal thoughts 

daydreaming                how body feels 

environment                breathing 

singing songs                technique 
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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” 

7. Personal Problem Solving 

Thoughts revolving around issues of an intrapersonal and interpersonal nature, including 
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reflective introspection, belief system evaluation and modification. Example: “How am I going to 

get to my friend’s house after practice?”  

8. Work, Career, and Management 

Thoughts spent on job, work, school, and career opportunities including thoughts 

centering on the execution, planning, and construction of work. Example: “What homework do I 

need to complete tonight?” 

9. Course Information 

Thoughts of a descriptive nature about scenery and general whereabouts that are of no 

consequence to pace. Example: “Those trees 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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Event Experience Scale  

 

Please answer the following questions in relation to your experience in the event or 

activity you have just completed. These questions relate to the thoughts and feelings you may 

have experienced while taking part. There are no right or wrong answers. Think about how you 

felt during the event and answer the questions using the rating scale below. Circle the number 

that best matches your experience from the options to the right of each question.  

 

 Strongly 

Disagree 

Disagree Neither 

agree / 

disagree 

Agree Strongly 

Agree 

1. I was challenged, but I believed my skills 

would allow me to meet the challenge. 

1 2 3 4 5 

2. I made the correct movements without thinking 

about trying to do so. 

1 2 3 4 5 

3. I knew clearly what I wanted to do. 1 2 3 4 5 

4. It was really clear to me how my performance 

was going. 

1 2 3 4 5 

5. My attention was focused entirely on what I 

was doing. 

1 2 3 4 5 

6. I had a sense of control over what I was doing. 1 2 3 4 5 

7. I was not concerned with what others may have 

been thinking of me. 

1 2 3 4 5 

8. Time seemed to alter (either slowed down or 

speeded up). 

1 2 3 4 5 

9. I really enjoyed the experience. 1 2 3 4 5 

10. My abilities matched the high challenge of the 

situation. 

1 2 3 4 5 

11. Things just seemed to be happening 

automatically. 

1 2 3 4 5 

12. I had a strong sense of what I wanted to do. 1 2 3 4 5 

13. I was aware of how well I was performing. 1 2 3 4 5 

14. It was no effort to keep my mind on what was 

happening. 

1 2 3 4 5 

15. I felt like I could control what I was doing. 1 2 3 4 5 

16. I was not concerned with how others may have 

been evaluating me.  

1 2 3 4 5 

17. The way time passed seemed to be different 

from normal. 

1 2 3 4 5 

18. I loved the feeling of that performance and 

want to capture it again.  

1 2 3 4 5 

19. I felt I was competent enough to meet the high 

demands of the situation. 

1 2 3 4 5 

20. I performed automatically, without thinking too 

much. 

1 2 3 4 5 

21. I knew what I wanted to achieve. 1 2 3 4 5 

22. I had a good idea while I was performing about 

how well I was doing. 

1 2 3 4 5 

23. I had total concentration. 1 2 3 4 5 
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24. I had a feeling of total control. 1 2 3 4 5 

25. I was not concerned with how I was presenting 

myself. 

1 2 3 4 5 

26. It felt like time went by quickly. 1 2 3 4 5 

27. The experience left me feeling great. 1 2 3 4 5 

28. The challenge and my skills were at an equally 

high level. 

1 2 3 4 5 

29. I did things spontaneously and automatically 

without having to think. 

1 2 3 4 5 

30. My goals were clearly defined. 1 2 3 4 5 

31. I could tell by the way I was performing how 

well I was doing. 

1 2 3 4 5 

32. I was completely focused on the task at hand. 1 2 3 4 5 

33. I felt in total control of my body. 1 2 3 4 5 

34. I was not worried about what others may have 

been thinking of me.  

1 2 3 4 5 

35. I lost my normal awareness of time. 1 2 3 4 5 

36. I found the experience extremely rewarding.  1 2 3 4 5 

© Copyright S.A. Jackson 2001 
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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 erg piece 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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