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ABSTRACT 

 

Background: During daily physical activities, individuals will encounter some level of 

fatigue. This is especially true for athletes who exert their bodies to achieve superior 

performance and attempt to delay the onset of fatigue as far as possible. However, 

fatigue is a progressive process that is part of physical exercise. It is therefore, 

important to understand the various factors associated with fatigue. Objective: The 

purpose of this research project was to observe the changes in perceptual, 

physiological responses, and workload while participants performed a fatiguing 

cycling exercise task. In order to observe the aforementioned changes, one of the 

three variables, either perceptual, physiological responses or workload was kept 

constant, while the other two were observed as dependent variables. There were 

three test conditions, which permitted each variable to be kept constant in at least 

one of the three test conditions. Methods: Thirty-six apparently healthy university 

students were recruited for the study. The exercise was of 35 minute duration for 

each condition, with the data collection for HR (physiological response), RPE 

(perceptual response), and power output (workload) occurring at two minute intervals 

from the eighth minute until the thirtieth minute. The participants were required to 

perform a peak-power-output test in order set the relative performance ranges for 

each participant in order to elicit an observable fatigue response from all the 

participants. The three conditions included constant HR response, constant 

workload, and constant RPE response where each participant performed all of the 

above conditions on separate days. Results: The perceptual (RPE) response 

increased significantly (p<0.05) over time in all three test conditions, even under the 

constant RPE condition where it was expected to remain unchanged throughout the 

test duration. The HR response only demonstrated a significant (p<0.05) increase 

over time under the constant workload condition. Lastly, workload remained constant 

in all three testing conditions.Conclusion: Participants may be able to exercise for 

longer periods during sub-maximal exercise if they disregard the RPE warning 

response. In the current study, the RPE response illustrated that participants were 

being exerted more over time; however, the participants still had physiological and 

workload capacity to continue exercising. This research project has confirmed the 
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fact that fatigue is a multifaceted phenomenon. Furthermore, it has been illustrated 

that RPE response alone as an indicator of fatigue onset may be misleading as 

participants did not breach the HR and workload steady state during the current 

research. Therefore, it may be more appropriate to assess fatigue onset through the 

assessment of more than one fatigue variable in order to ensure increased accuracy 

of the participants’ fatigue state assessment.  
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CHAPTER I 

1. INTRODUCTION 

1.1 BACKGROUND TO STUDY 

Individuals engaging in day-to-day activities will often experience increased 

discomfort, and increased difficulty performing given exercise after prolonged 

exercise performance, even when performing sub-maximal intensity tasks or 

exercises (Lorist et al., 2002; Allen et al., 2008a). The cause of increased difficulty or 

decreased performance, and increased sensation of discomfort is often attributed to 

various factors (Swart et al., 2012). In most cases individuals assume that their 

decreased performance and increased pain sensation is because they fatigued, 

have lowered energy levels and/or they are exhausted (Enoka & Duchateau, 2008). 

Individuals who experience a “tiredness” sensation often cannot explain the cause of 

the pain and the accompanying reduced performance. There is a possibility that the 

working muscles, and cardiovascular system are the limiting factors to exercise 

performance and/or it is the perceived pain sensation which accounts for the 

decreased performance (St Clair Gibson et al., 2003). The perceived pain sensation 

can often be intolerable, especially for individuals with a low-pain threshold 

(Grandjean, 1979; Borg et al., 1985). Therefore, the pragmatic reaction from an 

individual experiencing tiredness-related pain or discomfort is to discontinue the task 

or terminate the exercise, or reduction of the effort applied to continue performing the 

exercise, which is thought to be the cause of the tiredness and painful sensation 

(Marino, 2004; Taylor et al., 2006; Yoon et al., 2007).  

In the scientific community the “tiredness” sensation which most ordinary individuals 

experience when performing tasks and/or exercises for prolonged periods, is 

referred to as fatigue (Grandjean, 1979; St Clair Gibson et al., 2003). Fatigue carries 

various definitions in the scientific community (St Clair Gibson et al., 2003). It can be 

defined as the inability of an individual to maintain the initial performance response 

to the task over time (Lorist et al., 2002). For example, exercising individuals will 

often begin a task with a higher power output than the power output, which is 
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observed after a prolonged period of time on the task, or at the point of exhaustion 

during exercise (Farina et al., 2003).  

There are various forms of fatigue (Grandjean, 1979; Abbiss & Laursen, 2005; 

Enoka & Duchateau, 2008). In this research, the focus is on physical fatigue, which 

is thought to affect the cardiovascular and peripheral system during exercise task 

performance (Grandjean, 1979; Kent-Braun et al., 2002; Gandevia, 2008). The 

phrase “physical fatigue”, and the term “fatigue”, are used interchangeably in this 

study. It is noteworthy to mention that fatigue is different from exhaustion which 

occurs at the point at which the participant can no longer continue performing the 

exercise or task (Faulkner & Eston, 2007; Amann & Dempsey, 2008). Exhaustion is 

the point at which the participant terminates the exercise, whereas fatigue may be 

defined as the point where more effort is required to perform a given task or exercise 

in order to maintain the performance levels (Lorist et al., 2002). While fatigued 

participants can often increase their effort levels to counter the negative effects of 

fatigue on exercise performance (Brown et al. 2010). In contrast exhausted 

participants are unable to counter exhaustion to maintain the performance levels 

(Garcin et al., 2004; Marino, 2004; Faulkner & Eston, 2007).This is because 

exhaustion is often followed by the reduction in effort levels and in some cases 

termination of the exercise task (Ament & Verkerke, 2009).  

There is a growing body of evidence which proposes that fatigue is a brain-derived 

emotion (Noakes, 2000; St Clair Gibson et al., 2003; St Clair Gibson & Noakes, 

2004; Noakes et al., 2004; Lambert et al., 2005; Noakes, 2012; Swart et al., 2012). 

In terms of this notion of fatigue, it is proposed that the sensation of fatigue in the 

brain is a protective mechanism against catastrophic events (Marino, 2004; Noakes 

et al., 2005, 2004). St Clair Gibson et al. (2003) noted that fatigue is thought to be a 

response to the increasing disequilibrium in the exercising participant’s homeostasis 

as a consequence of the participant’s bodily organs not being able to meet the 

current and prospective demands of the given exercise task. However, this notion 

that fatigue is a brain-derived sensation is not yet well established. There are other 

theories, which propose that fatigue originates peripherally; namely, in the working 

muscle and cardiovascular system rather than in the brain (Grandjean, 1979; 

Gandevia et al., 1996; Allman & Rice, 2002; Allen et al., 2008b; Enoka & Duchateau, 

2008; Giulio et al., 2011). Therefore, the impact of fatigue can either be in a bottom-
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up manner and/or top-down manner. Neither of these concepts of fatigue are 

mutually exclusive owing to the fact that all the systems in the human body, which 

affect the participants fatigue status, are linked (Gandevia, 2001; Nybo & Secher, 

2004; Abbiss & Laursen, 2008; Noakes, 2012; Swart et al., 2012). Prolonged 

exercise activities have elucidated the link between the brain and muscular system, 

where individuals who have been exercising for lengthy periods of time demonstrate 

cerebral perturbation and generally struggle to produce peak performance in a 

cognitive task (Nybo & Secher, 2004).  

This study focused on physical fatigue and how changes in physiological responses, 

perception, and workload, could assist in the understanding of the development of 

fatigue during exercise performance.  

1.2 STATEMENT OF THE PROBLEM 

The interaction between physiological, perceptual responses, and workload during 

fatiguing exercise tasks have not formed a major part of physical fatigue research 

(Gandevia et al. 1996; St Clair Gibson et al. 2003; Meeusen et al.,2006; Taylor et al., 

2006; Enoka & Duchateau, 2008; Higham & Biewener, 2009; Noakes, 2012). In 

addition, investigations of whether exercising participants perceive physical fatigue 

prior to exhibiting physiological fatigue responses and/or workload decrements and 

vice versa, do not seem to be the focus of physical fatigue literature. The 

investigation of the changes in perception of fatigue, physiological responses, and 

workload decrements may provide valuable information as to where physical fatigue 

occurs initially during exercise task performance.  

Physical fatigue can be defined as diminishing performance, which arises over time 

during exercise task performance in healthy participants, affecting the cardiovascular 

system and peripheral muscular system, and to a lesser extent the cerebral 

component (Grandjean, 1979; Lorist et al., 2002; Nybo & Secher, 2004; Abbiss 

&Laursen, 2005). The affected systems demonstrate signs of fatigue with changes, 

which include increased breathing frequency, increased heart rate (HR), increased 

electromyography amplitude, and diminished muscular contraction time, including 

increased pain and discomfort levels in the working muscles (Schwartz et al., 1993; 

Oberg, 1995; Vøllestad, 1997; Aaronson et al., 1999; St Clair Gibson et al. 2003). 
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Changes in the working muscles can be observed through the use of the following: 

subjective ratings of perceive exertion (RPE) scores; changes to muscle contraction 

strength; changes to exercise task performance; and in some cases the levels of 

perturbation to cognitive function (Noakes, 2000; Ament & Verkerke, 2009; Desmond 

& Matthews, 2009; Kato etal., 2009). The aforementioned factors could potentially 

provide information about whether exercising participants perceive physical fatigue 

prior to exhibiting objective fatigue responses and if the objective fatigue responses 

precede the perception of physical fatigue. 

In this study, in order to observe the changes in the participants’ physiological, 

psychological responses, and workload output, one of these factors was kept 

constant during testing in order to observe the changes of the two factors, which 

were not kept constant. Since there were three factors, this suggests that there were 

three testing conditions: one of the three factors was constant in order to observe 

changes of the remaining two factors. To keep the desired factor/response constant, 

the participants were prescribed condition-specific exercise instructions, which were 

adhered to during testing. This design allowed for the changes of two responses to 

be observed, while one response was kept constant. This principle was applied to all 

three testing conditions for observation of the changes in the responses over time.  

This led to the current research project using three exercise conditions that 

participants were required to perform while maintaining one response of the exercise 

task constant for the duration of the testing session. There were three parameters for 

each testing condition: physiological response, perceptual response and workload. 

During the testing of each condition, one response was maintained as constant this 

was the independent variable while the remaining two responses were the 

dependent variables. Maintaining one response of the exercise condition constant 

provided an opportunity to observe the changes in the two other responses, which 

were not maintained as being constant. The three exercise conditions included: 

exercising under constant physiological response, constant perceptual response, 

and constant workload.  
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CHAPTER II 

2. REVIEW OF LITERATURE 

2.1 Background Information 

Fatigue has been studied for decades within various disciplines, which has resulted 

in varying definitions to suite the various disciplines (Noakes, 2000; St Clair Gibson 

et al., 2003; Abbiss & Laursen, 2005). Research conducted to gain a better 

understanding of fatigue has led to various disciplines adopting a reductionist 

methodology to understand fatigue within the given discipline; for example, 

psychologists will have a different definition of fatigue compared to physiologists and 

neurophysiologists (St Clair Gibson et al., 2003). In the neurophysiology discipline, 

fatigue is described as the diminished effect of the action potential stimulating the 

efferent motor neurons, which results in a reduced muscle activation and muscle 

force production (Gandevia, 2001). While the physiologists refer to fatigue as a 

reduction in the performance of the complete physiological system or a component 

of the system which has noticeable impact of the physiological system (Green, 

1997).  

Fatigue is viewed as a negative effect of physical exercise, which hinders 

performance over time, and this has resulted in extensive research being conducted 

into understanding fatigue and its impact on exercise performance (Noakes, 2000; 

Kay et al., 2001; Kayser, 2003; Rattey et al., 2006). A better understanding of fatigue 

during exercise performance will benefit both coaches and athletes (Abbiss & 

Laursen, 2005). A better understanding of the fatigue mechanisms and the impact it 

has on exercise performance may help athletes in selecting the appropriate training 

strategies, which can maximise the adaptations to the exercise for improved 

performance (Noakes, 2000). These discipline-specific definitions of fatigue have 

resulted in various models that aim to describe it (St Clair Gibson et al., 2003). 

These models include, but are not limited to the Psychological fatigue model, the 

Cardiovascular fatigue model, Muscular fatigue model, and the Biomechanical 

fatigue model (Noakes, 2000). The aforementioned models are pertinent to the 

current research project as these models relate directly to the current research 
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project independent variables. While the discussion of neuromuscular fatigue model 

was included, to illustrate the close relationships that exist amongst the various 

models of fatigue and hence it is difficult to study a fatigue model in isolation.  

In this research project, the term fatigue is used to define an increase in the 

physiological response, an increase in the perceptual response, and a decrease in 

the power output over time because of physical exercise performance (Borg, 1990; 

Kay et al., 2001; Tucker, 2009). It must be mentioned that exercise is terminated at 

volitional exhaustion; however, fatigue is a precursor to exhaustion (Kay et al., 

2001).  

In order to compile the literature review for the current study various academic 

search engines were used these mainly included Research Gate, Science Direct, 

Google Scholar, and Elsevier. All papers containing the terms ‘fatigue’ and ‘exercise’ 

and ‘fatigue during exercise’ and ‘tiredness’ or ‘physical fatigue’ or ‘EMG’ or ‘RPE’ in 

the title or abstract were identified. To refine the literature search the researcher 

focused on literature relating to subjective fatigue measured using RPE, objective 

fatigue measure using performance indicators. These performance indicators 

included power output, distance travelled, speed, and time trials. Based on the 

literature search, the models of fatigue that formed the core focus of the current 

study included psychological, cardiovascular, biomechanical, and neuromuscular 

fatigue models. The abstracts of these studies were then inspected to ascertain 

whether they contained information about the ‘exercise fatigue’ or ‘EMG’ or ‘RPE’ or 

‘cycling’. The researcher then reviewed 176 studies which had information which 

was to be included in the literature review and discussion section.  

2.2 Psychological Fatigue Model 

Athletes often refer to mental preparation for events. This mental preparation is 

believed to improve their motivational levels and psychological readiness for the 

upcoming event (Nybo, 2008; St Clair Gibson et al., 2003; Swart et al., 2012). The 

benefits of psychological readiness are thought to have a positive impact on athletes’ 

neuromuscular readiness for a given exercise as athletes use visualisation 

techniques to prepare for the exercise psychologically (St Clair Gibson & Noakes, 

2004). According to this school of thought, it is believed that athletes with low 

motivational levels for an event often possess reduced neuromuscular function which 
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may lead to poor muscle activation (Borg, 1982; Vollestad, 1997; Cochrane & 

Sleivert, 1999; Tatterson et al., 2000).  

In addition to the above, Pughet al., (2002) found that there was a difference in 

exercise performance when comparing laboratory performance to performance 

during competition. Untrained individuals generally reach volitional exhaustion 

around core temperatures between 38°C and 39°C, while trained participants 

generally reach volitional exhaustion at core temperatures above 40°C under 

laboratory conditions (Pugh et al., 2002). In contrast, trained athletes can still 

perform at core temperatures above 40°C during competitions without reporting 

volitional exhaustion (Pugh et al., 2002). The difference observed between the 

trained and untrained individuals can be attributed to factors such as the training 

status, motivational levels that are influenced by the competition environment, and 

personality types of the trained individuals (Cheung & McLellan, 1998; Pugh et al., 

2002). These factors are attributed to the superior performance observed during 

competitions in trained individuals (Cheung & McLellan, 1998).  

During cycling events it is well established (Nikolopoulos et al., 2001; Albertus et al., 

2005; Abbiss & Laursen, 2008; Tucker, 2009; Micklewright et al., 2010; Faulkner et 

al., 2011) that professional cyclists possess superior pacing strategy versus their 

non-professional counterparts (Tucker, 2009). Albertus et al. (2005) observed the 

superior pacing strategy of trained athletes during a study investigating the impact of 

distance feedback on pacing strategy and perceived exertion during cycling. There 

were 15 well-trained cyclists who performed two 20-kilometers time trials; the 

controlled time trial cyclists were provided with accurate distance feedback but in the 

experimental condition, participants were provided with inaccurate distance feedback 

(Albertus et al., 2005). It was found that there was no difference in the finishing times 

between the two conditions and that the pacing strategies were not changed, with 

the power output data illustrating no significant difference between the two conditions 

(Albertus et al., 2005). There was a significant (p<0.05) difference noted in the HR 

data between the two conditions. It is noteworthy to mention that 20 kilometer is 

relatively short distance on a bicycle and may have not been a sufficient distance to 

elicit differing responses from well-trained cyclists who are accustomed to cycling 

100 kilometer distances regularly (Lepers et al., 2002; Swart et al., 2012). 
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The evidence illustrating the psychological impact on cycling performance is 

equivocal, as there is no obvious link between the various sources of afferent 

feedback during exercise and the feedback’s impact on the psychological state of the 

athletes. The following factors are thought to have an impact on the on the 

psychological state of the athletes and thus the athletes’ performance: training 

status, ambient temperature, core body temperature, exercise duration, HR, 

metabolite accumulation, cadence, and the type of competition - marathon or sprint 

race (Halson et al., 2002; Lepers et al., 2002). However, there is no defined model to 

illustrate how all the information from the aforementioned factors affects the 

psychological response of the athletes’ during exercise (Halson et al., 2002).  

The most acknowledged model to observe the psychological state of individuals’ and 

their exercise performance is Borg’s (1990, 1982) 15-point Rating of Perceived 

Exertion (RPE) Scale (Figure 1). However, there are other models, which perform a 

similar function such as the Borg’s CR – 10 Scale (Borg, 1990) and the Swedish 

Occupational Fatigue Inventory (SOFI) designed by Gutierrez et al. (2005). Others 

are Profile of Mood States (POMS) and Short Form Profile of Mood States (POMS-

SF) outlined by Curran et al. (1995) and Lee et al. 1991).  
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Figure 1: Diagram of Borg’s RPE Scale (Adapted from Borg, 1990). 

However, during studies of physical exercise activities the most commonly utilised 

scale to assess the onset of psychological fatigue is the RPE scale (Hampson et al., 

2001; Baden et al., 2005; Green et al., 2006; Tucker et al., 2006; Swart et al., 2012). 

It has been observed, as shown in Figure 1, that the onset of fatigue is associated 

with an increase in RPE and generally, volitional exhaustion occurs between 

extremely hard and maximal exertion (Green et al., 2007; Swart et al., 2012). The 

RPE scale has demonstrated a robust correlation to physiological responses to 

exercise such as HR, oxygen uptake, and cardiac output, with the exception of core 

body temperature (Green et al., 2006; Faulkner et al., 2007; Crewe et al., 2008; 

Swart et al., 2012). 

The use of the RPE scale during exercise is common and this is due to the robust 

nature of the RPE (Nybo, 2008; St Clair Gibson et al., 2003; Swart et al., 2012; 

Fontes et al., 2013). However, RPE data alone is limited because it does not provide 

for an internal perspective on what occurs in the different brain regions during 

exercise (Borg, 1990). It is known that, as exercising participants perceive increased 

exertion because of a given exercise; their RPE response generally increases 

linearly with exercise intensity and duration (Green et al., 2006; Faulkner et al., 2007; 

Crewe et al., 2008; Swart et al., 2012). Recent work by Fontes et al. (2013) has 

linked RPE responses to functional magnetic resonance imaging (fMRI) during 

cycling. This study offers a new method of understanding psychological fatigue 

response, while the fMRI data provides objective data to support the subjective RPE 

responses (Fontes et al., 2013). Furthermore, this study lends support for the 

importance of using RPE response during exercise, as now it is possible to link the 

physiological brain activity with the participants’ RPE response to a given exercise. 

Although, Fontes et al. (2013) did not perform a fatigue exercise protocol during the 

cycling exercise, they noted that RPE increased linearly over time.  

In addition, correlation analysis between RPE and the fMRI data revealed which 

regions of the brain are activated when participants are exercising below an RPE 

rating of 15, and when participants are exercising at an RPE equal or greater than 15 

(Fontes et al., 2013). From the seven participants, only four participants’ data were 

used to correlate fMRI and RPE; however, these findings still provide insight into the 
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brain regions, which may be associated with the perception of exertion (Fontes et al., 

2013). This evidence further supports the robust nature of the RPE responses 

having a strong correlation to physiological data during exercise (Swart et al., 2012; 

Fontes et al., 2013). Relative to the other studies reviewed in the current research 

project, the work of Fontes and his fellow researchers in 2013 was not conducted 

during a prolonged cycling exercise. However, due to the consistency of the RPE 

response during exercises of varying duration, this permitted the inclusion of such a 

study in the current research project. Viana et al. (2016) made similar findings 

regarding the robust nature of RPE response during a study where nineteen 

participants performed four multiple-lap time trials of 9.9 kilometer each. A 

correlation between the RPE and POMS revealed that POMS data was able to 

explain for 88 % of the changes observed in the RPE responses during the multiple-

lap time trials (Viana et al., 2016). The fact that RPE can be correlated to a variety of 

other fatigue indicators illustrates the important role that RPE has in linking factors 

such as psychological, physiological, and biomechanical response to fatigue 

exercises (Swart et al., 2012; Fontes et al., 2013; Viana et al., 2016). With RPE 

having such strong correlations with other fatigue indicators, this allows for a more 

holistic approach to the understanding of fatigue relative to the reductionist approach 

that may limit fatigue to a specific discipline. For example, within the discipline of 

physiology, the physiologist may refer to fatigue as decreased performance in a 

component of the physiological system, which has noticeable impact (Green, 1997; 

Vollestad, 1997). 

 Another study by Crewe et al. (2008) was conducted in an environmental chamber 

where seven well-trained male cyclists performed five trials. Two of the five trials 

were performed at a cooler temperature of 15 °C (at 65% and 70% of their Peak 

Power Output) and the remaining three trials were performed at a hotter temperature 

of 35°C (at 55%, 60%, and 65% of Peak Power Output (PPO). It was established 

that fatigue onset occurred significantly (p<0.05) sooner at 35°C at 65% of PPO and 

at 15°C at 70% of PPO relative to the other conditions. Interestingly, in this study it 

was found that rectal temperature and RPE demonstrated a stronger linear 

correlation (r = 0.92) than the correlation of RPE and skin temperature. With RPE 

demonstrating a linear increase under all five conditions, with a significantly (p<0.05) 

higher positive gradient occurring during the 35°C at 65% of PPO condition and the 
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15°C at 70% of PPO compared to the 35°C at 55% of PPO condition. The 

participants demonstrated a faster increase in RPE ratings towards the end of the 

trials relative to the beginning of the trials. This may be an indication that the 

participants may have been receiving increased afferent feedback from the 

physiological systems and the working muscles in relation to metabolite 

accumulation, muscle trauma damage, and energy stores, which are some of the 

factors that affect RPE (Borg, 1982, 1990). Lastly, previous experience may also 

influence the athletes’ RPE response during similar exercises (Micklewright et al., 

2010). 

Evidence of the psychological impact on exercise performance of athletes has been 

observed in studies which have investigated the impact of pacing strategies 

(Nikolopoulos et al., 2001; Albertus et al., 2005; Tucker, 2009; Micklewright et al., 

2010; Billaut et al., 2011; Faulkner et al., 2011). 

 It has been observed that exercise performance during exercise events where 

participants are informed of the exercise duration or the exercise distance yields 

superior performance results versus athletes’ performance where the participants 

are misinformed (Albertus et al., 2005; Faulkner et al., 2011). The impact of accurate 

exercise information and the participants’ experience may give the informed 

participants the advantage, which resulted in their superior performance (Faulkner et 

al., 2011). Faulkner et al., (2011) noted that athletes might adopt lower performance 

levels during exercise events where there is limited feedback concerning exercise 

duration. This pacing strategy may be adopted in order to maintain energy reserves 

for longer as exercise termination is unknown, and thus protects the exercising 

participants against premature fatigue onset (Tucker et al., 2004; Baden et al., 

2005). Furthermore, the regulation of energy expenditure through such pacing 

strategies may help the exercising participants avoid premature exercise termination 

due to over-exertion (Tucker et al., 2004). 

It was noted that superior pacing strategies exist in well-trained athletes relative to 

novice and recreational athletes (Takaishi et al., 1996; Faulkner et al., 2011). These 

superior pacing strategies may be facilitated by the years of experience accumulated 

by well-trained athletes relative to their recreational athlete counterparts. Takaishi et 

al. (1996) made similar findings where well-trained cyclists demonstrated superior 
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performance relative to their counterparts. The aforementioned evidence illustrates 

the importance of experience in selecting optimal pacing strategy in order to achieve 

superior exercise performance without premature exercise termination. Furthermore, 

well trained athletes are capable of anticipating the required power output during 

short cycling racing to such an extent that optimal performance is achieved while 

fatigue onset is delayed (Micklewright et al., 2010). 

Under this school of thought, it is believed that athletes’ performance levels are 

linked to the athletes’ motivational levels. Decreases in the athletes’ motivational 

levels are believed to have a negative impact on their performance levels and are a 

sign of fatigue onset. Although there has been no evidence, detailing the exact 

mechanism illustrating how exactly diminished motivational levels affect physical 

performance. In addition, there is no clear evidence as to whether motivational levels 

affect athletes’ physiological response to exercise and vice versa. It is however, 

believed that changes in psychological factors have an impact of exercise 

performance in combination with afferent feedback from the working muscles 

(Albertus et al., 2005; St Clair Gibson et al., 2003; St Clair Gibson & Noakes, 2004). 

Lastly, the Borg RPE scale is said to illustrate fatigue onset when the participants 

respond with increasing RPE scores over time during exercise activities. It is thought 

that changes in the working muscles can be observed through the assessment of the 

RPE scores, changes to muscle contraction strength, changes to exercise task 

performance, and in some cases the levels of perturbation regarding cognitive 

function.  

2.3 Cardiovascular Fatigue Model 

During exercise, the heart works to supply the working muscles with oxygen and 

remove the waste products from the working muscles such as lactic acid (Noakes, 

2000). Evidence for the increased work rate by the heart during exercise can be 

seen in the increased cardiac output, increased HR, and increased oxygen utilisation 

by the working muscles (Noakes, 2000). Trained athletes generally have higher 

maximal oxygen uptake (VO2max) values relative to their sedentary counterparts 

(Noakes, 2000). The higher VO2max values of 70mL/kg/min to 80 mL/kg/min affords 

these athletes the capability of transporting sufficient oxygen to the working muscles 

during periods of increased work rate to meet their exercise demands (Noakes, 
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2000; Lucia et al., 2002). There are various factors which influence an athlete’s 

VO2max and these include genetics, plasma volume, blood cell mass, cardiac 

output, increased oxygen delivery, and oxygen utilisation at the tissue level (Coyle et 

al., 1992; Noakes, 2000; Goodman etal., 2005).  

 

Heart rate and stroke volume are responsible for increasing an individual’s cardiac 

output (McArdle et al., 2007). The heart does have limitations in terms of contributing 

to the increase in cardiac output (Tanaka et al., 2001). An increase in age has been 

correlated to a decrease in maximal HR values, which in turn affects an athlete’s 

heart capability to pump blood to the working muscles (Tanaka et al., 2001). With 

endurance training, both athletes and sedentary individuals have been shown to 

improve their cardiac output due to an enlarged left ventricle of the heart muscle, 

which allows the heart to pump more blood through the aorta (McArdle et al., 2007). 

The enlarged left ventricle is often the result of endurance training; other benefits of 

endurance training include greater left ventricular dilation, increased mitochondria, 

capillarisation and hypertrophy of the heart muscle, which do not occur in sedentary 

individuals (Goodman et al., 2005; Jeukendrup & Diemen, 2011). From the evidence 

presented above, it is reasonable to assume that exercise performance is limited by 

an individual’s cardiac output (Noakes, 2000). A study by Gonzalez-Alonso and 

Calbet, (2003) using eight healthy males during an intense upright cycling exercise 

until exhaustion, examined muscle blood-flow, cardiac output, mean arterial pressure 

and muscle oxygen delivery. The study found that with increased thermal stress 

there was a decrease in the participants’ cardiac output and mean arterial pressure 

with subsequent decrements to muscle blood-flow, oxygen delivery, and volume of 

oxygen uptake (Gonzalez-Alonso & Calbet, 2003).  

 

The second finding from the study concerned the decrease in the oxygen uptake by 

the skeletal muscles prior to fatigue under normal conditions, and conditions with 

heat stress. The decrease in skeletal muscle oxygen uptake was associated to the 

similar lowering in both the skeletal muscle and systemic oxygen delivery as the leg 

vascular conductance, arterial oxygen content, and exercising leg oxygen extraction 

were unchanged. Thirdly, an enhanced muscle lactate accumulation, Adenosine 

Triphosphate (ATP), and Phosphate Chromium hydrolysis accompanied the reduced 



14 

leg oxygen uptake with heat stress, yet muscle energy stores were not depleted 

upon onset fatigue (Gonzalez-Alonso & Calbet, 2003).  

Gonzalez-Alonso and Calbet (2003) noted that by the end of the exercise limitations 

to oxygen diffusion at the working muscles could not be the primary cause of fatigue. 

This was because the leg arterial venous oxygen difference and extraction continued 

to increase throughout the exercise but never reached the maximum of 91% 

(Gonzalez-Alonso & Calbet, 2003). In a study conducted on cross-country skiers, 

Calbet et al. (2004) were able to demonstrate that reduced cardiac output attributed 

to diminished performance as illustrated in Figure 2.  

 

Figure 2: The Cardiovascular / Anaerobic Model (Adapted from Noakes, 2000)  

Shei and Mickleborough’s (2013) observations during exercises of varying intensity 

was that cardiac output along with blood-flow to the working muscles rises to peak 

levels until the working muscles cannot accommodate the increased blood-flow. The 

result is both oxygen supply and metabolite removal from the working muscles is 

limited (Nybo, 2008; Shei & Mickleborough, 2013). This process occurs in both 

trained and sedentary individuals during exercise (Shei & Mickleborough, 2013). 

The notion of cardiac output affecting performance is further supported by the fact 

that during exercise in hot conditions, there is a notable difference in exercise 

performance (Wall et al., 2013). Aerobic performance is affected by dehydration and 

the additional heat stress as it was thought that the decrease in the water volume in 

the body affects the blood volume, leading to lowered plasma volume. The lower 

plasma volume affects the cardiac output and stroke volume during exercise (Wall et 
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al., 2013). Lowered plasma volumes are thought to lead to a lowered cardiac output, 

which would affect blood-flow to the working muscles during exercise in both trained 

and sedentary individuals.  

Exercise activities conducted under hot conditions in both self-paced and closed-

loop exercise demonstrate similar performance decrements, (Lucia et al., 1999; 

Lepers et al., 2000; Padilla et al., 2000; Allman & Rice, 2002; Kayser, 2003; Tucker 

et al., 2004). There is, however, minimal understanding of the biological mechanisms 

which are responsible for these performance decrements. The aforementioned 

notion that a decrease in cardiac output affects exercise performance has been the 

important point in explaining the onset of fatigue during exercise using the 

cardiovascular model.  

However, there is evidence which indicates that the performance decrements 

observed during exercise activities in hot conditions may not be attributed to 

decreases in cardiac output and reduction in blood flow to the working muscles 

(Lucia et al. 2000; Cairns et al. 2005; Tordi et al. 2003; Pinniger et al. 2000; Tucker 

et al. 2004). As such, fatigue has been observed at a core temperature above 38°C 

(Millet et al. 2003; Tucker et al. 2004). The onset of the fatigue is regardless of the 

individual’s temperature prior to the exercise activity and the individual’s heat storage 

(Tordi et al., 2003; Noakes & St Clair Gibson, 2004; Tucker et al., 2004). Therefore, 

it has been postulated that the onset of fatigue observed during hot exercise 

conditions is associated with what is termed the critical core temperature (Tucker et 

al., 2004; Abbiss et al., 2010). Exercise activities, which raise the individual’s core 

temperature to critical levels are said to have an impact on the central nervous 

system, thus exercise performance is decreased to protect the individual and prevent 

potential catastrophic incidents (Millet et al., 2003; Tucker et al., 2004; Cairns et al., 

2005). 

Moreover, it is established that participating in exercise activities conducted under 

extreme weather conditions can have a detrimental effect on exercise performance 

(Noakes, 2000; Abbiss et al., 2010). Under cool conditions between 3°C up to 20°C 

performance decrements are less prevalent relative to exercise activities performed 

in conditions where the environmental temperature is above 31°C (Candau et al., 
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1999; Garside & Doran, 2000; Noakes et al., 2001; Laursen et al., 2003; Tucker et 

al., 2004; Ozgunen et al., 2010).  

The prevailing train of thought was that as a result of the hot environmental 

conditions the circulatory system will be negatively affected resulting in the reduction 

of cardiac output and blood-flow to the working muscle (Noakes et al., 2001; Tucker 

et al., 2004; Ozgunen et al., 2010). The negative impact is thought to increase 

because under hot environmental conditions the body needs to maintain 

homeostasis by maintaining adequate blood supply to the working muscles as well 

as the skin for thermoregulation (Ozgunen et al., 2010).  

Signs of a malfunctioning central nervous system include confusion, dizziness, and 

poor coordination. Individuals who exercise until volitional fatigue in hot conditions 

exhibit these aforementioned markers. This illustrates that a perturbed central 

nervous system is a contributing factor to fatigue during exercise under hot 

conditions. Therefore, the cardiovascular system alone cannot be responsible for the 

onset of fatigue and subsequent termination of the exercise activity under such 

conditions (Gissane et al., 1991; Tucker et al., 2004; Ozgunen et al., 2010). 

There are various aspects of the cardiovascular system that may be considered 

when looking at the probable causes of fatigue under the cardiovascular model. 

These include plasma volume, muscle blood-flow, and blood volume. With 

endurance training, it is known that athletes generally improve exercise performance 

because of the increased number of mitochondria in the skeletal muscles, increased 

capillarisation, and an increase in red blood cells (Abbiss & Laursen, 2005). 

Endurance-trained athletes possess superior blood volume levels compared to 

sedentary individuals with an average blood volume range of 4800 millilitres to 

5000millilitres (Abbiss & Laursen, 2005). The increased capillarisation in trained 

athletes assists with the increase blood-flow to the working muscles during exercise 

resulting in a superior performance by trained athletes as compared to the sedentary 

individuals (Noakes, 2000; Ozgunen et al., 2010).  

However, because the current study did not include the collection of blood samples, 

it was prudent to focus on factors that related to the cardiovascular, psychological 

and biomechanical models that could be understood under the current study’s 

parameters. For example, it is possible to relate the athlete’s exercise HR to the 
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athlete’s cardiovascular function. Therefore, factors such as metabolite accumulation 

and oxygen perfusion rate will not be discussed in the current study. 

In summary, optimal cardiovascular function is imperative for delayed fatigue onset 

and maintaining desired exercise performance during exercise activities. Under the 

cardiovascular model, exercise performance is dependent on cardiovascular 

system’s capability to meet the working muscles’ substrate and oxygen demands. It 

is evident that when the demands of the working muscles are not met with sufficient 

oxygenated blood, and/or there is poor blood flow to the working muscles, fatigue 

onset is likely to occur sooner than later - more especially in sedentary individuals 

when compared to trained athletes (Tucker et al., 2004; Ozgunen et al. 2010). It is 

noteworthy to mention that the research pertaining to the cardiovascular model does 

not address the current research’s question on whether the athletes perceive fatigue 

onset prior to exhibiting fatigue symptoms and vice-versa.  

2.4 Biomechanical Fatigue Model 

Economical exercise patterns are thought to be critical when viewing fatigue using 

the biomechanical model. Cyclists who adopt non-economical cycling patterns are 

exposed to higher oxygen uptake (VO2) levels versus those cyclists who adopt 

economical cycling patterns. Furthermore, increases in oxygen uptake are 

associated with increased substrate utilisation for a given exercise (Takaishi et al., 

1996; Takaishi et al., 1998; Passfield & Doust, 2000). The increased substrate 

utilisation gives rise to increased core body temperature and a higher rate of 

metabolite accumulation versus metabolite clearance (Lambert et al., 2005; Enoka & 

Duchateau, 2008; Ament & Verkerke, 2009; Shei & Micklebrough, 2013).  The 

factors that are thought to be the sources of biomechanical fatigue are attributed to 

the economical exercise patterns and muscular contractions more specifically the 

stretching-shortening cycle.  For example, an individual who has a linear gait pattern 

versus an individual who deviates greatly from a linear trajectory will likely 

experience the onset of fatigue sooner.  Similarly, if the stretching-shortening cycle 

time of an exercising muscle changes it may be the result of fatigue onset (Komi, 

2000). 
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2.4.1 Economical Exercise Patterns 

Athletes who have exhibited higher levels of oxygen uptake levels during prolonged 

cycling exercise have been associated with reduced performance levels because of 

poor cycling economy (Coyle et al. 1992; Lucia et al. 2002). The reduced 

performance levels can be observed in reduced MVC and power output of the 

athletes (Abbiss et al., 2010; McCartney et al., 1983). 

Hence, professional cyclists possess superior performance capacity relative to 

recreational cyclists because the professionals have greater economy during 

exercise resulting in lower levels of oxygen uptake along with performing well below 

their anaerobic threshold (Noakes, 2000). This creates a buffer that allows 

professional cyclists to attain superior performance during exercise compared to 

recreational cyclists (Wiener et al., 1995; Lucía et al., 2000). 

Kang et al. (2005) showed that it was more economical to cycle at constant exercise 

intensity versus adopting variable cycling intensity (Table I). During a study involving 

15 participants (seven males and eight females) there were no significant differences 

observed in the average HR and oxygen uptake, and RPE data between the 2 

conditions tested during the exercise. In contrast, data collected at the end of the 

exercise protocol revealed that there was a significant (P< 0.05) difference in 

average HR and oxygen uptake at the end of the exercise (Table I). 

Similar results were observed by Theurel and Lepers (2008) where the constant 

power output condition resulted in lower fatigue levels compared to the variable 

power output condition, as the power output of the constant condition was higher 

compared to the variable power output condition (Theurel & Lepers, 2008). 

Table I: Difference between Constant versus Variable exercise intensity (Kang et al., 

2005) 

 VO2 (L.min-1) Heart Rate (bt.min-1) 

Constant Condition 0.26 ± 0.02 82 ± 2 

Variable Condition 0.33 ± 0.03 91 ± 3 

 



19 

In addition, the lactate levels at the end of the exercise protocol were higher in the 

variable condition compared to the constant condition, (7.2 ± 0.8 vs 2.7 ± 0.3 

mmol.L-1) respectively. Kang et al (2005) asserted that when exercising at a constant 

average exercise intensity there is minimal added demand placed on the 

physiological systems but exercising at a varying average exercise intensity will lead 

to higher oxygen uptake post-exercise and lactate levels. The economic benefits of 

constant average exercise intensity have also been attributed to the African runners, 

more specifically the Kenyan runners’ superior performance when compared to 

Caucasian runners (Weston et al., 2010). 

Overall exercise economy is affected by various factors including but not limited to 

the specific exercise performed, training status, and cycling cadence which is 

important when observing fatigue (Macintosh et al., 2000; Lepers et al., 2001; Lucia 

et al., 2002; Hamada et al. 2003; Lucia et al. 2004). Professional cyclists have been 

observed to select higher cadence compared with their recreational cyclists (Takaishi 

et al., 1996). Cadence levels of 70 revolutions per minute (rev.min-1) and a cadence 

range of 80 to 90 rev.min-1 have been observed in recreational cyclists and 

professional cyclists respectively (Takaishi et al., 1996; Takaishi et al., 1998). In both 

cases, the selected cadence has been associated with lower neuromuscular fatigue, 

as it is thought that power output achieved by the respective cyclists and their 

selected optimal cadence improves cycling economy, increases cardiac output and 

minimises blood occlusion (Takaishi et al., 1998; Calbet et al., 2004; Corbett et al., 

2011). 

Gotshall et al., (1996) observed similar results where professional cyclists cycling at 

a cadence of 110 rev.min-1 had a notable decrease in their arterial venous oxygen 

difference, lending support for the notion that the cardiac output was more than 

adequate in meeting the oxygen demands of the given exercise. The increased 

cardiac output is also thought to improve the clearing of metabolite accumulation 

such as lactic acid in the working muscles (Balsom et al., 1999; Rasmussen et al., 

2010). The higher cadence has the added benefit of reduced power output 

requirements as there is less inertia for the cyclists to overcome with each stroke 

and higher cadence relative to lower cadence which activates fewer fast twitch fibres 

which are not as fatigue resistant as slow twitch fibres (Argentin et al., 2006; 

Vanhatalo et al., 2008; Lunt et al., 2011). The high fatigability of fast twitch muscle 
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fibres makes them non-economical relative to slow twitch muscle fibres and this may 

be one of the reasons professional cyclists prefer the higher cadence (Gotshall et al., 

1996; Takaishi et al., 1996; Macintosh et al., 2000). 

During prolonged cycling exercises, muscle activation will increase as athletes 

become increasingly fatigued over time (Shei & Micklebrough, 2013). The increased 

activation occurs as athletes attempt to maintain desired performance levels by 

recruiting new and non-fatigue muscle fibres (Vøllestad, 1997; Westerblad etal., 

2010). The increase in muscle fibre recruitment is associated with increased oxygen 

uptake as the athletes’ muscles attempt to compensate for the fatigued muscle fibres 

(Vøllestad, 1997). In summary cyclists who adopt sustainable cycling patterns may 

be able to delay the onset of fatigue and maintain higher performance levels for 

longer periods compared to non-economical cyclists.  

2.4.2 Muscular Contractions – Stretching and Shortening Cycle 

During exercise activities, muscles will experience both concentric and eccentric 

contractions (Green, 1997; Komi, 2000). Cycling exercises the majority of the 

muscles of the lower limbs, quadriceps, biceps femoris, and gastrocnemius 

(Gollhofer et al., 1987 & Komi, 2000). These muscles and other lower limb muscles 

go through what is termed the stretch-shortening cycle (SSC) (Komi, 2000). 

Eccentric contractions form part of the stretching phase while concentric contractions 

are part of the shortening process during the SSC (Komi, 2000). Explosive exercise 

such as some plyometric exercise focus on capitalising on the benefits of the stored 

energy in the tendons and ligaments (Komi, 2000; Place et al., 2010). The elastic 

nature of the ligaments and tendons is what provides the energy, which is 

recuperated during the shortening phase and utilised to provide maximal stretching 

(Gollhofer et al., 1987; Komi, 2000). Komi (2000) found that there is about 6% to 8% 

increase in muscle-tendon length during observation of exercise activities such as 

drop jumps, sprinting and skipping rope. During cycling, the stored energy may be 

utilised to improve power output during the lengthening phase and thus has the 

potential to improve the cycling performance because of the efficient SSC (Gollhofer 

et al., 1987; Komi, 2000). 

However, the elastic energy has limits due to repeated shortening and stretching 

during prolonged exercise activities, which may lead to the working muscles fibres 
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becoming damaged and fatigued. This means the elastic energy is limited, 

depending on the fatigue resistance of the working muscles and the training status of 

the athlete (Gollhofer et al., 1987). The repeated SSC process may also decrease 

the efficiency of the elastic effect of the ligaments and tendons, progressively 

attenuating the impact the elastic energy has on force production with each stroke 

(Komi, 2000; Kay et al., 2001). 

Overtime the SSC process duration increases, resulting in the exercising athletes’ 

performance decreasing due to longer contraction period in the working muscles 

(Vollestad, 1997; Kay et al., 2001). The afferent feedback from the working muscles 

and Golgi tendons is associated with the increased contraction period in an effort to 

prevent a catastrophic event (Marino, 2004; Noakes et al., 2004; Tucker et al., 

2006). With increased fatigue there is a high possibility of muscle damage while the 

afferent feedback reduces the central nervous system (CNS) stimulation of the 

working muscles and reduces the motor unit firing rate for protective purposes 

(Enoka, 2012; Taylor et al., 2000). It evident that peripheral fatigue and central 

fatigue factors contribute to the overall observed peripheral fatigue, even though 

central fatigue may have minimal impact; it cannot be disregarded (Vollestad, 1997; 

Tucker et al., 2006). Therefore, superior performance and reduced fatigability is a 

result of improved exercise economy especially in cycling, as it results in economical 

cycling (optimal cadence selection) strategy. This is because professional athletes 

can maintain the higher cadence, which requires lower oxygen uptake, and force 

production. The overall impact of these factors is that professional cyclists are able 

to maintain higher performance levels for longer, maintain lower core body 

temperature, reduce the rate of metabolite accumulation, and invariably delay the 

onset of fatigue (Tucker et al., 2006). 

Minimal attention is given to the major contributing factor to the onset of fatigue 

under this school of thought. There is no precise distinction as to whether the poor 

cycling economy leads to altered SSC process resulting in overall performance 

decrements. Alternatively, changes in the SSC precede the altered economy of 

cycling. Furthermore, this school of thought, similar to the others in this study give 

minimal attention to the question of whether athletes exhibit poor exercise economy 

prior to perceiving the fact that they are becoming progressively fatigued and vice-

versa.  
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2.4 Neuromuscular Fatigue 

Some of past research into the development of fatigue during prolonged exercise 

has assumed that exercise performance is determined by either the ability of the 

cardiovascular system to provide enough blood, nutrients and oxygen to the working 

muscles, or the ability of the energy systems to deliver sufficient energy substrates to 

the working muscles. There is the notion that fatigue during prolonged exercise such 

as long-distance cycling races, is because of individuals’ experience of fatigue 

because of neuromuscular changes. Neuromuscular fatigue can be defined as the 

reduced ability of an individual to generate action potentials which can activate the 

appropriate muscle mass to meet the exercise demands. In addition, the reduction in 

the action potential delivered to the working muscles, together with neuromuscular 

fatigue is thought to be the result of reduced actin myosin coupling at the sight of the 

working muscles. From the aforementioned concepts about neuromuscular fatigue 

illustrated in Figure 3 by Vollestad, (1997), it is evident from the brain to the working 

muscles there are three sites where it is proposed neuromuscular fatigue emanates. 

These three proposed sites are discussed separately in detail regarding their 

potential role into the onset of fatigue during exercise. 

2.4.1 Central Fatigue 

To provide a clear description of neuromuscular fatigue, it is prudent to discuss each 

proposed site of fatigue. The CNS is responsible for the providing neural stimulation 

to the working muscles (Vollestad, 1997). It is thought that when there is reduced 

stimulation by the CNS to the working muscle, this onset, which is also termed 

central fatigue, is encompassed within the term neuromuscular fatigue (Vollestad, 

1997). However, scientific research in this area is equivocal as fatigue is a complex 

and multifaceted topic (Takaishi et al., 1996; Lepers et al., 2000; Noakes, 2000; Kay 

et al., 2001; Noakes et al., 2001; Allman and Rice, 2002). 

Lepers et al. (2001) observed the quadriceps muscle during a five-hour cycling 

exercise where participants were required to exercise at 55% of maximal aerobic 

power. It was noted that the vastus lateralis muscle showed significantly decreased 

electromyography (EMG) activity from the beginning of the exercise protocol. In 

addition, when using twitch interpolation technique, it was found that the vastus 

medialis muscle along with the central activation was reduced significantly by the 
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end of the exercise protocol relative to the measured response at beginning of the 

exercise protocol (Lepers et al., 2001). These reductions in muscle activation are 

associated with the central governor, which is thought to be located in the brain. The 

central governor acts to protect the exercising individual, using the negative 

feedback in response to pain in the working muscles (Noakes, 2000).  

The onset of fatigue is accompanied by the progressive rise in intercortical inhibition 

(Millet et al., 2003). Muscle excitability is believed to be negatively affected by 

neurotransmitters such as acetylcholine, serotonin and dopamine. These 

aforementioned neurotransmitters reduce the excitability and recruitment of skeletal 

muscles (Davis & Bailey, 1997; Davis, 1995; Davis et al., 2000, Kay & Marino, 2000). 

Sensations such as sleepiness, arousal, and general mode state are affected by the 

aforementioned neurotransmitters. Furthermore, the perception of effort during 

exercise is thought to be influenced by the same neurotransmitters. Studies that 

have observed exogenous supply of dopamine and serotonin have illustrated that 

exercise performance does decrease (Davis & Bailey, 1997; Davis et al., 2000). It 

has therefore been proposed that optimal levels of both serotonin and dopamine 

may lead to improved exercise performance during prolonged exercise activities as 

the arousal levels would be maintained or elevated (Davis & Bailey, 1997; Davis et 

al., 2000). It is well established that sufficient glucose supply to the brain is 

necessary for optimal function of the brain and thus prevention of decreased 

performance during exercise also requires the exercising individual to have an 

adequate carbohydrate supply (Davis et al., 2000). 

Central fatigue can also be assessed by comparing the muscle activation patterns 

when the CNS versus electrical stimulation of the target muscle stimulates the target 

muscles. One of the electrical stimulation methods is referred to as twitch 

interpolation, which entails the application of a transitory electrical current to the 

nerve trunk that innervates the muscle or to the target muscle directly (Lepers et al., 

2000). This technique allows for a comparison between the force production 

achieved under the CNS muscular stimulation versus the muscle force production 

achieved with artificial electric stimulation of the innervating nerve or skeletal muscle 

to assess for CNS related fatigue (Lepers et al., 2000). It can be assumed that 

should the results from the twitch interpolation and the CNS stimulation differ, then 

there is fatigue either at the muscle level where the muscle fibres are excited or at 
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the CNS. The aforementioned fatigue assessment-technique method is limited by 

the fact that fatigue is a multifaceted event with psychological factors, hydration 

levels, and exercise type all, which can influence and individual’s neural drive 

(Lepers et al., 2000; Avela et al., 2001; Lepers et al., 2001; Allman & Rice, 2002). 

Although it is evident that determining central fatigue is complicated, it has been 

shown that central fatigue is more noticeable in prolonged running activities relative 

to prolonged cycling exercises (Millet et al., 2003).This can be attributed to the 

greater muscle activation that occurs during a running exercise relative to the cycling 

exercise. Running is thought to have a greater negative afferent feedback thus 

leading to a greater intercortical inhibitory response (Millet et al., 2003). 

Thomas et al. (2015) found supporting findings during a study where participants 

performed three different time trials (3; 20; and 40 km). The participants 

demonstrated higher peripheral fatigue during the shorter three-kilometer time trial 

as a higher exercise intensity was adopted versus the longer and lower intensity 40-

kilometer time trial where central fatigue was higher. These findings may be 

cautiously attributed to active and passive fatigue where active fatigue is the result of 

elevated pain from the high exercise intensity in the three-kilometer time trial (Saxby 

et al., 2008). Moreover, the passive fatigue is a result of participants disengaging 

mentally from the task, as in the aforementioned case and this because of prolonged 

cycling (Saxby et al., 2008). This is more likely as the cycling conditions were not in 

competition conditions and there was no incentive for participants to engage 

mentally in the cycling trial. This study does not, however, address the matter of how 

changes within the participants’ physiological system affect their fatigue state and 

perception of fatigue. It focuses mainly on the factors mentioned under the three 

categories of neuromuscular fatigue in the current research project. More 

importantly, the work of Thomas et al (2016) does not provide a normalised time to 

task completion of the tasks comparison of the trials in order to ascertain whether 

central fatigue progresses at a different rate relative to peripheral fatigue.  

In conclusion, central fatigue similar to the other facets of fatigue is a complex topic. 

However, there are ways that central fatigue may be assessed during exercise 

performance; for example, by observing the changes in the aforementioned 

neurotransmitter levels during exercise may provide details of the levels of central 
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fatigue. Twitch interpolation presents another technique that may be used to assess 

central fatigue during exercise. The impact of the other possible sites of fatigue 

origination cannot be excluded under the assumption that they are non-contributing 

factors during central fatigue; as seen in Figure 3 (Vollestad, 1997) that there are 

multiple sites that can contribute to fatigue onset during exercise.  

 

 

Figure 3: Diagram Illustrating Afferent Feedback (Adapted from Vollestad, 1997) 

2.4.2 Excitation of Muscle Fibres 

The second site where fatigue is thought to originate is between the motor neurons 

and the muscles fibres as seen in Figure 3 (Vollestad, 1997). It is thought that the 

action potential that innervates the motor neurons and muscle fibres diminishes 

progressively during prolonged exercise activities such as cycling (Millet et al., 2003; 

Yoon et al., 2007). During a prolonged exercise activity, it was found that there was a 

10% decrease in the maximal voluntary contraction (MVC) in the extensor muscle 

(Millet et al., 2003). Millet et al. (2003) noted that there was minimal attribution by the 

central factors to the observed decrease in MVC. This observation is supported by 

the notion that the action potential is the bottleneck area for muscle force production 



26 

(Vøllestad, 1997; St Clair Gibson et al., 2001; Fowles et al., 2002; Lepers et al., 

2002; Walton et al., 2002).  

However as can be seen in Figure 3 (Vollestad, 1997), it is difficult to assume that 

the source of fatigue maybe isolated to a single region. This is because there is 

continuous interaction of efferent and afferent activities from the CNS to the muscle 

and from the muscles to the CNS respectively, including various sites which may be 

the main contributing region to the observed fatigue (Grandjean, 1979; Vøllestad, 

1997; Gandevia, 1998). In a study by Theurel and Lepers (2008) where 10 

participants performed two 33 minute cycling trials with the same average power 

output, in random order. The participants performed at a constant power output of 

70% of maximal aerobic power or under the variable condition, which required 

participants to exercise at varying power output levels of 50, 100, 150, and 200% of 

the maximal aerobic power. It was found that under the constant power output the 

participants exhibited lower levels of fatigue relative to the variable power output 

condition. In addition, HR and lactate levels were significantly higher in the variable 

power output condition compared to the constant power output condition. This 

evidence indicates that there might have been great carbohydrate (CHO) usage 

under the variable power output condition as lactate is a by-product of CHO usage.  

The increased lactate levels under the variable power output condition illustrated the 

fact that peripheral fatigue, central fatigue and muscle fibre excitability all influence 

an individual’s fatigue state. Furthermore, the type of exercise activity performed 

elicits varying degrees of contribution from the central fatigue, peripheral fatigue, and 

muscle excitability sites. This is corroborated by the fact that Theurel and Lepers 

(2008) noted that the fatigue observed under the constant power output condition 

was mainly attributed to neuromuscular fatigue, as there were lower levels of lactate 

and HR levels observed under the constant power output condition. It is therefore 

imperative to be cognisant of interaction between the three main sites mentioned in 

this study when discussing fatigue; namely central fatigue, muscle fibre excitability, 

and peripheral fatigue.  

It may seem plausible that repetitive muscle stimulation would lead to faster fatigue 

onset due to rapid depletion of CHO and increased accumulation of lactate in the 

working muscles. However, Millet et al. (2003) found that it was not the case as this 
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repetitive muscle stimulation is thought to increase muscle potentiation relative to a 

sustained muscle contraction, which may lead to blood occlusion and increased 

lactate accumulation in the working muscle. As stated that efferent and afferent 

activities occur concurrently during exercise performance. It is thought that a 

negative feedback originates from the working muscle, which leads to the reduced 

neural activation of the muscle in order to protect the working muscle and minimise 

excessive lactate build-up (Kay & Marino, 2000; Noakes, 2000; Avela et al., 2001 

Fowles et al., 2002). 

Interestingly, in a study looking at different pedaling techniques it was found that 

muscle activation patterns differed in the “between-the-two test” conditions that were 

used. The participants performed two 45-minute cycling sessions, where one 

session was when the participants were given power output feedback and while in 

the other session participants utilised a preferred cycling pattern. The exercise 

intensity for both cycling conditions was set at 75% of maximal aerobic power. 

Furthermore, there was a significant (P< 0.05) reduction in the vastus lateralis 

muscle under the feedback condition relative to the no-feedback condition. However, 

it was observed that, the biceps femoris muscle activation increased under the 

feedback condition. Upon exercise termination, it was noted that the reduction of 

both rectus femoris and vastus lateralis electromyography (EMG) activity was lower 

during feedback condition, compared to the no-feedback condition (Theurel et al., 

2011).  

The aforementioned observations highlight the complex nature and specificity of 

fatigue, and that under different conditions fatigue pathways will vary (Hunter, 2009; 

Cairns et al., 2005). One of the important factors during prolonged cycling exercise is 

the sodium (Na+) and potassium (K+) ion pumps. It has been noted that a decrease 

in the ionic gradient in the transmembrane of these two ions may lead to reduced 

muscles excitability (Nielsen and Clausen, 2000; Fowles et al., 2002). In addition, 

decreased action potential conduction velocity and a decrease in the pH levels of the 

working muscles have been found to be attributing factors to reduced 

electromyography (EMG) during prolonged cycling exercise (Green, 1997; Kay et al., 

2000; Fowles et al., 2002). Increases in K+ in the extracellular region along with 

intracellular lactate are associated with reduced membrane excitability and reduced 

central activation (Green, 1997; Fowles et al., 2002). With the elevated levels of 
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intracellular Na+ while K+ decreased in the intracellular region, this gradient shift in 

both the intracellular and extracellular regions have been attributed to minimised 

activation of the sodium-potassium muscle pumps (Green, 1997; Nielsen & Clausen, 

2000; Fowles et al., 2002).  

Overall, the aforementioned factors negatively affect neuromuscular propagation 

leading to limited exercise performance during prolonged cycling as fatigue onset 

results in limited muscle activation and a progressive decrease in power output. 

Further support for the fact that neuromuscular propagation has an important role in 

cycling performance comes from the fact that there are notable improvements 

observed when participants undergo submaximal cycling training. A training regime 

where participants were required to exercise at least five to six times per week at 

68% peak oxygen uptake yielded an increase of 35% in the sodium and potassium 

pump contraction of the vastus lateralis muscle (Hunter, 2009; Hunter et al., 2004; 

Yoon et al., 2009). Effectively this delayed the onset of fatigue due to the maintained 

neuromuscular propagation (Hunter, 2009; Hunter et al., 2004; Yoon et al., 2009).  

Interestingly, observations during a positioning and force task with similar average 

EMG illustrated that there was a difference in the time to failure between these two 

tasks. It is thought that one of the reasons for the observed differences is due to the 

control strategy employed in each task. The positioning tasking was noted to result in 

greater agonist muscle recruitment in a shorter period relative to the force task. In 

addition, the muscle activation required to maintain the position of the limb during the 

positioning task increased the motor unit activation in order to counter the rapid 

decline in discharge rate. This is regulated by the group III and IV afferents, which 

lead to delayed onset of fatigue during the positioning task (Gandevia, 2001; Maluf & 

Enoka, 2005). Group III and IV afferents are responsible for the feedback delivered 

to the brain. This feedback is triggered by the accumulation of by-products such as 

lactate and other metabolic by-products in the working muscles (Enoka & 

Duchateau, 2008). 

During the positioning task, more muscle fibres were activated as the working 

muscle substituted fatigued muscle fibres for muscle fibres that still had capacity. 

This may have attributed to the differences observed in the time to task failure 

between the positioning tasks compared to the force task.  



29 

In addition, James et al. (1995) illustrated that there is a difference in force 

requirements for performing isometric contractions versus isokinetic contractions. 

They were able to demonstrate that isokinetic contractions require more energy 

relative to isometric contractions where the force decrease is slower than the 

decrease during isokinetic force production. This lends support for the notion that 

exercises performed at maximal levels require more substrates than exercises 

performed at submaximal levels. This results in different fatigue patterns as the 

substrate depletion differs between the two aforementioned examples. In prolonged 

cycling exercise, athletes who adopt a high exercise intensity approach will tend to 

fatigue at a different rate relative to those cyclists who adopt a lower cycling intensity 

during the race (Sargeant et al., 1981; James et al., 1995). This supports the notion 

that fatigue may be task specific. Similarly, in cycling exercises, fatigue patterns 

might differ among athletes who adopted varying cycling techniques thus activating 

different muscle groups (Sargeant et al., 1981; James et al., 1995).  

Therefore, decreased excitation of working muscles over time is thought to be the 

result of reduced action potential stimulation of the working muscles, which is 

observed as the fatigue factor.  

2.4.3 Peripheral Fatigue 

At the working muscle, it is thought that fatigue is the result of changes that occur 

between the actin-myosin proteins and the substrate availability (Allen et al., 2008a; 

Allen et al., 2008b). Calcium ions affect the cross bridge cycling therefore changes in 

calcium levels will alter the force production capacity of the working muscles (Allen et 

al., 2008a). The decreased levels of calcium ions in the working muscles result in 

delayed cross-bridge cycling process and delayed force production by the working 

muscle (Allen et al., 2008b).  

Endurance exercises require athletes to have sufficient levels of muscles glycogen 

stores in order to continue exercising and maintaining the desired performance level 

(Sahlin et al., 1998; Balsom et al., 1999; Westerblad et al., 2010). Between aerobic 

and anaerobic glycogenolysis, it has been observed that the anaerobic 

glycogenolysis process utilises glycogen stores more rapidly relative to the aerobic 

glycogenolysis (Balsom et al., 1999; Halson et al., 2002; Tucker, 2009). Hence, 

athletes maintain carbohydrate intake during exercise and increase carbohydrate 
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intake post high intensity exercise and prolonged exercise activities in order to 

replenish glycogen stores (Balsom et al., 1999; Utter et al., 1999; Noakes, 2000). 

Reduced substrate levels have been associated with diminished performance levels 

(Noakes, 2000). This fatigue may be observed in the changes of the working 

muscles electromyography (EMG) readings and reduction in maximal voluntary 

contraction (MVC). EMG is the recording electrical activity that occurs within the 

muscle tissue, while MVC is the measure of the muscle’s strength during a maximal 

contraction effort (Lepers et al., 2002). Electromyography values tend to increase 

with the onset of fatigue as the working muscles attempt to recruit more muscles 

fibres in order to meet the power output demands of cycling exercise by substituting 

the fatigued muscle fibres with the non-fatigued muscle fibres during prolonged 

cycling (Oberg, 1995; Hautier et al., 2000; Allen et al., 2008b). However, MVC 

readings tend to diminish over time with increasing fatigue levels (Lepers et al., 

2002).  

Interestingly, in a review by Place et al. (2010) it was concluded that MVC (maximal 

voluntary contraction) and performance decrements could be observed in both 

prolonged dynamic exercise activities and exercise activities involving mainly 

isometric contractions. Figure 4 shows that factors such as blood-flow, metabolites, 

nutrients, and motor unit discharge rate are integral to the development of peripheral 

fatigue during exercise. The work of Place et al. (2010) lends support for peripheral 

fatigue being a result of alteration to the excitation-contraction coupling in working 

muscles during exercise. Furthermore, it is possible to measure the impact of 

alteration in blood-flow, motor unit firing rate, metabolites, and nutrients by utilising 

EMG and MVC (Gandevia, 2001; Place et al., 2010). Results from MVC and EMG 

measurements illustrate the existence of the peripheral fatigue process that is 

affected by prolonged exercise activities.  
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Figure 4: Sketch of attributing factors to Peripheral Fatigue (Adapted from Place et 

al., 2010) 

It can be postulated that an individual’s capacity to maintain desired performance 

levels during prolonged exercise activities and delay the onset of fatigue is 

associated with the working muscles’ blood-flow, motor unit firing rate, metabolites 

accumulation (Figure 4) and nutrients’ availability (Gandevia, 2001; Allen et al., 

2008a, 2008b; Place et al., 2010). 

There is evidence illustrating that peripheral fatigue may occur along with partial 

central fatigue (St Clair Gibson et al., 2001). This is due to the fact over time as the 

working muscles’ substrate levels diminish, blood flow changes, motor unit firing rate 

changes and the metabolite levels increase (St Clair Gibson et al., 2001; Gabriel et 

al., 2005). As a result, the desired performance from the given muscles will diminish 

(St Clair Gibson et al., 2001). This increases levels of peripheral fatigue where, if the 

exercising individual wants to maintain the desired performance levels, greater 

central activation through strong stimulation via the action potential from the CNS is 

required (Noakes, 2000; Pinniger et al., 2000; Kay et al., 2000; St Clair Gibson et al., 

2001). It is therefore normal to observe partial central fatigue when investigating 

peripheral fatigue as the initial workload demands were placed on the muscle and 

over time the CNS system is required to provide greater stimulation for the fatiguing 

working muscle fibres. Hence, this may be one reason that there are various sites of 

origin for fatigue during prolong exercise activates (Kay et al., 2001; St Clair Gibson 

et al., 2001). The sites of fatigue are often associated with the physiological systems 

that are mainly affected by the given exercise (Sargeant et al., 1981; James et al., 

1995). 
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The interaction between the central and peripheral systems during exercise has 

been thought to be one that maintains homeostasis and prevents any catastrophic 

events from occurring (Noakes et al., 2004; Noakes & St Clair Gibson, 2004; Noakes 

et al., 2005). Through the diminished action potential observed when the impact of 

central fatigue starts to manifest, it is believed that this process occurs because of 

the CNS protecting the muscles from damage, which may occur from 

disproportionate metabolite accumulation within the working muscles (Kay et al., 

2001; St Clair Gibson et al., 2001). It is thought that the CNS is responding to the 

afferent feedback (see Figure 3: Vollestad, 1997) from the working muscles by 

reducing action potential in order to prevent harm to the working muscles (Noakes et 

al., 2004; Noakes et al., 2005). In conclusion, changes in peripheral mechanisms 

such as reduction in maximal twitch torque contraction time, excitation coupling 

mechanisms and total twitch area were observed from the first hour of exercise 

which were thought to lead to peripheral fatigue during prolonged exercise (Lepers et 

al., 2002; Noakes et al., 2005).  

Sundberg et al. (2016) found similar findings to the peripheral fatigue findings in the 

study of Thomas et al. (2016) where central and peripheral fatigue are shown to 

have a distinct attributing influence on exercise; this was observed while 

investigating the performance changes and neuromuscular activity in males and 

females during cycling. It was noted that men and women have similar time course 

changes in performance decrements; (0.020±0.003/s) and (0.021±0.003/s) for men 

and women respectively. Sundberg et al. (2016) also stated that the similar time 

course decrease in performance between males and females illustrates that there is 

no metabolic differences between the sexes. The participants performed short high 

intensity exercise bouts that led to peripheral fatigue similar to the findings by 

Thomas et al. (2016). Similarly, Thomas et al. (2016) did not address the matter of 

whether the participants’ peripheral fatigue preceded the participants’ perceived 

fatigue and vice-versa. The aforementioned studies and the minimal attention given 

to which fatigue indicator leads to fatigue onset and which fatigue indicator follows 

the lead indicator. However, this is illustrated and relevant to this current study.  

The study of Thomas et al. (2016) looked at the impact of constant workload 

imposed during a cycling exercise of varying intensity and duration on central and 

peripheral fatigue. There were three conditions, which were performed by 12 well-
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trained male cyclists. The shortest trial (3.14±0.59 min) had the highest intensity and 

the longest trial (42.14±9.09 min) had the lowest exercise intensity. However, the 

changes in MVC results from all three trials were similar despite the large duration 

difference between the shortest and the longest trial duration. Further data analysis 

revealed that there was a difference in the muscle twitch activity amongst the three 

trials, with the shortest trial illustrating the highest level of peripheral fatigue. 

However, the opposite trend was observed in the results of the voluntary activation 

results, where the longest trial illustrated the greatest central fatigue. Although 

participants were exercising at a lower exercise intensity, the shorter trial was 

conducted at the highest exercise intensity (Froyd et al., 2016; Thomas et al., 2016).  

The neuromuscular fatigue approach is more encompassing than the other fatigue 

models discussed in this chapter. However, similar to the aforementioned fatigue 

models, there is no clear distinction from this model of fatigue as to whether 

neuromuscular fatigues precedes the perception of fatigue or do the exercising 

individuals perceives the neuromuscular fatigue prior to exhibiting neuromuscular 

fatigue indicators. The neuromuscular model does take into account the impact of 

central fatigue, as Schillings et al. (2003) found that the initial decrements observed 

in voluntary force production in the biceps brachii were related peripheral fatigue 

factors, and later voluntary force reductions associated with central fatigue 

manifested. This lent support to the notion that peripheral fatigue maybe the 

precursor to central fatigue. 

In summary, attempting to understand fatigue from multifaceted approach seems to 

be a good way forward. As the literature that has been reviewed in this study has 

illustrated that, there is no single site or source of fatigue during physical exercise. 

However, there seems to be an interplay amongst the various aspects that are 

believed to be the site or source of fatigue during physical exercise. Therefore, it is 

worthwhile to explore in detail which of the many sites and or sources of fatigue may 

be the precursor to fatigue. The current study aims to adopt a less reductionist 

approach with the aims of providing greater insight on the fatigue experienced by 

individuals during exercise. By assessing exercise fatigue, using the aforementioned 

models the current research aims to encourage a more holistic understanding of 

fatigue. 
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CHAPTER III 

3. METHODOLOGY 

Investigating the changes in perceptual, physiological responses, and workload 

simultaneously was aimed at providing information about how the selected fatigue 

indicators behave under fatiguing, sub-maximal exercise conditions. Furthermore, 

the investigation was expected to provide information about the processes, which 

occur upon the onset of fatigue. To date, there has been limited knowledge on 

whether exercise task induced fatigue is perceived prior to the manifestation of 

objective fatigue or vice versa. Therefore, this research project aimed to observe the 

changes in perceptual, physiological responses, and workload while participants 

performed a fatiguing exercise task.  

3.1 Research concept 

In order to investigate the aforementioned changes in perceptual, physiological 

responses, and workload while utilising an exercise task, one response per testing 

condition was kept constant while observing the changes in the remaining two 

responses. Since there are three responses, this directed the research project to 

develop three exercise conditions. The three exercise conditions included exercising 

at a constant workload, constant physiological response and exercising at a constant 

perceptual response.  

Accordingly, exercising at a constant workload permitted for the observation of the 

changes in physiological and perceptual responses during the exercise task 

performance. Similarly, exercising at a constant physiological response permitted for 

observing the changes in the perceptual response and workload. Lastly, exercising 

at a constant perceptual response permitted for the observation of the changes in 

the physiological response and workload during the exercise task performance. In 

order to keep the respective responses in each condition constant, the participants 

were prescribed with specific ranges within which they were required to maintain a 

given response, for each testing condition. The specific ranges for the responses are 

explained in the experimental procedure section. During the testing of each exercise 

condition, the parameter, which was kept constant, was considered as the 
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independent variable. Subsequently, the two parameters, which were not kept 

constant, were considered as the dependent variables.  

Each participant performed all three testing conditions. In order to have the 

participants perform all three conditions the study employed a repeated measures 

design, with the exercise task conditions presented in a permutated manner. The 

use of a repeated measures design permitted for within condition comparisons, 

between condition comparisons, with the added advantage of not requiring a control 

group. Repeated measures design offered increased measurement accuracy when 

assessing the variation within participants, owing to the fact that this design reduces 

the effects of individual variance (Currell & Dowman, 2009; Keselman et al., 2001).  

However, there are drawbacks of the repeated measures design (Morris & DeShon, 

2002). The design requires participants to be tested several times, which may be a 

time-consuming process and may lead to participants dropping out because of poor 

adherence to the research project requirements, reduced interest in the research 

project over time and/or undesirable condition effects on the participant (Morris & De 

Shon, 2002). The study focused on selecting participants who engaged in moderate 

exercise, as it is a well-established fact that exercise requires discipline and 

commitment to a given training regime. The discipline and commitment the selected 

participants have for their personal exercise regimes ensured that they were unlikely 

to drop out of the study. To ensure that participants did not drop out, it was explained 

to them that they could use each attendance to the study (for testing) could also be 

seen as training considering that each session was 30 minutes long. Furthermore, all 

the training sessions were conducted under the supervision of a Rhodes University 

Health personal trainer, with immediate feedback provided when the participants had 

questions related to exercise and the study. Minimising participants’ dropout rate 

was important to the study, as it would be difficult to perform between conditions 

comparisons if participants were to dropout in large numbers. 

Testing the same participants repeatedly is advantageous as participant recruitment 

time is reduced (Currell & Dowman, 2009; Utts & Heckard, 2007). In a repeated 

measures design, there is the possibility of the cross-over effect, from the different 

conditions being tested. The cross-over effect can be reduced by ensuring that the 
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participants are given enough recovery time between the conditions and that the 

conditions are permutated (Morris & DeShon, 2002).  

The other undesirable impact of the cross-over effect is the learning effect where 

participants’ carry over condition-specific habits to a different testing condition. To 

counter this cross-over effect, the participants were habituated to each condition and 

the performance requirements for each condition were explained explicitly and 

extensively to the participants’ satisfaction. This ensured each participant was 

accustomed to the condition’s performance requirements and did not assume that 

the three conditions were the same concerning their performance requirements. 

Ensuring the cross-over effect was controlled to the best of the author’s ability, was 

important because the results needed to represent the impact of each condition, 

rather than the impact of the cross-over effect on the participants. Ensuring that the 

cross-over effect is minimised, guaranteed that the question of whether exercising 

participants perceive physical fatigue prior to exhibiting objective fatigue responses 

and if the objective fatigue responses precede the perception of physical fatigue, 

would be answered with minimal interference from the cross-over effect in each 

condition.  

3.2 Research Hypotheses 

The research project aimed to compare the responses of a sub-maximal exercise 

task under different fatiguing conditions that included constant workload, constant 

perceptual response, and constant physiological response. In addition, the changes 

over time in the aforementioned parameters would be assessed. 

Table II: The research variables and testing conditions. 

 CONSTANT RESPONSE CONDITIONS 

Variables 

 Physiological Perceptual Workload 

Physiological IDV DV DV 

Perceptual DV IDV DV 

Workload DV DV IDV 

 

IDV = independent variable DV = dependent variable  
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Below is a detailed explanation of the variables and the testing conditions found in 

Table II, which is a summary of illustrating how the variables were controlled under 

each testing condition. 

3.2.1 Constant physiological response condition 

In the constant physiological response condition, each participant performed an 

exercise task while attempting maintaining a constant physiological response 

throughout the duration of the testing session. The constant physiological response 

was considered as the independent variable in this condition. Under the constant 

physiological response, condition the physiological response was the IDV, while 

perceptual response and workload were dependent variables. In all the response 

condition, the physiological response was the independent variable (IDV), while 

perceptual response and workload were dependent variables (DV). Under testing 

conditions, the participants were allowed to adjust the DV in order to adhere to the 

condition-specific requirements. 

In all three testing conditions, the participants were provided with visual and verbal 

feedback of the physiological, perceptual responses, and workload in order to assist 

them to adhere to the prescribed exercise conditions for the respective testing 

session. In addition, the researcher to assist each participant adhered to the 

prescribed exercise conditions, which provided verbal encouragement. 

 

Figure 5: Expected perceptual response and workload data from the constant 

physiological response condition. 
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 The null hypothesis states that performing a self-adjusted exercise while 

maintaining the physiological response within a constant range will result in no 

observable changes in workload and perceptual responses over time. 

 The alternative hypothesis states that performing a self-adjusted exercise while 

maintaining the physiological response within a constant range will result in 

observable changes in workload and/or perceptual responses over time. 

H0 = µPW ti = µPW tix  for i = {2; 4; 6…35}  

Ha = µPW ti ≠ µPW tix  for i = {2; 4; 6…35} 

PW = {Perceptual, Workload} 

Where: 

 Perceptual = perceptual response. 

 Workload = workload. 

 t = time 

 i = 2 minute interval 

 x = represents an ordinal number - the greatest in a series of values in this 

research project was 35 minutes. 

There were two trends of expectation for the participants’ workload in the constant 

physiological response condition. Firstly, there were participants who were expected 

to commence the exercise task with a high workload which was expected to 

decrease over time, as shown in Figure 5 by the broken line labeled W2. 

Alternately, some participants were expected to commence the exercise task with a 

low workload, which was expected to increase over time as participants neared the 

end of the exercise task. The perceptual response, which is illustrated by the thin 

solid black line, was expected to increase over the course of the testing duration.  
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3.2.2 Constant perceptual response condition 

 

Figure 6: Expected physiological response and workload data from the constant 

perceptual response condition. 

 The null hypothesis states that performing a self-adjusted exercise while 

maintaining the perceptual response within a constant range will result in no 

observable changes in workload and physiological responses over time. 

 The alternative hypothesis states that performing a self-adjusted exercise while 

maintaining the perceptual response within a constant range will result in 

observable changes in workload and/or perceptual responses over time. 

H0 = µWPl ti = µWP tix  for i = {2; 4; 6…35} 

Ha = µWP ti ≠ µWP tix  for i = {2; 4; 6…35} 

WP = {Workload, Physiological} 

Where: 

 Physiological = physiological response. 

 Workload = workload. 

 t = time 

 i = 2 minute interval 



40 

 x = represents an ordinal number - the greatest in a series of values in this 

research project was 35 minutes. 

Similar to the workload, which was expected in the constant physiological response 

condition, workload in the constant perceptual response condition was expected to 

have two trends. The first trend included the participants beginning the exercise task 

with a high workload, as illustrated by the thin black solid line labelled two in Figure 

6. Alternatively, some participants were expected to begin the exercise task with a 

low workload, which increased over time as the participants neared the end of the 

exercise task, as illustrated by the thin solid black line labelled one in Figure 6. The 

physiological response was expected to increase rapidly in the early stage of testing, 

until a steady state was reached (McArdle et al., 2007; Tortora & Derrickson, 2007). 

Once the steady state was reached, the rate of increase or gradient in the 

physiological response was expected to be lower than before the steady state was 

attained. 

3.2.3 Constant workload condition 

For the constant workload condition, only workload was controlled. It was postulated 

that there would be a proportional effect on the other performance responses, which 

include speed, cadence, and distance cycled. Therefore, the dependent variables 

under this condition were physiological and perceptual response as illustrated in 

Table II on page 38. The expected graph for testing under constant workload 

condition is illustrated in Figure 7. 
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Figure 7: Expected physiological and perceptual responses data from the constant 

workload condition. 

 The null hypothesis states that performing a self-adjusted exercise while, 

maintaining the workload within a constant range will result in no observable 

changes in perceptual and physiological responses over time. 

 The alternative hypothesis states that performing a self-adjusted exercise while 

maintaining the workload within a constant range will result in observable 

changes, in perceptual and/or physiological responses over time. 

 

H0 = µPP ti = µPP tix   for i = {2; 4; 6…35} 

Ha = µPP ti ≠ µPP tix   for i = {2; 4; 6…35} 

PP = {Physiological, Perceptual} 

Where: 

 Physiological = the physiological response. 

 Perceptual = the perceptual response. 

 t = time 

 i = 2 minute interval 

 x = represents an ordinal number - the greatest in a series of values in this 

research project it was 35 minutes. 
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The physiological response was expected to demonstrate a sharp positive gradient, 

in the early stage of testing, until a steady state was reached (McArdle et al., 2007). 

Once the steady state was reached, the physiological response was expected to 

assume a steady increase rate over time, as illustrated in Figure 7. The perceptual 

response was expected to increase over time until termination of the exercise task, 

as shown in Figure 7 by the thin solid black line. 
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3.3 EXPERIMENTAL DESIGN 

3.3.1 Exercise Task 

To evoke noticeable responses within the prescribed testing duration from the 

perceptual and physiological systems, a moderate-to-high exercise intensity task 

was developed in an attempt to induce physical fatigue within the participants (Borg, 

1990; Tomporowski, 2003; Tucker & Noakes, 2009). However, the induced physical 

fatigue was not aimed at making participants reach volitional exhaustion. The 

purpose of selecting a moderate-to-high exercise intensity, rather than low or 

maximal exercise intensity, was prompted by the fact that participants performing low 

intensity exercise activities generally demonstrate signs of fatigue over time, owing 

to the fact that the task is monotonous, rather than the physical demands of the task 

(Saxby et al., 2008). Under maximal exercise intensities, participants become 

exhausted rapidly, within seconds, after starting the exercise, this limited the ability 

to collect data over time (Ament & Verkerke, 2009; Faulkner & Eston, 2007; Saxby et 

al., 2008). However, the fatigue signs demonstrated by the participants during low 

intensity exercise versus the signs of fatigue demonstrated during moderate to high 

intensity exercise activity were still better than signs of fatigue observed during 

maximal exercise. The fatigue signs exhibited by the participants during moderate-

to-high intensity exercise activity can generally be attributed to the exercise task 

activity (Saxbyet al., 2008; Shin & Kim, 2007; St Clair Gibson et al., 2003).  

It was important, therefore, to select an exercise intensity, which was designed for 

non-elite athletes. However, the exercise task needed to be challenging for the 

moderately active population, from which the sample group was recruited. The other 

extreme of employing high exercise intensity was not an option, as the population 

group did not consist of elite athletes who are generally capable of exercising at high 

exercise intensity levels for long durations (Lucía et al., 2000). In addition, selecting 

elite athletes for high exercise intensity was avoided since the use of elite athletes 

was likely to add variables, which had the potential to compromise the current 

research project’s aim. For example, the ability posed by elite athletes to strategically 

pace through exercise activities had the potential to mask the fatigue signs, which 

the research project was aiming to observe during testing (Micklewright et al., 2010). 
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The research project thus employed a moderately high exercise intensity, which was 

relative to each participant’s fitness status. The fitness status was determined using 

the exercise guidelines from McArdle et al. (2007) and ACSM (2009). Avoiding the 

use of absolute exercise intensity was intended to prevent over-exertion of those 

participants who possess a training status lower than the average training status of 

the sample group. In contrast, the participants who were significantly above the 

training status of the sample group were at a potential advantage, owing to the fact 

that they would be under-exerted and potentially experiencing passive fatigue rather 

than active fatigue during testing (Saxby et al., 2007).  

The experimental design was of one-day duration for habituation, prior to the testing 

of the three exercise conditions. The exercise task utilised was the same for all three 

testing conditions. It was designed to induce physical fatigue, while ensuring that 

participants did not reach volitional exhaustion. In order to ensure adherence to the 

prescribed exercise task conditions by participants, the exercise task was designed 

so that it permitted the participants the opportunity adjust the workload, in the 

conditions where workload was not kept constant. Furthermore, verbal and visual 

feedback was provided to the participants during testing. Verbal encouragement was 

provided to each participant to improve adherence to the prescribed exercise 

conditions. 

In order to induce fatigue in both the muscular and cardiovascular system, the 

exercise task was designed to be demanding on both systems – it was designed to 

tax the participants gradually over time. To achieve gradual fatigue over time, the 

exercise task intensity in each condition was set at 60% to 70% of the participants’ 

exercise performance response (workload, HR, or RPE), and normalised to each 

participant’s respective training status (ACSM, 2009).  

The use of a pre-pilot study assisted in determining and refining the efficacy of the 

exercise task in terms of the exercise task’s capacity to induce fatigue over the 

duration of the testing period without exhausting the participants. Balsom et al. 

(1999) demonstrated that exercise activities which are performed at vigorous 

exercise intensities (>80%) cannot be sustained for long periods of time without the 

participants reaching volitional fatigue (Faulkner & Eston, 2007; McArdle et al., 

2007). However, exercising at exercise intensities which are lower than near 
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maximal or maximal exercise intensities can prolong the exercise duration (McArdle 

et al., 2007). 

Therefore, the fatigue impact is gradually, over a longer period of time relative to the 

impact of fatigue from vigorous exercise, which can result in the sudden onset of 

exhaustion and premature exercise termination of the exercise (Balsom et al., 1999; 

Bangsbo et al., 1996; Kay et al., 2001). The exercise task was designed to allow 

participants to continue exercising following fatigue onset in order to track the 

changes in the selected responses.  

The research project was conducted in a university laboratory which permitted the 

control of factors such as environmental conditions and climate change, which are 

known to have an impact on exercise performance (Abbiss et al., 2010; Kay et al., 

2001). The work of Crewe et al. (2008) illustrated that exercising under hot 

environmental conditions, affected the rate of increase in the rating of perceived 

exertion (RPE) responses over time. They found that participants exercising under 

hot environmental conditions had a rapid increase in RPE compared to those who 

exercised in cooler environmental conditions (Crewe et al., 2008). Owing to these 

findings, a laboratory was used for the current research project, in order to control 

environmental conditions, which can have an undesirable impact on the participants’ 

performance (Abbiss et al., 2010).  

The exercise tasks, which can generally be performed in the laboratory, include 

treadmill running, rowing ergometer and cycle ergometer (ACSM, 2009). From these 

three exercise tasks, only two options were available for the research project, which 

included cycle ergometer and treadmill, because of limited equipment availability. 

The departmental rowing ergometer was not available for the current research 

project. Therefore, there were two effective options where the exercise task could be 

performed. 

The use of a treadmill presented both advantages and disadvantages. Some of the 

advantages when using a treadmill during testing included participants attaining 

higher peak oxygen uptake and fatigues activating a greater number of muscles 

when compared to a cycle ergometer (McArdle et al., 2007). However, a striking 

disadvantage of the treadmill is the higher risk of harm to fatigued participants, owing 
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to the fact that as participants become fatigued, there is reduction in the participants’ 

reaction time and muscular control, which increases the risk of falling off the treadmill 

(ACSM, 2009; Marcora et al., 2008). Running requires dynamic balance, which is 

controlled by the legs, and fatigued legs (ACSM, 2009; McArdle et al., 2007) can 

potentially compromise an individual’s ability to run efficiently. Other disadvantages 

include using a spacious testing area for the treadmill, limited portability and being 

generally expensive to purchase (McArdle et al., 2007).  

Contrary to the increased risk of harm presented by treadmill running, for moderately 

active participants, the bicycling ergometer presents reduced risk of harm upon 

fatigue onset, as the participants controlled the speed of the cycle ergometer. The 

ability to control the exercise task speed is advantageous as participants were free to 

reduce the exercise speed, intensity and/or even stop the exercise at will - when and 

if necessary. In contrast, in the use of a treadmill running protocol, the participants 

are generally required to reduce the speed of the treadmill prior to stopping the 

exercise task in order to avoid potential injuries (ACSM, 2009). An additional 

advantage of the bicycling ergometer was the increased support, which it provided to 

the participants, who included the seat, foot-pedals and cycle ergometer handles - 

which all assist the participants to have increased stability during exercise 

performance.  

Another positive aspect of utilising the cycle ergometer was that participants were 

able to control the workload. There were two testing conditions where workload was 

not kept constant and under these testing conditions, the participants were expected 

to control the workload at will, further reducing the risk of harm to the participants 

upon onset of fatigue by not exposing them to a higher workload, which they may not 

be able to manage. The participants were able to adjust the workload through 

various means such as changing bicycling cadence, speed and the resistance from 

the magnetic breaking system in order to adhere to the prescribed exercise task 

conditions.  

The last aspect of the exercise task, which was required, was that the exercise task 

must be controllable or aspects of the exercise task must be kept constant when 

necessary. The control of the exercise task workload was required when testing 

under the constant physiological condition and constant perceptual condition where 
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participants were required to cycle at prescribed physiological and perceptual 

response ranges. The former is not simple to manage with field-testing such as road 

running, road cycling or on the track, and rowing in open water. It was for these 

reasons that a cycle ergometer was selected as the equipment used to induce 

physical fatigue during exercise. Lastly, it is well established that the exercise 

demands of the treadmill and cycle ergometer are similar (Doherty et al., 2004; 

McCartney et al., 1983; Porszasz et al., 2003). Therefore, the use of either the 

treadmill or the cycle ergometer is known to induce similar fatigue responses on 

participants; however, as argued above, for the current research project it was 

pragmatic to select the cycle ergometer for testing. 

The selected exercise task was a closed-loop testing protocol (where the participants 

are informed of the testing duration). Thus it must be noted that towards the end of a 

closed-loop testing protocol, generally an end-spurt effect can be expected 

(Lambertet al., 2005; Venables & Fairclough, 2009). Joseph et al. (2008) were able 

to illustrate an end-spurt in their results - around 80% to 90% towards completion of 

the testing duration. The end-spurt effect can be described as an increase in 

performance towards the end of the exercise task, especially in prolonged exercise 

activities (Lambert et al., 2005). The increase in performance can be attributed to the 

participants’ knowledge about the exercise task duration because they no longer 

have to reserve energy stores for the exercise, thus performance tends to increase 

when participants near the end of an exercise task (Eston et al., 2007). The end-

spurt effect within the workload was counteracted by not including the last 5 minutes 

of data in the data analysis process for all testing conditions. Therefore, the effective 

test duration was 30 minutes for all testing conditions. The 300-minute mark was 

86% of the total testing duration of 35 minutes; this was in line with Joseph et al. 

(2008) study findings of the end-spurt, being within 80% to 90% of the total testing 

duration.  
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3.3.2 Participants 

The study had a sample group of 36 participants (18 males and 18 females) who 

took part in moderate physical activity, both resistance and cardiovascular training. 

The study employed a voluntary sampling method whereby the participants joined 

the study at will. All participants had to sign an informed consent form to participate 

in the research project. The participants’ age range was 18 to 28 years, which 

ensured that they were above the legal age, while the maximum age limit was 28 in 

order to limit the effects of ageing on the participants' exercise performance. 

Furthermore, the large age range allowed for an increased range of participants to fit 

the study’s criteria thus ensuring having a representative sample group. 

It is a well-established fact that with an increase in age, the impact of detraining 

increases and more so in non-elite athletes (McArdle et al., 2007; Tortora & 

Derrickson, 2007). It is well known that physically active individuals are generally 

more physically capable than their aged counterparts who are sedentary (ACSM, 

2009). Therefore, having participants who were near the upper limit of the research 

project’s age limit was considered, as they are physical active as the exercise task 

for the research project was designed to be relative to each participant’s fitness 

level, thus reducing the risk of injury to all the participants (ACSM, 2009). 

The participants included in the study were free from injuries, which had the potential 

to affect exercise task-performance. Participants who had a history of cardiac 

complications (sudden cardiac arrest, cardiac arrhythmias and cardiac chamber 

enlargement etc.) and required medical supervision were excluded from the research 

project. In addition, elite cyclists were excluded, and those who were moderately 

trained individuals were included in the research project. Elite cyclists were defined 

as individuals who had competition experience at a university level and above - 

provincial, national and international level (McArdle et al., 2007). Participants who 

smoked, had asthma and other cardiovascular compromising conditions were 

excluded from the research project for safety reasons.  

The participants who took part in the research project were moderately active 

individuals who engaged in cardiovascular training at least three times a week for 
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more than 30 minutes per training session, alone or in combination with resistance 

training. 

In the case of participants who engaged primarily in resistance training, it was a 

prerequisite that they performed at least one day of cardiovascular training per week 

and two days of resistance training, thus ensuring at least three days of exercise per 

week, each with duration of at least 30 minutes. Participants who engaged 

exclusively in heavy weight-resistance training were excluded from the research 

project as the specific adaptations of heavy weight resistance training limited the 

individual’s capability to perform during endurance exercise activities (Tortora & 

Derrickson, 2007). Participants who were on any medication (β-blockers, nitrates, 

calcium channel–blocking agents), which impacted performance and altered 

cardiovascular function, were excluded from the study. All participants were 

encouraged to provide honest medical information, exercise history and general 

information for their own safety. Each participant was notified that failure to provide 

accurate information was not encouraged, as it would place him or her at risk. 

Those individuals without cycling experience were excluded from the research 

project, preventing learner-cyclists from participating in the study. Furthermore, 

participants were required to complete a fitness self-report, which permitted them to 

be categorised into different fitness categories. These included low-moderate, 

moderate, moderate-high, and high. Individuals, who were unable to select any of 

the prescribed fitness categories, were excluded from the study. Any individual, who 

weighed more than 130kg, was excluded from the research project, given that the 

weight limit on the cycle ergometer was 130 kilograms. 

The participants, who were part of the research project, were injury free, and were 

not on any medication. Furthermore, they were required to complete a physical-

readiness questionnaire (PAR-Q) from the Canadian Society for Exercise Physiology 

(CSEP, 2002). For example, individuals who were taking medication such as β-

blockers and calcium channel blockers, which affected HR, were not permitted to 

take part in the project. 

The anthropometric data included body mass (kg) and stature (mm). The 

demographic data, which was collected included age, type of training activities, 
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training frequency, and gender. In addition, participants were given a demonstration 

of what would transpire upon arrival, for the actual testing trial. 

3.3.3 Research variables 

Constant physiological response condition 

Testing the constant physiological response condition required each participant to 

perform the exercise task while maintaining the physiological response within a 

constant HR range. This indicated that the physiological response was the 

independent variable in this specific testing condition, as the participants maintained 

it within a prescribed range. In contrast, both the perceptual response and workload 

formed the dependent variables in this testing condition. Each participant was 

expected to adjust to both dependent variables where applicable, in order to attempt 

to adhere to the prescribed constant physiological response range. The constant 

physiological response range is explained later in the data collection section, along 

with the ranges of the other two conditions. 

Constant perceptual response condition 

The participants were required to provide RPE scores from Borg’s 15-point RPE 

scale during the testing sessions. Each participant was required to verbally 

announce the RPE scores when requested. Borg’s 15-point RPE scale was placed in 

front of the participant on the panel of the cycle ergometer throughout the exercise 

task duration. 

Testing the constant perceptual response condition indicated that each participant 

was required to monitor his or her perceptual status about the exercise task. The 

participant was prescribed a RPE response range, which he or she was expected to 

adhere to during testing session. In order to adhere to the prescribed range, each 

participant was expected to manipulate the cadence, speed, workload, breathing 

frequency and any other component, which was not required to be kept constant for 

this condition. Therefore, the independent variable in this condition was the 

perceptual response, while the physiological response and workload both formed the 

dependent variables in this testing condition. In addition, Table II on page 36 

provides a summary of the research variables.  
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Constant workload condition 

The last condition was the constant workload condition where each participant was 

required to maintain a constant workload range while exercising. The control of the 

participant’s workload indicated that the independent variable in this testing condition 

was the workload. The dependent variables were physiological and perceptual 

responses. The control of each participant’s workload had a proportional effect on 

the speed, cadence and distance travelled. Therefore, these performance responses 

did not require similar control to the workload. A summary of which variables were 

independent and which variables were dependent, under each testing condition can 

be found in Table II on page 36. 

Controlled variables 

The following variables were controlled: age, gender, fitness levels, general training 

levels, cycling experience in years, health status, and medication. The situational 

variables included ambient temperature, noise levels, and air quality, which were all 

controlled to the best of the researcher’s ability.  

Selecting participants within the age range of 18 to 28 years ensured that there was 

control concerning the participants who volunteered to engage in the research 

project. In addition, the gender factor was controlled by recruiting an even number of 

females and males, allowing for the comparison of potential gender difference in the 

data. General training status was controlled by setting an inclusion criterion, which 

required participants to have cardiovascular or aerobic training experience. In the 

case of individuals who were inclined to resistance or weights training, it was a pre-

requisite that these individuals engaged in at least one day of cardiovascular training 

for a minimum of 30 minutes per week. Individuals with elite athletic status in cycling 

were excluded from the study. 

Lastly, using the Department of Human Kinetics and Ergonomics laboratory provided 

a consistent and reliable testing environment where noise, ambient temperature and 

the environmental set-up were all constant because the laboratory environment was 

unchanged for the duration of the research project. 
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3.3.4 Experimental Procedure 

Habituation and Peak Power Output 

Participants visited the laboratory four times, with the habituation session being 

during the first laboratory visit, followed by three testing sessions. The peak power 

output (PPO) test was performed on a cycle ergometer. The test was at least three 

days prior to each participant’s first testing session. The three days which 

participants were given between the peak power-output test and the first testing 

session, provided the participants with sufficient recovery time preventing any fatigue 

from affecting the first testing session (Grippo et al., 2010; Vøllestad, 1997).  

The participants were required to familiarize themselves with the Borg’s 15-point 

RPE scale and how it may be utilised during testing. A demonstration was provided 

on how the participants were expected to provide the researcher with the RPE 

scores during testing sessions. Furthermore, the participants were given an 

opportunity to have the HR monitor fitted. The different exercise conditions such as 

physiological response range, perceptual response range, and workload range were 

explained to the participants. 

The habituation day was utilised to gather important preliminary information from the 

participants, to provide information for the participants about the research project, 

which was not included in the consent letter to participants, and explain areas of 

particular interest to participants about the research project. The habituation day 

served as an opportunity to inform the participants of the research project 

requirements, potential risks, and benefits of participating in the research project. 

The participants had the opportunity to familiarise themselves with the testing 

environment and equipment. In addition, the habituation day provided the 

participants with the chance to interact physically with the equipment and 

environment where the testing was conducted; reducing any anxiety about testing 

the participants might have had before the initial visit to the laboratory. As prescribed 

by the university ethics committee, the participants had the chance to read, 

understand and sign the informed consent forms before engaging in any data-

generating physical exercise and/ or data collection. The participants were also 

requested to perform the peak power output measurement, and provide 
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anthropometric and demographic data. Lastly, the habituation day was used to 

collect hardcopies of the Physical Activity Readiness Questionnaire (PAR-Q) and 

fitness self-report form from the participants. 

In order to perform the peak power output testing during testing sessions, the cycle 

ergometer was adjusted to the “stature” of the participant and the settings were 

recorded for each participant for the subsequent testing sessions. Prior to getting 

onto the cycle ergometer, the participants were fitted with a HR telemetry belt. 

Subsequently, the researcher demonstrated dynamic lower limb stretches which the 

participants were required to perform as demonstrated by the researcher in 

preparation for the peak power output test. The stretches included the use of 

muscles such as quadriceps, hamstrings, calves, gluteus, and adductors. In addition, 

exercises such as lower-back stretches, both stretched and warmed up the muscles; 

and these were part of the testing (Mann & Jones, 1999). 

After the stretches, the participants were set up on the cycle ergometer and given 5 

minutes to perform a warm-up session with exercise intensity below 50% of each 

participant’s age predicated maximum heart rate. Upon completion of the warm-up, 

the participants were given a rest period of 2 – 3 minutes before commencing with 

the peak power output test, using an adapted protocol as described by Balmer et al. 

(2000) and Swart et al. (2012). The peak power output test required participants to 

cycle as fast as possible, in order to achieve the highest possible power output 

before exhaustion. The starting workload for the peak power output test for males 

and females was different because males and females are different in terms of the 

amount of lean muscle mass each gender possesses (Sahlin et al., 1998; Troiano et 

al., 2008).  

Males started the peak power-output test at workload level two, while females 

started the test at workload level of one. This was because research illustrated that 

males possess great muscle compared to females Grippo et al., 2010 & Swart et al., 

2012). However, both genders followed the same incremental increase in load, 

which was set at one level every minute until the participants were not able to cycle 

at the prescribed cadence of 70 revolutions per minute (Balmer et al., 2000; Swart et 

al., 2012). The highest power output achieved during the testing for peak power 

output was recorded as each participant’s peak power output value. The peak power 
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output was necessary in order to be able to set the workload range, which was used 

in the constant workload condition. The peak power output ensured that the 

workload range was relative to each participant’s respective fitness status and was 

adequately challenging to induce fatigue.  

Once the peak power output test was completed, participants were required to cycle 

for 5 – 10 minutes at a lowered intensity (Mann & Jones, 1999). This was the 

participants’ cool-down session which allowed for the physiological parameters such 

as HR, breathing frequency and muscle activation to return to resting level or near 

resting levels (Green et al., 2007). 

Testing Procedure 

Depending on which condition the participant was performing, the preparation 

procedure differed slightly; however, the following was true for all three testing 

conditions: the participants’ body mass were measured before and after testing to 

account for fluid loss (Sawka et al., 2007). Each participant was fitted with a HR 

monitor belt before the testing session started, and then the resting heart rate (RHR) 

data was recorded. A female assistant (for ethical reasons) fitted the HR monitor 

belts for female participants. Conductive gel was applied on the HR belt electrodes 

to ensure the electrical signals emitted by the heart were detected shortly after 

placement of the HR belt on the participant. Each participant wore the HR belt for the 

entire duration of the testing session.  

For the RHR collection, each participant was required to remain supine on a training 

mat for 3 to 4 minutes, as this time period was deemed sufficient time for physically 

active participants to reach a steady state (McArdle et al., 2007). Each participant’s 

RHR value was collected on the habituation day or on the first day of testing. Once 

the participant’s RHR was obtained, he or she was required to perform dynamic 

stretches as demonstrated by the researcher prior to warming up on the cycle 

ergometer for 5 minutes at 50% exercise intensity of the participant’s age predicted 

heart maximum, which was monitored. Monitoring the warm-up sessions was to 

ensure participants did not over-exert themselves before the actual testing. Upon 

completion of the warm-up session, the condition specific preparation was 

administered. 
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Experimental Equipment 

The Cateye Ergociser cycle ergometer, model EC-3200 in Figure 8, was the primary 

experimental equipment. The cycle ergometer was equipped with an electro-

magnetic breaking system. The ergometer has adjustable handle-height, seat-height 

and foot-saddles, which were adjusted for each of the participants. The ergometer 

can accommodate participants weighing up to 130 kilograms. The ergometer offers a 

load range of 25 – 680 Watts, with an accuracy of ± 5 Watts, a cadence of 20 – 259 

rpm ± 1 rpm, speed range of 0 – 99 km/h, distance range of 0 – 999 km, and a pulse 

rate of 50 – 220 beats per minute (bpm) ± 1 bpm, which was displayed on an LCD 

screen during testing. 

The participants throughout the duration of the testing sessions wore the FT1™ 

Polar HR monitor and a telemetry belt (Polar Electro Oy) shown in Figure 9a. The 

HR monitor was programmed to calculate age-predicated percentage HR for each 

participant. An athletic stopwatch was used to monitor the exercise task duration at 

all testing sessions. The HR monitor was capable of recording beat-by-beat HR 

records, increasing the accuracy of the data recorded. The polar HR telemetry belt 

was designed with lightweight materials. The elastic material in the telemetry belt 

made it comfortable for the participants and reduced the possibility of chafing.  

Borg’s 15-point RPE scale (Borg, 1990) was used to collect perceptual response 

data during the exercise task performance. The scale was printed on a size A4 piece 

of paper in Arial font size 20. The RPE scale was printed against a white background 

in black ink ensuring there was a strong contrast (see Figure 1). 

The Wittner metronome illustrated in Figure 9b is a metronome with an accurate 

audible timing. It has a range of 40 to 208 beats per minute. The tempo can be 

adjusted by sliding the weight up and down the stem of the metronome with a usage 

time range of 30 to 40 minute when wound up completely.  
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Figure 8: Participant seated on Cateye Ergociser cycle 
 

 
(a) 

 
(b) 

 
Figure 9: (a) The FT1™ Polar HR Monitor and  (b) Transmitter 

Data Collection 

The data collection intervals being set at two minutes apart provided the participants 

with time to adjust the exercise condition in the given exercise condition when 

applicable, in order to adhere to the prescribed constant aspect of the testing 

condition. For example, each participant was permitted to adjust workload levels in 

the constant perceptual and physiological response conditions - as applicable in 

these conditions. The two minutes for data collection, on the one hand, was 

somewhat short to ensure that changes in the responses were timeously recorded; 

but on the other hand it was adequate to ensure that each participant was able to 

achieve some level of a steady state, rehydrate and communicate to the principal 
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researcher - should the need arise. Additionally, to ensure premature exercise 

termination did not interrupt the study, the exercise intensity for each participant was 

designed relative to each participant’s fitness level rather than employing absolute 

exercise intensity, to avoid premature exercise termination (ACSM, 2009). 

In preparation for the constant physiological response condition, each participant 

was informed of the HR range, which was required to be maintained constant 

throughout the testing session. The participant was informed that, if necessary, 

workload was to be adjusted to adhere to the prescribed HR range. Secondly, 

preparation for the constant perceptual response condition involved informing the 

participant of the RPE range, which was maintained throughout the exercise. Lastly, 

preparation for the constant workload condition included informing the participant of 

the workload range, which was to be maintained during the testing session. In 

contrast, to the other two conditions, participants were not permitted to adjust 

workload in the constant workload condition.  

The constant exercise conditions were designed to fatigue the participants. However, 

the fatigue onset had to be subtle in order to avoid volitional fatigue of the 

participants, in addition to provide the research project with adequate data points 

over time in order to compare the different exercise conditions thoroughly. According 

to Taylor and Gandevia (2008), submaximal exercise results in a slower rate of 

fatigue onset allowing for prolonged exercise performance (Noakes, 2000). The 

subtle or slow onset of fatigue was achieved using moderate-to-high exercise 

intensity for all three conditions. Furthermore, 35 minutes was set as the testing time 

per condition, which was considered to be adequate for testing duration which 

facilitated the collection of sufficient data points at 2 minute intervals. The exercise 

duration was disclosed to all the participants prior to starting the exercise task, 

making all three testing conditions closed-loop conditions, which is known to be 

affected by the end-spurt effect (Abbiss & Laursen, 2005; Lambert et al., 2005). 

In contrast, short testing durations, fewer than 30 minutes and with a high exercise 

intensity has been shown to result in premature exercise task termination because of 

exhaustion (Kay et al., 2001). The testing duration of 35 minutes included 5 minutes 

from the 30-minute marks, which was excluded from the data analyses. This was to 

remove the effect of the end-spurt because the participants would be aware of the 
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testing duration (Lambert et al., 2005). Additionally, short testing duration would yield 

minimal data points which would have compromised the comparison of the data of 

the responses measured (Utts & Heckard, 2007).  

All testing conditions were 35 minutes long; with the study employing a permutated 

repeated measure design whereby participants were required to perform under three 

different test conditions. Each participant had the opportunity to perform all three 

testing conditions on three separate testing sessions, which were separated by a 

minimum of a period of three days in order to prevent the fatigue effect being carried 

over to the next testing session.  

The participants were required to keep well hydrated particularly on the day of 

testing, drinking at least eight glasses of water (Sawka et al., 2007). Prior to testing 

the participants were given an opportunity to hydrate and visit the restroom. During 

testing, the participants were provided with a standard 500 millilitres bottled water. 

The participants were encouraged to drink water at a rate of 400 – 800 mL.h-1 or 

drink at will every 10 to 15 minutes during the exercise task to counteract 

dehydration and the subsequent performance decrements (Sawka et al., 2007). To 

account for fluid intake, body mass changes, and provide rehydration 

recommendations, each participant’s mass was measured before and after testing. 

Upon completion of the exercise task, participants were advised to hydrate 

adequately with fluids, which amounted to the mass lost through sweating during 

testing. 

Physiological Response Data 

A HR monitor was used to monitor and collect the cardiovascular response from the 

participants. Each participant was fitted with a HR electrode strap, which was 

positioned at the inferior border of the pectoralis major muscles on top of the xiphoid 

process. Conductive gel was applied in order to improve the conducting process 

between the belt and the participant’s heart muscle. The HR belt detected electrical 

signals from the heart, which were transmitted to a storage unit for the duration of 

the testing. The HR belt collected beat-to-beat HR values. The HR data was later 

downloaded to a standard laptop for statistical analyses. 

 



59 

The constant physiological response condition required each participant to exercise 

at a constant HR range between 60% and 70% of their age predicted maximum HR 

(age predicted HRmax). The American College of Sport Medicine (ACSM, 2009) 

guidelines and McArdle et al. (2007) stated that an exercise intensity of 40% to 60% 

is considered low-to-moderate intensity and an exercise intensity of 50% to 75% is 

moderately vigorous. Therefore, the research project’s exercise intensity of 60% to 

70% was considered moderate-to-vigorous or high intensity, which was 

hypothesised to induce fatigue.  

To obtain the age predicted HRmax, equation 1 (presented below) was used 

(McArdle et al., 2007; Tanaka et al., 2001). Obtaining the age, predicated HRmax 

provided a means to set an exercise HR range which was relative to the respective 

participants’ training status. This was done in order to reduce the effect of individual 

variability and the potential of over-exerting or under-exerting some participants 

(Tanaka et al., 2001). Performing the exercise task at absolute HRmax range had 

the potential to negatively impact on some participants, who were below the average 

training levels of the sample group; and this had the potential to result in premature 

exercise task termination and possibly injury.  

𝐴𝑔𝑒𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝐻𝑅𝑚𝑎𝑥 = (220 − 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡′𝑠 𝐴𝑔𝑒 𝑖𝑛 𝑌𝑒𝑎𝑟𝑠)   (eq. 1) 

Perceptual Response Data 

To acquire the participants’ perceptual response about the exercise task, the Borg’s 

15-point RPE scale was utilised. In addition, the RPE scale was used to set the 

constant perceptual response range, within which participants were expected to 

maintain their perceptual response during performance of the constant perceptual 

response condition. The range, within which each participant was expected to 

maintain his or her RPE score, was considered moderate-to-high intensity. 

According to the ACSM’s guidelines for exercise testing and prescription (2009), 

moderate exercise intensity is in the range 11 to 12 on the RPE scale; values which 

are ≥12 on the RPE scale are considered to be the moderate-to-lower end of high 

exercise intensity (ACSM, 2009). Therefore, the RPE range for the perceptual 

response condition that was prescribed for each participant was 12 to 14 on the RPE 

scale (Borg, 1990). 
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In the constant perceptual response condition, each participant was prescribed a 

RPE score range of 60% to 70%, which was a percentage of the 20, which was 11 to 

14 on the RPE scale. Twenty is the highest RPE score on the traditional Borg 15-

point RPE scale (Borg et al., 1985). Exercising participants were required to perform 

the exercise task, while maintaining the perceived effort level associated with the 

exercise task within the prescribed RPE score range. In both the constant 

physiological and perceptual response exercise conditions, participants were 

permitted to adjust the workload in order to adhere to the prescribed testing session 

conditions. The adjustments made to the workload were recorded throughout both 

the testing sessions. 

Workload Data 

The last condition required that the participants perform the exercise task within a 

constant workload range. Similar to the above conditions, an exercise intensity of 

60% to 70% of the workload was used to standardise all three conditions. The 

exercise intensity was set as a percentage range using the respective peak power 

output for each participant. Once the workload range was computed, each 

participant performing the exercise task was required to maintain the workload within 

the prescribed workload range. Verbal encouragement was provided to each 

participant, ensuring that the prescribed workload range was maintained. 

Furthermore, a metronome was utilised to assist the participants to maintain a 

steady cadence, which correlated to the prescribed workload range. 

Data Analysis 

All the statistical analyses were conducted on the Statistica version 11 programme. 

All the data, which was uploaded to Statistica, were average values of the entire 

sample group’s data, elicited from the 2 minute intervals at which the data was 

gathered in each testing condition. All the percentage values for each participant’s 

data set in each condition were imported into Statistica for repeated measures 

Analysis of Variance (ANOVA). The group’s data taken at 2 minute intervals were 

imported into Statistica as averages for each 2 minute interval for all the conditions. 

In an effort to mitigate, the end-spurt effect, participants’ cycle time was 35 minutes. 

However, the last 5 minutes of the data was excluded from the data analysis 
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because there was a greater chance that this data was affected by the end-spurt 

effect.  

Relativisation of Data 

In order to run ANOVA on the data collected from each test, it was necessary to 

relativise the data. The recorded variables were measured in different SI units, which 

made it difficult, for example, to draw comparisons between HR (bt.min-1) and 

workload (Watts). Furthermore, each variable accounted for different levels of 

variance in the data-set prior to being relativised. Therefore, relativising the data set 

meant that each variable accounted for the same amount of variance in the data set. 

The flow chart in Figure 10 illustrates the relativisation process, which was used to 

relativise the three data sets. The flowchart is presented in order to facilitate 

understanding of how the relativisation process was employed in the current study. 

This process was repeated in all three data sets from each testing condition. Once 

this process was completed, using the mean data captured from the 8th minute until 

the 30th minute, each data collection point was relativised to the overall mean of the 

data recorded in each testing condition. This process was repeated on each 

participant’s data-set using Microsoft Excel. For example, if the overall mean HR in 

the constant workload condition was 135 bt.min-1, then each all the HR data 

captured between the 8th minute mark until the last recorded HR value at the 30th 

minute mark would be relativised into a percentage of 135 bt.min-1.  

This was done by dividing the given HR value by 135 bt.min-1 and multiplying the 

result by one hundred (see Figure 10), which yielded a percentage value. It is 

significant to mention that the standard deviations were not relativised as the 

statistical programme (Statistica version 11) used in the current research project 

yields error bars depicting a 95% confidence interval, instead of standard deviation 

bars as seen in Microsoft Excel. 

Descriptive statistics 

It is noteworthy to mention that in order to demonstrate the need for the relativised 

statistics and the level of consistency achieved in each constant condition, 

descriptive statistics was calculated using the absolute data. The relativised statistics 

was calculated in order to allow for a more practical comparison between the 
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different variables, which were gathered during testing. Using absolute data to 

interpret the study’s findings was going to be difficult, especially as the different 

variables use different International Systems of Units.  

The relativised data eliminated all the differences, as the data was all converted into 

percentages. All the descriptive statistics for all three conditions was processed 

using Microsoft Excel 2010. All the data captured during testing was captured into an 

excel spreadsheet. Thereafter, the mean statistics at 2 minute intervals was 

calculated along with the standard deviation for each 2 minute interval. This process 

was repeated in all data sets from the three testing conditions. Once the mean data 

was tabulated and standard deviations were calculated, Microsoft Excel 2010 was 

used to develop the line graphs for each data set and each testing condition.  

 

Figure 10: Flow Chart Illustrating the how the absolute data was relativised  
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Analysis of Variance (ANOVA) 

The Analysis of Variance (ANOVA) determined testing whether the three conditions 

were significantly different from each other, as well as whether the changes over 

time in all nine data sets from the three different variables (HR, RPE, and workload) 

were significantly different from each other. A one factorial analysis of variance 

(ANOVA) for within-condition effects was used at first; and thereafter another one 

factorial ANOVA was conducted to analyse the between-conditions effect.  

Post-Hoc Tests 

Once the ANOVA process was completed for all three conditions, the Tukey post-

hoc tests were performed where a significant effect was found by the ANOVA. This 

process was repeated on all the data captured in all three testing conditions. 

Ethical Considerations 

Ethical clearance was obtained from the departmental ethics committee prior to 

testing. In accordance with the Rhodes University Ethics Guidelines, all the 

participants were given the opportunity to read and understand the informed consent 

form before participation in the study. A copy of the detailed informed consent form is 

provided in Appendix E. This form informed participants about habituation, testing 

procedures, risks, potential benefits, and archived information and anonymity. The 

ethical consideration explains how the wellbeing of the participants’ was ensured 

while maintaining the study’s validity and reliability. The ethical clearance letter is 

provided in Appendix L. 
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CHAPTER IV 

4. RESULTS 

There were 18 female and 18 male (n=36) participants who volunteered to 

participate in the current research project. All 36 participants completed the 

habituation session and all three testing sessions - there were no dropouts.  

The testing sessions were: (1) HR response (2) RPE response and (3) workload. 

The time course changes in the fatigue indicators were tracked using HR (beats per 

minute), RPE using Borg’s 15-point scale (Borg, 1990), and workload (power output 

in Watts) were analysed for within-condition effects.  

4.1 Participants Demographics 

All the participants were recruited from the Rhodes University student and staff 

population. The participants were young adults, with the average age of the sample 

group being 21.44 years (±1.65). The sample group was categorised as being 

normal weight, because the average sample group Body Mass Index (BMI) (see 

Table III) was below 25 ; 25 is the overweight category (McArdle et al., 2007). 

According to McArdle et al. (2007), a RHR of 70 bt.min-1 is generally found in 

sedentary individuals, while the sample group in the current study was regarded as 

moderately trained individuals and this was supported by the lower average RHR of 

67 bt.min-1 (±11.29). The average number of training days per week for the sample 

group was above the minimum of three days, which was the prerequisite for 

inclusion into the current study. The mean self-reported training frequency was 57 % 

per week or four days per week as seen in Table III. 

As expected, the male participants weighed more than the females, with the average 

weight of 73.60 kg. (±12.53) and 64.29 kg (±11.08) respectively. It can be assumed 

that the male participants’ higher average peak power output of 156.33 Watts 

(±34.80) compared to the 112.72 Watts (±26.27) from the female participants, was 

due to the greater muscle mass constitution of the male participants (McArdle et al., 

2007). Table IV, presents all the participants’ mean weight before and after each 
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testing condition. It is evident that the participants’ mean weight was greater before 

the testing session, compared to the mean weight after the testing session.  

 

All the participants included in the current study indicated to having no pervious 

physical injuries affecting their exercise capability, no physical disabilities or current 

medical conditions. All participants were non-smokers, with no previous experience 

in elite cycling, and currently maintained a regular physical training indoors and 

outdoors. These criteria were all stated within the participant-exclusion document of 

the study; In addition, all requirements were pinpointed in the advertisement 

regarding participant-recruitment. 

Table III : Participants’ Mean Characteristics (±Standard Deviation) Prior to the 

Study 

 Age 
(years) 

Stature 
(mm) 

Body 
Mass  
(kg) 

BMI 
(kg.m-2) 

RHR* 
(bt.min-1) 

Peak 
Power 
Output 
(Watts) 

Training 
frequency 

(d.wk-1) 

Age 
predicted 
HRmax 
(bt.min-1) 

Males 
(n=18) 

22.11 
(±1.23) 

1735 
(±83.52) 

73.60 
(±12.53) 

24.33 
(±3.04) 

67 
(±11.57) 

156.33 
(±34.80) 

4.78 
 (±1.06) 

198 
(±1.23) 

Females 
(n=18) 

20.78 
(±1.77) 

1625 
(±54.29) 

64.29 
(±11.08) 

24.46 
(±4.28) 

67 
(±11.34) 

112.72 
(±26.27) 

4.00  
(±1.19) 

199 (1.77) 

All 
Participant
s (n=36) 

21.44 
(±1.65) 

1680 
(±89.15) 

68.94 
(±12.57) 

24.39 
(3.66) 

67 
(±11.29) 

134.53 
(±37.58) 

4.39  
(±1.18) 

199 
(±1.65) 

The average weight of the participants before and after each condition demonstrated 

that minimal changes occurred in the participants’ weight as demonstrated in Table 

IV. However, both genders demonstrated weight loss after the exercise task. The 

weight loss occurred despite the participants being allowed to rehydrate at will during 

testing. There was no condition, which elicited large weight fluctuations in either 

gender. Both males and females maintained a relatively consistent average weight 

throughout the testing period, with the initial mean mass being 73.60 (±12.53) kg and 

64.29 (±4.28) kg and the final mean mass being 73.46 (±11.03) kg and 64.54 

(±11.31) kg respectively. Evidently, the hydration status of the participants was not 

affected by the exercise task, as there was minimal water loss through perspiration 
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as demonstrated by the minimally unaffected mean weight of the participants 

throughout all three testing conditions. 

Table IV: Participants’ weight before and after the fatiguing exercise task Mean 

(±SD) 

 Constant 
HR Condition 

Constant 
Rating of Perceived 
Exertion Condition 

Constant 
Workload Condition 

 Body 
Mass 

Before 
(kg) 

Body Mass 
After (kg) 

Body 
Mass 

Before 
(kg) 

Body Mass 
After (kg) 

Body 
Mass 

Before 
(kg) 

Body Mass 
After (kg) 

Males (n=18) 73.36 
(±10.96) 

73.24 
(±10.94) 

73.56 
(±11.02) 

73.47 
(±11.06) 

73.62 
(±11.10) 

73.53 
(±11.07) 

Females (n=18) 64.49 
(±11.25) 

64.38 
(±11.16) 

64.69 
(±11.37) 

64.58 
(±11.32) 

64.52 
(±11.38) 

64.55 
(±11.38) 

Participants 
(n=36) 

68.93 
(±11.83) 

68.81 
(±11.78) 

69.12 
(±11.92) 

69.03 
(±11.92) 

69.07 
(±12.01) 

69.04 
(±11.96) 
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4.2 Constant HR Response Condition 

4.2.1 Descriptive Statistics 

As seen in Figure 11, there are practical constraints when attempting to compare 

variables with different measurement units. Even though the variables were matched 

according to the time-intervals, which were recorded for data-collection purposes, it 

was still not practical to attempt to compare changes observed in the dependent 

variables.  

In Figure 11, the mean data collected from the constant HR condition is displayed. 

The mean HR values and standard deviations captured at the 2 minute intervals are 

displayed. The display of error bars on the graph showing standard deviation was 

done for all the graphs with descriptive data. The overall mean HR from 30 minutes 

of testing was 127 bt.min-1 (±5.43), and the HR range was 126 bt.min-1 to 129 bt.min-

1. The HR data illustrated a relatively stable mean HR response to the constant HR 

condition. This was expected, as HR was the independent variable, thus, it was kept 

constant during testing. The two dependent variables in the constant HR condition 

were ratings of perceived exertion and workload, which demonstrated levels of 

fluctuation overtime. 

The mean rating of perceived exertion showed a gradual increase from the start of 

the exercise until termination of the exercise session (see Figure 11). The mean 

rating of perceived exertion at the first data collection point (2 minutes) was 10 (±1.3) 

which increased by 2 units to 12 which was the highest observed rating of the 

perceived exertion score throughout the constant HR condition. After the 14th minute, 

the mean rating of perceived exertion showed no change. There is an observable 

increase in the standard deviation (SD) at each data collection interval, with the 

largest SD of ±2.26 appearing at the 30th minute in the perceived exertion data. 
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Figure 11: Mean data from the Constant HR Condition. (Error bars depict standard 

deviation) 
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The mean workload at the start of the exercise was high, at 90 Watts (±36.45). After 

the second minute, there was a gradual decrease in the mean workload overtime. 

The lowest recorded mean workload was 76 Watts (±26.95) at 26 minutes, which 

showed a 15.56% drop in the mean workload overtime. The average workload for 

the entire testing duration was 80 Watts. Similar to the SD for the mean HR 

response data, the workload SD values decreased over time from (±36.45) units at 

the first two minutes of testing, to (±28.70) units at the 30-minute mark. After the 8 

minute mark, there were no large decreases in workload as compared to the 

decrease, which occurred between minute 2 and minute 8, which was 12.22%. From 

the 8th minute onward, workload maintained a relatively stable course. 

Overall, the mean workload trend was expected to decrease over time (see Figure 

11). Participants started the exercise with a high workload that was then adjust 

accordingly over the course of the first 6 minutes of testing, as the relative stability 

was observed from the 8th minute mark onwards. This adjustment seems to have 

allowed the participants to complete the exercise without incurring volitional fatigue, 

which would result in premature termination of the exercise (Tucker et al., 2004). The 

reduction in workload variability over time illustrates a strategy of conservative 

exercise pacing over time, as the participants resorted to more manageable 

workloads, in order to allow for completion of the exercise task without premature 

exercise termination. Furthermore, as HR increased over time as expected, it 

became necessary to reduce the workload. This permitted the participants to remain 

within the prescribed heart rate range as per the constant HR condition 

requirements. 

Table V: Repeated Measures ANOVA for consistency for constant HR response 

during the constant HR condition. 

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0 2.978359E+21 P<0.01 

TIME 125, 3728 11,385 11,10 1.172565E+00 0.304291 
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An ANOVA was conducted on the HR data collected during the constant HR 

condition and no significant difference was found. This indicates that HR was 

maintained within the constant range prescribed for the participants.  

4.2.2 Relativised Data 

Table VI illustrates where the significant (p<0.05) effect was found for data collected 

during the constant HR condition. There was no significant effect found in the HR 

and workload during the constant HR response condition (see Table V and VI). The 

data points were separated into the three different variables and exported into 

Statistica individually for ANOVA.  

Where significance was found, a Tukey Post Test was conducted. The Tukey Post 

Hoc table for the RPE response during the constant HR response condition is in 

Table VIII. Table VIII illustrates all the areas where statistical significance (p<0.05) 

was found; red text is used where significance (p<0.05) was found.  

Table VI: Repeated Measures ANOVA for workload in the constant HR condition  

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0   

TIME 515,29304 11,385 47,76 0.614819 0.816428 

The ANOVA conducted on the workload data collected during the constant HR 

condition showed that no significant effect was found over time in the workload - 

unlike the RPE response (see Table VII). Similarly, there was no significance 

difference found in the HR data, as HR was kept constant during testing. 

Table VII: Repeated Measures ANOVA for RPE response in the constant HR 

condition 

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0 2.978359E+21 P<0.01 

TIME 4463,17585 11,385 406,46 8.883770E+00 P<0.01 
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The RPE data collected during the constant HR condition showed there was a 

significant (P<0.05) effect found in the RPE response data. Table X on page 76 

illustrates at which point the significance (p<0.05) was found. 

 

Figure 12: Mean changes in RPE over time during the constant HR response 

condition (Error bars depict 95% confidence intervals).  

The change in the RPE response over time is shown in Figure 12. The RPE score at 

the 8th minute was 93.13% (± 8.35). There was an increase in RPE to 99.23% 

(±4.90) by the 16th minute. There was a further increase in RPE until the 24th minute 

where there was a slight decrease in RPE until the 26th minute.  
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Table VIII: Post-hoc test for RPE response in constant HR condition 

Legend: the red (0.00…) numbers denote significance between the data collection intervals. 

This slight decrease was followed by a final sharp increase in RPE from 102.23% 

(±6.16) at the 26th minute to 103.56% (±7.21) by the 28th minute. At the end of the 

exercise RPE had decreased slightly to 103.08% (±7.41). However, this was still 

much higher than the RPE score recorded at the 8th minute, which was 9.95% lower. 

A significant (p<0.05) effect was found at the 8th minute 93.13% (±8.35) which was 

significantly (p<0.05) lower compared to the RPE scores recorded from the 14th 

minute up to the 30th minute, 98.78% (±5.61) and 103.08% (± 7.41) respectively. A 

significantly (p<0.05) lower RPE was between the 10th minute when compared with 

the 18th up to the 30th minute (see Table VIII). RPE seemed to be a lead fatigue 

indicator as it showed significant (p<0.5) difference just after the 14th minute mark 

while workload did not demonstrate a significant difference at all (see Table VIII). 

4.2.3 Response to Hypothesis 

It was expected that there would be changes in both the workload and RPE 

response. The changes in both workload and RPE over time during exercise have 

been well documented (Borg, 1990), and it is a well-established fact that over time 

the workload an individual can handle, decreases (Grandjean, 1976).  

The hypothesis under test stated that performing a self-adjusted exercise while, 

maintaining the physiological response within a constant range will result in no 

observable changes in workload and perceptual responses over time. 
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1. The HR response was expected to stay within a prescribed rage and yield no 

significant difference. This was the case as can be seen by looking at Table V 

on page 69. 

2.  Similarly, the HR workload showed no significant difference over time. The 

expectation was that participants would start the exercise either with a high 

workload, which would gradually decrease over time; alternatively, the 

participants would start the exercise with low workload and gradually increase 

the workload closer to the exercise termination mark. The expected outcome 

from the workload did not occur. Therefore, the lack of significant difference 

qualifies the failure to reject the null hypothesis for workload. 

3. The RPE response showed significant (p<0.05) changes during the constant 

HR condition as a result of time. Table VIII on page 72 illustrates the 

significance (p<0.05) was found between the 8th minute and the 14th minute 

up until the 30th minute. Similarly, significance (p<0.05) was found between 

the 10th minute and the 18th minute up until the 30th minute. Lastly, a 

significant (p<0.05) difference was found between the 12th minute and the 28th 

minute up until the 30th minute. The presence of significance (p<0.05) in the 

RPE response qualifies the rejection of the null hypothesis.  
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4.3 Constant Workload Condition 

4.3.1 Descriptive Statistics 

During exercise, HR is expected to increase over time; this trend was evident in the 

HR response recorded during the constant workload condition in Figure 13 on page 

75. The RPE shown in Figure 13 demonstrated an increasing response to exercise 

over time, which was similar to that seen in the HR response. However, the increase 

in the RPE response shown in Figure 13 has a more linear increase relative to the 

curve linear increase illustrated by the HR response in Figure 11 on page 68.  

During the constant workload condition, the observed mean workload was stable 

throughout the testing duration, as demonstrated by the near horizontal line of the 

mean workload. The highest recorded workload was at the 24th minute which was 88 

Watts (±24.52), and the lowest recorded mean workload was 86 Watts at the 6th, 

10th, 16th, 18th, and 26th minute. The constant workload condition produced the 

highest overall mean workload over the entire testing duration of 87 Watts (±24.32), 

with the lowest overall mean workload seen in the constant HR condition which was 

80 Watts (±29.89). 

The mean HR recorded at the 2nd minute during the constant workload condition was 

130 bt.min-1 (±18), which was the highest recorded HR at the 2 minute mark 

amongst all the three testing conditions. Mean HR increased continuously over time 

from the 2 minute mark thereafter, reaching 141 bt.min-1 (±17) at the 26th minute and 

remained at 141 bt.min-1 until the exercise was terminated. 

In the constant workload condition, mean RPE and mean HR demonstrated a similar 

trend, which is a common occurrence during submaximal exercise protocols. At the 2 

minute mark, the mean RPE was 10 (±2) units and by the end of the exercise, RPE 

had increased to 13 (±2) units, which was the maximum mean RPE recorded. The 

mean RPE data illustrates the impact of time on task, as the workload was kept 

constant. Therefore, the observed increase in mean HR and mean RPE overtime 

were not the result of increasing workload. 
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Figure 13: Mean data from the Constant Workload Condition. (Error bars depict 

standard deviation) 
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Table IX: Repeated Measures ANOVA for consistency in the workload during the 

Constant Workload Condition 

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000 1,35 4320000   

Time 93, 4704 11, 385 8, 12 0.695086 0.743475 

There was no significant difference recorded in the workload during the workload 

condition as illustrated by Table IX. 

4.3.2 Relativised Data 

Table X: Repeated Measures ANOVA for the HR response during the Constant 

Workload Condition 

 SS 
Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0 7.915638E+21 P<0.01 

Time 722, 3469 11, 385 66, 9 7.279795E+00 P<0.01 

The recorded HR during the constant workload condition showed that there was 

significant (p<0.05) difference found in HR as illustrated in Table X.  

The heart rate showed a slight increase over time (see Figure 14 on page 77), with 

an initial value of 97.86% (±4.18) at the 8th minute. There were two visible increases 

in HR: the first was at the 10th minute followed by another increase at the 20nd 

minute. At the 14th minute HR was at 100.05% (±2.18) and by the 22nd minute HR 

had reached 101.04% (± 2.90). By the end of the exercise session HR had increased 

to 101.49% (±2.79). The HR trend over time showed an increasing HR with increase 

in exercise duration (see Figure 14). 
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Figure 14: Mean changes in HR over time during the Constant Workload Condition 

(Error bars depict 95% confidence intervals).  

Table XII: Post-hoc test for HR Response in constant workload condition 

 
Legend: the red (0.00…) numbers denote significance between the data collection intervals. 

Table XII shows that significant (p<0.05) difference was found between the HR 

recorded at the 8th minute and the HR values recorded between the 22nd minute until 

the 30th minute. A similar trend can be seen with the 10th and 12th minutes which 

were significantly (p<0.05) different to the 22nd minute up to the 30th minute, with the 
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obvious exception of the 10th minute and 14th minute interaction, and the 12th minute 

and 24th minute (see Table XII). 

Table XIII: Repeated Measures ANOVA for the RPE response during the Constant 

Workload Condition 

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0 1.885278E+20 P<0.01 

Time 9921, 18077 11, 385 902, 47 1.920870E+01 P<0.01 

The RPE data collected during the constant workload condition showed there was a 

significant (P<0.05) effect found in the RPE response data (see Table XIII). Table 

XIV on page 80 illustrates at which point the significance (p<0.05) was found. 

Similar to the RPE recorded in the other two conditions, RPE was low at the 8th 

minute mark at 91.76% (±7.55). There was a steady increase in RPE over time, as 

illustrated in Figure 15. By the end of the exercise session, RPE had increased to 

106.59% (±9.36) by the 30th minute. There was statistical significance (p<0.05) found 

between the 8th minute and RPE values from the 14th to the 30th minute. Similarly, 

the 10th minute had a significantly (p<0.05) lower RPE compared to RPE values 

between the 14th and 30th minute. There was significance (p<0.05) between the 12th 

minute and RPE values from the 20th minute to the 30th minute. The 14th minute had 

a significantly (p<0.05) lower RPE score compared to the RPE scores between the 

22nd minute until the end of the exercise session. The 16th minute RPE scores were 

significantly (p<0.05) lower than RPE scores recorded between the 26th and 30th 

minute, while the 18th minute RPE values were only significantly (p<0.05) different 

between the 28th and 30th minutes. Table XIV illustrates the areas where significance 

was found clearly. 
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Figure 15: Mean changes in RPE over time during the Constant Workload condition 

(Error bars depict 95% confidence intervals).  

Importantly, RPE was leading in terms of demonstrating statistical significance 

(p<0.05). The HR response was at 100.05% (±2.18) by the 14th minute, while RPE 

only reached the 100% mark somewhere between the 18th and 20th minutes; 99.42% 

(±5.07) and 101.48% (±4.32) respectively. The HR response results showed 

significant (p<0.05) difference only from the 22nd minute upwards. As expected, there 

was no statistical significance found in the workload, as the workload was kept 

constant throughout the testing duration.  
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Table XIV: Post Hoc Test for RPE Response in Constant Workload Condition 

 
Legend: the red (0.00…) numbers denote significance between the data collection intervals. 

4.3.3 Response to Hypothesis 

It was expected that there would be changes in both the HR and RPE responses. 

The changes in both HR and RPE over time during exercise have been well 

documented (Borg, 1990), and it is a well-established fact that over time the 

workload an individual can manage, decreases (Grandjean, 1976).  

The hypothesis under test stated that, performing a self-adjusted exercise while 

maintaining the physiological response within a constant range will result in no 

observable changes in workload and perceptual responses over time. 

1. The workload was expected to stay within a prescribed range and yield no 

significant difference. This was the case as can be seen by looking at Table 

IX. 

2. In contrast, HR and RPE responses showed a significant (p<0.05) difference 

over time. The expectation was that participants would start the exercise with 

both a low HR and RPE, which would gradually increase over time. The 

expected outcome from the HR and RPE responses did occur. The presence 

of significance (p<0.05) in the HR and RPE responses qualifies the rejection 

of the null hypothesis. 
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4.4 Constant RPE Response Condition 

4.4.1 Descriptive Statistics 

The mean data from the constant rating of the perceived exertion (RPE) condition 

displayed in Figure 16 illustrated the level of consistency in the participants’ efforts to 

maintain the prescribed RPE range utilised to set the exercise intensity. A notable 

feature in the mean RPE data is the smaller standard deviation throughout the test 

duration as there were minimal changes in the variance of the mean RPE data. 

Contrary to the condition requirements and the consistency observed in the mean 

HR and mean workload in the constant HR condition and constant workload 

condition respectively, mean RPE in the constant RPE condition increased over time 

(see Figure 16). However, it is noteworthy to mention that the participants stayed 

within the prescribed RPE range of 12 to 14 during the major part of the constant 

RPE condition.  

Although, some participants spent the first 4 minutes attempting to find the workload, 

which would produce an RPE response between 12 and 14, the mean RPE at 

minute 2 and 4 was lower than the rest of the mean RPE score recorded. From the 

6th minute onwards the participants maintained the prescribed RPE range throughout 

the duration of the exercise session, with the highest mean RPE score recorded 

being 13 and occurred at the 22nd minute until the end of the exercise session. A few 

participants pushed themselves to the upper limits of the prescribed RPE range, 

hence their highest recorded mean RPE was 13. 

As expected, the mean HR response recorded during the first 2 minutes was 119 

bt.min-1 (±15.99). Between the 2nd minute and the 6th minute there was a notable 

increase in mean HR to 129 bt.min-1 (±14.20). This initial increase was before the 

steady state (SS), which occurred from the 8th minute onwards as can be seen in 

Figure 16, which indicates the mean HR with a gradual increase in HR over time. 

Unlike the early onset of the SS in well-trained individuals, the current research 

project’s participants seem to have reached a SS after minute 8. 
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Figure 16: Mean data from the Constant Rating of Perceived Exertion Condition. 

(Error bars depict standard deviation) 
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After the 8th minute, mean HR was relatively stable with no upward spikes, 

eventually reaching a maximum mean HR of 134 bt.min-1 (±14.63) at the 26th minute. 

From the 26th minute until the termination of the exercise, the mean HR decreased to 

132 bt.min-1 (±14.92) by the 30th minute. There was a large variance in the mean HR 

data, which is illustrated by the large standard deviation bars.  

The workload data followed a similar trend to that of the mean HR data, in the 

manner that the initial mean workload recorded at 2 minutes was low at 77 Watts 

(±27.06) and by the 4th, 6th, and, 8th it reached and remained at 84 Watts (±30.13), 

84 (±28.93), and 84 Watts (±29.59) respectively. There was a further increase, which 

was unexpected in mean workload from the 12th minute indicated as 86 Watts 

(±28.15), until the 20th minute where the mean workload decreased to 83 Watts 

(±26.81). The mean workload for the entire exercise session was 84 Watts (±28.15), 

with the highest recorded mean workloads being 86 Watts (±28.15), 86 Watts 

(±21.63), and 86 Watts (±27.80) at the 12th, 14th, and 18th minutes respectively. By 

the 30th minute of testing, the mean workload had decreased to 83 Watts (±28.11). 

4.4.2 Testing for Consistency 

Table XV: Repeated Measures ANOVA for consistency in the RPE response during 

the Constant RPE Condition 

The consistency test for the RPE response shows that there was significance 

(p<0.05) found in the RPE response over time during the constant RPE response 

condition (see Table XV). The RPE response is the only independent variable which 

was controlled but still produced a significant (p<0.05) effect over time. 

  
SS 

Degree of 
Freedom 

MS F P 

Intercept 4320000 1, 35 4320000     

Time 1737, 9021 11, 385 158, 23 6.740809 P<0.01 
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Figure 17: Mean changes in RPE over time during the Constant RPE response 

condition (Error bars depict 95% confidence intervals).  

There was unexpected significance (p<0.05) in the RPE data at the 8th and 10th 

minutes which were significantly (p<0.05) lower than the RPE recorded at the 28th 

and 30th minutes (see Figure 17). In addition, the 10th minute had a significantly 

(p<0.05) lower RPE score compared the 26th minute. The RPE score at the 8th and 

10th minutes was 97.23% (±6.75) and 96.37% (±6.25) respectively, while the RPE 

had increased to 102.06% (±4.26) by the end of the exercise session. The significant 

(p<0.05) increases were observed even though the RPE scores were within the 

prescribed range of 12 to 14 on the RPE scale. 

The significance (P<0.05) found in the RPE response during the constant RPE 

condition occurred later compared to the RPE responses recorded during both the 

constant HR and constant workload conditions, where the significance was found 

between the 8th minute and 14th minute. The significance (p<0.05) found in the RPE 

response during the constant RPE condition only occurred between the 10th minute 
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and the 22nd minutes, which is later compared to the conditions where RPE was a 

dependent variable.  

Table XVI: Post Hoc Test for RPE Response in Constant RPE Response Condition 

 
Legend: the red (0.00…) numbers denote significance between the data collection intervals. 

Table XVI shows where the significance (p<0.05) was found in RPE response during 

the constant RPE response condition. From Table XVI it can be seen that there is 

less significance (p<0.05) found in the RPE response when it was controlled 

compared to the two other conditions where RPE was not controlled (see Table XII 

and XIV).  

4.4.3 Relativised Data 

Table XVII: Repeated Measures ANOVA for HR response during the Constant RPE 

Condition 

 SS Degree of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000   

Time 554, 6881 11, 35 50, 18 2.816027 0.001507 

The recorded HR during the constant RPE condition showed that there was 

significant (p<0.05) difference found in HR as illustrated in Table XVII.  
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Figure 18: Mean changes in HR over time during the Constant RPE response 

condition (Error bars depict 95% confidence intervals).  

The HR fluctuated as the participants were constantly adjusting the workload in order 

to find the workload, which elicited the appropriate RPE response. This resulted in a 

decrease in HR from the 8th minute to the 10th minute by 0.84% to 97.80% (±6.02). 

Thereafter, there was a gradual increase in HR until the 20th minute when HR 

reached 100.50% (± 2.73) where there was a steady decrease in HR until the 24th 

minute, when HR increased by 2.51% by the 26th minute. At the end of the exercise 

session, HR had decreased to 100.96% (±3.94), which was still higher than the HR 

recorded at the 8th minute, which was 98.65% (±6.17). There was significance 

(p<0.05) found with a single data point between the 8th minute and the 26th minute, 

where the HR values at the 8th minute were lower than the HR value recorded at the 

26th minute (see Figure 18). There was also significance found between the 10th 

minute and 26th minute up to the 28th minute as illustrated in the HR post-hoc test 

Table XVIII. 
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Table XVIII: Post Hoc Test for HR Response in Constant RPE Response Condition 

 

The recorded HR response during constant HR condition demonstrated minimal 

significance (p<0.05).  

Table XIX: Repeated Measures ANOVA for workload during the Constant RPE 

Condition 

 SS Degrees of 
Freedom 

MS F P 

Intercept 4320000, 0 1, 35 4320000, 0 2.066276E+20 P<0.01 

Time 1010, 32226 11,385 92, 84 1.096553E+00 0.362512 

The ANOVA performed on the workload data collected during the constant HR 

condition showed no significant effect over time in the workload; unlike the HR and 

RPE, responses (see Table VI and Table VII). In contrast, during the constant RPE 

condition there was significance (p<0.05) difference found in the HR and RPE 

responses over time (see Table XVII). However, the significance in RPE response 

data was not expected as the RPE response was kept constant during the constant 

RPE condition. 

4.4.4 Response to Hypothesis 

It was expected that there would be changes in both the workload and HR response. 

The changes in both workload and HR over time during exercise have been well-

documented (Borg, 1990; McArdle et al., 2007), and it is well established that over 

time, the workload an individual can manage decreases gradually (Grandjean, 

1976).  
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The hypothesis under test stated that performing a self-adjusted exercise while 

maintaining the physiological response within a constant range will result in no 

observable changes in workload and perceptual responses over time. 

1. The RPE response was expected to stay within a prescribed range and yield 

no significant difference. This was not the case as can be seen by looking at 

Table XV which shows that significance (p<0.05) was found. Therefore, the 

presence of a significant difference qualifies the rejection of the null 

hypothesis for the constant RPE response. 

2.  Similarly, the HR response showed significant (p<0.05) difference over time. 

The expectation was that participants would start the exercise with a low HR 

which would gradually increase over time. The expected outcome from the 

HR response did occur. Therefore the presence of a significant (p<0.05) 

difference qualifies the rejection of the null hypothesis for HR response. 

3. The workload showed no significant changes during the constant RPE 

condition because of time. Table XIX illustrates that no significance was 

found. The lack of a significant difference in the workload qualifies the 

rejection of the null hypothesis.  
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CHAPTER V 

5. DISCUSSION 

Research into the effects of fatigue on performance has been conducted for many 

years in various sporting codes, under both laboratory and competition settings 

(Mahlera et al., 1987; Kolkhorst et al., 1996; Vøllestad, 1997; Weston et al., 2000; 

Lepers et al., 2002; Baden et al., 2004). However, minimal attention has been given 

to the question of whether exercising participants perceive physical fatigue prior to 

exhibiting objective fatigue responses and vice-versa. The existing models of 

understanding fatigue tend to take a reductionist approach to describing fatigue; for 

example, the biomechanical model of fatigue describes fatigue as the reduction in 

exercise economy and the reduced impact of the elastic energy from the working 

muscles’ ligaments and tendons (Gollhofer et al., 1987; Komi, 2000). On the other 

hand, under the psychological school of thought, fatigue is viewed as the diminished 

levels of motivation of an athlete, which manifests in the form of reduced exercise 

performance. In cycling, it is associated with diminished power output and reduced 

time to exercise termination (Lepers, et al., 2002). 

5.1 Testing Conditions 

The current study focused on utilising three exercise conditions under which 

participants were required to perform while maintaining one response of the exercise 

task constant for the duration of the testing session. There were three responses for 

each testing condition: physiological response, perceptual response and workload. 

During the testing of each condition, one response remained constant and this was 

the independent variable, while the remaining two responses were the dependent 

variables. Maintaining one response of the exercise condition constant provided an 

opportunity to observe changes in the two responses, which were not maintained as 

being constant. The three exercise conditions included exercising under constant 

physiological response, constant perceptual response, and constant workload. It is 

noteworthy to mention that although factors such as cycling economy, muscle 

contraction types, and twitch interpolation were not directly measured, the impact of 

these factors may be inferred from findings in the current gathered data. For 

example, factors affecting cycling economy have a negative impact on the 



90 

participants’ cardiovascular performance which was measured via HR response 

(Davis & Bailey, 1997; Davis, 1995; Davis et al., 2000, Kay & Marino, 2000; McArdle 

et al., 2007). Therefore, effort was made to assess encompassing fatigue markers in 

the current study. However, the focus of the current study was to investigate the 

changes in RPE, HR, and workload during an exercise task. 

5.1.1 Constant HR Condition 

During the constant HR condition, HR response exhibited as expected, while RPE 

and workload increased and illustrated no changes over time respectively. Similar to 

previous research findings, HR and RPE responses both increased during the 

constant workload condition. As predicted, workload response remained unchanged 

throughout the duration of the trial. Lastly, in the constant RPE condition, the HR and 

RPE correlation was present. Interestingly, HR and RPE did not respond as 

expected; however, these two variables responded in accordance with previous 

research findings, while workload did not exhibit any significant changes over time. It 

must be mentioned that the current research measured central RPE and not local 

RPE, which is related to the specific working muscles during a given exercise (Borg, 

1990). Therefore, RPE responses in the current study were related to the 

participants’ overall exertion while performing the exercise. 

Brown et al. (2010) noted that normalising the velocity of each 500 meter sector 

relative to the average velocity of the entire race, permitted for the practical 

comparison of the race profiles throughout the entire race. Brown et al. (2010) 

investigated the influence of performance level and exercise mode on the rowers’ 

pacing strategies. Similarly, in the current study, the descriptive statistics required to 

be normalised in order for meaningful comparisons to be made. Therefore, the 

descriptive statistics (see Figures 11, 13, and 16) would not be discussed, as there 

was no statistical analysis run on these data. However, the relativised data was 

statistically analysed and therefore will be referred to throughout the discussion 

section.  

In addition, it was imperative that in each condition, the variable that was maintained 

constant throughout the given trial remained constant. For example, a repeated 

ANOVA for consistency was conducted on the HR data during the constant HR 
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condition (see Table V). The consistency test was conducted for each constant 

condition. There was no significant difference found in the HR data during the 

constant HR condition over the trial period, indicating that the participants remained 

within the prescribed HR range once the steady state was reached. Similarly, in the 

constant workload condition, workload did not show any significant change over 

time. However, with the RPE response, this was not the case during the constant 

RPE condition where significance (p<0.05) was found in the RPE response even 

though participants were explicitly instructed to maintain their exertion levels within 

the prescribed levels. During the constant HR condition, it was noted that RPE 

response showed a significant (p<0.05) increase (see Table VIII) while the workload 

showed no significant change overtime. It was observed that the HR and RPE 

responses under the constant workload condition both increased as stated in 

previous research (see Figures 14 and 15) (Borg, 1990; Borg, 1982; Nikolopoulos et 

al., 2001; Albertus et al., 2005; Abbiss & Laursen, 2008; Tucker, 2009; Micklewright 

et al., 2010; Faulkner et al., 2011). However, in the constant HR condition there was 

a significant (p<0.05) change in the RPE response while the workload exhibited no 

significant change. This was an interesting finding - observing no change in workload 

while the participants’ sense of exertion in the form of RPE increased significantly 

(p<0.05). 

5.1.2 Unexpected RPE Response 

The aforementioned finding illustrates that the changes observed in the RPE 

response were not related to the workload, as it demonstrated no significant change 

over time. It is therefore, reasonable to postulate that the significant (p<0.05) change 

observed in the RPE response was related to the exercise duration. Accordingly, 

Faulkner et al. (2011) noted that athletes might adopt lower performance levels 

during exercises events where there is limited feedback concerning exercise 

duration. This is in an effort to conserve energy, as there is no defined endpoint to 

the exercise, thus the preservation of energy through reduced performance delayed 

exercise termination due to fatigue. Furthermore, when the HR was kept constant 

there was a noticeable dissociation, which was achieved between HR and RPE, 

which is contrary to the normal understanding that RPE and HR have a strong 

positive correlation (Borg, 1982; 1990).  
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Interestingly, there was an unexpected finding even when participants were explicitly 

instructed to maintain RPE with a prescribed range. The participants were not able to 

adhere to the instruction as the results from the constant RPE condition (see Figure 

17 and Table XVI) illustrate where there was significant (p<0.05) change in the RPE 

response over time. These results support the notion that there is a subconscious 

regulatory mechanism to exercise (Kay et al., 2001, Lepers et al., 2000; Allman and 

Rice, 2002, Noakes et al., 2001, Takaishi et al., 1996; Noakes, 2000; Noakes, 2012). 

On the other hand, during the constant workload condition the association between 

HR and RPE response is present as can be seen in Figures 14 and 15. This shows 

that fatigue onset is determined by internal factors in the participants. While 

participants perceived increased exertion levels to the exercise, under the constant 

HR condition there was no change in workload. This is similar to the constant 

workload condition where no change in the workload was present. Therefore, the 

longer the participants continue with a given exercise activity even when the 

workload is not altered, they (the participants) start to perceive increased levels of 

exertion over time (Faulkner et al., 2011; Fontes et al., 2013). 

It is therefore reasonable to state that the constant workload condition was fatiguing 

as both the RPE and HR were increasing over time. This meant that at some stage 

participants would become exhausted as heart rate cannot increase indefinitely and 

studies have proven in the past that an RPE score of between 19 and 20 results in 

participants generally terminating the exercise shortly after this point (Borg, 1990; 

Noakes, 2000; Noakes, 2004). Those participants who were exercising above their 

steady states when both RPE and HR increased, vindicated findings in previous 

literature (McArdle et al., 2007; Noakes, 2004; Fontes et al., 2013 Sundberg et al., 

2016).  

5.1.3 Evidence of Internal Regulatory Mechanism 

Traditionally, during exercise, HR and RPE increase linearly (Borg, 1982; 1990; 

Noakes, 2004; Swart et al., 2012) and this occurs above the exercising individual’s 

steady state (McArdle et al., 2007). However, in cases during the current research 

where no significant increases were found in HR responses during the constant HR 

condition, the RPE showed significant (P<0.05) increases over time (see Table VIII). 

Correspondingly, workload during the constant HR, workload, and RPE condition 
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demonstrated no changes over time. This evidence shows that participants are able 

to maintain their physiological and performance responses at a constant rate; 

however, their perceptual response (RPE) increased over time in all three-test 

conditions.  

Therefore, the participants’ perception of fatigue came prior to the physiological and 

performance decrements concerning the expression of fatigue. This is because there 

was significant change in HR, as the participants were not exercising above their 

steady state (McArdle et al., 2007). If the participants were exercising above the HR 

steady state, performance decrements would have been observed, but this was not 

the case especially during the constant HR condition, when significant (p<0.05) 

changes in RPE were observed (see Figure 12 and Table VIII). This is further 

evidence for an internal regulatory mechanism as proposed by Noakes and 

colleagues (Noakes et al., 2004; St Clair Gibson et al., 2003; Lambert et al., 2005; 

Noakes, 2012; Swart et al., 2012) who state that fatigue is perceived prior to any 

significant physiological responses when performance decrements are observed 

(Noakes, 2012). The regulatory mechanism works to maintain homeostasis and 

protect the exercising individual from catastrophic events (Noakes, 2012). Exercise 

activities conducted above the steady state result in premature fatigue onset relative 

to exercise conducted at a steady stated such as the conditions in the constant HR 

condition. Hence, there was no observable significant drop in the workload during 

the constant HR condition because the participants were not exercising above their 

steady state and therefore could maintain a constant workload for the duration of the 

exercise. 

While workload remained constant and RPE increased during the constant HR 

condition, this illustrated the fact that participants were working at their steady state, 

as there was no observable change in HR or a decrease in workload (Borg, 1990: 

Noakes et al., 2001; Tucker et al., 2004). Participants kept both HR and workload 

constant while RPE increased before any significant changes in HR and workload. 

The significant change in RPE was an indication of fatigue, which preceded the 

expression of fatigue in physiological and performance response. These findings 

confirm the existence of a regulatory mechanism that works to protect the exercising 

individual from over-exertion and possible catastrophic events during exercise. 

Contrary to the constant HR condition, results from the constant workload showed 
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that both HR and RPE increased over time. Therefore, the findings from the constant 

HR condition do not apply in the constant workload conditions, as the association 

between these two variables has been re-established.  

Interestingly, under the constant RPE condition where RPE was expected to remain 

constant, participants could not maintain RPE within the prescribed range. 

Therefore, even though participants were instructed to consciously control their RPE 

response, this was not achieved as there was significant (p<0.05) found in the RPE 

response during the consistency testing (see Figure 17 and Table XVI). The 

significant changes (p<0.05) observed in the RPE response during the constant RPE 

condition differed from the RPE response recorded during both the constant HR and 

workload conditions. This may be the fact that participants were consciously trying to 

override the internal regulatory mechanism, which seems to operate at the 

subconscious level (Kay et al., 2001; Noakes et al., 2004; Noakes & St Clair Gibson, 

2004; Noakes et al., 2005). The notion that the proposed internal regulator operates 

at a subconscious level is supported by the fact that the participants conscious effort 

did not translate into constant RPE response during the constant RPE condition (St 

Clair Gibson & Noakes, 2004). It is evident that the participants were not able to 

regulating the exercise performance using exertion levels / RPE as in all three test 

conditions RPE increased significantly (p<0.05) over time and could not be 

maintained within a prescribed range, even under the constant RPE condition. 

However, it was possible to keep both workload and HR constant when the 

participants were requested to maintain a constant HR or workload during the given 

test condition. 

Therefore, during exercise participants optimised workload as it can be seen by the 

constant workload in both the constant RPE and constant HR condition, where 

workload showed no significant changes even though it was a dependent variable. 

Alternatively, participants exercise with a load, which their physiological system can 

manage until exhaustion, in order to preserve energy through being efficient in 

energy expenditure as a form of pacing (Lambert et al., 2005; Ament & Verkerke, 

2009; Enoka & Duchateau, 2008; Theurel & Lepers, 2008; Shei & Micklebrough, 

2013). This inclination to preserve energy may be linked to the nature of humans to 

instinctively aim to preserve energy during physical activities (McArdle et al., 2007). 

Therefore, rather than regulating RPE, humans regulate components that will aid in 
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energy preservation such as performance and physiological systems (Noakes, 2000; 

Noakes, 2004; McArdle et al., 2007; Noakes, 2012). Support for the notion that the 

participants were regulating energy expenditure during the constant RPE condition 

comes from the fact that participants regulated workload instead of RPE. The 

suggestion about energy regulation is possible because HR may be used as an 

indicator of energy expenditure (McArdle et al., 2007; Sundberg et al., 2016).  

5.1.4 Summary 

In conclusion, it can be postulated from the current research findings that during 

exercise participants were either regulating the exercise performance and/or 

physiological parameters in order to conserve energy. It is more likely that the 

participants were regulating energy expenditure through constant performance, as 

seen by the insignificant changes in the workload during the constant RPE condition. 

Energy expenditure can also be conserved by maintaining a constant physiological 

response, as was the case in the constant HR condition. The energy conservation 

process seems to be subconscious as participants aimed to maintain RPE within the 

prescribed range but failed to achieve this but rather managed to keep workload 

constant. It appears that over time participants subconsciously increased their 

energy conservation effort as illustrated by the increase in RPE response, with 

increased time on the exercise (Green et al., 2006; Faulkner et al., 2007; Crewe et 

al., 2008; Swart et al., 2012). This illustrates that the longer the exercise duration, 

the more effort the subconscious regulatory mechanism attempts to impose energy 

conservation measures through increased RPE responses. Meanwhile there is no 

change to workload as was the case in the constant RPE condition.  
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5.2 DELIMITAIONS 

The characteristics that defined and limited the scope of the current study are 

detailed below. The delimitations were mainly influence by the researcher’s student 

status, geographical location of Rhodes University, and the student population, 

which most student researchers worked for various research efforts. 

The current study included a student sample that was limited to 36 participants from 

Rhodes University. Participants were between the ages of 21 and 23 years who 

were considered suitable for the study because they participated in regular exercise 

activities on a weekly basis. The main aim of the study was to observe the changes 

in perceptual, physiological response and workload while participants performed a 

fatiguing exercise task. Participants were therefore required to complete a 

laboratory-based, cycling exercise on an ergometer for 35 minutes under three 

different conditions. The protocol was designed to gradually fatigue the participants 

over time in each test condition. 

Participants were required to attend three sessions. During the first session the 

protocol was explained to the participants who were habituated to the equipment to 

be used in the study. The risks and potential benefits of the study were also 

explained to the participants, both verbally and in writing, and all participants were 

asked to fill in a physical activity-screening questionnaire and to complete a consent 

form. During this session, basic demographic and anthropometric data were 

recorded and participants were given the opportunity to warm up before the cycling 

exercise commenced.  

The participants performed under the three different test conditions on three different 

days. The cycling exercises took place in a laboratory setting thereby ensuring that 

extraneous variables did not influence or affect the physiological, perceptual and 

performance responses, which were being measured. These responses were 

collected at 2-minute time intervals during the thirty-five minute protocol.  
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5.2 LIMITATIONS 

Effort was made to control the extraneous variables; however, it was not always 

possible to control every aspect of the research project therefore, it is noteworthy to 

discuss the aspects below as may limit the study’s reliability and validity:  

The participants were all selected from the Rhodes University student population. 

Effort was made to ensure that the participants who were selected for the study fitted 

the inclusion criteria. However, the fact that participants’ training status was obtained 

through a subjective self-report, showed that the researcher had no means to ensure 

that the information provided was authentic.  

Similarly, when the participants provided their training frequency and training regime, 

this information was collected using a subjective self-report. These factors were 

limiting because the author had no means of having complete control over the 

subjective information provided by the participants in the self-report. This limited 

control over the self-report information that may have had the potential to affect the 

study’s validity. In an effort to control the information the participants provided in the 

self-report, participants were also required to be physically capable of performing the 

cycling task without experiencing unbearable discomfort due to lack of fitness and/ or 

physical capability.  

All participants who reported having recent injuries, which affected their exercise 

capability, were excluded from the study. Participants who experienced difficulty in 

performing the peak power output test were excluded from the study for their safety 

and the study’s validity. In addition, participants who had a higher RHR value than 

the normal 70 to 80 bt.min-1 (Tortora & Derrickson, 2007) and struggled performing 

the warm-up exercise before the peak power-output test were excluded from the 

study.  

This study did not provide the participants with energy-intake requirements prior to 

the laboratory visits. Energy-intake is known to have an impact on prolonged 

physical performance. However, the current study used an exercise duration of 35 

minutes, which is less than the duration of a prolonged exercise. In effort to 

normalise the participants’ pretesting state, the participants were provided with 

pretesting instructions. For example, participants were instructed to avoid the 

consumption of alcohol and performing strenuous exercise 24 hours before visiting 
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the laboratory for testing. However, the author had no control of the participants’ 

level of adherence to the pretesting instructions.  

Hydration levels have been shown to have an impact on an individual’s exercise 

performance. Therefore, participants were instructed to maintain a well-hydrated 

state 24 hours prior to testing and on the day of testing. Even though the author 

could not ensure that all the participants were well hydrated prior to each testing 

session, participants were nonetheless provided with water throughout the testing 

session. To account for fluid intake of each participant, each one’s mass was 

measured before and after each testing session. 

The anthropometrics of the participants could have had an effect on the participants’ 

cycling motion. The anthropometrics of the participants were difficult to control; 

however, participants who weighed 130 kilograms and above were excluded from 

the study. In addition, participants who could not utilise the cycle ergometer due to 

other anthropometric limitations were excluded from the study. 

The single habituation session may have not been sufficient for some of the 

participants to become well accustomed to the RPE scale. Due to the different 

learning strategies and learning paces, the author had no means of controlling how 

well accustomed to the RPE scale the participants were prior to testing. The author 

did remind the participants during each testing session that there was no right or 

wrong answer when providing an RPE score, but that the participants had to provide 

the score that most accurately represented how they felt at the moment they were 

required to provide an RPE score. Therefore, participants were consistently 

reminded that the RPE scores were completely subjective responses.  

Although all the participants included in the study were capable of cycling, there was 

no means of ascertaining if they were familiar with cycling on the specific cycle 

ergometer used in the study, as this cycle ergometer might have been different to the 

bicycles, spinning bikes, and cycle ergometer they have used before. However, the 

movement of the lower limbs during a cycling exercise is similar in all the different 

cycling exercise instruments, therefore this familiarity with the cycling motion of the 

lower limbs should have minimised the adaptation period for those participants who 

were not well accustomed to the cycle ergometer model utilised in the study. 
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Lastly, signs of fatigue were evident after participants had cycled for 30 minutes. A 

longer cycling duration at the same exercise intensity used in the current study or a 

testing duration of 30 minutes with higher exercise intensity, might be able to evoke 

more explicit fatigue signs from the participants and the measured variables. 

However, the exercise intensity and testing duration used in the current study 

seemed to have had a minimal effect on the participants’ fatigue state.  
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CHAPTER VI 

6. CONCLUSION 

Understanding the time course changes in perceptual, physiological responses, and 

workload during fatiguing exercise protocol has provided relevant information 

regarding the initial expression of fatigue. This study investigated whether 

participants exhibited fatigue subjectively through RPE response first or objectively 

through HR and/or workload. This research project assessed three conditions; 

namely, constant RPE, HR, and workload and under each condition, the 

independent variables were monitored closely in order to determine which variable 

was most sensitive as a fatigue indicator relative to the other tested variables in the 

current study.  

The present study found an unexpected occurrence where HR and RPE were 

separated contrary to established fact that HR and RPE have a strong positive 

correlation. It is therefore possible to dissociate RPE and HR by instructing the 

participants to maintain a constant HR while exercising. The reason for this 

occurrence is that it is alleged to be associated with the participants’ effort to 

minimise energy expenditure through HR and workload regulation.  

The practical implications of the findings from the current study can be interpreted in 

one of two ways: firstly, it was found that exercising participants under constant 

exercise conditions exhibit fatigue symptoms through perceptual responses prior to 

exhibiting physiological and/or performance decrements. Secondly, an alternative 

perspective on the findings that emerged from the current study illustrated that the 

symptoms of fatigue evident from the perceptual response may be misleading as the 

exercising participants still had exercise capacity as they were exercising at a steady 

state of their physiological response and performance response. It is suggested, that 

in both interpretations of these findings, that participants were regulating their 

response to the exercise through an internal regulatory mechanism.  

Supportive evidence for the second interpretation (as indicated above) of the results 

comes from the fact that participants were never fatigued, but rather exhibited 

symptoms of fatigue onset as both HR and workload remained in a steady state 
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during the constant HR condition and in all three test conditions respectively. It was 

observed that participants still had energy to continue with the exercise as both HR 

and performance illustrated capacity to exercise, as the steady state was not 

breached on certain occasions. Therefore, the participants’ RPE responses may 

have not be an accurate indication of the participants’ fatigue state; thus they had the 

capacity to continue with the given exercise task. 

The fact that participants presented perceptual fatigue symptoms prior to 

performance decrements and physiological signs of fatigue onset may be an 

indication that the internal regulatory system provided the participants with an early 

warning signal to prevent premature exercise termination. Concerning athletes, 

coaches, and recreational athletes, this illustrates that it is possible to override the 

RPE response early warning system from the internal regulatory mechanism. 

Furthermore, as no catastrophic events and or injuries were recorded during the 

current study, it illustrated the fact that there was minimal risk for participants 

overriding the warning signals from the regulatory mechanism during prolonged sub-

maximal exercise. The minimal risk fact is true under the closed-loop exercise 

protocol where the participants knew the exercise duration. It is suspected this may 

not apply to open-loop exercise activities where participants are not aware of the 

exercise duration. It is therefore, suggested that under open-loop exercise 

conditions, participants must be more prudent to heed the warning from the internal 

regulatory mechanism rather than override it; alternatively they can operate at a 

lowered RPE response levels when possible although it has been demonstrated that 

participants struggle to regulate their RPE response during exercise.  

The participants’ workload response was the only variable that they were able to 

regulate in all three-test conditions, suggesting that it may easier for them to regulate 

performance response compared to their physiological response during the constant 

workload condition.  

During sub-maximal exercise, activities under similar exercise test conditions using 

participants in the current research, allowed for exercise for longer periods, provided 

that the RPE warning responses were heeded. Therefore, during every day exercise 

activities it may be not be suitable to utilise RPE responses as an early warning 

criterion to assess fatigue. It was noted that participants in the current study showed 
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that the RPE responses indicated that they were becoming increasingly exerted over 

time. This was an indication of fatigue onset according to the RPE response. 

However, there was still physiological and workload capacity to continue exercising.  

It is suspected that the internal regulatory mechanism may have been more 

applicable when humans were hunter-gatherers. It would have been more fitting to 

adhere to one’s RPE response as hunting activities had no definitive endpoint and 

one could not predict if their (hunter-gatherers) energy needs to escape from an 

unexpected predator attack, for example, would be sufficient. In such incidents, it 

would have been prudent to adhere to the internal regulatory mechanism 

represented by the RPE response. However, during modern day exercise activities 

we generally have a finite duration and participants normally know the exercise 

duration beforehand and exercising individuals are generally equipped with 

physiological tracking devices. Therefore, participants only require energy stores in 

order to sustain optimal performance for a known duration of the given exercise 

activity. Thus, adhering only to early RPE response warning may lead to 

unnecessary premature exercise termination.  

The current research project has confirmed the fact that fatigue is a multifaceted 

phenomenon. Furthermore, the reductionist approach to fatigue may not be 

applicable; as it has been illustrated, that RPE response alone may be misleading 

because participants did not breach the HR and workload steady state during the 

current research. Therefore, it may be more appropriate to assess fatigue onset 

through the assessment of more than one fatigue variable in order to ensure 

increased accuracy of the participants’ fatigue state assessment. Lastly, RPE 

response may not be a suitable fatigue indicator for sub-maximal short-duration 

exercise activities such as the exercise protocol used in the current research project. 
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6.1 RECOMMENDATIONS 

Future investigations looking into fatigue during exercise and the time course 

changes in fatigue indicators such as RPE, workload, and HR response should 

consider the following recommendations: 

1. Future studies should consider using the constant HR condition but this must 

be performed at higher HR ranges to see where participants struggled to 

maintain their workload constant - such as in the current study. For example, 

future studies can look at the current constant HR set-up and have 

participants exercising at 60%, 70%, and 80% of their maximal heart rate. If 

HR is increased, there must be a point where performance decrements will 

occur. However, the current study did not establish such a situation.  

2. The constant RPE condition needs to be assessed where the participants 

actually exercise at a constant RPE in order to establish whether they can 

manage this condition; and if so, which RPE range can participants manage 

to maintain. In addition, it must be assessed at which range are participants 

not able to maintain a constant RPE. 

3. Assess different workload ranges which are higher than those used in the 

current research project so it can be established which percentage of each 

participant’s exercise activity leads to exercise fatigue and exercise 

termination as this was not achieved in the current study.  

4. Future investigation within the scope of the current research project should 

consider investigating the reproducibility of the current study’s findings under 

different exercise types (such as resistance-training exercise, intermittent-

training exercise etc.). In addition, the current research project can be 

repeated with participants of varying training statuses.  

5. Future research should consider the participants’ energy intake by adding 

conditions to the current research’s methodological scope where condition 

one will be controlled energy-intake to improve endurance performance; 

group two will control energy-intake to hamper endurance performance, and 

group three will be the placebo group. This would facilitate the understanding 

of the influence of energy-intake concerning fatigue development.  
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6. Lastly, investigation under the current research methodological scope should 

consider the use of professional athletes from various sporting codes. This 

would allow for the investigation of whether there is a universal precursor 

fatigue-indicator for various sporting codes, or do different sporting codes 

have different fatigue-indicators. 
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APPENDIX A 

EXPERIMENTAL PROTOCOL 

 The research project sample will consist of 36 participants (18 females and 18 

males) who will be recruited mainly from the Rhodes University student and 

staff population. 

 All the research participants will attend a habituation session prior to initial 

testing. The testing procedure is a permutated repeated measure design 

consisting of three testing sessions where there will be three different testing 

conditions which will be tested on three separate days. During the habituation 

session demographic and anthropometric data will be gathered. The 

demographic data will include age, sex, training frequency, and type of 

training activities. The anthropometric data will include stature and mass. 

Lastly, the habituation session will be utilised to collect the participants’ peak 

power out (PPO), participants resting heart rate (RHR), age predicted HR 

maximum (HRmax), and RPE maximum, specific to the exercise task. 

 The participants will perform the PPO on a bicycle ergometer which will be 

located in the Human Kinetics and Ergonomics Department laboratory. They 

will be given at least three days of rest after performing the PPO test until the 

initial testing. 

 The bicycle ergometer will be adjusted to the preference of the participant and 

the settings will be recorded for each participant for subsequent testing 

sessions. Prior to getting on the bicycle ergometer, the participants will be 

fitted with a HR telemetry belt, after which they will be instructed to perform 

dynamic stretches. In addition, the participants will be given between 5 to 10 

minutes to perform a self-paced warm-up session to reduce the risk of injury. 

Upon completion of the warm up, the participants will be instructed to perform 

a PPO on the bicycle ergometer using the protocol described below for PPO 

testing which was adapted from Balmer et al. (2000) and Swart et al. (2012) 

PPO testing protocol. 
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 The PPO testing will require the participants to cycle with maximum effort in 

order to achieve the highest possible power output, prior to the PPO test 

termination. The initial workload for the PPO test between males and females 

will be different because males and females are different in terms of the 

quantity of lean muscle mass each sex possesses (Sahlin et al., 1998; 

Troiano et al., 2008).  

 Both sexes will follow the same incremental increase in load, which will be set 

at one level every minute until the participants cannot maintain the increasing 

workload at the prescribed cadence of 70 revolutions per minute for longer 

than 60 seconds (Balmer et al., 2000 and Swart et al., 2012). The highest 

achieved power output during the PPO test will be recorded as the 

participant’s PPO. The PPO will be necessary for the constant workload 

condition in order to set an adequately challenging workload which will induce 

fatigue for the respective participant. 

Exercise task 

 Cycling on the ergometer will be the exercise task during testing of the 

participants. The exercise task will be designed to induce fatigue relative to 

each participant’s fitness level, therefore avoiding over-exertion and under-

exertion. Balsom et al. (1999) demonstrated that exercise activities which are 

performed at high-exercise intensity (>80%) cannot be sustained for long 

periods without the participants becoming exhausted (Faulkner & Eston, 

2007). Therefore, the exercise intensity, which will be used for testing, will be 

relative to each participant, allowing the participants to exercise within a safe 

region of their respective fitness levels without risk of injury. 

 The exercise task will be 30 minutes long with no break during the testing 

sessions. However, prior to testing, the participants will be given an 

opportunity to go to the bathroom and drink water, which will be provided 

throughout the testing duration. However, should participants want to take a 

break and/or terminate the exercise task, they will be permitted in order to 

avoid any harm and injuries.   
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Testing procedure 

 The bicycle ergometer will be adjusted to the stature of the respective 

participant upon arrival at the laboratory. The participants will be fitted with a 

HR monitor after conductive gel has been applied to the chest area where the 

heart belt will be placed. Participants who have hair on the chest region will be 

requested to shave prior to arriving for testing in order to ensure that the 

electrical signal of the heart propagates successfully to the HR belt. 

Thereafter, the participants will be given 5 to 10 minutes to perform a self-

paced warm-up.  

 Once the warm-up is complete, the participants will be instructed to ensure 

that they are comfortable and safely seated on the bicycle ergometer. The 

participants will be instructed such that each participant will have the 

opportunity to perform all three testing conditions on three separate testing 

sessions which will be separated by a minimum of three days to prevent the 

fatigue effect carrying over to the next testing session. The participants will be 

instructed to keep well hydrated - particularly on the day of testing. Before 

testing, participants will be given an opportunity to hydrate and visit the 

restroom. During testing, standard bottled water will be provided to all 

participants upon request. Upon completion of the exercise task, participants 

will be advised to further hydrate adequately and static stretches will be 

administered to each participant in order to reduce risk of injuries. 

 Throughout the 30 minutes of testing, the following data will be collected at 2 

minute intervals. Heart rate, rating of perceived exertion scores, workload and 

distance cycled will be recorded. The HR monitor will provide the HR data, a 

Borg 15 point RPE scale will be used for RPE data, and workload data will be 

recorded from the bicycle ergometer LCD screen along with the distance 

cycled data.  

 During the testing of any of the three testing conditions, there will be one 

constant variable. Therefore one variable will be kept constant while the other 

two variables will be observed for changes. Table I below provides a summary 

of how the research variables will be set up.  
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Controlled variables 

 These variables can have a negative impact on the study when not addressed 

correctly. The following variables: participant variables (age, sex, body 

composition, general training level, cycling experience [years], general 

training status, health status, and medication); and situational variables 

(ambient temperature, noise levels, and air quality) will be controlled to the 

best of the experimenter’s ability. All the above-mentioned variables need to 

be controlled to ensure the study is valid. In addition, the situational variables 

will be constant because the testing will be conducted in the same laboratory. 

A summary of the IDV and DV can be seen in Table II, in Chapter 

Experimental Equipment 

Bicycle Ergometer 

 The Cateye Ergociser bicycle ergometer model EC-3200 is the primary 

experimental equipment. The bicycle ergometer is equipped with an electro-

magnetic breaking system for practical reasons. The ergometer had 

adjustable handle height, seat height and foot-saddles accommodating all the 

different participants. The ergometer can accommodate participants weighing 

up to 130kilograms which is heavier than the heaviest participant in study. 

The ergometer offered a load range of 25 – 680 watts with an accuracy of ± 

5watts and a cadence of 20 – 259 rpm ± 1 rpm, speed range of 0 – 99 km/h, 

distance range of 0 – 999 km and a pulse rate of 50 – 220 beats per minute 

(bpm) ± 1 bpm which will be displayed on an LCD screen during testing. 

Heart Rate Monitor 

 The participants throughout the duration of the testing sessions will wear the 

Polar HR monitor and a telemetry belt. The HR monitor is programmed to 

calculate age-predicated percentage HR for each participant. A standard stop- 

watch will be used to monitor the exercise task duration during all testing 

sessions.  
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Borg’s 20 point RPE scale 

 The traditional Borg 20 RPE scale will be used to allow participants to provide 

feedback about the perceived levels of exertion during the exercise task 

performance. The scale will be printed on a size A4 piece of paper in Arial font 

size 20. 
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APPENDIX B 

LETTER TO PARTICIPANTS 

 

Dear:………………………………….. 

Thank you for being a willing participant in the research project titled: 

THE TIME COURSE CHANGES IN SELECTED FATIGUE INDICATORS IN 

MODERATELY TRAINED PARTICIPANTS. 

The principle researcher and research assistant from the Rhodes University 

Department of Human Kinetics and Ergonomics will conduct the research project. 

We are interested in studying the time course changes in the individual’s sensation 

of fatigue, performance, physiological responses and how they relate to each other 

during performance of a fatiguing exercise task.  

The time course changes in the responses mentioned above will be studied under 

three different testing conditions which will be performed on three separate testing 

sessions which are separated by at least three days of rest to prevent tiredness 

affecting the following testing session. The exercise task will be performed on a 

bicycle ergometer. The exercise task intensity for all conditions will be determined by 

using the individual’s fitness level thus reducing the risk of overexertion and 

preventing under-exertion. 

Constant HR Response Condition: 

 You will be required to perform an exercise task on the bicycle ergometer. You be 

asked to cycle while maintaining a fairly constant HR range; for example, maintaining 

a range of 95 to 120 beats per minute for 30 minutes while cycling. This condition will 

help us see the interaction between your subjective sensation of fatigue and your 

performance responses. 
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Constant Subjective Response Condition: 

You will be asked to exercise on the bicycle while trying to maintain your subjective 

response about the exercise in a fixed range. You will be using a rating scale with 15 

points from 6 to 20 - it is called the Borg 15 RPE scale. This means you might have 

to keep your exercise intensity at a specific level where it feels like the ratings are 

between 10 and 15. This condition will help us see the interaction between your HR 

and performance. 

Constant Workload Condition: 

Exercising in this condition will require you to maintain a constant power output. The 

power output you will be required to maintain during the exercise task performance 

will be manageable and relative to your training status. Again, in this condition you 

will be given a range to keep your power output within 90 to 120 watts for 30 

minutes. In this condition we will be able to see the interaction between your HR and 

subjective feel about the exercise intensity. 

RESEARCH PROJECT PROCEDURE: 

You will be required to come into the Department of Human Kinetics and Ergonomics 

laboratory for familiarisation of the testing procedure and equipment. The 

familiarisation session will be used to introduce you to the testing procedure, testing 

equipment, and provide a chance to ask any questions which you might have about 

the research project. In addition, during your familiarisation session you will be 

required to perform a peak power output (PPO) test, provide personal particular 

details; for example, age, sex and training frequency.  

The PPO test will be used to get your highest cycling power output so that we can 

have a record of your maximum performance which will be made 100% and from 

that we will be able to set your exercise intensity as a percentage of your PPO. This 

will make sure that you are performing relative to your own standards and that there 

is reduced risk of over-exertion and we can avoid under-exertion.  

The PPO test will be brief and once it is complete, you will ask to provide a date for 

your first testing session and then be given a chance to ask any questions which you 

might still have about the research project.  
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Once you have completed your familiarisation session, you will be required to attend 

a total of three 30-minute testing sessions on three separate days which are 

separated by at least three days of rest. 

Research Project Inclusion Criteria: 

 Participants must engage in regular exercise activities (gym, aerobics, and 

physical sports etc.) as well as engage in some form of cardiovascular 

training. 

 Participants must be injury-free to perform cycling exercises. 

 Participants must not have asthma, heart conditions preventing them from 

exercise activities, and any medical condition which may be aggravated by 

exercise.  

 

Kind Regards,  

 

Bongani C. Maduna  

MSc Candidate in Human Kinetics and Ergonomics  

Department of Human Kinetics and Ergonomics  

Rhodes University, Grahamstown  

SOUTH AFRICA  

Cell: 072 3205 204  

Email: bmaduna1@gmail.com 

  

mailto:bmaduna1@gmail.com
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APPENDIX C 

SAMPLE DETAILS 

The study will have a sample group of 42 participants (21 males and 21 females) 

who will take part in regular physical activity. The participants will all be recruited 

from the Rhodes University student and staff population and will be between the 

ages of 18 to 28. The age range of 18 to 28 ensures that participants are legally 

adults while the limit at 28 years of age restricts the impact of age difference on the 

research project data. It is well established that with increase in age, the impact of 

detraining increases especially in non-elite athletes who do not train regularly 

(Tortora & Derrickson, 2007). Participants will be included in the study only if they 

possess no injuries which can affect the exercise task performance. Participants who 

have a history of cardiac complications and require medical supervision will be 

excluded from the research project. In addition, elite cyclists will be excluded and 

those who are moderately trained individuals will be included in the research project. 

Participants, who smoke, suffer from asthma and other cardiovascular compromising 

conditions, will be excluded from the research project for safety reasons. 

 

All the participants will perform all three testing conditions in a permutated order. In 

the case of participants engaging primarily in resistance training, it is a prerequisite 

that these participants perform at least one day of cardiovascular training per week. 

Participants who engaged exclusively in heavy-weight resistance-training will be 

excluded from the research project. Participants who are on any medication and/or 

drugs that influence exercise performance and modifies cardiovascular function, will 

be excluded from the study. The participants will be encouraged to provide honest 

medical, exercise history and information which is requested for safety reasons; 

failure to do so will result in exclusion from the research project.  

 

Below is the letter which will be sent out to prospective participants via e-mail. In 

addition, this letter will be displayed around campus on A5 posters at popular student 

locations.  
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Participant Recruitment for Master of Science 

 Research Project 

 

Dear (Ms/Mrs/Mr)……………………… 

Thank you for showing interest in my research project, “THE TIME COURSE 
CHANGES IN SELECTED FATIGUE INDICATORS IN MODERATELY TRAINED 
PARTICIPANTS”. 

You are under no obligation to take part in the research project or communicate the 
information about the research project to anyone; however, should you or anyone 
you know be interested in such a research project, please feel free to publish the 
information about the research project. As mentioned before, you are not obliged to 
distribute the information about the research project, nor to take part in it as both of 
these actions are completely voluntary and will not affect your relationship with the 
staff and students of the Department Human Kinetics and Ergonomics.  

For further information about the research project, please contact the principal 
researcher via email and/or SMS for further information about the research project. 

Thank you for taking the time to consider participating in the research project. 

Yours sincerely 

 

Bongani C. Maduna  

Master of Science Candidate in Ergonomics 

Department of Human Kinetics and Ergonomics 

Rhodes University, Grahamstown 

SOUTH AFRICA 

Cell: +27 72 3205 204 

Email: bmaduna1@gmail.com 

  

mailto:bmaduna1@gmail.com
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APPENDIX D 

RISK/BENEFIT ISSUES 

Risks and Countermeasures: 

Peak Power Output (PPO) Test  

The participants will be required to perform a PPO test in order to obtain each 

participant’s respective bicycling ergometer PPO. The PPO test will require each to 

participant exert himself/herself for a short duration of time as the PPO test cannot 

be carried out for a prolonged period of time. Sustaining the high intensity required 

by the PPO test is intolerable, therefore participants will be given the right to 

terminate the PPO test at any time should they feel the need. The risk posed by the 

PPO test is induced cramps, muscles strains and potentially falling off the bicycle 

ergometer. 

To counter the risks posed by the PPO test, each participant will be instructed to 

perform dynamic stretches prior to the self-paced warm-up session of 5 to 10 

minutes on the bicycle ergometer. The stretches in combination with the warm-up 

session will reduce the risks posed by the PPO test. In addition, post-exercise 

stretches will be demonstrated to the participants. Furthermore, the participants have 

control of the exact intensity of the exercise task and PPO test; therefore, should 

there be any discomfort, the participants are permitted to reduce exercise intensity 

and continue or terminate the exercise task completely. The physical activity which 

the participants are required to engage in as part of their everyday activity will also 

ensure that they are capable of exercising at the required exercise intensities. 

Exercise conditions 

All the exercise conditions are designed to induce physical fatigue. The fatigue will 

be induced by performing a cycling exercise task on a bicycle ergometer for 30 

minutes. The different exercise task conditions will be performed on three separate 

days which will help counter the fatigue effect. Previous research projects required 

participants to perform exercise tasks of higher intensity than the current research 

project which offered participants with similar recovery time between testing 

sessions. In addition, participants in previous research projects had to endure harsh 
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environmental conditions whereas in the current research project all the testing was 

conducted in a controlled laboratory environment eliminating exposure to harsh 

environmental conditions (Abbiss et al., 2010; Micklewright et al., 2010). The fatigue 

effects are reversible with the rest period provided for between the different testing 

sessions. 

Pressure discomfort  

Participants stand the risk of experiencing pressure discomfort from sitting in the 

same position for the duration of the testing. However, the testing duration utilised in 

the current research project is shorter than the testing duration cited in previous 

research projects; for example, Crewe et al. (2008) tested for a duration of 50 

minutes and there were no casualties and dropouts reported in the study. 

The pressure discomfort from the bicycle ergometer seat can be reduced by brief 

periods of standing during the testing. The duration of the testing session is 30 

minutes which is shorter than the duration most individuals spend on the bicycle 

ergometer while training in the Rhodes University Health Suite; therefore, being 

seated for 30 minutes should be tolerable for the participants. 

Falling 

Fatigue reduces muscle-control and can increase reaction time,making participants 

vulnerable to falling upon the onset of fatigue. However, the advantage of the 

bicycling ergometer is the increased support, which it provides for the participants 

which includes the seat, foot pedals and bicycle handles which all help the 

participants to have greater stability during exercise reducing the risk of falling from 

the bicycle ergometer. 

Dehydration 

Participants will be exercising at a moderate exercise intensity so that there is a low 

risk of dehydration should participants not hydrate before the testing sessions, during 

testing and after testing; especially if large amounts of fluids were lost during testing. 

To counter the possible risk of dehydration, participants will be informed to be well 

hydrated before and after testing to rehydrate; while during-testing participants will 

be provided with water throughout the testing session.  
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Benefits: 

The primary direct benefit is exercising under the supervision of an informed 

researcher; and participants who complete the all three testing sessions will be 

educated on the complex phenomenon of physical fatigue. In addition to 

understanding how physical fatigue impacts on exercise, tasks from the three testing 

conditions will be given to participants so that they have the opportunity to be 

involved in the postgraduate research project. This research project offers learning 

opportunities concerning fatiguing exercise tasks, research techniques, research 

equipment and the potential impact which ergonomic research can have at a 

university level. 
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APPENDIX E 

 
 

 

CONSENT FORM 
 

HUMAN KINETICS AND ERGONOMICS 

Tel: (046) 603 8468 • Fax: (046) 603 8934 • Cell: 072 116 3939 • e-mail: 

s.zschernack@ru.ac.za(Supervisor) bmaduna1@icloud.com(Bongani Maduna) 
 
I, ___________________________, do hereby consent to participate in the study 

entitled:  

 

“THE TIME COURSE CHANGES IN SELECTED FATIGUE INDICATORS IN 

MODERATELY TRAINED PARTICIPANTS” 

I agree that I have been fully informed, both verbally and in writing, of the procedures 

involved in this study. I have also been made aware of any potential risks associated 

with the project. I realise that whilst my anonymity will be protected at all times, my 

results may be published or used for scientific and statistical purposes. I understand the 

conditions with which I am expected to comply for the duration of the testing procedure, 

and any queries I have with regards to this have been answered to my satisfaction. 

 

By voluntarily consenting to participate in this research, I accept joint responsibility 

together with the Rhodes University Human Kinetics and Ergonomics Department, 

whereby should any injury caused by the project itself be sustained; the department will 

cover any fees incurred and take steps to rehabilitate the injury. I do, however, waive 

any legal recourse against the researcher, or against Rhodes University, and will take 

full responsibility in the event the injury is shown to be self-inflicted or as a result of my 

neglect. I will inform the researcher immediately if at any point I experience distress or 

abnormality, and am fully aware that I may withdraw from participation in this study at 

any time. 

 

mailto:s.zschernack@ru.ac.za
mailto:bmaduna1@icloud.com
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I have read and understood the above information, as well as the information provided 

by the researcher. Signed at: 

___________________________________________on// 2013. 

 

PARTICIPANT: ______________________ (NAME)_____________________ (SIGN) 

 

WITNESS: _____________________ (NAME) _____________________ (SIGN) 

 

RESEARCHER: __________________ (NAME) ____________________ _(SIGN) 
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APPENDIX F 

 

PRIVACY, ANONYMITY AND CONFIDENTIALITY ISSUES 

a) Data collector and data form/s 

The data will be collected by the principal researcher. The data will be 

collected in the form of handwritten notes and digitally formatted. Digital 

photographs, digital data recorded from HR monitor and bicycle ergometer, 

will be collected and stored onto the principal researcher’s laptop. 

Participants’ demographic data will be stored on hardcopy at the residence of 

the principal researcher. 

b) Number of copies of archived data 

There will be a total of six copies of data archived and kept for storage. Firstly, 

aggregated data which will be present in the final copy of the thesis will be 

archived in the Rhodes University Library and the Human Kinetics and 

Ergonomics Department as a thesis. Secondly, aggregated and raw data 

collected by the principal researcher will be stored on the principal 

researcher’s laptop. Thirdly, there will be an electronic copy of the thesis 

containing aggregated data submitted to Rhodes University Human Kinetics 

and Ergonomics Department. Fourthly, raw data will be submitted to the 

principal researcher’s supervisor for ethical purposes.  

c) Duration of data storage 

Data pertaining to the participants’ demographic details will be stored for the 

duration of the principal researcher’s study period. Thereafter, the data will be 

discarded in an appropriate manner to ensure the anonymity of the 

participants is protected. The electronic copy of data stored on the principal 

researcher’s laptop will be stored for five years after completion of the thesis. 

The data given to Rhodes University for storage will be stored for a 

reasonable duration until the university deems the data outdated and 

immaterial.  
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d) Purpose of storing data 

All the data will be stored for research and learning purposes. Should other 

researchers, including the principal researcher, wish to query or re-analyse 

the findings of the thesis, the stored data will serve as a source of raw data 

which can assist all parties interested in examining the thesis findings. In 

addition, the storage of the data will serve as testament that the principal 

researcher conducted the researcher. 

e) Protection of participants’ anonymity  

Anonymity will be provided for all the information collected from the 

participants. Access to participant information will be controlled by the 

principal researcher and research supervisor. In addition, participants will be 

granted access to only their respective data at any time during researcher 

project; however, participants will not be permitted access to their spouses’, 

family members’ and friends’ data. 

Throughout the research project all the participants’ data will be recorded 

under code names which only the principal researcher will have access to - 

unless a participant requests access to his/her respective data. Participation 

in the research will only be possible if the participants have signed the written 

consent forms. Participants will not be blinded to any aspect of the research 

project as throughout the entire duration of the research project, participants 

will be able to query all aspects of the research project.  

Upon completion of the research project, all participants will be provided with 

access to the research findings which will be void of any personal information 

about individual participants. At no point in the research project will the 

participant’s real identity be used, and should pictures be take the 

participant’s face will be blocked out, and such participants will be informed 

prior to any images being captured. In addition, the written consent will inform 

participants about the policy on pictures being taken for research purposes.  
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APPENDIX G 

FEEDBACK ISSUES 

Feedback during the research project 

All active participants will be able to access their respective data during the research 

project. Should there be enough data gathered to establish meaningful interactions 

between the variables of interest in order to demonstrate early findings of the 

research project to the participants, this information will be communicated to the 

participants through email. 

Feedback after the research project 

Upon completion of the research project, the mean data collected will be presented 

to the entire sample group in a presentation manner. The presentation will be used 

to demonstrate the findings of the entire research project to all the participants. In 

addition, it will provide an opportunity for the principal researcher to educate the 

participants about the data which was collected throughout the testing sessions of 

the research project. Participants who prefer electronic copies of the research 

findings will be emailed the presentation along with the presentation notes. 

The participants, who cannot attend the presentation of the data session, will be sent 

the research findings in a PowerPoint presentation format via email. 
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Appendix H 

 

ETHICAL CONSIDERATIONS 

The current research project aimed to investigate the time course changes in the 

physiological, perceptual responses, and workload during performance of a fatiguing 

exercise task. There were three different conditions which participants performed, 

using a repeated-measures design which was permutated. 

The sample group consisted of 36 Rhodes University students and staff (18 females 

and 18 males). The sample group was recruited using an advertisement within the 

Department of Human Kinetics and Ergonomics. The study was conducted within the 

Department of Human Kinetics and Ergonomics laboratory on the Rhodes University 

campus.  

Habituation 

The habituation day served as an opportunity to inform the participants of the 

research project requirements, potential risks and benefits of participating in the 

research project. A hardcopy of the letter of information was provided to the 

participants describing the research project’s procedures and requirements. 

Thereafter, the participants were provided with the letter of informed consent and 

were required to submit a completed physical activity readiness questionnaire (PAR-

Q). The letter of informed consent needed to be signed by the participants in the 

presence of a witness, demonstrating that the participants were fully informed of the 

research project requirements, procedures, potential risks and benefits 

accompanying participation in the research project. Authorisation of the letter of 

informed consent by the participants was an indication that the participants 

understood fully that participating in the research project was completely voluntary. 

Additionally, that withdrawing from the research project at any time during the course 

of the research project was permitted and that there was no obligation to continue 

participation in the research project. 

Each participant was provided with a personal information form where names, 

contact details, age, demographics, and anthropometrics information were collected. 
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Following this, each participant was given a code which was used throughout the 

research project in order to ensure that anonymity was not compromised. Therefore, 

all data was recorded using the personal code given to the participant. 

Subsequently, a HR monitor was fitted to each participant (female or male) –this 

being done by a female research assistant and a male research assistant 

respectively. Later, each participant was required to rest in a supine position for 3 to 

4 minutes on a training mat in order to obtain each participant’s RHR. Thereafter, 

participants were shown dynamic stretches for the lower limbs (hamstrings, 

quadriceps, calves, gluteus, adductors, adductors and lower back muscle groups) in 

preparation for the Peak Power Output test (Mann & Jones, 1999). A warm-up on the 

cycle ergometer for 5 minutes at 50% exercise intensity of each participant’s age 

predicted heart maximum, was performed and monitored to ensure participants did 

not exceed 50% exercise intensity (ACSM, 2009). 

The participants were then required to perform a Peak Power Output test. The test 

required the participants to be firmly settled on the cycle ergometer appropriately, 

taking into account each participant’s body stature. The peak power output test 

required the participants to cycle as fast as possible, in order to achieve the highest 

possible power output before volitional fatigue or exhaustion (Balmer et al., 2000 and 

Swart et al., 2012). There were training mats on the surrounding surface to break the 

fall in case a participant lost balance. Additionally, support was present in the form of 

the researcher and the assistant who were vigilant to all the signs from each 

participant while exercising on the cycle ergometer. The researcher and research 

assistant were prepared to provide physical support to the participants in case of an 

accident such as falling off the cycle ergometer.  

Additionally, medical support was present for more serious events. The Rhodes 

University Sanatorium was open to participants with serious injuries. To transport the 

participants to the sanatorium, the Rhodes University Sanatorium personnel was 

contacted to provide transport (only if no assistance was immediately available within 

the Department of Human Kinetics and Ergonomics during the event).  

Upon completion of the peak power output test, participants were required to perform 

a cool-down session on the cycle for 5 minutes followed by stretches which were 

demonstrated by the researcher for the muscles stretched prior to the peak power 
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output test. Further, participants were encouraged to rehydrate adequately to a 

satiated state in order to prevent dehydration. Finally, participants were informed of 

the requirements (Dos and Don’ts) for the subsequent testing sessions. 

Testing Procedures 

Each participant is required to perform a total of three testing sessions; each testing 

session will be on a separate day. The participants will perform the testing sessions 

in a permutated manner with at least three days of rest between each testing 

session. The testing session includes exercising under constant physiological 

response condition, constant perceptual response condition, and constant workload 

condition. 

Testing procedures were designed for all three different testing sessions. Upon 

arrival at the Department of Human Kinetics and Ergonomics laboratory, each 

participant will be informed of the testing procedures for each specific testing 

session. The participant will then be fitted with the HR monitor with the assistance of 

the same-gender researcher or research assistant.  

The participants are required to perform dynamic stretches demonstrated by the 

researcher for hamstrings, quadriceps, calves, gluteus, adductors, and lower back, 

according to the guidelines provided by Mann and Jones (1999). Once the stretches 

are completed, participants will be weighed for pre-exercise mass; thereafter the 

cycle ergometer will be prepared for the participant using the specification recorded 

during the peak power output test.  

The surrounding floor environment set-up remains the same manner as during the 

peak-power output test, to ensure safety in case the participant falls off the cycle 

ergometer. Similarly, the researcher and research assistant/s were required to be 

vigilant throughout the set-up and testing processes. Each participant is required to 

perform a self-paced warm-up lasting 5 minutes, and it must be below 50% of each 

participant’s age predicted maximum HR. Upon completing the warm up, participants 

will be reminded of the condition-specific exercise requirements.  

During each testing session, participants are encouraged to drink water a rate of 400 

mL.h-1 – 800 mL.h-1 (ACSM, 2009). However, every 10 – 15 minutes, the researcher 

will ask each participant to consider drinking water to prevent potential dehydration. 
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In addition the dangers of overhydrating will be explained to each participant (ACSM, 

2009). After 35 minutes of cycling the participant is required to stop the exercise 

task. The participant will then be required to perform a cool-down for 5 minutes, 

which involves gradually lowering the exercise intensity until the participant’s HR is 

at resting levels or below 50% of his/her respective age predicted HRmax (ACSM, 

2009; Mann & Jones, 1999). Thereafter, the participant is required to disembark from 

the cycle, and perform stretches for muscles such as hamstrings, quadriceps, 

calves, gluteus, adductors, adductors and lower back - as demonstrated by the 

researcher. To account for fluid intake, body mass changes, and provide rehydration 

recommendations, each participant will be weighed before and after each testing 

session (Sawka et al., 2007).  

The exercise task in all three conditions will be performed using a response range 

relative to each participant’s age predicted HRmax, RPE score of 20, and peak 

power output value. Relative range usage, reduces the risk of over-exerting 

participants (ACSM, 2009), which was a possibility if absolute exercise ranges were 

used rather than the relative ranges (Demura et al., 2008 and Swart et al., 2009). 

Throughout the testing session verbal and visual feedback will be provided to the 

participants in order to assist and encourage participants to adhere to the prescribed 

exercise intensity range.  

Constant physiological response condition 

The participant will be required to exercise while maintaining a constant physiological 

response range of 60% to 70% of age predicted HRmax. Each participant will be 

informed of the HR values which correspond with 60% to 70% of their respective age 

predicted HRmax. Once the HR range is determined, the participant was required to 

start the exercise task, at which point the researcher starts timing for a period of 35 

minutes using the stopwatch. Throughout all the different testing sessions, verbal 

and visual feedback about performance will be provided to the participants. 

After the first 2 minutes of the exercise task, the first set of data will be recorded; 

namely, the participants’ RPE scores, workload, and HR. The HR data is recorded 

for accountability purposes, as it is considered pragmatic to have the corresponding 

HR data when analysing the RPE and workload data at a later stage. The recording 

of the constant response will be performed in all three conditions. 
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Constant perceptual response condition  

Each participant is required to perform the exercise task while maintaining a rating of 

perceived exertion, which should be within the range of 60% to 70% of the highest 

RPE score on the Borg’s 15 RPE scale, which is 20 (Borg, 1990). The researcher 

will inform each participant that 60% to 70% on the RPE scale is a range from 11 to 

14; therefore, each participant is expected to maintain a rating of perceived exertion 

within the given range of 11 “light“ to 14 which is one RPE score above 13 

“somewhat hard” (Borg, 1990). The participant is permitted to adjust the workload, 

cadence and speed in order to adhere to the range of 11 to 14 on the RPE scale. 

From the second minute mark of testing, the researcher will start recording HR, 

workload and RPE data. In addition, the process of requesting an RPE score from 

the participant every two minutes, ensures participants’ attention to the RPE score 

range which is to be maintained as a constant because it acts as a reminder every 

two minutes. 

Constant workload condition 

The last condition requires the participant to exercise while maintaining a constant 

workload range of 60% to 70% of the participant’s peak power output value. Verbal 

encouragements and a metronome is used to assist the participant to adhere to the 

prescribed workload range. The metronome is set to a frequency which corresponds 

to the average cadence, when participants exercise at a workload range of 60% to 

70% of their peak power output. After the second minute of testing, HR, perceptual 

and workload data will be recorded. The workload data is recorded for accountability 

purposes.  

Risks 

Peak Power Output (PPO) test and Exercise task 

Both the PPO test and exercise task exposes the participants to risks which include, 

falling, fatigue, exhaustion, dehydration, cramps, strains, and pressure discomfort 

which are all discussed below. 
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Falling 

Fatigue is associated with reduced muscle control, and because of this participants 

could potentially fall off the cycle ergometer (Allen & Westerblad, 2001). However, 

there are various support structures on the cycle ergometer, which help reduce the 

risk of falling. The handle bars assist the participants to reduce their upper body 

movements and increase thecontrol while exercising. The seat carries the most 

weight of each participant; it is assisted by the pedals which also carries a portion of 

the exercising participant’s weight while the handlebars carried the least weight 

(Jammes et al., 2001 and Utter et al., 1999). This weight distribution increases each 

participant’s stability on the bicycle. Furthermore, the cycle ergometer is stationary 

which reduces the risk of falling. In addition, cycling, spinning, and general physical 

training experience reduces each participant’s risk of falling, owing to the fact that 

increased experience in a particular activity increases the participant’s performance 

in that particular activity (Schmidt & Wrisberg, 2008). Physical training experience 

generally improves muscular control via increased neural activation, which is 

necessary to reduce the risk of falling off the cycle (Schmidt & Wrisberg, 2008).  

In the event that a participant does fall off the cycle ergometer, Rhodes University 

Health Care Centre will be contacted for assistance. While the Health Care Centre is 

being contacted, a research assistant will be requested to go to the Department Of 

Human Kinetics and Ergonomics (HKE) to locate any individual who is qualified; or 

an individual with the highest qualification which allows them to provide medical 

assistance to injured individuals. Once the assistance from the Health Care Centre 

arrives, the participants will be transported to the Rhodes University Sanatorium for 

medical treatment. Additionally, the researcher and research assistant will be 

vigilant, in an effort to assist each exercising participant should there be a fall in 

attempt to reduce the impact. To further reduce the impact of the fall (should it 

occur), training mats will be placed around the cycle ergometer. 

Fatigue  

Prolonged exercise is associated with increased fatigue over time to the point of 

exhaustion if the exercise is not terminated prior to volitional fatigue (Coggan & 

Coyle, 1987; González-alonso et al., 2013; Nybo & Nielsen, 2001). However, it is 

known that even at the point of exhaustion, the working muscles are never fatigued 
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one hundred per cent, as the exhausted individuals can still activate the fatigue 

muscle/s (Faulkner & Eston, 2007; Guillot et al., 2005; Potvin & Bent, 1997).  

Lorist et al. (2002) define fatigue as the attenuation in the participant’s ability to 

generate force. Undoubtedly the participant exercising will experience fatigue over 

time during the exercise task performance. However, the level of fatigue experienced 

by the participants was not volitional fatigue. The participants will be exercising at 

60% to 70% intensity which is well below maximal exercise intensity of age predicted 

HRmax therefore, reducing the possibility of reaching volitional fatigue (McArdle et 

al., 2007). 

A study by Vanhatalo et al. (2008) set to determine the end-test power output and 

work done above end-test power output. Participants in the study by Vanhatalo et al. 

(2008) were required to exercise at an intensity of 100 or 130% of the maximal ramp 

test power. The study was completed without any casualties, in the case of the 

current research project; participants will be exercising below maximal exercise 

intensity. The lowered exercise intensity in the current research project will reduce 

the negative impact of fatigue (McArdle et al., 2007). It is known that resting after 

exercise will assist in reversing the effects of fatigue in the exercised muscles 

(Coggan & Coyle, 1987; June & Tucker, 2003). Therefore, resting after each testing 

session was recommended to the participants to further reduce the risk of harm as a 

result of fatigue.  

Dehydration  

The participants were required to keep well-hydrated particularly on the day of 

testing, and drinking at least 400m.L-1 to 800m.L-1 of water per hour was encouraged 

(Sawka et al., 2007). Prior to testing, the participants will be given an opportunity to 

hydrate and visit the restroom. During testing the participants will be provided with a 

standard 500 mL bottled water. The participants will be encouraged to drink water 

every 10 to 15 minutes during the exercise task, to counteract dehydration and the 

subsequent performance decrements (McArdle et al., 2007 and Sawka et al., 2007). 

To account for fluid intake, body mass changes, and provide rehydration 

recommendations, each participant’s mass will be measured before and after each 

testing (ACSM, 2009).Upon completion of the exercise task, participants are advised 

to hydrate adequately, with fluids which amount to the mass lost through sweating 
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during testing. However, participants will be advised not to overhydrate as excess 

water in the body has a negative impact - such as diluting sodium concentration 

(ACSM, 2009). 

Lastly, exercising at moderate-to-high exercise intensity, inside a laboratory shielded 

from sunlight exposure, and with water available to participants throughout testing, 

will also reduce the risk of dehydration (Abbiss et al., 2010 and Green et al., 2007).  

Cramps and Strain  

Poor preparation for physical activities increases the probability of injures (McArdle 

et al., 2007). Cramps and strain are often associated with poor preparation for 

physical activity (Mann & Jones, 1999). In the current research project each 

participant was required to perform dynamic stretches for the lower limbs, followed 

by a warm-up cycle of 5 minutes at an intensity which was below 50% of the 

participant’s age predicted HRmax. A cool-down will be conducted, following 

completion of the testing session. Each participant was required to cycle at a 

reduced workload in order to decrease the participant’s HR to a rate below 50% of 

age predicted HRmax or resting levels. The dynamic stretches, warm-up, and cool-

down assisted in reducing the risk of cramps and strains (Mann & Jones, 1999). 

Pressure Discomfort  

Most university staff members and students are accustomed to sitting for extended 

periods of time. The most common lecture duration is 30 to 45 minutes which 

students generally spend sitting. In addition, participants who engage in spinning 

were familiar with the pressure associated with sitting on a bicycle for lengthy 

periods of time - 20 to 45 minutes (the time limit on the cardiovascular training 

equipment in the Rhodes University Weights section and the length of the spinning 

classes at the Rhodes University Spinning studio respectively). It could be stated 

that university students and staff members are “work-hardened” concerning their 

sitting patterns (Helander, 2006).  

According to Corlett and Bishop (1976), discomfort is linearly related to the time and 

load being carried (Helander, 2006). The researcher is aware of the limitation of 

comparing chairs and bicycle seats, because the bicycle imposes increased 

pressure per square centimetre, owing to the fact that the participant’s upper body 
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weight is distributed over a smaller surface area compared to a standard chair 

(Currell & Dowman, 2009).  

The participants are not allowed to stand up while exercising, because this will 

impact on the participants’ performance. Nonetheless, the participants will be 

performing a dynamic exercise; this acts as countermeasure to the pressure 

discomfort. With each stroke, the participants were facilitating blood circulation which 

potentially reduced some of the pressure discomfort related to occluded blood and 

poor waste removal as a result of seat pressure (McArdle et al., 2007). Furthermore, 

while performing each stroke, a shift in weight bearing gluteus muscles groups was 

expected to occur (Schmidt & Wrisberg, 2008). The majority of the body weight shifts 

to the leg which was performing the downstroke motion, consequently removing 

pressure off the contralateral gluteus muscle groups (McCartney et al., 1983 and 

Vogt et al., 2006). 

However, the participants will be reminded that they were under no obligation to 

expose themselves to unjustified discomfort as participation in this research was 

completely voluntary. In addition, withdrawal from the research project is permitted at 

any time.  

Potential Benefits 

Participants could potentially benefit from the research findings provided the results 

to be obtained from the data collected from the testing session yields significant 

outcomes. Data which yields significant outcomes was expected to provide 

information about which fatigue-markers are most sensitive to which specific testing 

condition. The participants were expected to use the information when training in 

their personal capacity to assess their fatigue state; for example, using either HR 

measurement, perceptual response to the exercise and their workload - should the 

training equipment provide such feedback.  

Participants were expected to have been introduced to different techniques of 

determining exercise intensities. Participants were expected to apply these different 

methods of setting exercise intensity to their personal training. Participants will be 

provided with information about how different training intensities required the body to 

utilize different ratios of energy substrates to fuel the working muscles (McArdle et 
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al., 2007). This knowledge was expected to assist participants in making their 

training programmes more specific to their individual training goals (i.e. fat-loss 

training, endurance-training and hypertrophy-training). 

Lastly, the research project offers the participants learning opportunities about 

fatiguing exercise tasks, research techniques, research equipment and the potential 

impact of ergonomic research at a university level. 

Archived information and Anonymity  

Data and information capturing will be collected in both written and electronic format. 

The data and information which was collected in written form was archived in the 

Principal researcher’s residence, until positive feedback from the examiners was 

received, signifying the researcher’s completion of the postgraduate degree. 

Following completion of the postgraduate, all the written and electronic data and 

information, will be discarded appropriately, using a paper shredding machine.  

 

Electronic data and information will be stored in the researcher’s personal computer 

which was password-protected. Furthermore, all the data collected during testing will 

be coded to protect participants’ identity. At all times, archived data will be stored 

under the participant’s research code to ensure complete anonymity of data, both 

during transfer and statistical analysis processes. 

 

Access to all the raw data will only be granted to the researchers directly involved in 

the research project. Once statistical analyses are completed, participants who 

request access to the research findings will be privy to feedback regarding their 

results. Feedback to participants will be in written micro-soft word and/or power-point 

presentation form and this will only contain information from the participants who 

request feedback. The use of any of the aggregated data from the current research 

project is only granted to the Department of Human Kinetics and Ergonomics for 

projects of a similar nature or for teaching purposes. This will be done using the 

participants’ research codes to maintain complete anonymity for all those who took 

part in the research project. 

  



152 

APPENDIX I 

Post-Hoc Test for Constant HR Condition; (* denotes a significant difference where p 

< 0.05). 

HR Data 

 

 

Rating of Perceive Exertion Data 
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Workload Data 

 

 

Post-Hoc Test for Constant RPE Condition (* denotes a significant difference where 

p < 0.05). 

Rating of Perceived Exertion 
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Heart Rate 

 

 

Workload 
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Post-Hoc Test for Constant Workload Condition (* denotes a significant difference 

where p < 0.05). 

Workload 

 

 

Heart Rate 
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Rating of Perceived Exertion 
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APPENDIX J 

PARTICIPANT‘S INFORMATION FORM 

Please tick and/or fill in the correct details below. 

Personal information: 

Name: _________________________ email address: _______________________ 

Cell number: ______________________ 

Demographic information 

Age: ________     Number of Training years: ________ 

Sex:  

MALE FEMALE 

Training frequency in days per week:  

1 2 3 4 5 6 7 

Preferred training activity:  

Weights Cardiovascular Weights and 
Cardiovascular 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

Weights – resistance training  

Cardiovascular – Running, jogging, spinning, swimming, light weight with high (>25 
reps) reps training etc.  

For the researcher/s use ONLY: 

Anthropometric information 

Height: _____ mm  

Weight: _____ kg  

BMI: _______ (kg.m-2) 

Performance information 

Resting Heart Rate (RHR): ____bt.min-1 

Peak Power Output (PPO): _________watts 

Age predicted HRmax: _______________ (220 – current age (years)) 

Participant code: __________________ 
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APPENDIX K 

 
TESTING PROCEDURES FOR ALL TEST CONDITIONS 

 
Pre-test Instructions 

 
Upon arrival at the laboratory participants will be reminded on how to use the RPE 

scale prior to the commencement of each testing session. In addition, the 

participants will be briefed on the testing procedure; that is, the participant will be 

informed that they are required to cycle for 30 minutes; and that at 2 minute intervals 

data will be collected while the participant is cycling. The participants will be granted 

a 5 to 10 minute warm-up period in which they can cycle and perform dynamic 

stretches.  

 

RPE Score definition: We define perceived exertion as the sensation of effort, strain; 

discomfort and/or fatigue that you experience in your body during exercise task 

perform. The RPE score pertains to the sensation of effort evoked by the cycling 

exercise task only. 

 

The participants will be given an opportunity to closely examine the description given 

to each RPE score in order to further assist participants in recognising which RPE 

score is related to which effort sensation. For example, a RPE score of “6” is when 

the participant senses no level of exerted effort during the exercise task in contrast a 

RPE score of “20” is when a participant senses maximal effort is being exerted.  

 

Participants will be requested to provide verbally a RPE score pertaining to the 

sensation of levels of exertion during the exercise task performance. Participants 

must note that there is no right or wrong RPE score. However, it is necessary that 

participants provide a completely subjective RPE score regardless of the principal 

researcher’s facial expression and body language. 

 

Do you have any questions?  

 

In order to determine if the participants understand how to use the RPE scale to rate 

their perceived exertion, the following questions will be asked:  
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1. What is your feeling of exertion right now? (i. e. while not performing any exercise 

activity). Please, point to a number on this scale (RPE scale). (The RPE should be 

“6”, if it is not the case, the instructions will be read to the participant again. In 

addition, it will be explained to the participant that this scale is used to measure the 

perceived exertion while exercising; therefore, if the exercise session did not start, 

there is no exertion caused by exercise, and therefore the appropriate response 

should be “6.”)  

 

2. How did you feel when you performed the most exhausting cycling exercise 

similar to the PPO test? Please, point to a number on this scale (RPE scale). The 

RPE should be higher than 10 or close to the participant’s RPEmax score, if it is not 

the case, the instructions will be read to the participant again.  

 

• You will be cycling for 35 minutes without a break, and have to remain seated for 

the entire testing duration. Depending on the testing condition you are performing, 

you can adjust your exercise settings accordingly in order to adhere to the 

prescribed exercise conditions. Throughout the performance of the exercise task you 

will be required to remain seated. It is your responsibility to report any irregularities to 

the principal researcher as soon as you are aware of these irregularities (e.g. 

dizziness, nausea, vomiting sensation etc.).  

• The testing session will start with the prescribed testing setting. Every 2 minutes 

the principal researcher will collect data which includes heart rate, workload, RPE 

score and distance cycled. While you are performing the exercise task water will be 

abundantly made available to you should you need to drink.  

 

Standard Instructions to the participants who respond showing interest in the study. 

1. The principal researcher will briefly explain the procedures of this investigation to 

the participants and will obtain the written informed consent. Next, the principal 

researcher will obtain the participant’s personal information (i.e. first name, contact 

details, age, and an emergency telephone contact number). 

2. Participants will complete a Fitness Self-Report and PAR-Q questionnaires 

(CSEP, 2002) which will be emailed to them (confirmation of inclusion criteria: there 
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are no contra-indications to undertake exercise and have all negative responses on 

the PAR-Q).  

3. Measure height (using the stadiometer) and body mass (scale in kg). 

4. Subject will be fitted with a heart rate monitor. 

5. Read all standard instructions to the subject.  

6. Explain the importance of minimising talking during testing and remaining seated.  

7. Record resting heart rate.  

8. Fill in the data collection form containing participant information as follows: testing 

date, testing condition, testing time; weight before - PPO; RHR; Age predicted 

HRmax and participant code. 

9. Check the bicycle ergometer is ready for testing and press start button.  

10. Record the HR, workload, RPE score, and distance cycled every 2 minutes.  

11. Cool-down 5-10 minutes, record weight after, remove HR monitor and perform 

stretches.  

 

Reminders to the participants during the test:  

• It is important to remain seated throughout the duration of the testing session. 

There is no wrong or right RPE score; therefore they should provide the most 

accurate score to the effort sensation at the given time.  

 

• The participants will be reminded that water is available should they need it 

throughout the testing duration. 

*Upon completion of the exercise task, the participants will be instructed to 

perform static stretches for the muscles which were actively involved in the 

exercise task. 

Lastly, the participants will be informed of their dates for the next testing 

sessions. 

Thank the participant and provide a token of appreciation (Bar-One or 

Energade.)  
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APPENDIX L 

 
ETHICAL CLEARANCE LETTER 
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