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Summary 

Regulation of exercise intensity is a pervasive characteristic of all endurance physical 

activities. While monitoring of exercise intensity is commonly based on physiological 

responses, majority of individuals regulate daily physical activities based on perceptual 

sensations generated by the body. Such perceptual sensations play a key role in regulation of 

exercise as they served as a protective mechanism to ensure that individuals exercise in a 

manner that does not disrupt their physiological homeostasis. Despite regulation of exercise 

intensity being a complex interaction between different perceptual sensations, there is a 

dearth of studies that examined multiple perceptual responses during exercise. With the aim 

to better understand perceptual cues in regulation of exercise intensity, three experimental 

studies were conducted to 1) examine the differentiation between mental effort and physical 

exertion during exercise, 2) examine the effects of mental fatigue on perception of exercise 

intensity, and 3) the roles of mental effort, physical exertion and affect in regulation of 

prescribed and preferred intensity exercise. 

In order to distinguish between mental effort and physical exertion during exercise, 

this thesis developed two separate rating scales via three-step processes: 1) determining 

appropriate verbal descriptors (Study 1), 2) examining the response categorisation 

functioning (Study 2), and 3) establishing concurrent and construct validity of the rating 

scales (Study 3). Although mental effort and physical exertion were found to be closely 

associated, individuals were able to distinguish between the two responses across various 

exercise intensity levels. Such findings suggest that mental effort and physical exertion are 

two distinct perceptual cues.  

Perception of exercise intensity was demonstrated to be negatively affected by non-

physiological influences such as mental fatigue (Study 2). Both active and inactive young 

adults perceived greater physical exertion under mental fatigue albeit similar physiological 
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responses. However, exercise performance was unaffected despite the increased physical 

exertion among participants.  

Different perceptual cues were found to play different roles in regulation of exercise 

intensity (Study 3). Both mental effort and physical exertion were found to be more dominant 

than affective responses when regulating prescribed intensity levels. On the other hand, affect 

was found to be the dominant perceptual cue in regulating preferred intensity exercise. In 

addition, findings of present thesis suggest that affective responses were associated with the 

negative pacing profile exhibited by the participants.  

The findings from this thesis have contributed several practical implications. First, it 

is recommended that exercise intensity prescription should not be based solely on 

physiological responses. Instead, perceptual cues account for individual differences as well as 

effects of non-physiological factors such as mental fatigue. Second, since different perceptual 

cues play different roles in regulation of exercise intensity, it is important to monitor multiple 

perceptual responses during exercise. The developed mental effort and physical exertion 

rating scales are valid tools to differentiate between the two perceptual responses during 

exercise. Third, it is important to pay attention to affective responses during exercise as 

individuals pace themselves during exercise based on that.  
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Chapter 1: Introduction 

1.1 Background  

A physically active lifestyle has been often accepted to play an important role in 

maintaining health and fitness. Since it has been found to have numerous benefits to our 

health (Miles, 2007), physical activity has been claimed long ago to be “the best buy in 

public health” (Morris, 1994). Therefore, it has been recommended by the American 

College of Sports Medicine (ACSM) to accumulate at least 150 minutes of moderate-

intensity or 75 minutes of vigorous-intensity aerobic activity per week for substantial 

health benefits (ACSM, 2018). Locally, this recommendation is also adhered by the 

Singapore national physical activity guidelines (Health Promotion Board, 2011).  

Prescription of exercise typically takes into consideration several factors 

including exercise frequency, exercise intensity, exercise duration, and mode of 

exercise. Among these factors, exercise intensity is considered the most important factor 

due to its association with exercise adherence (Cox, Burke, Gorely, Beilin, & Puddey, 

2003; Perri et al., 2002), injuries (Hootman et al., 2002) and training response (Garber 

et al., 2011). Hence, this highlights the importance of studying how individuals regulate 

exercise intensity.  

Aligned with the guidelines of ACSM (2018), exercise intensity prescription for 

cardiorespiratory exercise is commonly based on physiological responses such as 

oxygen uptake (VO2) and heart rate (HR). This is due to the common belief that 

exhaustion during exercise is due to peripheral fatigue (Allen, Lamb, & Westerblad, 

2008; Amann & Calbet, 2008; Burnley & Jones, 2007), which refers to failure of the 

muscular system contraction (Noakes & Gibson, 2004). Such approach has largely 

originated from traditional physiological theories, which suggested that exercise 

performance is limited by one’s physiological capacity (Noakes, 2000). Specifically, the 
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heart’s ability to supply oxygen to exercising muscles, also known as the maximum 

oxygen uptake (VO2max), was considered the determinant of endurance exercise 

performance (Hill, Long, & Lupton, 1924b). Hence, monitoring exercise intensity 

relative to VO2max has been accepted as the gold standard in cardiorespiratory exercise 

prescription (ACSM, 2018).   

It is commonly assumed that humans regulate exercise based on physiological 

responses because termination of maximal exercise was thought to occur due to 

catastrophic failure of body homeostasis, which refers to disruption of the physiological 

systems (Edwards, 1983). However, the traditional physiological models are not 

probably correct due to conflicting evidence such as maximal exercise terminating 

without development of myocardial ischaemia or skeletal muscle anaerobiosis under 

certain environmental conditions (Noakes, 2000). In addition, the discovery in which 

skeletal muscle recruitment is never maximal during all exercises (Noakes & Gibson, 

2004) challenges the notion that exhaustion during exercise is due to peripheral fatigue. 

Non-maximal skeletal muscle recruitment also implies that the nature of all exercises is 

submaximal as total peripheral fatigue is never achieved (Noakes, 2012).  

The phenomenon that humans always exercise with reserve invites an important 

question, which is why athletes choose to stop exercising if they have not reached their 

physiological limits? This has led to the development of the central governor’s theory 

(Noakes, 2012; Noakes, Gibson, & Lambert, 2005), which proposed that regulation of 

exercise is a complex process controlled by the brain. Emphasis on physiological 

responses from traditional physiological models has led us to neglect that regulation of 

endurance exercise performance involves conscious decision-making by the athletes 

(Renfree, Martin, Micklewright, & Gibson, 2014). According to the central governor 
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theory, athletes terminate exercise as part of the regulatory process to preserve 

physiological homeostasis instead of a catastrophic event (Noakes, 1998, 2012).  

Contrary to the traditional physiological models, fatigue during exercise was 

suggested as an “emotion” that could be influenced by not just physiological responses 

but also non-physiological variables (Gibson et al., 2003; Noakes, 2012). The central 

governor theory purports that this perceived sensation helps to regulate exercise in a 

manner that preserves physiological homeostasis of the athlete (Noakes, 2012). For 

example, if the exercise workload is unsustainable, this will result in amplified sense of 

fatigue that will in turn encourage the athlete to slow down or terminate the exercise 

before occurrence of any catastrophic event. Hence, this implies that termination of 

exercise occurs at the point of perceived fatigue instead of peripheral fatigue as 

previously assumed.  

Such perspective of fatigue has important implications for exercise intensity 

prescription. As exercise intensity is supposed to reflect the level of fatigue during 

exercise, exercise intensity should be similarly viewed as a multifaceted construct 

whereby it could be influenced by various other factors (e.g., mood, mental fatigue) 

besides physiological responses. In this context, monitoring exercise intensity based on 

solely physiological responses is likely inadequate. Since fatigue is argued to be a 

perceived sensation (Gibson et al., 2003; Noakes, 2012), it is fitting to monitor exercise 

intensity based on perceptual responses instead. Indeed, theoretical frameworks have 

been proposed to explain how individuals use perceptual cues such as effort perception 

and affect to pace themselves during exercise ((Baron, Moullan, Deruelle, & Noakes, 

2009; Tucker, 2009). This has been supported by many studies, which have 

demonstrated that pacing strategies during endurance exercise performance are closely 
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associated with these cues (Jones et al., 2014; Renfree, West, Corbett, Rhoden, & 

Gibson, 2012; Schallig et al., 2018; Tucker, Marle, Lambert, & Noakes, 2006b).  

While there have been many empirical studies on pacing in competitive sports 

performance, less attention has been given to study how regulation of exercise intensity 

occurs in daily physical activities (Thiel, Pfeifer, & Sudeck, 2018). Pacing is a 

fundamental characteristic of all endurance physical activities (Edwards & Polman, 

2013; Smits, Pepping, & Hettinga, 2014). Since majority of the general public do not 

monitor physiological responses during exercise, regulation of exercise is based on 

perceptual sensations generated by the body instead. Hence, it is equally important to 

examine how individuals regulate exercise intensity based on these perceptual cues 

(Thiel et al., 2018). While individuals experience a wide range of sensations during 

exercise, existing literature suggests that effort perception and affective valence are the 

key perceptual cues associated with pacing. These two cues have also been 

recommended by ACSM as complementary methods to prescribe exercise intensity for 

both cardiorespiratory and resistance exercise (Garber et al., 2011).  

 

1.1.1 Effort perception. Perceived effort or perceived exertion is conceptualised 

as a gestalt sensation that integrates the strain of multiple organ systems to quantify how 

strenuous exercise felt (Borg, 1998). Since the 1960s and early work of Gunnar Borg, 

perceived exertion has been commonly used in the field of sport science. Effort 

perception is commonly measured using ratings of perceived exertion (RPE), whereby 

individuals quantify the perceptual sensations they feel during physical activity on a 

numerical scale. Similar to the multifaceted nature of fatigue as proposed by the central 

governor theory (Noakes, 2012; Noakes et al., 2005), RPE could be influenced not only 

by physiological variables but also many other factors. Existing literature has long 
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demonstrated evidence of strong association between RPE and physiological responses 

such as HR, VO2, respiratory rate, respiratory exchange ratio and blood lactate (Chen, 

Fan, & Moe, 2002; Noble & Robertson, 1996). Recently, there has been greater interest 

on how RPE could be affected by non-physiological factors such as mental fatigue (Van 

Cutsem et al., 2017) and effects of music (Terry, Karageorghis, Curran, Martin, & 

Parsons-Smith, 2019).  

In the area of research on effort perception, perceived exertion and perceived 

effort have often been used interchangeably since both terms have been considered 

synonymous. Recently, there are a growing number of researchers who have argued that 

these two terms may refer to different constructs (Abbiss, Peiffer, Meeusen, & Skorski, 

2015; Hutchinson & Tenenbaum, 2006; Razon, Hutchinson, & Tenenbaum, 2012; 

Smirmaul, 2012; Swart, Lindsay, Lambert, Brown, & Noakes, 2012). It has been 

suggested that exertion reflects the physical and physiological strain experienced 

because of the physical task while effort reflects the mental energy devoted to the 

physical task (Swart et al., 2012).  

The ambiguity between these two perceptual cues has been due to the definitions 

used in RPE scales, which included both terms in the instructions (Abbiss et al., 2015; 

Smirmaul, 2012). Since effort perception is often measured using a single 

undifferentiated RPE score, this prevents us from differentiating whether the rating is 

based more on physical exertion or mental effort. Hence, there has been 

recommendations to shift towards a multidimensional approach instead of depending on 

a single score to quantify the psychophysiological stress during exercise (Abbiss et al., 

2015; Hutchinson & Tenenbaum, 2006; Jones et al., 2014; Swart et al., 2012). Previous 

study has demonstrated that using such a multidimensional approach helped to 

dissociate between physical exertion and mental effort among trained cyclists (Swart et 
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al., 2012). Importantly, the two cues were suggested to play different roles in regulation 

of exercise intensity. However, the differentiation between the two cues remains 

uncertain as conflicting results were found in another study (Jones et al., 2014).  

Effort perception has been central to human exercise regulatory behaviour. The 

anticipatory feedback model (Tucker, 2009) proposed that individuals exercise in an 

anticipatory-feedback manner based on an RPE template. Regulation of exercise occurs 

via a continuous process of monitoring the RPE in relation to an expected progression 

of RPE. This has been supported with evidence that pacing strategy was found to differ 

according to environmental conditions (Tucker et al., 2006b) and expected duration of 

the exercise (Schallig et al., 2018). However, since these studies have used an 

undifferentiated RPE score to measure effort perception, it remains unclear whether 

regulation of exercise is based more on physical exertion or mental effort. Hence, 

further research is needed to examine whether these two cues play different roles in 

regulation of exercise intensity.  

 

1.1.2 Affect. Besides effort perception, the psychological construct of affect is 

another perceptual cue that plays an influential role in the regulation of exercise (Baron 

et al., 2009; Jones et al., 2014; Renfree et al., 2014). Defined as a “neurophysiological 

state consciously accessible as a simple primitive non-reflective feeling” (Russell & 

Feldman Barett, 2009, p. 104), affect is regarded as a different construct as compared to 

effort perception (Eston, Stansfield, Westoby, & Parfitt, 2012; Hardy & Rejeski, 1989).  

It has been argued that a gestalt RPE score may not accurately reflect the 

affective states individuals feel during exercise (Hardy & Rejeski, 1989). Hence, 

affective responses during exercise are often measured using a separate rating scale 

termed the feeling scale (FS),  which is a single-item, bipolar scale consisting of 11 
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response categories ranging from -5 to +5 to quantify the extent of pleasure or 

displeasure during exercise (Hardy & Rejeski, 1989). Recently, there has been 

increasing studies demonstrating the use of the FS to prescribe exercise based on 

affective responses (Parfitt, Blisset, Rose, & Eston, 2012b; Rose & Parfitt, 2008). Such 

approach of exercise prescription has been found to improve fitness (Parfitt, Alrumh, & 

Rowlands, 2012a) and suggested to increase exercise adherence (Rose & Parfitt, 2008).  

Affective responses during exercise are associated with exercise intensity, 

whereby more pleasant feelings correspond to low intensity and unpleasant feelings 

relate to higher intensity levels (Acevedo, Kraemer, Haltom, & Tryniecki, 2003; 

Ekkekakis, Hall, & Petruzzello, 2008). Such relationship with exercise intensity 

suggests that affective responses could help individuals to regulate exercise. It has been 

proposed that pacing strategy during exercise is associated with the affective load 

experienced (Baron et al., 2009). For example, if the affective load is high, whereby the 

athlete feels unpleasant, this will increase the tendency to slow down or terminate the 

exercise. This has been supported by previous studies, which found that change in 

power output was significantly associated with affective responses instead of effort 

perception (Jones et al., 2014; Renfree et al., 2012). Hence, this suggests that 

individuals could potentially regulate exercise intensity of daily physical activities 

based on affective responses.  

In summary, regulation of exercise intensity is a complex interaction between 

cognitive, physiological, and emotional processes (Noakes, 2012). Existing literature 

has demonstrated that perceptual cues play significant roles in how individuals pace 

themselves in the context of endurance sports performance. This suggests that 

individuals could potentially use these cues to regulate exercise intensity in self-

undertaken physical activities.  
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1.2 Research Questions  

Regulation of exercise, also termed pacing, has been considered a fundamental 

element of all endurance performance activities (Edwards & Polman, 2013; Smits et al., 

2014). This applies to exercise and physical activities undertaken in everyday life. 

Present exercise prescription guidelines for cardiorespiratory exercise has been mainly 

focused on physiological measures. However, such approach does not match how most 

individuals regulate exercise, since majority do not monitor physiological responses 

during exercise. Hence, how do individuals regulate appropriate exercise intensity levels 

of their physical activities? 

The central governor theory (Noakes, 2012; Noakes et al., 2005) postulates that 

the sensations of fatigue experienced during exercise helped us to regulate exercise in a 

safe manner to maintain physiological homeostasis. This suggests that individuals can 

perceive intensity levels based on these sensations of fatigue. While fatigue has been 

posited to be multifaceted (Noakes, 2012; Noakes et al., 2005), a huge limitation lies in 

the reliance on the gestalt concept of RPE to measure such fatigue (Venhorst, 

Micklewright, & Noakes, 2018). It has been argued that individuals experienced a wide 

range of sensations during physical activities, and the use of a single RPE is too 

simplistic to quantify the psychophysiological strain (Hutchinson & Tenenbaum, 2006; 

Razon et al., 2012). In addition, the concept of an integrated score limits us in better 

understanding the influence of different underlying perceptual cues (Jones et al., 2014), 

hence the recommendations to shift towards a multidimensional approach instead 

(Abbiss et al., 2015; Hutchinson & Tenenbaum, 2006; Jones et al., 2014; Swart et al., 

2012).  

Furthermore, the gestalt concept has led to debates on what RPE actually 

measures (Abbiss et al., 2015). While it has been argued that RPE could be 
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differentiated to either mental or physical strain (Abbiss et al., 2015; Smirmaul, 2012), 

the evidence remains inconclusive (Jones et al., 2014; Swart et al., 2012). This is likely 

attributed to the lack of valid measurement tools in distinguishing these two constructs. 

Given that both mental and physical strain could play different roles in regulation of 

exercise (Swart et al., 2012; Venhorst et al., 2018), there is a need to first develop valid 

rating scales to aid us in progressing towards a multidimensional approach to better 

understand the respective influence of each perceptual cue.  

Similarly, the ambiguity between these two perceptual measures has also 

resulted in confusion regarding the mechanisms of RPE. Some suggested that RPE is 

largely influenced by afferent feedback (Hampson, Gibson, Lambert, & Noakes, 2001; 

Tucker, 2009), and others debated that effort perception is centrally generated and 

independent of afferent feedback (Marcora, 2009, 2010). From a theoretical perspective, 

the former and latter hypothesis are associated with physical exertion and mental effort 

respectively (Abbiss et al., 2015). Indeed, there has been evidence that mental fatigue 

impaired exercise performance due to increased RPE in absence of any physiological 

changes (Marcora, Staiano, & Manning, 2009; Van Cutsem et al., 2017). Since previous 

studies have only used a single RPE score to measure effort perception, it remains 

unclear whether the increase in RPE was due to physical exertion or mental effort. 

Moreover, since exercise intensity is posited as a perceptual sensation, there is a need to 

better understand how perceived intensity levels could be influenced by non-

physiological factors such as mental fatigue.  

Regulation of exercise intensity is a complex interaction between various 

perceptual cues (Noakes, 2012). However, there remains a paucity of studies that 

examined multiple perceptual measures concurrently. While many studies have shown 

that RPE and affect could be used individually to regulate exercise intensity, it remains 
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unclear which is the dominant cue that is associated with exercise intensity. 

Furthermore, given that prior exercise experience influences perception of exercise 

intensity (Noble & Robertson, 1996) and regulation of exercise (Tucker, 2009), the 

dominant perceptual cue could differ between individuals of differing physical activity 

levels. The emphasis on monitoring intensity based on physiological responses has led 

to assumptions that similar physiological strain represents similar intensity levels 

among different individuals. Such approach neglects that one’s exercise experience 

could influence the perception of exercise intensity. For example, sedentary individuals 

may perceive similar exercise workload to be harder than active individuals as the two 

groups have contrasting exercise experience. Aligned with the concept of fatigue, 

considering that exercise intensity is a perceptual sensation, it is imperative to examine 

how individuals of different physical activity levels perceive and regulate exercise 

intensity to better inform exercise prescription based on perceptual cues for public 

health. 

In summary, these mentioned research gaps have led to the formulation of these 

following research questions to guide the thesis: 

 

1. Does mental effort and physical exertion differ during regulation of exercise 

intensity?  

2. Does mental fatigue influence perception of exercise intensity?  

3. What are the roles of mental effort, physical exertion and affect in regulation of 

exercise intensity?  

4. Do physical activity levels influence how individuals perceive and regulate 

exercise intensity?  
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1.3 Thesis Aims, Objectives and Hypotheses 

This thesis adopted a multidimensional approach to better understand exercise 

regulation by examining three key perceptual cues: mental effort, physical exertion and 

affect. The main aim of the study was to better understand the roles of each perceptual 

cue in regulation of exercise among physically active and inactive healthy young adults. 

Specifically, a total of three studies were conducted to achieve the following main 

objectives: 

 

1. To develop valid rating scales to differentiate the measurement of mental effort 

and physical exertion 

2. To examine the effects of mental fatigue on perception of exercise intensity  

3. To determine the roles of perceptual cues in regulation of exercise intensity 

among physically active and inactive individuals  

 

To adopt a multidimensional approach to examine regulation of exercise 

intensity, it is imperative to first develop valid measurement tools in distinguishing 

between mental effort and physical exertion during exercise. This thesis addressed this 

research aim through a build-up of three studies. First, Study 1 determined the 

appropriate verbal descriptors associated with each perceptual cue and examined 

whether individuals could distinguish between the two cues across different intensity 

levels. It was hypothesised that physical exertion and mental effort would be associated 

with different verbal descriptors and both perceptual measures could be differentiated 

from one another. Next, the determined verbal descriptors were employed in respective 

rating scales and Study 2 examined the scales’ response categorisation functioning. It 

was hypothesised that the typical 0-10 response categorisation in a rating scale would 
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not function optimally for the measurement of mental effort and physical exertion. 

Problematic response categories were identified based on rating scale diagnostic 

indices. These categories were then combined with adjacent categories to improve the 

response categorisation functioning. Last, Study 3 examined the concurrent and 

construct validity of both rating scales with the revised response categorisation based on 

results from Study 2. It was hypothesised that both mental effort and physical exertion 

rating scales would be significantly associated with physiological responses and RPE 

derived from Borg’s RPE scale. 

Given that exercise intensity is posited as a perceptual sensation, it could be 

influenced by non-physiological variables as well. Hence, Study 2 also addressed the 

second main research aim by examining the effects of mental fatigue on perception of 

exercise intensity. The use of an undifferentiated RPE in previous studies has limited us 

in understanding the effects of mental fatigue on different perceptual cues. Therefore, 

Study 2 overcame such limitation by using a multidimensional approach to study 

psychophysiological strain during exercise via three perceptual cues of interest: mental 

effort, physical exertion, and affect. Mental fatigue was hypothesised to negatively 

influence all three perceptual cues. In addition, Study 2 also examined the effects of 

mental fatigue on an externally paced maximal exercise performance. It was 

hypothesised that mental fatigue would impair the exercise performance of both active 

and inactive individuals.  

Through the first two studies, rating scales with appropriate verbal descriptors 

and improved response categorisation were developed to measure mental effort and 

physical exertion during exercise. With the implementation of these tools, Study 3 

addressed the third main research aim using a multidimensional approach to investigate 

how active and inactive individuals regulated two types of exercise: preferred intensity 
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and prescribed intensity exercise. It was hypothesised that regulation of exercise would 

differ between the two exercise bouts. Physical activity levels were also hypothesised to 

influence how individuals perceive and regulate exercise intensity.  

 

1.4 Significance of Study 

The results from this thesis would advance the understanding of human exercise 

regulatory behaviour in several ways. First, the development of valid rating scales to 

separate the measurement of mental effort and physical exertion could help us better 

understand the difference between the two cues pertaining to regulation of exercise 

intensity. Second, examining the effects of mental fatigue on perception of exercise 

intensity would be of value to sports practitioners as well as public health stakeholders 

since mental fatigue is a common occurrence in our daily lives. Third, the comparison 

between active and inactive individuals could shed light on any differences in exercise 

behaviour between the two groups. This may form the basis of recommendations for 

individualised exercise intensity prescription for respective groups of individuals. Last, 

since perceptual responses during exercise could be influenced by a plethora of factors, 

the findings from this research could lead to innovative interventions based on 

perceptual cues to encourage a physically active lifestyle among the general public. 
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Chapter 2: Review of Literature 

2.1 Introduction 

This chapter reviews the literature associated with the main areas of interest in 

this thesis. This chapter is classified into a total of five main sections: a) Methods of 

regulating exercise intensity; b) Theoretical frameworks on regulation of exercise; c) 

Effort perception; d) Affect; and e) Summary. The first section begins with a 

presentation of the various recommended methods of regulating exercise intensity based 

on physiological measures such as oxygen uptake and heart rate. Differences between 

absolute and relative exercise intensity will be reviewed regarding exercise prescription. 

Drawbacks of these methods will be discussed in comparison to the use of perceptual 

cues to monitor exercise intensity during exercise.  

The second section introduces the theoretical frameworks on regulation of 

exercise. This section debates the limitations of traditional physiological models in 

understanding how individuals pace themselves during exercise. Alternative theoretical 

models are presented to argue the importance of studying perceptual responses in 

physical activity. The next two sections present the respective literature on the 

perceptual cues of interest in this thesis: effort perception and affect.  

The third section reviews the relevant literature on effort perception. The 

historical development and theoretical frameworks behind the concept of effort 

perception are presented. The difference between the two terms exertion and effort will 

be examined, with the argument that these two terms refer to different constructs. Next, 

the limitations of using a single-item measure such as an undifferentiated RPE score 

will be discussed in relation to regulating exercise intensity. A multidimensional 

approach is proposed to better understand the roles of different perceptual cues in 

regulation of exercise intensity.  
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The fourth section presents the literature on the role of affect in the regulation of 

exercise intensity. Emphasis will be placed on the relationship between affective 

responses and exercise intensity. In this section, there will be discussion on studies that 

examined the use of affect to regulate exercise. This chapter then concludes with a 

summary that highlights the research gaps of current literature.  

 

2.2 Methods of Regulating Exercise Intensity 

There has been solid evidence that volume of physical activity is associated with 

health benefits, and it has been recommended to accumulate 150 minutes of moderate-

intensity aerobic exercise per week to reap these benefits (Grøntved & Hu, 2011; 

Kesäniemi, Riddoch, Reeder, Blair, & Sørensen, 2010). According to ACSM’s 

guidelines (2018), exercise prescription for cardiorespiratory exercise is based on four 

variables including exercise frequency, exercise duration, exercise mode, and exercise 

intensity. Among these variables, exercise intensity has been proposed to be the most 

important factor as it is a key influence of physiological responses to exercise training 

and injury incidence (ACSM, 2018). Furthermore, exercise intensity has been found to 

impact exercise adherence behaviour (Cox et al., 2003; Perri et al., 2002). Therefore, 

many methods have been developed to prescribe exercise intensity.  

A common approach to exercise intensity prescription for cardiorespiratory 

endurance exercise is the aim to attain a specific physiological response outcome (Noble 

& Robertson, 1996). These methods can be differentiated into prescribing absolute or 

relative exercise intensity. There are several measures of absolute exercise intensity 

including caloric expenditure (kcal.min-1), absolute oxygen uptake (ml.min-1 or L.min-

1), and metabolic equivalent of task (METs). These measures are less accurate in the 

classification of exercise intensity because they do not consider the influence of 
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individual factors such as body weight, gender, and fitness level (Ainsworth et al., 1993; 

Byrne, Hills, Hunter, Weinsier, & Schutz, 2005; Howley, 2001). For example, two 

individuals of different ages may work at similar amount of METs but the older person 

may be working at a higher intensity level compared to the younger counterpart. Hence, 

it has been suggested that relative exercise intensity is a better method for 

individualized exercise prescription. 

One method of prescribing relative exercise intensity is based on oxygen 

consumption (VO2). Since maximum oxygen consumption (VO2max) has been 

considered the gold-standard measure of cardiorespiratory fitness, different intensity 

zones for cardiorespiratory exercises are commonly prescribed according to different 

percentage levels of VO2max (Powers & Howley, 2007). An alternative method of using 

VO2 is based on the percentage of the body oxygen uptake reserve (%VO2R). This can 

be determined using the following equation: 

%VO2R= ([(VO2max – VO2rest) × desired %] + VO2rest)  (1) 

whereby VO2rest refers to resting oxygen uptake, which approximates 3.5 ml∙kg-1∙min-1. 

Such methods of exercise intensity prescription aim to achieve a physiological overload, 

hence improving aerobic fitness (Robertson, 2001). It has been recommended that 

improvement in aerobic fitness is associated with intensity levels ranging between 40% 

to 84% VO2R (Franks & Howley, 2007). However, there are limitations with such 

methods as well. Expensive equipment such as metabolic carts are necessary to 

determine and monitor an individual’s VO2. Hence, it is impractical to use it outside of 

laboratory settings. In addition, it has also been suggested that intensity prescription for 

endurance training should not be solely based on oxygen uptake because prolonged 

exercise at given percentages of VO2max will generate different metabolic strain evident 
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in the large variability in blood lactate responses (Scharhag-Rosenberger, Meyer, 

Gäßler, Faude, & Kindermann, 2010). 

With the prevalence of heart rate monitors, another more convenient approach to 

prescribe relative exercise intensity is based on heart rate (HR) since it has a relatively 

linear relationship with VO2 (Strath et al., 2000). Similarly, there are two common 

methods of intensity prescription based on HR. The first method will be monitoring 

intensity based on maximum heart rate (HRmax). According to ACSM (2018), it was 

recommended for healthy individuals to exercise at a range of between 70% and 85% 

HRmax. Ideally, HRmax is determined by measuring the highest HR response attained 

during a graded maximal exercise test.  Alternatively, a more common and convenient 

way to estimate HRmax is using a simple equation of 220 – age. However, estimated 

HRmax have been found to have a standard deviation of 11 beats per minute, which may 

lead to an inaccurate estimation of exercise intensity (Dishman, 1994). To date, there 

have been several other aged-based equations developed to determine HRmax for certain 

populations (Gellish et al., 2007; Gulati et al., 2010; Tanaka, Monahan, & Seals, 2001), 

but they are less recognised for universal use.  

The second method of using HR to prescribe exercise intensity is based on heart 

rate reserve (HRR), which refers to the difference between an individual’s resting heart 

rate and maximum heart rate. The use of HRR has been found to be closely associated 

with VO2R (Swain & Leutholtz, 1997). Also known as the Karvonen’s formula (ACSM, 

2018), it is determined using a similar equation as VO2R: 

%HRR= ([(HRmax – HRrest) × desired %] + HRrest)   (2) 

whereby HRrest refers to an individual’s resting HR. The recommended target range to 

improve cardiorespiratory fitness is between 60% and 80% HRR (Powers & Howley, 

2007). Such method has been argued to be more accurate as compared to prescribing 
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intensity based on HRmax (Brawner, Keteyian, & Ehrman, 2002; Byrne & Hills, 2002; 

Swain & Leutholtz, 1997). While HR is a relatively more convenient method to 

prescribe exercise intensity as compared to VO2, there are certain associated limitations 

as well. First, accuracy of HR responses can be distorted by several factors such as 

psychological stress, environmental temperature, stimulants (e.g., caffeine), and 

medication drugs (Noble & Robertson, 1996). Distorted HR responses may affect 

physiological load and hence invalidate the exercise prescription. Second, it can be 

costly to buy heart rate monitors to keep track of HR responses during training. 

Although individuals may monitor HR through palpation, it is disruptive and has large 

variability issues. 

In summary, relative exercise intensity prescription based on HR and VO2 is 

considered to be the gold standard. However, these methods have drawbacks associated 

with cost and practicality. In addition, majority of individuals do not monitor 

physiological responses during physical activities. Instead, these individuals regulate 

their exercise based on the perceptual sensations they experience during exercise. 

Hence, perceptual cues such as perceived effort and affective valence have been 

recommended as complementary measures to regulate and enhance the prescribed 

exercise intensity of both cardiorespiratory and resistance exercise (Garber et al., 2011). 

Furthermore, these perceptual cues have been suggested to play an important role in 

regulation of exercise (Baron et al., 2009; Pageaux, 2014; Tucker, 2009). Theoretical 

models will be discussed in next section to highlight the significance of studying 

perceptual responses to better understand how individuals regulate exercise.  
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2.3 Theoretical Frameworks on Regulation of Exercise 

This section reviews the existing literature and presents the relevant theoretical 

models in explaining regulation of exercise. A total of three different models will be 

discussed: a) Traditional physiological model; b) Central governor model of exercise 

regulation; and c) Anticipatory feedback model. The section will then close with a 

summary of the discussed theoretical models to highlight the importance of studying 

perceptual responses in understanding regulation of exercise.  

 

2.3.1 Traditional physiological model. Understanding regulation of exercise 

has been closely associated with traditional physiological models of exercise fatigue 

that explain what limits exercise performance. The reason why exercise intensity 

prescription for cardiorespiratory endurance exercise has been largely focused on 

physiological measures is due to the belief that exercise performance is limited by 

physiological responses.  

A common understanding in exercise physiology is that exercise fatigue results 

from peripheral fatigue, which refers to the inability of skeletal muscle contractile 

function (Noakes & Gibson, 2004). This stems from the cardiovascular / anaerobic / 

catastrophic model of exercise physiology, which purports that one’s endurance 

exercise performance is limited by an individual’s maximal aerobic capacity, which is 

measured as the VO2max (Noakes, 2000). Being one of the widely accepted concepts in 

exercise sciences, this theory originated from almost a century ago, which found that 

that the heart has a limiting maximum cardiac output (Hill et al., 1924b). Based on this 

concept, exercising at an intensity beyond the point of VO2max will require oxygen 

consumption that exceeds the supply level of the heart. As a result, energy supply 

becomes more reliant on anaerobic energy pathways and accumulation of blood lactate 
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was postulated to occur under such anaerobic conditions. This increased blood lactate 

concentration and metabolites of anaerobic metabolism debilitate skeletal muscle 

contraction, leading to fatigue. This was first evident in a classic study which found 

high blood lactate concentrations in frog muscles that were stimulated to contract to 

failure (Fletcher & Hopkins, 1907).  

An advancement of this model led to the “catastrophe theory”, which 

hypothesised that exercise fatigue occurs when the workload exceeds the physiological 

and biochemical limits of an individual, and results in a catastrophic failure of 

intracellular homeostasis (Edwards, 1983; Noakes et al., 2005). From the traditional 

exercise physiology perspective, the heart’s capacity to supply oxygen was considered 

the limiting factor of exercise performance (Hill et al., 1924b). Maximal exercise 

intensity levels are considered to be attained at the point of VO2max, and any workload 

beyond that intensity will be supramaximal and unsustainable.  

This school of thought has been commonly accepted for many years until the 

late 1990s, whereby researchers start to argue that such model is unlikely to be correct. 

In a review article, Noakes (2000) argued that such theoretical model was limited in 

explaining physical exhaustion during exercise. First, it was pointed out that one 

limitation of the model was that the heart should be the organ at biggest risk during 

maximal exercise due to oxygen deficiency (Noakes, 1998). Logically, in order to 

achieve a plateau in the cardiac output during VO2max, it was suggested that the 

coronary blood flow to the heart must be the first physiological response to reach its 

limit. Continuing to exercise with limiting coronary blood flow should lead to a 

progressive myocardial ischaemia. However, it has been demonstrated that progressive 

myocardial ischaemia does not happen during maximal exercise among healthy athletes 

despite a plateau in cardiac output (Noakes, 2000; Raskoff, Goldman, & Cohn, 1976). 
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Hence, it was suggested that termination of exercise probably happens before the heart 

reaches its maximum limits (Noakes, 1998).  

Second, another limitation of this theoretical model was that it could not explain 

the phenomenon of maximal exercise terminating without any presence of skeletal 

muscle anaerobiosis, hypoxia or ischaemia (Noakes, 2000). Based on this model, 

muscle fatigue was believed to be associated with elevated blood lactate concentration. 

However, such hypothesis was rejected based on evidence gathered in studies conducted 

on exercise in altitude. Based on the pioneering studies by the Harvard fatigue 

laboratory, it was found that peak blood lactate concentrations during maximal exercise 

decreased with increasing altitude (Edwards, 1936). Similarly, maximum HR and 

cardiac output were found to decrease during exercise at rising altitude levels (Dill, 

1938).  

This phenomenon of having lower peak blood lactate concentration under 

greater hypoxic conditions at high altitude levels has been puzzling to physiologists and 

is now commonly termed the “lactate paradox” (Hochachka, 1988; Hochachka et al., 

2018). This perplexing phenomenon was confirmed in Operation Everest II (Green, 

Sutton, Cymerman, Young, & Houston, 1989), a study which examined acclimatisation 

effects of participants at altitude levels equivalent to the summit of Mount Everest, 

approximately 8848 metres. Interestingly, the study found that the blood lactate 

concentrations among acclimatised subjects during maximal exercise at high altitude 

level were not significantly different as compared to during rest at sea levels. Such 

finding was controversial to the theoretical model, since it was demonstrated that 

termination of exercise at high altitudes occurred when muscles were contracting under 

aerobic conditions (Noakes, 2000).  
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To date, the lactate paradox phenomenon remains poorly understood. It has been 

proposed long ago that altitude acclimatisation reduces buffering and produces greater 

hydrogen ions concentration for a given amount of blood lactate (West, 1986). More 

recently, it has been suggested that such paradox could be due to regulation by cellular 

adenosine triphosphate (ATP) demand and ATP supply pathways (Hochachka et al., 

2018). Nevertheless, this controversial occurrence shows that the limiting factor to 

endurance exercise performance is unlikely due to oxygen-limited aerobic metabolism 

(Noakes, 1998; Reeves et al., 1992). This was supported by evidence from Operation 

Everest II, which found that peak cardiac output decreased with rising altitude (Sutton et 

al., 1988). Noakes (2000) argued that if the most important role of the cardiovascular 

system was to supply adequate oxygen levels to the exercising muscles, maximum 

cardiac output should either maintain or increase at elevated altitude levels to mitigate 

the effects of progressive reduction in the arterial oxygen content. However, the 

evidence proved the opposite, with reduction in HR, stroke volume and myocardial 

contractility found during maximal exercise at high altitude levels (Reeves et al., 1987).  

The third limitation of such traditional physiological model is that termination of 

exercise is unlikely due to peripheral fatigue, as it has been found that skeletal muscle is 

never fully recruited during any exercise (Noakes & Gibson, 2004; Noakes, 2012). 

Based on the cardiovascular/anaerobic/catastrophic model, additional muscle fibres 

should be recruited to help maintain the work rate as intensity increases. Peripheral 

fatigue should only occur when all fibres are recruited and failed (Noakes, 2012). 

However, it has been demonstrated that only between 35% and 50% of muscle fibres 

are recruited upon termination of endurance exercise (Amann et al., 2006; Tucker, 

Rauch, Harley, & Noakes, 2004), and up to 60% during maximal anaerobic exercise 

(Sloniger, Cureton, Prior, & Evans, 1997). These evidences suggest that there is a limit 
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to the ability that additional muscle fibres can be activated to meet the energy demands, 

and the traditional physiological model is unable to explain such occurrence (Noakes, 

2012). 

In conclusion of this section, exercise intensity has long been associated with the 

physiological limits of an individuals. Based on traditional physiological models, the 

functional capacity of the heart to supply oxygen to exercising muscles, VO2max, has 

been deemed to be the limiting factor of exercise performance (Hill et al., 1924b; 

Noakes, 2000). However, the highlighted limitations have shown that such theoretical 

perspective is likely incorrect. While physiological responses probably influence 

performance, physical exhaustion is unlikely explained by solely one’s physiology. If 

exercise is not limited by physiological factors, it is important to deviate from the 

emphasis on monitoring physiological responses to better understand regulation of 

exercise intensity.      

 

2.3.2 Central governor model of exercise regulation. An alternative 

theoretical framework termed the “central governor” was proposed to explain regulation 

of exercise (Noakes, 1998). This theoretical paradigm views the human body to act as a 

complex system in regulation of exercise performance (Noakes, 2012; Noakes et al., 

2005). As opposed to the traditional physiological model, this model proposed that 

termination of exercise occurs as part of a regulatory process controlled by a central 

governor to prevent any homeostatic breakdown instead of a catastrophic, system-

limiting event (Noakes, 1998, 2012; Noakes et al., 2005).  

The concept of a “governor” first originated from Hill and colleagues (1924a) in 

explaining the phenomenon of achieving maximal cardiac output without the 

development of myocardial ischaemia (Noakes, 2000). It was suggested that there is a 
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mechanism either in the heart or the central nervous system which “would tend to act as 

a governor maintaining a high degree of saturation of the blood” in the circulatory 

system (Hill, Long, & Lupton, 1924a). According to Noakes (1998), since the heart is 

also the determinant of its own blood supply, exercising beyond the maximum cardiac 

output should logically reduce the coronary blood flow and eventually leads to 

myocardial ischaemia. However, myocardial ischaemia and skeletal muscle 

anaerobiosis were absent while performing maximal exercise at high altitude levels 

(Green et al., 1989; Reeves et al., 1987; Sutton et al., 1988). In addition, peak cardiac 

output and HR were also found to decrease with advancing altitude levels (Sutton et al., 

1988). Collectively, these findings indicated that oxygen supply to skeletal muscles was 

not maximal. Therefore, it was suggested that oxygen supply to skeletal muscles is not 

the primary priority during maximal exercise, and it was speculated that a governor 

limits exercise before the muscle becomes anaerobic even under extreme hypoxic 

conditions (Noakes, 2000).  

This idea of a governor acting as a protective mechanism was also suggested in 

the 1930s in the explanation of the lactate paradox. Edwards (1936) proposed that the 

inability to acquire high blood lactate concentrations at elevated altitude levels could be 

due to a possible protective mechanism that inhibits an existing low arterial saturation 

from further reduction. Such a governor was affirmed by a study that found skeletal 

muscle electromyography (EMG) activity during maximal exercise decreased with 

rising altitude levels, and increased with oxygen provision (Kayser, Narici, Binzoni, 

Grassi, & Cerretelli, 1994). This suggests physical exhaustion in hypobaric hypoxia was 

likely limited by fatigue in the central nervous system instead of peripheral fatigue.  

The theoretical model theorises that such a central governor lies in the brain, 

which helps to regulate exercise performance by constantly managing the skeletal 
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muscle recruitment process as a protective mechanism to prevent any homeostasis 

disruption (Noakes, 2012). It has been previously assumed that skeletal muscle 

recruitment must be maximal during termination of exercise as peripheral fatigue was 

thought to be the limiting factor of exercise performance (Noakes et al., 2005). 

However, previous studies have demonstrated that muscle fibre recruitment is not 100% 

during exhaustive exercise (Amann et al., 2006; Sloniger et al., 1997; Tucker et al., 

2004). The central governor model’s explanation of such a phenomenon is the 

hypothesis that maximal recruitment of muscle fibres during exhaustive exercise will 

threaten homeostasis and could lead to catastrophic events such as organ damage or 

even death (Gibson & Noakes, 2004; Noakes et al., 2005). Hence, the reason why 

skeletal muscle recruitment is not 100% upon exercise exhaustion is due to the brain’s 

inhibition as a protective mechanism.  

With such a phenomenon, it was apparent that development of fatigue during 

exercise is not due to peripheral fatigue (Noakes et al., 2005). Indeed, it was claimed 

that “human muscle fatigue does not simply reside in the muscle” (Gandevia, 2001, p. 

1725), and fatigue could instead arise due to a reduction in the neural commands from 

the central nervous system, also known as central fatigue (Gandevia, 2001). It was 

argued that any evidence of skeletal muscle reserve upon the point of exhaustion must 

imply that the cause of fatigue cannot be due to peripherally based factors but must 

occur due to the regulation of the central nervous system. Aligned with such a 

viewpoint that exhaustion derives centrally, the theoretical model proposed that the 

brain acts as the governor in regulation of exercise (Noakes, 2012).   

The model was also developed based on the teleoanticipation theory (Ulmer, 

1996), which postulates that exercise is regulated in an anticipatory manner, with a 

feedback system that takes into account the expected duration or distance of the 
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exercise. Over-emphasis on physiological responses in monitoring exercise intensity has 

led us to overlook the reality that most exercises are regulated in a self-paced manner. 

According to Noakes (2012), it was argued that anticipation is one key characteristic of 

human exercise regulatory behaviour. Indeed, this was evident in different pacing 

strategies for exercises of differing duration (Tucker & Noakes, 2009). For example, 

pace typically decline progressively in shorter duration events (Foster et al., 2003), 

while a more even pacing strategy is commonly preferred in endurance events (Tucker, 

Lambert, & Noakes, 2006a). One critical proof of such anticipatory component is 

athletes’ ability to increase their power output when nearing the end of an exercise bout, 

a phenomenon termed an end spurt (Tucker & Noakes, 2009). Such behaviour is 

paradoxical since athletes are able to increase their power output when they should be 

most fatigued towards the end of the exercise. Hence, this suggests that individuals 

maintain a reserve during exercise (Tucker et al., 2006b), which is aligned with the 

finding that skeletal muscle recruitment is not maximal during exhaustive exercise 

(Noakes et al., 2005).  

In the development of such a theoretical model, it was suggested that fatigue is 

not a physiological manifestation (Gibson et al., 2003; Noakes, 2012). Instead, fatigue 

was considered an emotion generated by the brain, which could be influenced by a 

myriad of factors inclusive of not just physiological, but also psychological and 

emotional variables (Noakes, 2012). Figure 2.1 below illustrates the model and the 

various factors that could influence one’s regulation of exercise performance. 

According to the model, the brain begins exercise in an anticipatory manner by 

providing feedforward commands to recruit an appropriate number of skeletal muscle 

fibres for the expected duration of the exercise. Based on existing literature, one’s 

regulatory behaviour during exercise can be affected by a wide range of influences such 
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as mental fatigue (Marcora et al., 2009), prior experiences (Micklewright, 

Papadopoulou, Swart, & Noakes, 2010), emotion (Renfree et al., 2012), chemical 

stimulants (Hogervorst et al., 2008), and psychological interventions (Barwood, 

Thelwell, & Tipton, 2008).  

 

 

Figure 2.1. The central governor model of exercise regulation. Figure adopted from 

Noakes (2012). 

 

The key purpose of such a complex regulatory system is to perform the exercise 

in an optimal manner that aims to preserve physiological homeostasis at the same time. 

During exercise, the brain continuously regulates the pace by monitoring feedback from 

both conscious sources such as distance covered (Faulkner, Arnold, & Eston, 2011), as 

well as subconscious sources such as muscle glycogen stores (Rauch, Gibson, Lambert, 

& Noakes, 2005), and environmental conditions (Tucker et al., 2004). All this 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

28 
 

information is integrated into a conscious sensation of fatigue, that guides the brain to 

regulate exercise performance (Noakes, 2012). If a certain intensity was too 

overwhelming during exercise, individuals will feel a greater sensation of fatigue that 

signals continuation of exercise may lead to catastrophic events. As a result, this 

sensation encourages athletes to either slow down or terminate their exercise bout as a 

protective mechanism. This is an example of the model’s notion that termination of 

exercise is part of the regulatory process to prevent any catastrophic failure of 

homeostasis. Although there are debates whether this process was determined 

consciously or subconsciously (Marcora, 2008), the brain clearly plays an influential 

role in regulation of exercise performance. 

According to the central governor model, individuals always exercise with 

reserve to preserve homeostasis. From such a standpoint, the nature of all exercise 

performances is submaximal (Noakes, 2012). This implies that it is impossible to reach 

maximal fatigue based on the traditional physiological perspective. Importantly, this 

also signifies an important message, which is that termination of exercise occurs upon 

perceived fatigue and not true fatigue level. Hence, this has led to the claim that fatigue 

is just a sensation or emotion (Gibson et al., 2003; Noakes, 2012). Since exercise 

intensity should represent the continuum of workloads ranging from minimal to 

maximal fatigue levels, this also implies that we should view exercise intensity itself as 

a sensation that could be influenced by not just physiological responses but also a 

plethora of other factors as proposed in the model. Hence, monitoring exercise intensity 

solely based on physiological responses will be inappropriate since humans do not 

regulate exercise in such a manner. One good alternative method proposed to measure 

perceived fatigue is the use of ratings of perceived exertion (RPE; Tucker, 2009). RPE 

represents an integrated sensation of overall psychophysiological strain based on 
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information from various systems in the body (Borg, 1998). The literature on perceived 

exertion will be presented in the section 2.4 of this chapter.  

 

2.3.3 Anticipatory feedback model. Traditional physiological models have 

been largely limited in understanding exercise performance due to the difference 

between externally paced and self-paced exercise. The key differentiation is the 

athlete’s decision-making process (Smits et al., 2014). In externally paced exercise, the 

regulation of exercise is intensity is beyond the control of the athlete, and the only 

decision-making is pertaining to decide whether to continue or terminate the exercise. A 

good example of such externally paced exercise is the conduct of the VO2max test, which 

has been debated to be a “brainless” test since it limits the test subject’s ability to 

regulate the exercise performance (Noakes, 2008b). On the other hand, in self-paced 

exercise, individuals regulate exercise intensity in a complex manner, whereby power 

output is constantly changing according to various feedback, as proposed by the central 

governor model (Noakes, 2012; Noakes et al., 2005).  

Such complex regulation behaviour in self-paced exercise was suggested to 

depend on the changes in RPE during exercise (Noakes, 2012). This was evident in 

previous studies that demonstrated rate of change in RPE responses could predict the 

expected time to exhaustion during the exercise bout (Crewe, Tucker, & Noakes, 2008; 

Noakes, 2004, 2008a; Pires et al., 2011). Indeed, it was found that there was a 

significantly higher rate of increase in RPE when exercising in glycogen-depleted as 

compared to glycogen-loaded conditions, and similar RPE responses were reported at 

the end of exercise in both conditions (Noakes, 2008a). Such findings suggest that the 

changes in RPE must be anticipatory and pre-planned to ensure that the exercise 

terminates upon reaching maximal RPE before complete depletion of the glycogen 
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stores (Tucker, 2009). Aligned with what the central governor theory has proposed, 

maximal RPE is attained before any disruption to the physiological homeostasis.  

In advancement of the central governor theory, a perception-based theoretical 

framework, termed the anticipatory feedback model, was proposed to explain how 

individuals optimise their regulation of self-paced exercise with the use of an RPE 

template (Tucker, 2009). Figure 2.2 below illustrates the schematics of the theoretical 

model to explain regulation of exercise behaviour during self-paced exercise with 

known endpoint. The model posits that pacing during exercise is an interaction between 

continuous feedback and the anticipated progression of intensity for the exercise. In the 

figure, there is a total of nine components labelled from A – I, representing the 

continuous processes of regulating exercise from the onset till end of exercise.  

 

 

Figure 2.2. The anticipatory feedback model of self-paced exercise regulation. Figure 

adopted from Tucker (2009).  
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According to the model, at the start of an exercise bout, initial exercise intensity 

is selected based on previous experience and training, as well as afferent information 

from both physiological and psychological inputs (A). This self-selected intensity is 

anticipated to be ideal for the expected duration of the exercise (B). Another 

anticipatory component of the model includes having an RPE template, which refers to 

the expected ideal rate of increase in RPE (C). An optimal progression of RPE will aim 

to achieve a maximal tolerable RPE only upon the endpoint of the exercise. 

During exercise, the brain constantly receives afferent feedback from various 

physiological cues such as HR, body temperature and ventilation rate (D). This 

information generates a conscious RPE, which is a gestalt sensation of fatigue levels at 

that moment (E). Such conscious RPE is not a mere representation of exercise intensity 

but appraised with respect to the remaining duration of the exercise bout (F). Regulation 

of exercise takes place by comparing the conscious RPE with the template RPE (G). 

Power output is altered in a manner to ensure that the progression of conscious RPE 

does not deviate from the expected progression in the template RPE. Any digression 

from the ideal RPE progression will result in correction of the work rate by altering the 

recruitment of skeletal muscle fibres (H), with the aim to match the conscious RPE with 

the template RPE (I).  

This theoretical paradigm was supported in a previous study that examined the 

pacing strategy in three different environmental heat conditions (Tucker et al., 2006b). 

In the study, participants were instructed to cycle at an intensity that corresponds to the 

Borg’s RPE of 16, and they could adjust their power output to maintain the same RPE 

throughout the exercise trial. It was found that the self-selected power output at the start 

of the exercise did not significantly differ between conditions, which suggests that the 

work rate chosen was based on the anticipated demands of the exercise instead of 
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afferent feedback from the different environmental conditions. Importantly, the rate of 

decrease in power output was found to be significantly greater under hotter 

environmental temperatures (Tucker et al., 2006b). An explanation of such finding was 

that the hotter temperatures increased the conscious RPE, and hence the power output 

was reduced to match the conscious RPE with the intended RPE (Tucker, 2009). This 

suggests that pacing during exercise occurs through an interaction between feedforward 

and feedback control. 

 

 

Figure 2.3. RPE during the three cycling time trials: 10-km time trial, 15-km time trial, 

and manipulated time trial. Figure adopted from Schallig et al. (2018).  

 

Recently, another study has demonstrated that RPE acts as a key regulator of 

pacing in endurance exercise performance (Schallig et al., 2018). In the study, 

participants performed three cycling time trials: 10-km (TT10), 15-km (TT15) and a 

manipulated 15-km time trial (TTman). During TTman, the race distance was changed 

amidst the time trial to examine the presence of an RPE template in pacing. Participants 
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were initially instructed to perform a 10km time trial, but at 7.5km they were informed 

to complete 15km instead. Interestingly, an alteration in the RPE template was found 

with such manipulation of the time trial endpoint. As illustrated in Figure 2.3 above, 

before the 7.5km mark, RPE responses during TTman were found to be similar to the 

RPE of TT10. A clear shift in the RPE template was demonstrated with evidence of 

deviation from the RPE template of TT10 towards the RPE template of TT15. These 

findings clearly showed support for the anticipatory feedback model, whereby an RPE 

template is used to regulate exercise based on the expected endpoint of the exercise 

bout.  

 

2.3.4 Summary of theoretical frameworks in regulation of exercise intensity. 

This main section of the chapter has presented the development of three theoretical 

frameworks that are relevant to regulation of exercise intensity. First, the 

cardiovascular/ anaerobic/ catastrophe model (Hill et al., 1924b; Noakes, 2000) was 

presented to explain the limits of exercise from a traditional physiological perspective. 

With the opinion that the heart’s ability to supply adequate oxygen during exercise is 

the ultimate limiting factor of exercise performance (Noakes, 2000), physiological 

responses such as VO2 and HR have been recommended as the gold standards of 

monitoring exercise intensity levels (ACSM, 2018). Several limitations of the 

traditional physiological model have been presented to argue that such framework is 

unlikely able to explain exercise regulatory behaviour.   

Second, the central governor model of exercise regulation (Noakes, 2012; 

Noakes et al., 2005) was presented to propose that exercise intensity is regulated by the 

brain in a complex manner. In contrary to the traditional physiological model, it was 

suggested that termination of exercise is a part of a regulatory process to maintain 
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physiological homeostasis instead of a catastrophic event (Noakes, 2012; Noakes et al., 

2005). One key idea of such model is that fatigue during exercise is not a physiological 

phenomenon. Instead, it was claimed to be a sensation or emotion that could be affected 

by not just physiological responses, but a variety of other factors (Gibson et al., 2003; 

Noakes, 2012). Hence, exercise intensity should be similarly viewed as a conscious 

perception of fatigue since termination of exercise occurs upon perceived fatigue 

instead of peripheral fatigue.  

Another key idea of the central governor model is that exercise is paced in an 

anticipatory manner, which is a fundamental feature of human exercise regulatory 

behaviour (Noakes, 2012). Decision-making is an important aspect of exercise 

regulation (Smits et al., 2014), whereby athletes decide to alter their power output and 

when to terminate exercise. This also highlights another limitation of using 

physiological responses in exercise intensity prescription, because such externally 

regulated exercise limits the decision-making processes of the athlete. Indeed, it has 

been found that prescribed exercise is physically more challenging than self-regulated 

exercise despite similar intensity levels (Lander, Butterly, & Edwards, 2009). On the 

other hand, regulation of self-paced exercise was suggested to depend on RPE as an 

integrated sensation of fatigue (Noakes, 2012).  

Third, the anticipatory feedback model (Tucker, 2009) was presented to show 

how RPE acts as a key regulator of self-paced exercise. As an advancement of the 

central governor theory, the model postulates that regulation of self-paced exercise 

involves both anticipatory and feedback processes. Pacing occurs via a continuous 

process of comparing the momentary RPE against an ideal progression of RPE, which is 

termed the RPE template. With the perspective that sensation of fatigue is a 

multifaceted construct (Gibson et al., 2003; Noakes, 2012), RPE acts as a gestalt 
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measure of fatigue that could be influenced by a wide range of factors as proposed in 

the central governor theory (see Figure 2.1).  

In summary, recent theoretical frameworks of fatigue have diverged from the 

traditional notion of considering fatigue as a physiological occurrence. Specifically, the 

central governor model and the anticipatory feedback model have highlighted that the 

fatigue is a perceptual sensation generated by the brain to regulate exercise 

performance. Since exercise intensity reflects the extent of fatigue, this thesis is based 

on these two models and argues to view exercise intensity as a multifaceted construct, 

which could be influenced by a plethora of other factors in addition to physiological 

responses. The nature of many daily physical activities is that they are self-regulated 

(Smits et al., 2014; Thiel et al., 2018), and effort perception has been claimed to be the 

key regulator of such pacing behaviour (Schallig et al., 2018; Tucker, 2009). Indeed, 

this has led to the claim that perception of effort is “the cardinal exercise stopper” 

(Marcora & Staiano, 2010, p. 768). Hence, the aim of this thesis was to better 

understand the role of different perceptual responses in regulation of exercise intensity. 

The next two main sections of this chapter will present the literature review of the two 

perceptual cues of interest: effort perception and affect.  

 

2.4 Effort Perception 

2.4.1 Background and development. Perceived exertion or perceived effort is a 

common phenomenon in our daily lives. When we engage ourselves in either physical 

or cognitive tasks, we experience a sense of effort. Perceived exertion is a 

psychophysical term first introduced in the 1960s. Unanimously considered the father of 

perceived exertion, Gunnar Borg was the first to define and develop a measurement of 

perceived exertion using psychophysical scales such as RPE. According to Borg’s 
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conceptualisation (1998), perceived exertion is a gestalt sensation encompassing 

sensations that result from the peripheral muscles, pulmonary system, cardiovascular 

system and other sensory organs and cues. To date, perceived exertion has been 

considered an important variable of interest for understanding the psychophysical stress 

experienced during physical activities. 

Perceived exertion has been commonly used to prescribe and monitor exercise 

training in sport and clinical settings (Noble & Robertson, 1996). In the last decade, 

session ratings of perceived exertion (sRPE) have also been used as a valuable tool to 

quantify internal training load in team sport settings, which is calculated by multiplying 

a RPE score by the duration of training (Foster et al., 2001; Lambert & Borresen, 2010). 

In fact, a recent review paper has claimed that the use of sRPE is a valid and reliable 

method to monitor training load for a range of sports and physical activities (Haddad, 

Stylianides, Djaoui, Dellal, & Chamari, 2017). Besides acting as a measure of exercise 

intensity and training load, perceived exertion has also been considered an influential 

factor in pacing strategies during endurance exercise. This is evident with RPE being a 

central feature of several theoretical models on regulation of exercise including the 

central governor theory (Noakes, 2012) and the anticipatory feedback model (Tucker, 

2009), as presented in section 2.3.2 and 2.3.3 respectively.  

In extant literature on this topic, perceived exertion has been used 

interchangeably with other terms such as a perception or sense of effort, perceived 

exhaustion or effort perception (De Morree & Marcora, 2013; Geiger et al., 2007). 

Recently, there has been an increasing number of researchers that argued that the terms 

effort and exertion may represent different constructs, and the ambiguity may have risen 

from the definition of Borg’s RPE scale (Abbiss et al., 2015; Razon et al., 2012; 

Smirmaul, 2012). In addition, there has been criticism that a gestalt RPE score is too 
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simplistic to capture the wide range of sensations experienced during exercise 

(Hutchinson & Tenenbaum, 2006). Hence, there have been suggestions for the use of a 

multidimensional approach instead to better understand the difference between effort 

and exertion (Abbiss et al., 2015). This may consequently add insights on whether effort 

and exertion act as different perceptual cues in the regulation of exercise intensity. 

 

2.4.2 Measurement of psychophysics. The concept of RPE originated from the 

measurement of psychophysics, and perceived exertion was among the biggest fields of 

study in applied psychophysics (Borg, 1998). Psychophysics is the study of 

relationships between perceptions of sensations and given stimuli, in which both can be 

considered measurable quantities (Marks, 1974). Unlike physical sciences, 

measurement of latent traits has always been challenging for scientists. Measurement of 

psychophysical variables has been problematic due to the lack of basic units to quantify 

perceptual stimulus (Borg, 1990). Classical psychophysicists (Fechner, Howes, & 

Boring, 1966) have tried to examine the relationship between physical stimuli and 

perceptual output primarily through three indirect scaling methods. Firstly, the method 

of limits was used to measure absolute thresholds. In this method, various stimuli are 

presented in an ascending and descending manner to determine which stimulus is never 

or always perceived. Secondly, the method of adjustment was used to determine the 

difference threshold through changes in a comparative stimulus until it is perceived to 

be similar to a given standard stimulus. Thirdly, the method of constant stimuli was used 

to determine both absolute and difference thresholds. This method presents a series of 

stimuli in a random manner and subjects are asked whether they can perceive any 

noticeable differences in their sensations.  
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In the 1800s, Weber proposed that a noticeable change in perceptual sensations 

is a constant ratio compared to the stimulus itself. This is presently known as the 

Weber’s law which is expressed as: 

∆S

𝑆
= 𝐾     (3) 

where ∆S represents a noticeable difference in perceptual sensation, S represents 

the physical stimulus and K represents a constant value. Later, in 1860, Fechner refuted 

the linear relationship proposed by Weber’s law. Instead, he proposed that the 

perceptual response increases in a logarithmic manner in relation to an increase in 

physical stimulus. This is the Fechner’s law which is expressed as: 

𝑆 = 𝐾 log 𝑅    (4) 

where S represents the physical stimulus, R represents the perceptual response 

and K represents a constant value. Direct scaling methods were deemed impracticable 

and unsuitable at that point of time, until the era of modern psychophysics.  

In classical psychophysics, methods are based on discrimination ability, utilizing 

just noticeable difference and difference threshold as units of measurement. In the 

1930s, direct scaling methods were introduced into psychophysics with the concept of 

ratio scaling (Stevens, 1957). Ratio scales are constructed with a point of absolute zero 

and equal intervals between categories. These methods were designed with the aim of 

modelling the metric qualities of physical scales used in physics and physiology (Borg, 

1990). With the use of direct scaling methods, Stevens found that Fechner’s law did not 

hold true across all sensory dimensions. Instead, he proposed that the magnitude of a 

perceptual sensation increases proportionally in relation to the power of the physical 

stimulus intensity. This is Steven’s power law, expressed as: 

𝑅 = 𝑘𝑆^𝑛    (5) 
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where R represents the perceptual sensation, S represents the stimulus intensity, 

k is a constant value specifically related to the sensory dimension, and n is the exponent 

of the power function.  

One of the most commonly used ratio scaling methods is magnitude estimation 

(Stevens, 1966). Participants are asked to assign numbers to stimuli of different 

intensities such that numbers match the perceived intensities and vary directly in 

proportion to them. With this method, it was claimed that a ratio measurement scale was 

established with equal intervals between numbers and an absolute zero. This method 

was applied in the measurement of perceived exertion which led to the development of 

the first RPE scale, the Borg’s RPE scale. 

Direct scaling methods were first applied in the field of perceived exertion by 

Borg and Dahlstrom (1960). Magnitude estimation was used to examine perception of 

exertion while exercising on the bicycle ergometer. It was found that perception of 

exertion increased in a positive accelerating manner in relation to the workload, and the 

exponent of the power function was about 1.6. Borg further developed Steven’s power 

law and proposed that the relationship between psychophysical and physiological 

intensity variations can be expressed as the following: 

R=a + c(S-b)n    (6) 

where R represents the perceptual response, S represents the physical stimulus, a and b 

are constants representing the starting point of the power growth, c represents the 

measure constant, and n represents the exponent of the power function (Borg, 1962).  

While ratio scaling methods are good tools to examine the relationship between 

perceptual responses and physical stimulus intensity, it does not allow for inter-

individual comparisons. For example, two individuals may rate their perceived exertion 

as five and seven on a 0 to 10 scale but still feel the exertion to be “hard”; the difference 
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lies in the use of numbers but not in the perceptual response. Hence, Borg proposed a 

range model to allow inter-individual comparisons of perceived exertion with the use of 

category scaling.   

 

2.4.3 Borg’s range model and Borg’s RPE scale. In order to compare 

differences in perceptual responses between individuals, Borg argued that certain 

assumptions have to be accepted. According to Borg’s range model, the main 

assumption was that “the perceptive range may be set equal for all individuals” (Borg, 

1961a). This means that regardless of the different physical capability between two 

individuals, the range from the point of no perceptual response intensity to the point of 

maximal response intensity is equal. Although some may argue that the quantity of 

perceptual responses varies among individuals, the perceptive ranges are assumed to be 

equal qualitatively. 

 

 

Figure 2.4. Borg’s range model. Figure adopted from Borg (1998). 
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The concept of Borg’s range model can be explained using the hypothetical 

graphs shown in Figure 2.4. The graph shows two hypothetical curves (O1 and O2) 

which represent two different individuals, in assessment of their perception of lifting 

weights. The vertical axis represents the perceptual response while the horizontal axis 

represents the stimulus intensity of the weight. In this comparison, St represents the 

terminal threshold which refers to the heaviest weight that can be lifted. If individual O2 

is hypothetically stronger, he or she will be able to lift heavier weight than individual 

O1. Hence, St2 is further on the physical stimulus continuum as compared to St1. Since it 

is assumed that the perceptive ranges are equal, the terminal response, Rt, for both is 

equal as both individuals experience maximal effort. The stimulus threshold, whereby R 

= 0, represents the point whereby the weight is too light for either subject to perceive. 

With increasing physical stimulus intensity, the response curves will diverge according 

to the Steven’s power law and terminates on the same Rt line. At any given point of 

physical stimulus intensity, we may compare the different perceptual responses, Rx1 and 

Rx2.  

With the concept of Borg’s range model, the first Borg’s RPE scale was 

developed in the early 1960s, using category scaling methods. The 21-point scale ranges 

from 0 to 20 and was constructed with the intention to have a linear relationship with 

HR and power output (Borg, 1961b), such that RPE multiplied by ten approximates the 

HR value. The rationale is that the ability to predict heart rates from perceptual 

responses will provide valid support for perceived exertion to be a subjective indicator 

of physical strain. However, the 21-point scale was not found to be linearly associated 

with HR responses (Borg, 1961b). To address this problem, Borg revised the scale into 

a 15-point scale, which ranges from 6 to 20 (Borg, 1971). Since HR ranges from 

approximately 60 to 200 beats/min in normal, young and healthy individuals, the 
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revised scale parallels this range and facilitates the prediction of HR through RPE 

scores. A linear relationship has been found between RPE and HR for the revised 15-

point scale (Noble & Robertson, 1996). HR and RPE values were found to be highly 

correlated in graded exercise tests, with correlation coefficients of .94 and .85 when 

assessed with exercises on the cycling ergometer and treadmill respectively (Borg, 

1971). Figure 2.5 illustrates both the Borg’s 21-point and 15-point RPE scales.  

 

 

Figure 2.5. Borg’s 21-point and 15-point RPE scales. Figure adopted from Borg (1998). 

 

According to Noble and Robertson (1996), the linear relationship was attributed 

to the selection of verbal categories and incorporation of quantitative semantics in the 

development of Borg’s RPE scale. The reduction of response categories from 21 to 15 

has helped to improve the selection of verbal anchors for the response categories 

(Gamberale, 1985). Specifically, well-defined terms that have invariable meaning 

between individuals, were chosen as verbal anchors (Borg, 1962), and the scale 
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constructed with these verbal anchors has been suggested to meet the criteria of an 

interval scale (Borg, 1978). Borg selected verbal expressions that do not overlap with 

each other, and also represent equal quantitative intervals. For example, the semantic 

distance between “very light” and “light” may be seen as equal as between “strong” and 

“very strong”. Hence, individuals should not differ very much in interpreting the 

meaning of the verbal anchors or their implied perceptual intensity. Furthermore, it was 

claimed that Borg’s RPE scale fulfils the requirements of an interval scale because the 

scale was developed to correspond to HR (Borg, 1973). Hence, the distance between 

response categories should correspond to the difference in HR. For example, when the 

distance between response categories six and seven, is compared to the distance 

between response categories 16 and 17, both distances should be similar as they reflect 

the same difference of HR by ten beats/min. 

On the contrary, some researchers have disagreed with Borg’s assertion that the 

Borg’s RPE scale is considered a category scale. Gamberale (1985) has claimed that 

Borg’s RPE scale does not meet the requirements of equal distances between response 

categories in a category scale. He considered Borg’s RPE scale as a rating scale and 

suggested that the values obtained from the scale should be ordinal instead of interval. 

The assumption of equal intervals was refuted in a study that examined the perceptual 

responses in children and adolescents who performed a progressive maximal cycling 

exercise task (Tenenbaum, Falk, & Bar-Or, 2002). With the use of Rasch probabilistic 

analyses, the rating scale diagnostics indicated that both the quantitative and qualitative 

semantics of the Borg’s RPE scale do not share equal intervals. Although Borg’s RPE 

scale has been widely accepted to be valid based on the strong correlations with 

physiological responses (Chen et al., 2002), there is a lack of studies that have 
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empirically examined the functioning of response categories of the scale, which may 

influence the quality of measures derived (Linacre, 2002).  

 

2.4.4 Effort continua. The theoretical framework behind the application of RPE 

is based on the functional relationship between perceptual and physiological responses 

during exercise, which is referred to as effort continua (Borg, 1977). There are three 

main effort continua: the perceptual continuum, the physiological continuum, and the 

performance continuum.  

 

 

Figure 2.6. Effort continua model of perceived exertion. Figure adopted from Borg 

(1998). 

 

The effort continua theoretical framework is illustrated in Figure 2.6 above. This 

model suggests that when a stimulus is introduced, it will evoke a response from each of 

the three continua (Borg, 1998; Robertson, 2004). Firstly, the performance continuum 

refers to measures of performance such as workload and time to complete a task. 

Secondly, the physiological continuum refers to physiological responses such as HR, 

VO2, blood lactate and ventilation rate. Thirdly, the perceptual continuum refers to an 

individual’s perceived exertion, which is a measurement of the subjective experience of 
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the stimulus. According to Borg (1998), these three effort continua complement each 

other to give an overall understanding of an individual’s exertion despite not being 

linearly related to one another. Hence, each individual continuum reflects a response to 

the stimulus. 

Based on the effort continua model, Borg’s RPE scale was developed with the 

intention of creating a simple and easy method to recognise exercise intensity level. 

Aligned with the traditional belief that exercise performance is limited by physiological 

responses, perceived exertion was conceptualised to reflect physiological responses 

during exercise. Hence, validity of RPE scales are commonly established based on 

examining the relationship between RPE and physiological measures (Borg, 1998; 

Robertson, 2004). Concurrent validity of the Borg’s RPE scale was supported with 

strong correlation evidence found between RPE and various physiological responses 

(Chen et al., 2002; Irving et al., 2006; Watt & Grove, 1993). Based on a meta-analysis 

done by Chen, Fan, and Moe (2002), the weighted mean validity coefficients were .62 

for HR, .57 for blood lactate, .63 for VO2, .61 for ventilation rate, and .72 for respiration 

rate. Such strong relationship between Borg’s RPE and physiological measures has been 

echoed in a more recent large population study (Scherr et al., 2013). Strong correlations 

were found between Borg’s RPE and HR (r = 0.74) as well as blood lactate 

concentrations (r = 0.83). Hence, based on the effort continua model, RPE responses 

can act as a simple and valid tool to provide insights on both performance and 

physiological responses during physical activity (Robertson, 2004).  

 

2.4.5 Global model of perceived exertion. According to Borg (1998), 

perceived exertion is conceptualised in a gestalt framework which includes the physical 

strain experienced from various body systems. In this gestalt framework, this perceptual 
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sensation also includes an integration of other psychological, cognitive, and emotional 

variables. Since perceived exertion is a psychophysiological construct, it is influenced 

by both physiological and psychological variables. Noble and Robertson (1996) 

proposed a global model to describe the influence of physiological, psychological, 

performance factors, and exertional symptoms on effort perception (see Figure 2.7). The 

model explains how effort perception is derived from the processing of neurosensory 

information from an exercise stimulus. The sequence of the processing is interpreted 

from left to right, as illustrated in the model.  

 

 

Figure 2.7. Global model of perceived exertion. Figure adopted from Noble & 

Robertson (1996). 

 

According to the global model, physiological responses to the exercise stimulus 

act as primary mediators in influencing the intensity of the perceptual sensation. Several 

physiological mediators have been found to influence perceived exertion, which can be 

classified into three categories: respiratory-metabolic, peripheral, and nonspecific. 

Firstly, respiratory-metabolic mediators refer to physiological responses which 
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influence the ventilator drive during exercise. Secondly, peripheral mediators refer to 

factors which are localized in the trunk and exercising limbs. Thirdly, nonspecific 

mediators refer to generalized or systemic physiological responses which are not 

directly associated with the other two categories (Noble & Robertson, 1996).  

Similar to physiological variables, psychological variables can directly mediate 

the intensity of the perceptual sensation. In addition, they can influence the resultant 

effort perception through a perceptual cognitive reference filter. According to Noble and 

Robertson (1996), psychological mediators can be classified as either dispositional or 

situational. Dispositional factors refer to variables which influence perceptual sensation 

unchangingly in response to different stimulus. In contrast, situational variables 

influence the perceptual sensation in a different manner according to the given 

performance setting.    

Besides physiological and psychological mediators, performance variables also 

influence the intensity of the perceptual sensation. The performance milieu refers to 

variables in the performance setting such as competitors, environmental conditions, and 

audience support. As proposed by the central governor theory (Noakes, 2012; Noakes et 

al., 2005) and the anticipatory feedback model (Tucker, 2009), individuals exercise in 

an anticipatory manner and use a feedback loop to regulate exercise intensity. Hence, 

the global model suggests that individuals constantly monitor the various performance 

variables and self-adjust to optimise performance outcomes. Lastly, the model proposes 

that exertional symptoms which refer to other exercise-related sensations such as pain 

and discomfort can mediate the intensity of perceived exertion.  

Generally, the global model aims to account for a wide range of variables in 

influencing perceived exertion. It explains the flow of processing information from a 

stimulus and how it results in generating the effort perception. Primarily, afferent 
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feedback of physiological responses will be sent to the brain, which leads to a greater 

discharge of central feedforward commands from the motor cortex in the brain. These 

commands are copied and sent to the sensory cortex through corollary pathways. These 

corollary discharges will subsequently generate the resultant effort perception after 

signals from the sensory cortex go through a perceptual cognitive reference filter. This 

filter refines the intensity of the resultant perceptual sensation based on other various 

factors such as psychological factors, performance factors, and exertional symptoms. 

The resultant effort perception can be localised to either the exercising limbs or 

cardiorespiratory system. It can also be presented as an undifferentiated gestalt RPE 

score. 

The global model of perceived exertion is aligned with the multidimensional 

perspective of fatigue proposed in the central governor theory (Noakes, 2012). As 

presented in section 2.3.2, it was postulated that fatigue during exercise is not a 

physiological manifestation but a sensation or emotion that could be similarly 

influenced by various factors (Gibson et al., 2003; Noakes, 2012). From such a 

standpoint, this thesis argues that exercise intensity should be likewise considered as a 

multifaceted construct. Hence, the concept that RPE represents a gestalt sensation that 

could be influenced by such a plethora of variables as posited in the global model of 

perceived exertion suggests RPE is a relevant cue to regulate exercise intensity.  

 

2.4.6 Physical exertion and mental effort. Within the literature in effort 

perception domain, the terms exertion and effort have been used interchangeably since 

both terms have been assumed to be synonymous (Abbiss et al., 2015). However, it has 

recently been argued that these two terms may refer to different constructs (Abbiss et 

al., 2015; Hutchinson & Tenenbaum, 2006; Razon et al., 2012; Smirmaul, 2012; Swart 
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et al., 2012). It was suggested that exertion refers more to the physical sensations 

experienced during exercise while effort refers to the mental and physical energy 

invested in a task (Swart et al., 2012). Smirmaul (2010) presented a situation example of 

the difference between these two terms, whereby a cyclist who transits into a downhill 

section after cycling uphill, moving downhill with momentum without pedalling. In 

such a situation, the cyclist may feel highly unpleasant physical sensations due to the 

inclined cycling, but the sense of effort is suggested to be minimal. 

The confusion between these two terms has led to debates on the underlying 

mechanisms of effort perception. While it remains inconclusive, existing literature have 

suggested that effort perception is generated either based on afferent feedback (Noble & 

Robertson, 1996) or corollary discharges (Marcora, 2009). First, the former theory 

postulates that effort perception is induced by stimuli feedback from our exercising 

muscles (Noble & Robertson, 1996). Since the group III and group IV afferents in our 

muscles transmit mechanical and metabolic stimuli (Kaufman & Rybicki, 1987), it is 

logical that effort perception is based on these sensory signals. This hypothesis has been 

supported by evidence of strong correlation between physiological responses and RPE 

(Chen et al., 2002). Studies have also demonstrated that manipulations of sensory 

feedback had effects on RPE responses (Amann, Proctor, Sebranek, Pegelow, & 

Dempsey, 2009; Luu, Day, Cole, & Fitzpatrick, 2011). Hence, some researchers have 

argued that afferent feedback is the most influential in contributing to the resultant 

perceptual sensation (Hampson et al., 2001; Tucker, 2009). 

On the other hand, it has been debated that effort perception is centrally 

generated instead (Marcora, 2009, 2010). It was proposed that perceptions are generated 

through efference copies or corollary discharges of the neural drive sent directly from 

the motor to sensory regions of the brain (Bubic, Von Cramon, & Schubotz, 2010). 
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Hence, RPE was posited to be generated in such a central feed-forward manner 

independent of any afferent feedback (Marcora, 2009). This theory has been supported 

by evidence of association between RPE and the amplitude of the movement-related 

cortical potential (de Morree, Klein, & Marcora, 2012).  

These conflicting views may be attributed to the minor but important differences 

between mental effort and physical exertion (Abbiss et al., 2015). Since mental effort 

refers to the mental energy invested into a task (Swart et al., 2012), it is plausible to be 

more aligned with the corollary discharge hypothesis. Conversely, given that physical 

exertion refers to the physical strain experienced during exercise, it is likely more 

associated with afferent feedback instead. Hence, the dissociation between physical 

exertion and mental sense of effort may possibly represent different perceptual cues 

used in regulation of exercise.  

The confusion between these two terms may be attributed to the gestalt 

conceptualisation behind what is measured by RPE scales. According to Borg (1998), 

the RPE represents an integration of sensations derived from both physiological and 

psychological variables. Hence, the RPE response represents both physical sensations 

and the mental aspect of effort associated with performing a physical task (Swart et al., 

2012). Different definitions used during the administration of RPE scales may result in 

different measured outcomes as it may influence individuals to give their RPE 

responses based more strongly either on physical sensations or the mental sense of 

effort (Abbiss et al., 2015). It may be argued that the definition of RPE should be clear 

since there are standard sets of instructions when administering the RPE scales such as 

the Borg’s RPE scale (Borg, 1998) or the OMNI-RPE scales (Robertson, 2004). 

However, these scales have included both exertion and effort in their instructions, and 

hence may lead to ambiguous interpretation of the RPE scale (Abbiss et al., 2015). 
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This is exemplified in contrasting findings between two studies which examined 

muscle fatigue and RPE, despite both studies administering the Borg’s RPE scale. In a 

study which investigated the effects of locomotor muscle fatigue on pacing and cycling 

performance, De Morree and Marcora (2013) found that a pre-exercising eccentric 

fatiguing protocol led to higher reported RPE scores in a 15-min cycling time trial. It 

was suggested that participants required greater effort to perform the same work due to 

fatigued muscles (De Morree & Marcora, 2013). However, participants were asked to 

rate their perceived effort in this study, which referred to both the amount of mental and 

physical energy invested to perform the task. Therefore, the ratings may be attributed to 

the mental energy required in addition to the physical exertion. On the other hand, in 

another study which examined effects of fatigue on pacing strategy, Skorski et al. 

(2015) found no significant difference in RPE scores across three 40-km cycling TT 

with varying accumulated muscle fatigue. In this study, RPE was introduced as a 

“degree of heaviness and strain experienced in physical work”, which may influence 

participants to focus more on the physical sensations they experienced when rating the 

RPE (Skorski et al., 2015). These different definitions used may have led to different 

measured outcomes despite using the same RPE scale, and hence may have attributed to 

the contrasting findings. 

RPE has been recommended to be used as a complementary tool for regulation 

of exercise intensity (Garber et al., 2011). Perceptually regulated exercise training based 

on RPE has been found to be reliable among various exercise modes including both 

cardiorespiratory (Ceci & Hassmén, 1991; Ciolac et al., 2015; Parfitt, Evans, & Eston, 

2012c) and resistance (Lagally & Amorose, 2007; Row, Knutzen, & Skogsberg, 2012) 

training. Such approach of exercise intensity prescription has been shown to be effective 

among various groups of individuals such as cardiac (Aamot, Forbord, Karlsen, & 
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Støylen, 2014; Tang et al., 2016), handicapped (Nooijen et al., 2015; Paulson, Bishop, 

Leicht, & Goosey-Tolfrey, 2013), elderly (Dunbar & Kalinski, 2004) and children 

(Groslambert, Benoit, Grange, & Rouillon, 2005; Robertson et al., 2002) populations. 

Such method of regulating exercise has been suggested to be motivational because the 

decision-making process to alter pace during exercise is within the control of the 

individuals (Parfitt et al., 2012b; Smits et al., 2014). However, since RPE has been 

argued to contain both physiological and psychological components, it remains unclear 

which plays a more influential role in the regulation of exercise intensity.  

A common opinion among exercise physiologists is that afferent feedback has 

the most influence on RPE responses (Hampson et al., 2001; Tucker, 2009). Since RPE 

has been found to be strongly correlated to several physiological responses (Chen et al., 

2002; Scherr et al., 2013), it is likely that individuals regulate their exercise based on 

afferent feedback from either cardiopulmonary or peripheral systems. According to the 

central governor theory (Noakes, 2012; Noakes et al., 2005) and the anticipatory 

feedback model (Tucker, 2009), humans always exercise with reserve to preserve 

physiological homeostasis. Hence, it is a reasonable possibility that afferent feedback 

has a more influential role during regulation of exercise intensity. This is evident in 

studies that examined exercise performance under environmental stress, which revealed 

that RPE is linearly correlated with body temperature, and maximal values of RPE 

occur at the same time whereby the core temperature reaches approximately 40°C 

(Nielsen, Hyldig, Bidstrup, Gonzalez-Alonso, & Christoffersen, 2001; Nybo & Nielsen, 

2001). RPE was also observed to increase faster in a glycogen-loaded state compared to 

a glycogen-depleted state when individuals were asked to exercise at a constant work 

rate to volitional fatigue (Baldwin et al., 2003). Such findings suggest that individuals 

may regulate exercise to maintain body homeostasis based on physiological cues.  
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Furthermore, gold standard measures of exercise intensity have been associated 

with physiological responses (ACSM, 2018). Hence, it is not surprising that regulation 

of exercise intensity has been largely thought to be associated with afferent responses. 

Although there are strong associations between physiological responses and RPE, no 

single physiological variable has been determined to be the dominant predictor of RPE 

responses (Hampson et al., 2001). Hence, besides physiological variables, other 

psychological and cognitive factors may attribute to the resulting RPE score as 

proposed in the global model (Noble & Robertson, 1996) as well as the central governor 

theory (Noakes, 2012; Noakes et al., 2005).  

 

2.4.7 Mental fatigue and effort perception. One such non-physiological 

influence on RPE is mental fatigue, which is defined as a psychobiological state 

characterised by feelings of weariness that often resulted from prolonged cognitive 

activities (Boksem & Tops, 2008). Mental fatigue is of particular interest as it has been 

shown that it negatively affects exercise performance due to higher effort perception 

(Van Cutsem et al., 2017). Marcora et al. (2009) were the first to conduct an 

experimental study that investigated the effects of mental fatigue on endurance exercise 

performance. In the study, participants underwent a demanding cognitive activity for 90 

minutes before they were asked to cycle to exhaustion at 80% of their peak power 

output. The time to exhaustion was found to be significantly reduced under mentally 

fatigued conditions as compared to the control conditions whereby participants were 

tasked to watch a documentary for 90 minutes.  
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Figure 2.8. Effect of mental fatigue on perception of effort. Figure adopted from 

Marcora et al. (2009). 

 

Interestingly, such detrimental effect on exercise performance was not due to 

any physiological reasons as no significant differences were found in cardiovascular, 

respiratory, and metabolic responses between conditions (Marcora et al., 2009). Intrinsic 

motivation levels were also found to be unaffected. It was suggested that the negative 

effect of mental fatigue on physical performance could only be attributed to the higher 

RPE responses reported by the participants. As illustrated in Figure 2.8 above, RPE 

scores were significantly higher in the mentally fatigued conditions compared to the 

control conditions across the entire period of the time to exhaustion test. Since the RPE 

was higher from the outset of the test at 0 minute, it is unlikely to be attributed to any 

afferent feedback as all physiological responses were at resting levels. Hence, this study 

demonstrated that change in RPE responses do not necessarily correspond to change in 

physiological responses.  

Mental fatigue has also been found to impair self-regulated exercise 

performance. A previous study has revealed that recreational cyclists performed worse 

in a 20-minute cycling time trial after performing a cognitively demanding task as 
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compared to control conditions (Martin et al., 2016). Self-selected power output was 

found to be significantly lower under mental fatiguing condition, but no significant 

differences were found in RPE responses between conditions. This indicates that 

participants’ effort perception was greater since similar RPE responses were associated 

with lower power outputs under mental fatigue. This also suggests that athletes were 

regulating their pace to maintain similar levels of RPE between conditions, which aligns 

with what the anticipatory feedback model has previously proposed (Tucker, 2009). 

Interestingly, this reduction in power output happened from the onset of the exercise, 

which suggests that it is unlikely to be attributed to any physical strain. In addition, no 

significant differences in physiological responses between conditions further supports 

the unlikelihood that the reduced power output was due to afferent feedback.  

Similar findings were demonstrated in another study that examined effects of 

mental fatigue on self-paced cycling exercise at intensity levels based on RPE 

(Brownsberger, Edwards, Crowther, & Cottrell, 2013). Participants were found to 

choose significantly lower power output when instructed to exercise at RPE 11 and RPE 

15 under mental fatigue condition as compared to control condition. Since mental 

fatigue has been postulated not to have any influence on physiological responses (Van 

Cutsem et al., 2017), such findings have two important implications. First, the differing 

power output between conditions demonstrate that RPE acts as a better tool to regulate 

exercise intensity as compared to physiological responses because it can account for the 

effects of mental fatigue. Second, this supports the notion that exercise intensity should 

not be viewed on solely physiological basis.  

These studies have clearly challenged the belief that effort perception is 

primarily influenced by afferent feedback. The increased effort perception is likely 

better explained using the corollary discharge theory, in which greater central motor 
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commands were sent directly to the sensory regions of the brain (Marcora, 2009). 

However, the understanding behind how effort perception is generated remains 

inconclusive to date (Van Cutsem et al., 2017). Nevertheless, these studies have 

demonstrated that mental fatigue could influence regulation of power output during 

exercise, and performance was impaired due to higher effort perception. However, a 

limitation of these studies has been the use of a single RPE score to measure effort 

perception. Since it was argued that a gestalt RPE score could imply either physical 

exertion or mental effort depending on the definitions used (Abbiss et al., 2015), it 

remains unclear whether mental fatigue has different effects on the two potentially 

different constructs.  

Since individuals experience such a wide range of sensations during exercise, 

many researchers have advocated the use of a multidimensional approach to quantify 

the psychophysiological stress during physical activity (Hutchinson & Tenenbaum, 

2006; Razon et al., 2012; Swart et al., 2012). Using a multidimensional approach may 

help us better understand the detrimental effects of mental fatigue on different 

perceptual responses during exercise. For example, in a recent study that examined the 

effects of mental fatigue on 1500-m swimming performance, participants were asked to 

rate their mental effort as part of manipulation check procedures in addition to RPE 

responses being collected (Penna et al., 2018). Aligned with findings from previous 

self-paced mental fatigue studies (Brownsberger et al., 2013; Martin et al., 2016), 

athletes were found to swim at slower speeds to maintain similar RPE between 

conditions.  

On the other hand, perceived mental effort pre-exercise was found to be 

significantly greater after performing a cognitively demanding task as compared to the 

control condition. Post-exercise perceived mental effort was found to be similarly high 
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between conditions, which suggests that the swimming trial was not just physically 

exhausting but also mentally demanding as well (Penna et al., 2018). However, mental 

effort was not recorded during the time-trial and participants were not instructed to 

differentiate between physical and mental strain when rating their RPE. This limits us in 

understanding whether mental fatigue has different effects on different perceptual 

responses. It is plausible that the participants regulated their pace based on different 

perceptual cues. Hence, it is imperative to dissociate between the two perceptual cues as 

they may play different roles in regulation of exercise.  

  

2.4.8 Multidimensional approach of effort perception. It has been argued that 

a single-item measure such as a gestalt RPE score is oversimplified and inadequate to 

quantify one’s psychophysiological stress during physical activity (Hutchinson & 

Tenenbaum, 2006; Razon et al., 2012). In addition, as highlighted in the previous 

sections, the ambiguity between the terms exertion and effort remains due to the 

inability to dissociate between the two possibly different constructs when giving an 

undifferentiated RPE response. Hence, examining multiple perceptions during exercise 

may help to better understand the respective influence and relationship between these 

variables.  

Using a multidimensional approach is not a new concept in the measurement of 

effort perception. The proposed use of differentiated RPEs has existed since the 1970s, 

to dissociate effort perception from two categories of physiological variables: central 

and local (Ekblom & Golobarg, 1971; Pandolf, 1978). It has been suggested that 

differentiated RPEs could better distinguish the source of exertional signals (Noble & 

Robertson, 1996). The central RPE, usually denoted by RPE-chest, refers to the strain 

experienced in the cardiopulmonary system and the local RPE, usually denoted by RPE-
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legs, refers to the localised strain in the exercising muscles (Pandolf, 1978). Generally, 

local RPE has been found to be the more dominant as compared to central RPE during 

exercise (Bolgar, Baker, Goss, Nagle, & Robertson, 2010; Demura & Nagasawa, 2003; 

Faulkner & Eston, 2007). Such method of measuring effort perception offers more 

insights as compared to using an undifferentiated RPE on the different origins and 

magnitude of strain between the cardiopulmonary system and the peripheral 

musculoskeletal system.  

Since perceived exertion is a psychophysiological construct, individuals may be 

able to distinguish between psychological and physiological process of effort as well. 

Based on the Gate-control theory of pain (Melzack & Wall, 1967), Hutchinson and 

Tenenbaum (2006) demonstrated that individuals were able to differentiate different 

dimensions of perceived effort while performing a handgrip squeezing task and a 

stationary cycling task. The authors proposed that effort perception is similar to 

perceptual sensation of pain, whereby it is regulated through three dimensions: sensory-

discriminative, motivational-affective and cognitive-evaluative dimensions (Melzack & 

Casey, 1968). Firstly, the sensory-discriminative dimension refers to the expression of 

the physiological discomfort. Secondly, the motivational-affective dimension is related 

to the motivational and emotional states when experiencing perceived exertion. Lastly, 

the cognitive-evaluative dimension refers to the appraisal of the perceived physiological 

sensations.  
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Figure 2.9. Ratings of different dimensions of perceived effort during stationary cycling 

exercise task. Figure adopted from Hutchinson & Tenenbaum (2006). 

 

For both physical tasks, motivational-affective dimension was perceived the 

greatest among the three dimensions, and cognitive-evaluative dimension was perceived 

more strongly compared to the sensory-discriminative dimension. As illustrated in 

Figure 2.9 above, the mean ratings for the motivational-affective dimension were 

relatively stable throughout the cycling task from the outset till end of the exercise. In 

this study, the motivational-affective dimension was defined as the level of 

determination. Hence, it is probable that determination was not affected by the 

workload. The sensory-discriminative and cognitive-evaluative dimensions were 

characterised as muscle aches and effort respectively, which correspond more similarly 

to the usual definition of RPE. Mean ratings of both dimensions were found to increase 

progressively over time, which suggests that these perceptual sensations were more 

likely to play an influence in the regulation of exercise. However, the study 

implemented a specific exercise intensity for the experiment. Hence, it is unclear which 

dimension is the most influential in regulation of intensity during cardiorespiratory 
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endurance exercise. Nevertheless, the study shows that different perceptual cues within 

RPE can be distinguished from one another.  

 

 

Figure 2.10. Task and effort awareness scale. Figure adopted from Swart et al. (2012). 

 

Recently, with similar aims to distinguish different perceptual cues within RPE, 

Swart and colleagues (2012) showed that individuals were able to distinguish clearly 

between the physical sensations of exercise and the psychological effort required to 

meet the workload demands during a cycling exercise. It was hypothesised that mental 

effort would not be based on physiological changes but generated by the brain in 

response to any potential threatening of homeostasis (Noakes, 2012; Swart et al., 2012). 

In this study, the Borg’s RPE scale was modified to measure only the physical 

sensations of effort and a newly developed scale termed the Task Effort and Awareness 

(TEA) scale (see Figure 2.10) was used to quantify the mental effort required to perform 

the exercise task. The TEA scale is a bipolar scale with 15 response categories which 

ranges from -4 to 10. Participants were instructed not to include the physical sensations 

when reporting the TEA score.  
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Dissociations between the two variables were found when participants were 

tasked to perform a submaximal 100km time trial at 70% of the power output produced 

in a maximal time trial, interspersed with five maximal 1 km sprints. It was found that 

when physical exertion increased linearly with the duration of exercise, mental effort 

remained low. This suggests that when exercise was submaximal, it was less mentally 

demanding despite increasing physical strain. However, during the maximal sprints, 

mental effort was found to reach near maximal values as opposed to physical exertion 

being rated lower. These results indicate that different perceptual cues were used to 

regulate different kinds of exercise. The participants were suggested to regulate 

submaximal exercise based on physical exertion and maximal exercise was regulated 

based on mental effort instead (Swart et al., 2012). This suggests that physical and 

mental components of effort are distinct perceptual cues, and the influence of different 

cues may be dependent on exercise intensity levels. However, it has been criticised that 

the inclusion of interspersed sprints and a fixed intensity TT may limit the 

generalisability of the results (Jones et al., 2014). 

The differentiation between physical exertion and mental effort remains 

inconclusive as contrasting results were found in another study (Jones et al., 2014). It 

was found that physical exertion was not significantly different from mental effort 

ratings during two cycling time trials. However, it is important to note that the 

difference between the two perceptual cues was nearing statistical significance level (p 

= 0.053). The contrasting results between the two studies may be attributed to the 

difference in exercise tasks. In addition, it was also argued that the verbal descriptors 

employed in the TEA scale was problematic since it is contradictory to ask participants 

about their effort awareness when they might be unaware of it (Jones et al., 2014).  
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2.4.9 Quality of effort perception measurement. It is important to consider the 

quality of the measures to examine the dissociation between physical exertion and 

mental effort. One challenge with studying perceptual responses has been the difficulty 

in developing validated measures to assess subjective responses (Pesudovs & Noble, 

2005). Although previous studies have used novel methods to distinguish between the 

perceptual cues (Hutchinson & Tenenbaum, 2006; Swart et al., 2012), validity of the 

measures used have not been established, which may influence the results derived. This 

may compromise the quality of data obtained from these scales since any meaningful 

interpretation of perceptual responses depends on the validity of the measurement used. 

Given that rating scales are often used to measure perceptual responses during 

exercise, it is important for scale assumptions to be validated. Presently, most of the 

constructed RPE scales pre-assumed the number of response categories in the 

development process without any adequate scientific justification. For example, the 

range of response categories used in RPE scales varied from 11 (Robertson et al., 2000), 

15 (Borg, 1998) and even 100 ((Borg & Borg, 2002). Although these scales have 

established concurrent validity with physiological responses during exercise, there is 

clearly no standardisation in the response categorisation of the rating scales. This could 

potentially be problematic as response categorisations in a rating scale may influence 

the quality of measures derived (Linacre, 1999, 2002). There is no absolute optimal 

number of response categories to be used in rating scales. Since the researcher will 

always be unsure of the utility of the rating scale and quality of the measures, it is 

necessary to assess the functioning of a rating scale empirically instead of merely 

asserting an optimal number of response categories (Bond & Fox, 2015; Linacre, 2002).  

One possible approach is the use of Rasch analysis (Rasch, 1960); which is a 

probabilistic mathematical measurement modelling method under the family of item 
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response theoretical models (Lord, 1980). Rasch analysis enables us to empirically 

examine the response categorisation functioning of a rating scale by evaluating several 

diagnostic metrics (Bond & Fox, 2015; Linacre, 1999, 2002). If the response 

categorisation is found to be suboptimal, categories may be combined to improve the 

functioning of the rating scale. Such empirical method of assessing the functioning of a 

rating scale has been demonstrated in the development of pain scales. For example, it 

was found that that a 6-category scale performed better than having seven categories in 

assessing pain among patients with severe ocular surface disease (Pesudovs & Noble, 

2005). In another study, three categories were found to function better at distinguishing 

levels of pain among children as compared to the employment of six categories 

(Decruynaere, Thonnard, & Plaghki, 2009). Hence, Rasch analysis is a viable approach 

to improve the measurement of effort perception by assessing the rating scale 

functioning.  

Rating scale functioning could be evaluated based on a total of five rating scale 

diagnostics including a) category frequency; b) average measures; c) threshold 

estimates; d) fit statistics; and e) category probabilistic curves. Each of the diagnostic 

will be further explained below.  

 

2.4.9.1 Category frequency. The category frequency indicate the observed 

counts in each response category, which provides a distribution of responses across all 

categories. Regular distributions such as uniform, normal, bimodal, slightly skewed 

distributions are considered to be more ideal than irregular distributions (Bond & Fox, 

2015). Irregular distribution of category frequencies may indicate unusual category 

utilisation (Linacre, 2002). In addition, each response category is recommended to have 

at least ten observations as low frequencies provide insufficient observations for 
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estimating stable category threshold values (Linacre, 2002). Categories with low 

frequencies indicate that they may be collapsed with adjacent categories.  

 

2.4.9.2 Average measures. Average measures of each category refer to the 

average of the ability estimates for all respondents who selected that particular category. 

In Rasch analysis, all item and person estimates are expressed in log-odd units (logits). 

Average measures of an ideal rating scale are expected to increase monotonically across 

response categories (Linacre, 2002). This concept is aligned with one of the 

fundamental principles of the Rasch model, whereby respondents with higher abilities 

should endorse higher response categories. For example, in a physical exertion rating 

scale, respondents who perceived higher exertion should endorse the higher categories. 

Categories that violate the pattern of increasing average measures may be considered 

candidates for collapsing with adjacent categories.  

 

2.4.9.3 Threshold estimates. Threshold estimates refer to the difficulty 

estimated in choosing one response category over the adjacent category (e.g., how 

difficult it is to endorse category 8 over category 7). Similar to average measures, 

threshold estimates are expected to increase monotonically across categories (Linacre, 

2002). It has been suggested that these values increase along with response categories as 

each response category should be designed to differ from each other distinctly (Andrich, 

1996). In addition, the magnitude of the distances between threshold estimates plays an 

important role in examining the functioning of the response categorisation. The 

threshold estimates should be neither too close nor too far apart. It has been 

recommended that threshold estimates should increase by at least 1.4 logits and not 

more than five logits (Linacre, 2002). If the magnitude between threshold estimates is 
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less than 1.4 logits, it indicates that there is insufficient distinction between the response 

categories, and hence these categories may be considered for collapsing. If the 

magnitude between threshold estimates is more than five logits, it indicates that the 

category represents too wide a range of the measured variable and hence loses precision. 

This suggests that the response category may be possibly redefined as two narrower 

categories instead.  

 

2.4.9.4 Fit statistics. The Rasch model is a stochastic model that expects certain 

level of randomness in the data (Linacre, 2002). Category fit statistics indicate the 

degree of fit of the data’s randomness as compared to the expectations of the Rasch 

model. The statistics are measured by infit and outfit mean squares, which refer to 

information-weighted and non-weighted metric of fit respectively. Among the two fit 

statistics, outfit mean square is more critical as it is more sensitive to outliers. It has 

been recommended that outfit mean square values of each category should be less than 

two (Linacre, 2002). Values greater than two indicate that the category is introducing 

excessive noise than meaning into the measurement process (Bond & Fox, 2015). 

 

2.4.9.5 Category probabilistic curves. Visual assessment of probability curves is 

another measure to examine the functioning of response categories. Probability curves 

illustrate the probability of endorsing a particular response category across respondents 

with different ability levels. Each response category should depict a distinct peak in the 

probability curve graphs, suggesting that it is the most likely response option to be 

endorsed for some level of the measured construct (Bond & Fox, 2015). Overlapping 

and flattened response categories suggest that they are not useful in determining 
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meaningful differences in levels of the measured construct. Hence, collapsing these 

categories can improve reliability and interpretation of the measure. 

In summary, Rasch analysis enables empirical examination of a rating scale’s 

functioning based on these various diagnostics. Since the number of response categories 

employed could influence the interpretation of the rating scale, it is critical to assess 

whether the respondent is using the scale in the expected manner. Hence, assessing and 

optimising the response categorisation is a key process in development of new rating 

scales.  

 

2.5 Affect 

Regulation of exercise is a complex interaction of various factors. According to 

the central governor theory (Noakes, 2012; Noakes et al., 2005), during exhaustive 

exercise, humans experienced sensations of increasing exertion and discomfort, which 

led to them slowing down or terminating the exercise to preserve homeostasis. The 

previous section has clearly shown that effort perception plays an important role in 

regulation of exercise. However, existing literature suggests that the psychological 

construct of affect is a different perceptual cue that could influence pacing decisions 

during exercise (Baron et al., 2009; Jones et al., 2014; Renfree et al., 2012).  

Affect is defined as a “neurophysiological state consciously accessible as a 

simple primitive non-reflective feeling most evident in mood and emotion but always 

available to consciousness” (Russell & Feldman Barett, 2009, p. 104). It is a general 

term that represents the subjective experience of any valence states such as pleasant or 

unpleasant feelings that include the concept of mood and emotions (Ekkekakis, 2003; 

Ekkekakis & Petruzzello, 2000; Fridja, 1993). Feelings and emotions have been 

suggested to play an influential role in sports and exercise (Vallerand & Blanchard, 
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2000). In the last decade, there has been increasing interest in affective responses due to 

its association with exercise adherence (Ekkekakis et al., 2008; Williams, 2008). 

Importantly, affect has been considered a separate construct dissociated from 

effort perception (Eston et al., 2012; Hardy & Rejeski, 1989). Since the measure of 

effort perception through RPE represents an integrated score of various factors, it has 

been suggested that RPE is also associated with emotional variables (Hutchinson & 

Tenenbaum, 2006). However, the gestalt conceptualisation of RPE was argued to be 

limited in measuring affective responses during exercise (Hardy & Rejeski, 1989). This 

has led to studies trying to dissociate the measure of emotions from other sensations 

during exercise. Hardy and Rejeski (1989) first demonstrated that there was large 

variability in affective responses at a given RPE score. This implies that two individuals 

may rate an identical RPE score, but one may feel pleasant while the other may feel 

unpleasant instead. Since affective responses are likely to play a role in regulation of 

exercise, it has been suggested that it is equally important to know how one feels as 

compared to what one feels (Hardy & Rejeski, 1989). 

 

2.5.1 Feeling scale. With the argument that RPE was an inadequate measure of 

affect, Rejeski et al. (1987) first introduced a scale termed the feeling scale (FS) to 

examine affective responses during exercise. The FS is a rating scale with 11 response 

categories that ranged from -5 to +5 (see Figure 2.11). The polarity of the scale 

represents the valence of emotion, with negative responses implying negative affective 

valence and vice-versa. The scale was developed as a single-item measure of core affect 

which aims to examine the extent of pleasure or displeasure (Frijda, 1988). Six 

semantically discrete verbal descriptors based on trunk words “good” and “bad” were 

chosen as anchors on the rating scale. This was suggested to be aligned with the 
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argument that “the initial and strongest aspect of emotional reactions is a general "good" 

or "bad" feeling” (Hardy & Rejeski, 1989). This pair of trunk words was compared with 

a list of affect-related adjectives in the Multiple Affective Adjective Check List 

(Zuckerman & Lubin, 1985) among undergraduate students. Face and content validity 

of the FS was established when a good feeling was found to be associated with positive 

affect adjectives (e.g., enthusiastic, energetic), and a bad feeling was related to negative 

affect adjectives (e.g., miserable, awful). Hence, Hardy and Rejeski (1989) concluded 

that the FS could be used to examine the pleasure/displeasure core of emotion.  

 

 

Figure 2.11. Feeling scale. Figure adopted from Hardy & Rejeski (1989). 

 

In addition, Hardy and Rejeski (1989) conducted two other experiments to 

demonstrate that participants were able to distinguish between affective responses and 

effort perception. Considerable variability was found in FS scores when individuals 

were asked to report their affect during exercise at three different RPE levels. FS and 

RPE scores were found to be moderately correlated (r = -.56), which suggests that the 

two variables are different constructs. RPE was also found to be more strongly 
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correlated to physiological responses at different exercise intensity levels (r = .73 to .85) 

compared to FS scores (r = -.62 to -.70). This suggests that different individuals may 

feel differently at the same intensity level. This has practical implications whereby 

individuals may use affective responses as perceptual cues to regulate their exercise 

intensity. 

Similar to RPE, being a single-item measure, the FS has received criticism of 

being oversimplified and may be erroneous to assume that affect is unidimensional from 

both conceptual and theoretical perspectives (Watson, Clark, & Tellegen, 1988). Hence, 

over the last few decades, there have been several multi-dimensional measures 

developed to examine affective responses during exercise such as the subjective 

exercise experience scale (MeAuley & Courneya, 1994), the physical activity affect 

scale (Lox, Jackson, Tuholski, Wasley, & Treasure, 2000), and the positive and 

negative affect schedule (Watson et al., 1988). However, the advantage of a single-item 

measure such as FS is the ease of administering and convenience to monitor changes in 

affective responses during exercise (Ekkekakis, 2013).  

 

2.5.2 Relationship between exercise intensity and affect. Affect has been 

recommended as a complementary tool to regulate exercise intensity of both 

cardiorespiratory and resistance exercise (Garber et al., 2011). Affective responses 

during physical activities are associated with exercise intensity levels. Pleasant feelings 

are associated with low intensity levels while unpleasant feelings tend to be related to 

higher intensity levels (Acevedo et al., 2003; Ekkekakis et al., 2008; Ekkekakis, Parfitt, 

& Petruzzello, 2011; Kilpatrick, Kraemer, Bartholomew, Acevedo, & Jarreau, 2007).  

Specifically, in cardiorespiratory exercise, numerous studies have shown the 

relationship between affective responses and ventilatory threshold (VT) intensity levels. 
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It has been found that more negative affective valence was reported among sedentary 

male adults when exercising at an exercise intensity level above VT as compared to 

intensity below VT (Parfitt, Rose, & Burgess, 2006). Sheppard and Parfitt (2008) 

investigated this similar relationship in young adolescent boys and girls. Similarly, 

participants were found to report lower affect at exercise intensity levels above VT, but 

affective valence remained positive at intensity levels below VT.  

Interestingly, the relationship between affect and exercise intensity seems to be 

independent of the duration of exercise or volume of work done. Kilpatrick et al. (2007) 

compared the affective responses between performing two cycling exercises at intensity 

levels below and above VT. Duration of the exercises differed to control for equal total 

work done in terms of kilocalories. Affective responses were found to be less pleasant 

when participants cycled at an intensity above VT despite the shorter duration of the 

exercise bout. The findings suggest that individuals feel better during longer duration of 

lower intensity exercise compared to short bouts of high intensity exercise.  

 

2.5.3 Dual-mode theory. Collectively, the mentioned studies above have shown 

that affective responses are clearly associated with exercise intensity levels. The dual-

mode theory (DMT) is a conceptual framework developed to explain the patterns and 

mechanisms of affective responses to exercise (Ekkekakis, 2003; Ekkekakis, Hall, & 

Petruzzello, 2005). According to DMT, affective responses are generated based on the 

interaction between cognitive factors (e.g., self-efficacy, goals) and interoceptive cues 

on the physiological status of the body (e.g., ventilation, body temperature). The relative 

influence of the two aspects will change according to the exercise intensity level. 

Cognitive factors are hypothesised to have greater influence in determining affective 
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responses at exercise intensities below VT while physiological cues are more dominant 

at exercise intensities above the VT.   

 

Figure 2.12. Dual-mode theory based on the three-domain typology of exercise 

intensity. Figure adopted from Ekkekakis et al. (2005). 

 

The interaction between cognitive and interoceptive factors is suggested to be 

dependent on the exercise intensity levels (Ekkekakis et al., 2005). As illustrated in 

Figure 2.12 above, the influence of cognitive and interoceptive factors is explained 

across the three-domain typology of exercise intensity levels: moderate, heavy and 

severe. First, it was postulated that exercising at a moderate intensity level (below VT), 

individuals generally experienced pleasant feelings at this intensity and cognitive 

processes have little to moderate effects. There is little variability expected in affective 

responses between individuals at this intensity level because activity within this domain 

poses little disruption to body homeostasis. Secondly, in the heavy domain, whereby 

exercise intensity approximates VT, large inter-individual variability in affective 

responses is often observed. Some individuals may report positive affect while some 

may report towards negative affect. This variability is attributed to cognitive factors 

which play a more influential role on the resultant affective responses in this domain. 

Lastly, the severe domain represents exercise intensity levels above VT, whereby 

affective responses are expected to be unpleasant in most individuals. Physical activity 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

72 
 

within this domain tends to threaten the body homeostasis to a large extent, hence 

interoceptive factors are more dominant in influencing affective responses in this 

domain (Ekkekakis et al., 2005).  

Several studies have found evidence of the variability and homogeneity in 

affective responses during exercise as hypothesised by the DMT. In a study that 

examined individual differences in change of affective responses during 30-min cycling 

exercise at an intensity that approximates VT, improvement in affective responses was 

observed in 44.4% of the participants, while 41.3% reported a change towards negative 

affect, and no change was observed in the remaining 14.3% (Van Landuyt, Ekkekakis, 

Hall, & Petruzzello, 2000). In another study which examined affective responses among 

physically active adults at three different exercise intensity levels in relation to the VT, 

significant variability in affective responses was only observed in the VT exercise 

condition (Ekkekakis et al., 2008). The study also demonstrated that majority of 

participants reported pleasurable feelings when exercising below VT, while affect 

became more negative when exercising above VT. These findings showed support for 

the homogeneity in affective responses during exercise below and above VT as 

predicted by the DMT. Similar results have been found in different populations such as 

sedentary men (Parfitt et al., 2006), sedentary women (Rose & Parfitt, 2007) and active 

adolescents of both genders (Sheppard & Parfitt, 2008).  

 

2.5.4 Affect-regulated exercise intensity. As established in the previous 

sections, there is an apparent link between exercise intensity levels and affect. Over the 

last decade, there has been increasing number of studies which have examined the use 

of affect to regulate exercise intensity. Since there has been a variability in affective 

responses to a given exercise intensity, it is hard to prescribe a specific intensity which 
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can induce a positive feeling in all individuals. Hence, an alternative exercise 

prescription approach was to regulate exercise intensity levels based on affective 

response. Such method of exercise prescription has been suggested to increase exercise 

adherence (Rose & Parfitt, 2008).  

Rose and Parfitt (2008) first investigated the feasibility of using the FS as a tool 

to regulate exercise intensity in sedentary women. Participants were asked to perform 

30-min treadmill running exercises at self-selected intensity levels which made them 

feel good (+3 on the FS) and fairly good (+1 on the FS). It has been found that the 

intensity level chosen to feel fairly good was higher than the intensity selected to feel 

good. Both intensities were found to be marginally above VT, and the selected intensity 

was consistent across trials. However, one limitation of the study was that the exercise 

intensity was calculated with an equation based on the speed and gradient of the 

treadmill to predict VO2, hence undermining the accuracy. Another similar study was 

conducted among active female undergraduates with the additional measure of oxygen 

uptake (Parfitt et al., 2012b). Similarly, the self-selected intensity associated with “fairly 

good” was found to be significantly higher than “good”. This was reflected in the higher 

HR, VO2, and RPE responses observed. In this study, selected intensity to feel fairly 

good corresponded to approximate VT while participants chose to exercise between 7 to 

19% below VT to feel good.  

While these studies showed that prescribing exercise intensity based on the FS 

was effective in inducing positive affective responses during exercise, this also invites a 

question of whether such approach of exercise prescription is beneficial for health. This 

question was examined in a study conducted on sedentary women (Parfitt et al., 2012a). 

Participants were asked exercise three times weekly for a total of eight weeks at an 

exercise intensity corresponding to a level that felt good (+3 on FS). It was found that 
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participants chose to exercise at an intensity approximately 14 % below VT, and the 

intensity levels did not change significantly across the eight weeks. Such training 

resulted in an improvement of 19% in time to reach VT, which suggests the potential 

fitness benefits of such exercise prescription approach.  

Interestingly, a common finding in all three studies was that participants tend to 

increase their workload across the duration of the exercise (Parfitt et al., 2012a, 2012b; 

Rose & Parfitt, 2008). Such finding has two important implications. First, since exercise 

was prescribed based on affective responses, the observed increase in physiological 

responses and RPE indicated that participants increased the workload to maintain the 

specified affective state. This suggests that affect was the specific perceptual cue used to 

regulate exercise intensity. Second, exercise intensity seems to differ according to how 

we define it. From the standpoint of defining exercise intensity based on either RPE or 

physiological responses, these participants would have been considered exercising at 

different intensity levels. On the other hand, exercise intensity would be deemed 

constant if we based exercise intensity on affective responses instead. While RPE has 

been deemed to be the key regulator of self-paced exercise (Tucker, 2009), these studies 

showed affect could potentially have some influence in how individuals pace 

themselves during exercise.  

Existing literature seems to support the association between affect and 

regulation of exercise (Baron et al., 2009; Jones et al., 2014; Renfree et al., 2012). 

Baron et al. (2009) theorised that during exercise, pacing strategy may be related to the 

affective load. When affective valence is negative, affective load will be high. On the 

other hand, affective load is low when affective valence is more positive. Aligned with 

the central governor theory (Noakes, 2012; Noakes et al., 2005), it was suggested that 

individuals need to similarly monitor the affective load to prevent any failure in the 
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emotional system (Baron et al., 2009). In self-paced exercise, regulation of exercise 

intensity reflects the athlete’s decision-making process. Therefore, the association 

between the affective load and pacing strategy is dependent on the fitness and 

motivational levels of an individual. When affective load is high, motivation will be 

reduced to maintain or increase the exercise intensity. Consequently, this will result in 

increasing likelihood of the athlete choosing to slow down or terminating the exercise.  

This is supported by some studies, which found that affect is an influential 

perceptual cue in regulation of exercise. In a study that compared the performance 

between two 20-km cycling time trials among well-trained athletes, affect was found to 

be the dominant perceptual cue associated with the pacing strategy (Renfree et al., 

2012). They demonstrated that the general pacing strategy did not differ between the 

trials. Interestingly, RPE responses were similar in both performances but significantly 

more positive affect was reported in the faster trial. Thus, this suggests that the higher 

power output in the faster trial was associated with the affective responses being more 

positive, supporting the use of a multidimensional approach in better understanding the 

roles of different perceptual responses in regulation of exercise.  

A multidimensional approach was also utilised in another study that examined 

the influence of different perceptual cues on pacing strategy among trained cyclists in 

two cycling time-trials of differing distances: 16.1 and 40km (Jones et al., 2014). In this 

study, effort perception was differentiated into physical exertion and mental sense of 

effort according to the approach used by previous study (Swart et al., 2012). Physical 

exertion, mental effort and affect were measured by the physical RPE (P-RPE), TEA 

and FS respectively. The results are presented in Figure 2.13 below, which depicts the 

power output and perceptual responses. All measured physiological and perceptual 

variables were found to be significantly correlated with power output, which supported 
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the suggestion that regulation of exercise was a complex process influenced by both 

physiological and psychological processes (Baron et al., 2009).  

 

 

Figure 2.13. Variables across distance quartile in 16.1 and 40-km time trials. A: Power 

output. B: Affect. C: P-RPE. D: TEA. Figure adopted from Jones et al. (2014). 

 

Interestingly, despite RPE being claimed to be the key regulator of exercise 

(Tucker, 2009), it was found in this study that P-RPE and TEA were insignificant 

predictors of power output distribution after accounting for the effects of other 

variables. In both trials, both P-RPE and TEA increased as a linear function of the 

relative remaining distance. Although both trials differing in distances, both perceptual 

cues were found to follow similar trends. This finding provided support for the 

suggestion that individuals exercised with an anticipatorily set RPE template (Tucker, 

2009). However, as mentioned in 2.4.8, physical exertion and mental sense of effort 

responses did not significantly differ as opposed to the findings of previous study 

(Swart et al., 2012).  

Surprisingly, affect was found as the strongest predictor on pacing strategy 

among the three perceptual cues measured. According to the authors, the association 
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between affect and pacing strategy could be explained using a distance-dependent 

relationship, whereby affect decreases linearly according to the remaining distance of 

the trial. This finding seems to support the theory that athletes may monitor their 

affective load during exercise (Baron et al., 2009). Another interesting point was that 

affective responses were similar in both trials despite the exercise intensity being higher 

in the shorter distance trial, which contradicts the suggestion that more unpleasant 

feelings should be experienced during higher intensity exercise (Ekkekakis et al., 2008; 

Ekkekakis et al., 2011). Such finding suggests that affective responses during exercise 

are not just influenced by the exercise intensity, but instead appraised in relation to the 

demands of the exercise (e.g., exercise duration).  

Both studies supported that affect is a perceptual cue that could influence 

regulation of exercise. Based on the presented literature, regulation of exercise is clearly 

a complex interaction of various perceptual responses. Thus, various perceptual cues 

should be examined in parallel to better understand the relationship between these 

variables, and using a multidimensional approach, the most dominant perceptual cue 

can possibly be determined. Therefore, using a similar approach may help us to better 

understand the dominant perceptual cue used in regulating exercise intensity in daily 

exercise training.   

 

2.6 Summary of Literature Review 

Presently, exercise intensity prescription has been commonly based on 

physiological measures such as VO2 and HR. This has stemmed from traditional 

physiological models, which postulated that exercise performance is ultimately 

determined by one’s physiological ability. It has been thought that termination of 

exhaustive exercise implies physical fatigue, which is due to catastrophic failure of 
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physiological homeostasis. However, such school of thought is likely incorrect due to 

several limitations in explaining humans’ exercise regulatory behaviour. In contrast, 

modern theoretical models of fatigue such as the central governor theory (Noakes, 2012; 

Noakes et al., 2005) and the anticipatory feedback model (Tucker, 2009) purport that 

regulation of exercise is determined by the brain instead. While the actual mechanism of 

such regulation remains uncertain (Marcora, 2008), it was suggested that the brain 

controls the extent of skeletal muscle recruitment during exercise (Noakes & Gibson, 

2004). This complex process was guided by the sensation of fatigue, which acts as part 

of a regulatory protective mechanism to prevent any threatening of body homeostasis. 

More importantly, such theoretical approaches invite new perspectives of exercise 

intensity regulation.   

The focus on physiological responses during exercise has led us to overlook the 

fact that termination of exercise occurs as part of the athlete’s decision-making process. 

Since the nature of all exercise performances is submaximal, termination of exercise 

occurs at the point of perceived fatigue instead of peripheral fatigue. This has led to 

suggestions that fatigue during exercise is just an “emotion” (Gibson et al., 2003; 

Noakes, 2012). Since exercise intensity is supposed to represent the extent of fatigue 

levels, this invites a change in perspective in the definition of exercise intensity. The 

central governor theory suggests that fatigue is influenced by a wide range of factors 

(Noakes, 2012) and this thesis argues to view exercise intensity in similar multifaceted 

manner. Therefore, it is more appropriate to examine perceptual responses in addition to 

physiological responses to better understand exercise regulatory behaviour.  

The fundamental essence of many cardiorespiratory exercise performances is the 

phenomenon of pacing (Smits et al., 2014; Thiel et al., 2018). It was suggested that 

regulation of exercise is characterised to behave in an anticipatory manner (Noakes, 
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2012). Importantly, regulation of endurance exercise is a continuous decision-making 

process, whereby athletes decide to alter their power output or stop the exercise 

(Renfree et al., 2014). Thus, the anticipatory feedback model (Tucker, 2009) proposed 

that humans regulate exercise in a feedforward-feedback manner based on effort 

perception.  

Existing literature has clearly shown that effort perception is critical in 

explaining how individuals pace themselves during exercise. One common method of 

measuring effort perception is the use of RPE. Aligned with the central governor’s 

theory (Noakes, 2012; Noakes et al., 2005), RPE is conceptualised as a gestalt sensation 

of fatigue that could be influenced by a plethora of variables including both 

physiological and psychological factors (Borg, 1998). However, the measurement of an 

undifferentiated RPE has been argued to be limited in understanding the influence of 

underlying perceptual cues. The concept of an integrated rating has led to the confusion 

between the terms, exertion and effort, which have been commonly used 

interchangeably in the literature on effort perception. It was suggested that the two 

terms represent different perceptual cues, whereby exertion refers more to the physical 

sensations while effort represents the mental sense of effort.  

The ambiguity between the two terms has resulted in disputes concerning the 

underlying mechanism of effort perception. One common belief is that RPE is primarily 

influenced by afferent feedback with evidence of strong correlation between RPE and 

physiological measures. However, such belief was challenged by evidence of mental 

fatigue increasing effort perception without altering physiological responses. These 

conflicting results may be attributed to the small but imperative differences between 

physical exertion and mental effort. There has been evidence suggesting that the two 

perceptual cues may different roles in regulation of submaximal or maximal exercise 
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with a multidimensional approach to dissociate the measurement of RPE. However, the 

evidence is inconclusive so far with contrasting results from previous studies. This 

could be attributed to the quality of the measures used to differentiate the two perceptual 

cues. Hence, further empirical research is required to develop optimised rating scales to 

measure both physical exertion and mental sense of effort separately.  

Besides effort perception, affect is another perceptual cue that is associated with 

regulation of exercise. Importantly, variability in affective responses at a given RPE 

suggests that the two perceptual cues are different constructs. It is apparent that 

affective responses are largely dependent on exercise intensity levels, whereby more 

positive valence is associated with lower intensity and more negative valence is related 

to higher intensity levels. The relationship between affect and exercise intensity 

suggests that it is a potential perceptual cue to regulate exercise intensity. Indeed, 

existing literature has demonstrated that affect can be a significant determinant of 

pacing strategy.  

Regulation of exercise intensity is clearly a complex interaction of various 

factors. The use of physiological responses solely to monitor exercise intensity is too 

simplistic given the multifaceted nature of exercise intensity. Furthermore, majority of 

the general public does not monitor their physiological responses during physical 

activities due to issues related to costs and accessibility. Existing literature has 

demonstrated that perceptual responses play a critical role in human exercise regulatory 

behaviour. Specifically, physical exertion, mental effort and affective responses are the 

three key perceptual cues in influencing pacing strategies during endurance exercise. 

These cues could potentially play equally important roles in helping members of general 

public to regulate exercise intensity in their daily physical activities.   
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Presently, many studies have demonstrated the effectiveness of using effort 

perception or affect to regulate exercise intensity. However, it remains unclear which is 

the dominant cue individuals prefer to use, and whether individuals of different activity 

levels use different perceptual cues. Hence, this thesis adopts a multidimensional 

approach to examine the roles of the three perceptual cues in regulation of exercise 

intensity among active and inactive individuals.  

In conclusion, this chapter has presented the review of literature relevant to the 

research interest of this thesis. An overview of the literature review is illustrated below 

in Figure 2.14.   

 

 

Figure 2.14. Scheme of literature review. Source: Author  
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Chapter 3: Study 1 

 Dissociation between Mental Effort and Physical Exertion in Regulation of 

Exercise Intensity 

3.1 Introduction  

Effort perception is a key perceptual cue in regulation of exercise intensity 

(Noakes, 2012; Tucker, 2009). Ratings of perceived exertion (RPE) is commonly used 

in exercise settings to measure perception of effort during physical activity and physical 

exercise. The Borg’s RPE (Borg, 1998) is the most utilised RPE scale, which 

conceptualises effort perception as an integrated score of various sensations of fatigue 

felt during exercise. However, such gestalt conceptualisation of RPE has been argued to 

be insufficient to quantify the wide range of sensations experienced during exercise 

(Hutchinson & Tenenbaum, 2006; Razon et al., 2012). Furthermore, an undifferentiated 

RPE score inhibits us in understanding which underlying perceptual cue is the most 

dominant in regulation of exercise (Jones et al., 2014). Recently, it has been proposed 

that effort perception could be dissociated into physical exertion and mental effort 

(Swart et al., 2012).  

Within the literature in effort perception domain, the terms exertion and effort 

have often been used interchangeably as synonymous terms (Abbiss et al., 2015). 

Recently, it has been suggested that the two terms may represent different constructs 

(Abbiss et al., 2015; Hutchinson & Tenenbaum, 2006; Razon et al., 2012; Smirmaul, 

2012; Swart et al., 2012). It was proposed that exertion refers more to the physical 

sensations felt during exercise while effort refers more to the mental and psychological 

energy supplied to the exercise task (Swart et al., 2012).  

The confusion between these two terms may be attributed to the gestalt 

conceptualisation in the measurement of RPE. According to Borg (1998), RPE is an 
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integration of sensations derived from both physiological and psychological variables. 

Therefore, a single RPE score represents both the physical and psychological sensation 

experienced during exercise (Abbiss et al., 2015; Smirmaul, 2012; Swart et al., 2012). 

In addition, different definitions employed during administration of the RPE scales may 

produce different measured outcomes as individuals may rate their RPE based on either 

physical or mental sense of effort (Abbiss et al., 2015). Such ambiguity is further 

exacerbated by the standardised instructions of the RPE scales, which include both 

terms in them. Hence, such gestalt conceptualisation of RPE has limited us in better 

understanding the differentiation between the two terms due to the inability of 

dissociating between the two possibly different constructs with a single RPE score.  

A multidimensional approach is encouraged to distinguish the the different 

sensations experienced during exercise (Hutchinson & Tenenbaum, 2006; Razon et al., 

2012). For example, well-trained cyclists were able to distinguish between their 

physical sensations of effort and mental effort, as measured in a newly developed Task 

Effort and Awareness (TEA) scale (Swart et al., 2012). However, the differentiation 

between the two perceptual cues remains uncertain as contrasting results were found in 

another study (Jones et al., 2014). Both physical exertion and mental effort responses 

were found to be similar during performance of two cycling time trials among trained 

cyclists. The conflicting evidence is possibly attributed to the verbal descriptors used in 

the TEA scale. It was suggested that the verbal descriptors used in the TEA scale such 

as “aware when asked” or “unaware” may be problematic as participants were required 

to consciously report a perceptual response that may be unconscious at the point of 

response (Jones et al., 2014). Such finding highlights the importance of using 

appropriate verbal descriptors in such scales to minimise the ambiguity between the two 

constructs.  
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While these studies have tried to distinguish between mental effort and physical 

exertion in sport performance settings, it is equally important to consider such 

difference regarding regulation of exercise intensity in daily physical activities. Since 

individuals could perceive exercise intensity based on effort perception (Borg, 1998; 

Noble & Robertson, 1996), it is important to better understand whether individuals 

associate it with either physical exertion or mental effort. As majority of the general 

public do not monitor physiological responses during exercise, this has important 

implications for regulation of exercise intensity based on perceptual responses.  

To investigate the respective influence of mental effort and physical exertion in 

regulation of exercise intensity, there is a need to develop valid rating scales to 

differentiate between the two perceptual cues. Hence, the primary aim of this study was 

to determine the appropriate verbal descriptors associated with measures of physical 

exertion and mental effort. A secondary aim of the study was to examine the difference 

between the two perceptual cues across various exercise intensity levels. It was 

hypothesised that 1) different verbal descriptors would be associated with mental effort 

and physical exertion, and 2) these two perceptual responses could be differentiated 

during exercise.  

 

3.2 Methods 

3.2.1 Participants. 27 healthy young male (n = 14) and female (n = 13) adults 

were recruited to participate in this study. Based on a priori power analysis (G*Power 

3.1.9.3) using a power of 0.80 and error probability of 0.05,  a total sample size of 14 

was required to detect a small effect size of partial eta-squared (η2
p) = 0.06. Post-hoc 

power analysis based on study sample size and observed effect sizes revealed that the 

computed achieved power was 1.00 for the main analyses. Inclusion criteria was as 
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follows: (a) aged between 18 to 35 years old, (b) no present medical conditions that 

might interfere with the study procedures, (c) healthy body mass index (BMI) between 

18.5 and 24.9, (d) not pregnant, and (e) non-smoker. Participants who do not meet the 

criteria above were excluded from the study. Table 3.1 provides the descriptive 

characteristics of participants. 

 

Table 3.1 

Descriptive characteristics of participants for Study 1 (mean ± SD) 

 

Female Male 

Age (yr) 26.46 ± 3.91 29.00 ± 2.60 

Height (cm) 159.77 ± 6.13 170.29 ± 5.22 

Weight (kg) 51.60 ± 4.96 63.40 ± 5.96 

BMI (kg∙m-2)  20.20 ± 1.47 21.87 ± 1.88 

Body fat (%) 22.54 ± 3.76 14.76 ± 4.43 

VO2max (ml∙kg-1∙min-1) 38.14 ± 5.86 44.55 ± 4.84 

Physical activity levels 

(MET-min∙wk-1) 1626.15 ± 1753.18 1752.86 ± 1033.69 

 

All subjects signed a written consent form (Appendix 1, p. 232) and medical 

indemnity form (Appendix 2, p. 241) to indicate their agreement to participate in the 

study. For subjects under 21 years old, their parents or guardians gave their written 

consent to participate. The investigation was approved by the Institutional Review 

Board of Nanyang Technological University (Appendix 3, p. 243). 
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3.2.2 Procedures. All participants visited the laboratory on two separate 

occasions, at least two days apart. The two sessions consisted of a maximal graded 

treadmill test, and an experimental trial whereby participants were required to perform 

treadmill walking exercise at various intensities relative to their individual 

cardiorespiratory fitness levels. All sessions were conducted after a 2-hour fast and 

participants were required to refrain from any strenuous physical activity, caffeine, and 

alcohol 24 hours before the trials. 

During the first visit, anthropometric measures of participants were collected. 

The height (m) of participants was measured with a stadiometer (Seca 242, Germany) 

and the body mass (kg) was measured with a digital scale (ID1Plus, Mettler-Toledo, 

Albstadt, Germany). The BMI (kg.m-2) of each participant was calculated as the body 

mass (kg) divided by the square of the height (m2). Body fat (%) was measured with a 

bioelectrical impedance analysis machine (InBody 720, Biospace Co, Seoul, Korea).  

 

3.2.2.1 Maximal graded treadmill test. In the first session, all participants 

underwent a maximal graded treadmill test (Woodway ELG 70/200 Sport, 

Steinackerstr, Denmark) to determine their cardiorespiratory fitness levels (VO2max). 

The test was based on the Balke-Ware multi-stage treadmill test protocol (Balke & 

Ware, 1959). Each exercise stage was one minute long, and all participants worked to 

volitional exhaustion with strong verbal encouragement provided throughout. During 

the protocol, the speed of the treadmill started at 5.4 km/h (3.4 miles/h) and was 

maintained constant throughout the test. The grade of the treadmill was initially set at 

0% at the start of the trial. At the start of the second minute of the trial, the grade 

increased to 2%. Subsequently, the grade increased by 1% at the start of every 

additional minute.  
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Physiological responses were recorded during the exercise test. Heart rate (HR; 

bpm) of participants was measured with a heart rate monitor (Polar RS400, Polar 

Electro, Oy, Finland) secured around the participant’s chest during exercise. Oxygen 

uptake (VO2) and respiratory exchange ratio (RER) were determined using an open-

circuit respiratory-metabolic cart (ParvoMedics TrueOne 2400, ParvoMedics, Sandy, 

Utah, USA). Participants were fitted with a mousepiece and nose clip, and breath-by-

breath pulmonary ventilation and gas exchange were measured. Maximum oxygen 

uptake (VO2max) was considered to be achieved if two of the following standard criteria 

were attained: (a) a peak or plateau in oxygen consumption (changes of less than 2 

mL.kg-1.min-1), (b) an RER of ≥1.1, and (c) achieving an age-estimated maximum HR 

(220 bpm – age). Participants were given sufficient time to perform their own warm-up 

and cool-down before and after the maximal graded treadmill test respectively.  

 

3.2.2.2 Experimental trial. On the second visit, participants performed treadmill 

walking exercise (Woodway ELG 70/200 Sport, Steinackerstr, Denmark) at different 

prescribed exercise intensity levels. The exercise intensity levels were prescribed based 

on the ACSM’s guidelines (Garber et al., 2011), whereby the workload was calculated 

relative to participants’ individual cardiorespiratory fitness measured in first session. 

Participants underwent a total of five exercise stages of different exercise intensity 

levels: very light (<37% VO2max), light (37-45% VO2max), moderate (46-63% VO2max), 

vigorous (64-90% VO2max), near maximal (≥91% VO2max). Each exercise stage lasted 

four minutes in order to achieve steady physiological state, followed by a recovery stage 

of four minutes between intensity levels to reduce any fatigue effects of previous 

intensity level. The treadmill grade was set at 1% throughout all exercise stages to 

account for the energetic cost of outdoor running (Jones & Doust, 1996).  HR (bpm) of 
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participants was measured throughout with a heart rate monitor (Polar RS400, Polar 

Electro, Oy, Finland), and measurements during the last minute of the exercise and 

recovery stage were used for analysis.  

Mental effort and physical exertion were measured before and after each 

intensity level. Prior to the experimental trial, participants were given separate sets of 

definitions for each variable. To avoid any bias in the selection of verbal descriptors, the 

terms effort and exertion were excluded in the definitions. Participants were asked to 

rate their mental and physical strain separately on an 11-point 0-10 numerical scale 

instead. In addition, they were asked to select an appropriate verbal descriptor that they 

best associated with each measure from a list of rating scales. The list consisted of 

seven different rating scales with different trunk words as verbal descriptors (see 

Appendix 4, p. 245). These descriptors incorporated common trunk words used in 

previously developed rating scales of relevance. First, the trunk word, mental effort, was 

adapted from the mental effort rating scale used to measure cognitive load (Paas, Van 

Merriënboer, & Adam, 1994). Second, the adjectives, light and heavy, were used in the 

Borg’s 6-20 RPE scale (Borg, 1998). Third, the trunk word, exertion, was employed in 

the Borg’s RPE scale as well (Borg, 1998). Fourth, easy and hard were standardised 

verbal descriptors in adult OMNI RPE scales (Robertson, 2004). Fifth, tired was an 

adjective used to measure RPE in children population (Robertson et al., 2000). Sixth, 

weak and strong were used in the Borg’s Category-Ratio Scale (Borg, 1982). Last, 

unaware/none and constant/severe were used to describe the level of awareness in the 

TEA scale (Swart et al., 2012).  

The list of verbal descriptors was printed on a sheet of paper and presented to 

each participant in a fixed order, as shown in Appendix 4. However, the order of 

selection and rating for mental and physical strain respectively was done in a 
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randomised counterbalanced manner. Both ratings and selections were taken 

immediately after each exercise stage and at the last minute of each recovery stage. 

 

3.2.3 Statistical analysis. In order to determine the appropriate verbal descriptor 

in alignment with the 0-10 numerical scale, all responses collected were pooled together 

for the numerical rating bands of 0, 1-2, 3-4, 5-6, 7-8 and 9-10. This was done to ensure 

that the selected verbal descriptors represented the entire range of the numerical ratings. 

The modal item was identified and selected for each numerical band, with the absolute 

and relative frequencies presented in the results.  

Bivariate Pearson’s correlation was conducted to examine the relationship 

between mental strain, physical strain and HR responses. Pearson’s correlation 

coefficient (r) was selected as standardised strength of the bivariate correlation and 

deemed as: (i) 0.1<|r|<0.3 trivial; (ii) 0.3≤|r|≤0.5 medium; (iii) |r|>0.5 large (Cohen, 

1988, 1992). 

Repeated measures analysis of variance (RM-ANOVA) was conducted to 

examine the differences between mental and physical strain across exercise intensities 

with type of response (mental and physical strain) and exercise intensity (very light, 

light, moderate, vigorous, near maximal) as within-subject factors. Contrasts and paired 

samples t-test were performed as post-hoc tests for significant effects found. When 

assumption of sphericity was violated, the Greenhouse-Geisser correction was 

employed. η2
p was selected as the standardised effect size of ANOVA analyses and 

deemed as: (i) 0.01 <η2
p ≤ 0.06 small; (ii) 0.06 <η2

p≤0.14 medium; (iii) η2
p>0.14 large 

(Cohen, 1988, 1992). Cohen´s d was selected as standardised effect size of mean 

differences and deemed as: (i) |d|<0.2 trivial; (ii) 0.2<|d|≤0.5 medium; (iii) |d|>0.5 large 

(Cohen, 1988, 1992). In addition, the Bland-Altman analysis was employed to examine 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

90 
 

the differences between the ratings of physical and mental strain. The significance level 

was set at 0.05 for all statistical analyses, performed with Statistical Package for the 

Social Science (SPSS Version 20.0, Chicago, IL).  

 

3.3 Results 

3.3.1 Mental strain verbal descriptor selection. For the measurement of 

mental strain during exercise, there was a total of 60 verbal descriptor selections for the 

zero numerical descriptor category, 122 selections of the 1-2 numerical band, 39 for 3-4, 

26 for 5-6, 20 for 7-8, and 3 selections for the 9-10 numerical band. The modal verbal 

descriptor selected across all numerical bands was found to be the ‘Mental effort’ rating 

scale. It accounted for 31.67, 57.38, 64.10, 50.00, 40.00, and 66.67% of all selections 

for the numerical bands of 0, 1-2, 3-4, 5-6, 7-8, and 9-10 respectively. Selection 

frequency for all verbal descriptors in the measurement of mental effort are presented in 

Table 3.2 below. 

 

Table 3.2  

Verbal descriptor selection of absolute and relative frequencies, n (%), that correspond 

with the numeric bands of the measurement of mental strain 

 Numerical Band n (%) 

 0 1-2 3-4 5-6 7-8 9-10 

Verbal Descriptors       

Mental Effort  19 (31.67) 70 (57.38) 25 (64.10) 13 (50.00) 8 (40.00) 2 (66.67) 

Light-Heavy 8 (13.33) 19 (15.57) 4 (10.26) 3 (11.54) 1 (5.00) 0 (0.00) 

Exertion 9 (15.00) 8 (6.56) 2 (5.13) 3 (11.54) 1 (5.00) 0 (0.00) 

Easy-hard 4 (6.67) 13 (10.66) 4 (10.26) 2 (7.69) 1 (5.00) 0 (0.00) 

Tired 8 (13.33) 5 (4.10) 1 (2.56) 3 (11.54) 2 (10.00) 0 (0.00) 

Weak-strong 1 (1.67) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 

Awareness 11 (18.33) 7 (5.74) 3 (7.69) 2 (7.69) 6 (30.00) 1 (33.33) 
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3.3.2 Physical strain verbal descriptor selection. In the measurement of 

physical strain during exercise, there was a total of 55 verbal descriptor selections for 

the zero numerical descriptor category, 102 selections of the 1-2 numerical band, 47 for 

3-4, 26 for 5-6, 28 for 7-8, and 12 selections for the 9-10 numerical band. The modal 

verbal descriptor selected across all numerical bands was found to be the ‘Exertion’ 

rating scale. It accounted for 61.82, 48.04, 42.55, 50.00, 42.86, and 50.00% of all 

selections for the numerical bands of 0, 1-2, 3-4, 5-6, 7-8, and 9-10 respectively. 

Selection frequency for all verbal descriptors in the measurement of physical strain are 

presented in Table 3.3 below. 

 

Table 3.3 

Verbal descriptor selection of absolute and relative frequencies, n (%), that correspond 

with the numeric bands of the measurement of physical strain 

 Numerical Band n (%) 

 0 1-2 3-4 5-6 7-8 9-10 

Verbal Descriptors       

Mental effort  0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Light-heavy 4 (7.27) 14 (13.73) 5 (10.64) 2 (7.69) 4 (14.29) 0 (0.00) 

Exertion 34 (61.82) 49 (48.04) 20 (42.55) 13 (50.00) 12 (42.86) 6 (50.00) 

Easy-hard 3 (5.45) 15 (14.71) 7 (14.89) 6 (23.08) 7 (25.00) 5 (41.67) 

Tired 5 (9.09) 20 (19.61) 15 (31.91) 5 (19.23) 5 (17.86) 1 (8.33) 

Weak-strong 3 (5.45) 3 (2.94) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Awareness 6 (10.91) 1 (0.98) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

 

3.3.3 Comparison between mental and physical strain. Table 3.4 presents 

both mental and physical strain ratings across all exercise intensity levels. First, 

significant main effect was found for type of response with large effect size [F(1, 26) = 

18.833, p < 0.001, η2
p = 0.420]. This suggests that there was a significant difference 

between the two perceptual responses during exercise. Paired samples t-tests revealed 

that such significant difference was found for only moderate, vigorous and near 
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maximal exercise intensity levels. Participants were found to rate their physical strain 

(M = 4.04, SD = 1.37) higher than their mental strain (M = 2.96, SD = 1.43) during 

moderate intensity exercise. This mean difference of 1.08 was significant with a large 

effect size [t (26) = 4.89, p < 0.001, d = 0.77]. During vigorous intensity exercise, 

physical strain (M = 6.33, SD = 1.49) was also higher than mental strain (M = 5.07, SD 

= 1.86). This mean difference of 1.26 was significant with a large effect size [t (26) = 

3.62, p = 0.001, d = 0.75]. Similarly, physical strain (M = 8.11, SD = 1.22) was found to 

be higher than mental strain (M = 6.81, SD = 1.90) during near maximal intensity 

exercise. This mean difference of 1.30 was significant with a large effect size [t (26) = 

4.88, p < 0.001, d = 0.81]. However, the two perceptual cues did not significantly differ 

during very ligh and light intensity exercise.  

 

Table 3.4 

Ratings of mental effort and physical exertion across various exercise intensity levels 

(mean ± SD)  

Intensity level  Mental Effort  Physical Exertion 

Very Light 1.41 ± 1.01 1.37 ± 0.88 

Light 1.93 ± 1.14 2.48 ± 1.22 

Moderate 2.96 ± 1.43 4.04 ± 1.37 

Vigorous 5.07 ± 1.86 6.33 ± 1.49 

Near Maximal 6.81 ± 1.90 8.11± 1.22 

 

Second, significant main effect was found for exercise intensity with large effect 

size [F(2.494, 64.851) = 306.024, p < 0.001, η2
p = 0.922]. Contrasts revealed that both 

perceptual responses were significantly increased during light intensity exercise as 

compared to very light intensity exercise [F(1, 26) = 46.265, p < 0.001, η2
p = 0.640]. 

Significant increases were also found between light and moderate intensity exercise 

[F(1, 26) = 94.205, p < 0.001, η2
p = 0.784], moderate and vigorous intensity exercise 
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[F(1, 26) = 318.478, p < 0.001, η2
p = 0.925], as well as between vigorous and near 

maximal intensity exercise [F(1, 26) = 514.157, p < 0.001, η2
p = 0.952]. This suggests 

that exercise intensity levels influence both perceptual responses.  

 

 

Figure 3.1. Mental effort and physical exertion across exercise intensities. * Significant 

difference between mental effort and physical exertion. Data presented as mean ± 95CI. 

 

Third, a significant interaction was found between type of response and exercise 

intensity with large effect size [F(3.013, 78.344) = 8.695, p < 0.001, η2
p = 0.251] (see 

Figure 3.1). This suggests that exercise intensity has different effects on each perceptual 

cue. There was a more pronounced increase in physical strain as compared to mental 

strain across various intensity levels. Contrasts revealed that such difference was 

significant when comparing between very light and light intensity [F(1, 26) = 7.142, p = 

0.013, η2
p = 0.215], light and moderate intensity [F(1, 26) = 17.215, p < 0.001, η2

p = 
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0.398], moderate and vigorous intensity [F(1, 26) = 9.009, p = 0.006, η2
p = 0.257], as 

well as vigorous and near maximal intensity [F(1, 26) = 5.069, p = 0.033, η2
p = 0.163]. 

 

 

Figure 3.2. Bland and Altman plot with representation of the limits of agreement from -

1.96 SD to +1.96 SD.  

 

Fourth, the Bland and Altman plot revealed that the bias between the differences 

of physical and mental strain was 0.83 units and the 95CI limits of agreement range 

from -1.94 to 3.60 units (see Figure 3.2). One-sample t-test found that this systematic 

bias was significant, t(134) = 6.828, p < 0.01. Simple linear regression analysis also 

found a significant proportional bias, ß = 0.183, t(133) = 2.143,  p = 0.034. This 

suggests that the two measures were not in agreement with one another.  

 

3.3.4 Relationship between perceptual and physiological responses. There 

was a significant strong correlation between mental strain and physical strain; (r = 

0.875, p < 0.001). Mental strain was also found to be strongly related to HR responses; 
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(r = 0.810, p < 0.001). Similarly, there was a significant and strong correlation between 

physical strain and HR; (r = 0.863, p < 0.001).   

 

3.4 Discussion 

The aims of this study were to 1) determine the appropriate verbal descriptors 

associated with measures of physical and mental strain, and 2) examine the difference 

between physical and mental strain across various exercise intensity levels. The findings 

support the hypothesis that different trunk words were associated with the two 

measures. The second hypothesis was also supported, whereby the results indicated that 

participants were able to distinguish between the two perceptual responses during 

aerobic exercise across various exercise intensity levels. 

The first important finding of this study was that participants chose different 

verbal descriptors for the two different variables. It was found that the verbal 

descriptors, mental effort and exertion, were the most frequently selected trunk words 

associated with mental and physical strain during exercise respectively. Although these 

two perceptual responses are closely related, the results revealed that different words 

have different associations with the two variables. The trunk word, exertion, was chosen 

with the highest frequency (42.55 – 61.82%) across all levels of physical strain during 

exercise. To date, several established RPE scales have employed various verbal 

descriptors such as tired (Robertson et al., 2000), easy (Utter et al., 2004), hard (Borg, 

1998; Utter et al., 2004), weak and strong (Borg, 1982). Present study findings suggest 

that among all the words, exertion was the best word associated with the physical 

sensations experienced during exercise.  

In contrast, mental effort was the selected verbal descriptor with highest 

frequency (31.67 – 66.67%) associated with the mental strain experienced during 
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exercise. This trunk word was adapted from the mental effort rating scale developed to 

measure cognitive load (Paas et al., 1994). Interestingly, exertion was chosen by some 

participants to express their mental strain. While most participants associated the 

meaning of exertion with the physical sensations during exercise, this finding also 

suggests that some individuals relate the word to the psychological aspect as well. 

Presently, RPE is conceptualised as a gestalt rating of exertion during physical activity. 

It is plausible that this rating represents either the physical or mental sense of effort, and 

a single score has been criticised to limit us in determining the underlying influential 

perceptual cue in regulation of exercise intensity (Jones et al., 2014). Swart et al. (2012) 

used the trunk word aware in the TEA scale to differentiate between the physical and 

mental sense of effort during cycling exercise. However, the verbal descriptors were 

suggested to be inappropriate as respondents faced issues of consciousness in their 

responses (Jones et al., 2014). Present results reveal that while some participants 

selected awareness as an expression of their mental strain during exercise, majority 

preferred the choice of mental effort. 

It is essential to empirically examine the choices of verbal descriptors in rating 

scales as this could influence users’ intepretations and their responses. It is often 

assumed that respondents share the same intepretations of words used by rating scale 

developers. However, certain choices of words may be better associated with certain 

populations. For example, in the development of the children’s OMNI scale of 

perceived exertion, it was found that the children population associated exertional 

feelings during physical activities more with the word tired (Robertson et al., 2000). 

The present study findings indicate that young adults of both gender groups associated 

exertion more with the physical sensations, and preferred the specification of the word 

mental effort in the measurement of psychological effort during exercise.  
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The adaptation of these two verbal descriptors in a rating scale could potentially 

help respondents to better distinguish the two measures during exercise. It is important 

to note that these two verbal descriptors were the preferred choices across a wide range 

of physical and mental strain experienced. The results also revealed that certain verbal 

descriptors were better aligned with certain numerical bands. For example, 15.57% of 

the 1-2 numerical band ratings were associated with the verbal descriptors light or heavy 

in the measurement of mental effort. However, the same verbal descriptors were much 

less selected in other numerical band ratings, encompassing only 5% in the 7-8 

numerical band. It was found that participants expressed that they were best associated 

with the words mental effort and exertion across all numerical bands of each rating 

scale. This suggests the consistency in association with these terms among participants 

across different levels of physical and mental strain experienced during exercise.  

Since both measures are proposed to represent effort perception during exercise, 

a strong correlation was unsurprisingly found between physical and mental strain (r = 

0.88). This finding is in agreement with past evidence of strong correlation (r = 0.93) 

between the two perceptual cues (Swart et al., 2012). Despite the strong relationship 

between the two measures, participants were able to distinguish between physical and 

mental strain during exercise, as evident in the significant main effect found for type of 

response as well as the significant interaction found between type of response and 

exercise intensity. Physical exertion was found to be significantly greater than mental 

effort ratings during moderate, vigorous and near maximal intensity exercise. However, 

no significant difference between the two cues was found for very light and light 

intensity exercise. This is possibly attributed to the lack of stimulus from such low 

intensity levels. In addition, the Bland-Altmann analysis revealed that the measure of 

physical and mental strain did not agree with one another, further suggesting that 
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participants were able to distinguish between the two measures. The 95CI limits of 

agreement were found to range between -1.94 and 3.60 units, which is meaningfully 

wide since a difference of two to three units could represent contrasting exercise 

intensity levels (ACSM, 2018).  

Aligned with previous study (Swart et al., 2012), both perceptual responses were 

found to increase linearly with exercise intensity. This suggests that both measures were 

clearly associated with exercise intensity. This is supported with evidence of strong 

correlation between HR responses and physical exertion (r = 0.86) as well as mental 

effort (r = 0.81). This indicates that exercise intensity is not merely associated with 

physical strain but also sense of psychological effort. Interestingly, the present findings 

also revealed that the increase across intensity levels differed between the two 

perceptual responses. Significantly greater increase was found in physical exertion 

across all intensity levels as compared to mental effort. This suggests that physical 

exertion may be more sensitive to the increase in physiological strain as compared to 

mental effort. According to Swart et al. (2012), it was purported that mental effort is 

expected to remain low when physiological homeostasis is not threatened. Hence, 

mental effort remains low as the intensity level is submaximal and there is no 

homeostatic disturbances.  

 

3.4.1 Limitations and recommendations for future studies. This study 

adopted convenience sampling for recruitment of its participants due to resource 

limitations and time constraints. Hence, the generalisability of the present findings is 

restricted to the healthy young adult population in Singapore. Nevertheless, the 

recruitment of males and females for this study extends the application of the findings 
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to both gender groups. Future research may consider replication of the study with other 

specific populations such as obese individuals and children.  

Another limitation of the study is the availability of trunk words supplied for the 

selection of verbal descriptors. Hence, participants were restricted to choose the best 

option among the provided verbal descriptors. Although only 10 different words were 

provided in this study, the verbal descriptors were adapted from established rating 

scales of relevance. While present study findings could not ascertain that effort and 

exertion represents different constructs, this study has determined appropriate verbal 

descriptors to better dissociate between the measurement of physical and mental strain 

during exercise. Future research may use a qualitative approach such to collect 

responses on how individuals describe the two perceptual responses. 

 

3.4.2 Practical implications. Present study results demonstrated the importance 

of a multidimensional approach in assessing perceptual responses during exercise. It is 

recommended for sport practitioners and researchers to avoid the use of a single RPE 

score to quantify the psychophysiological strain during exercise. The contrast between 

physical and mental strain could help us better understand the different roles each 

perceptual cue plays in regulation of exercise intensity.  

 

3.5 Conclusion 

This study showed that different verbal descriptors were better associated with 

the measure of physical and mental strain respectively. It is important to empirically 

determine the appropriate verbal descriptors to better help individuals distinguish 

between the two measures. Aligned with the the thesis’s aim to develop valid rating 
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scales to measure these two perceptual cues, the selected verbal descriptors were 

employed in Study 2 to test the response categorisation functioning.  

In addition, despite the two measurements being closely reported in each 

exercise intensity, this study demonstrated that young adults of both gender groups were 

able to differentiate between mental effort and physical exertion during exercise. Such 

findings further support the need for a multidimensional approach to better understand 

perceptual cues in regulation of exercise intensity.  
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Chapter 4: Study 2 

 Effects of Mental Fatigue on Perception of Exercise Intensity  

4.1 Introduction  

It is recommended for adults to engage in at least three days of moderate or 

vigorous intensity aerobic exercise for improving cardiovascular health and fitness 

(ACSM, 2018). Exercise intensity is a key aspect in prescription of exercise due to its 

association with improvement in fitness (Garber et al., 2011; Swain, 2005), incidence of 

injuries (Hootman et al., 2002; Jones, Cowan, & Knapik, 1994), mortality (Lee, Hsieh, 

& Paffenbarger, 1995) and exercise adherence (Cox et al., 2003). Oxygen uptake (VO2) 

and heart rate (HR) are commonly used physiological responses to monitor intensity of 

cardiorespiratory exercise (ACSM, 2018). However, exercise intensity can also be 

estimated based on perceptual cues such as effort perception and affective responses 

(Garber et al., 2011).  

The emphasis on achieving appropriate physiological strain during exercise has 

led us to assume that perception of exercise intensity is largely influenced by 

physiological responses (Noble & Robertson, 1996). However, the central governor’s 

theory (Noakes, 2012; Noakes et al., 2005) has postulated that fatigue during exercise is 

a perceptual sensation that could be influenced by both physiological and non-

physiological variables. These variables influence the brain’s regulation of exercise, 

with the aim to preserve physiological homeostasis (Noakes, 2012). This suggests that 

exercise intensity can be similarly affected by non-physiological factors considering that 

exercise intensity is a representation of varying fatigue levels. Since majority of general 

public approximates exercise intensity based on perceptual sensations during self-

regulated physical activities, it is imperative to understand how perception of exercise 

intensity is altered by non-physiological influences.  
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One such non-physiological influence is mental fatigue, which is defined as a 

psychobiological state characterised by feelings of weariness that often resulted from 

prolonged cognitive activities (Boksem & Tops, 2008). For the last decade, there is 

mounting evidence that mental fatigue reduce exercise performance of various 

modalities including cycling (Marcora et al., 2009), swimming (Penna et al., 2018), and 

running (MacMahon, Schücker, Hagemann, & Strauss, 2014; Pageaux, Lepers, Dietz, & 

Marcora, 2014). Interestingly, such detrimental effects were not due to any 

physiological changes (Van Cutsem et al., 2017), but primarily attributed to increased 

ratings of perceived exertion (RPE) resulting from mental fatigue instead (MacMahon et 

al., 2014; Marcora et al., 2009; Pageaux et al., 2014). This suggests that exercise could 

be perceived to be harder in absence of any physiological response changes under 

mental fatiguing conditions.   

Negative effects of mental fatigue on physical performance were mostly 

demonstrated in self-paced exercise, whereby performance was impaired by reduction 

in pace among participants (Brownsberger et al., 2013; Martin et al., 2016; Penna et al., 

2018). However, evidence of such detrimental effects was less clear in externally paced 

exercise performance. For example, Schüker and MacMahon (2016) did not find any 

impairment in beep test performance after completing a cognitively fatiguing task but 

contrasting results were reported in another similar study (Smith et al., 2016). Hence, 

more attention is required to investigate the effects of mental fatigue on externally 

paced exercise performance. 

While many studies have demonstrated that mental fatigue could impair sports 

performance, it is equally important to examine its effects on perception of exercise 

intensity since mental fatigue is a prevalent phenomenon in our everyday life. One 

limitation in most of the previous studies is examining the influence of mental fatigue 
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on perceptual responses during exercise based on a single RPE score. RPE has been 

argued to be separated into two distinct perceptual cues: physical exertion and mental 

effort (Abbiss et al., 2015; Smirmaul, 2012; Swart et al., 2012). Since mental fatigue 

has been demonstrated to increase effort perception, it remains unclear whether this is 

attributed to the influence on mental effort or physical exertion. In addition, empirical 

evidence of how mental fatigue can impair self-regulated endurance performance 

suggests that it is plausible that mental fatigue may influence affective responses, which 

is another perceptual cue that is closely associated with pacing strategies during exercise 

(Baron et al., 2009; Jones et al., 2014; Renfree et al., 2014). Therefore, there is a need to 

use a multidimensional approach to better understand the effects of mental fatigue on 

how individuals perceive exercise intensity.  

One concern with studying perceptual responses has been the difficulty in 

developing validated measures to assess subjective responses (Pesudovs & Noble, 

2005). In order to dissociate the measurement of mental effort and physical exertion 

during exercise, there is a need to develop valid rating scales to differentiate between 

the two perceptual responses. A 0-10 response categorisation was commonly employed 

in many RPE scales with assumptions of equidistant distances between categories 

(Borg, 1982; Robertson, 2004). It is often assumed that the response categorisation 

determined by the rating scale developer will be used by respondents in an expected 

manner. This assumption is typically flawed without empirically testing the scale (Bond 

& Fox, 2015; Linacre, 2002). One viable approach to test such assumptions is by using 

Rasch models, which examines the response categorisation functioning of rating scales 

by assessing several diagnostic indices (Bond & Fox, 2015; Linacre, 1999, 2002). 

Previous studies have demonstrated that response categorisation of rating scales could 

be improved based on these indices (Decruynaere et al., 2009; Pesudovs & Noble, 
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2005). Hence, in the development of new rating scales, it is key to examine the response 

categorisation functioning to improve the assessment of both mental effort and physical 

exertion during exercise.   

The first purpose of the study was to examine the effects of mental fatigue on 

perception of exercise intensity based on mental effort, physical exertion and affective 

responses. It was hypothesised that mental fatigue would negatively influence all three 

perceptual responses. The second purpose of the study was to examine the effects of 

mental fatigue on externally paced treadmill exercise performance among both active 

and inactive young adults. It was hypothesised that mental fatigue would impair 

exercise performance among all subgroups of participants. The third purpose of the 

study was to examine the response categorisation functioning of the mental effort and 

physical exertion rating scales. It was hypothesised that the typical 0-10 response 

categorisation in a rating scale would not function optimally for the measurement of 

mental effort and physical exertion.    

 

4.2 Methods 

 4.2.1 Participants. Fifty young male (n = 25) and female (n = 25) adults were 

recruited to participate in this study. Inclusion criteria was as follows: (a) aged between 

18 to 35 years old, (b) no present medical conditions that might interfere with the study 

procedures, (c) healthy body mass index (BMI) between 18.5 and 24.9, (d) not 

pregnant, and (e) non-smoker. Participants who do not meet the criteria above were 

excluded from the study.
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Table 4.1 

Descriptive characteristics of participants for Study 2 (mean ± SD) 

 

Sedentary  

females 

mean ± SD 

Active  

females 

mean ± SD 

Sedentary  

males 

mean ± SD 

Active  

males 

mean ± SD 

Age (yr) 23.67 ± 3.44 23.90 ± 2.47 26.40 ± 3.50 26.40 ± 4.32 

Height (cm) 155.13 ± 3.72 160.40 ± 5.38 173.30 ± 9.46 174.00 ± 5.61 

Weight (kg) 51.54 ± 6.82 54.41 ± 6.79 66.88 ± 12.01 62.67 ± 6.47 

BMI (kg∙m-2)  21.39 ± 2.48 21.15 ± 2.17 22.15 ± 2.10 20.67 ± 1.78 

Body fat (%) 26.99 ± 5.15 24.21 ± 6.34 16.14 ± 5.38 12.01 ± 4.59 

VO2max (ml∙kg-1∙min-1) 34.43 ± 4.55 38.02 ± 5.89 36.83 ± 5.29 49.69 ± 5.73 

Physical activity levels (MET-min∙wk-1) 1102.67 ± 692.94 3986.00 ± 3320.62 988.00 ± 747.39 2712.00 ± 1178.98 
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The recruited sample groups consisted of 15 inactive females, 10 active females, 

10 inactive males, and 15 active males. Six of these participants had participated in 

Study 1. Participants were asked to report their typical weekly physical activity levels 

by completing the global physical activity questionnaire (Appendix 5, p. 246). 

Participants were considered inactive if their self-reported aerobic physical activity 

levels did not meet the recommendation of at least 30 minutes of moderate-intensity 

exercise three times per week in the last three months. Based on a priori power analysis 

(G*Power 3.1.9.3) using a power of 0.80 and error probability of 0.05, a sample size of 

at least seven participants was required in each of the four groups to detect a small 

effect size of  partial eta-squared (η2p) = 0.06. Post-hoc power analysis based on study 

sample size and observed effect sizes revealed that the computed achieved power 

ranged between 0.754-1.00 for the main analyses. Table 4.1 provides the descriptive 

characteristics of participants of each subgroup.  

All subjects signed a written consent form (Appendix 6, p. 248) and medical 

indemnity form (Appendix 2, p. 241) to indicate their agreement to participate in the 

study. For subjects under 21 years old, their parents or guardians gave their written 

consent to participate. The investigation was approved by the Institutional Review 

Board of Nanyang Technological University (Appendix 7, p. 257). 

 

 4.2.2 Procedures. A randomised, counterbalanced crossover perceptual-

estimation experimental design was employed in this study. Participants were required 

to visit the laboratory for a total of two separate occasions, at least two days apart, at the 

same time of the day to minimise the circadian effect. All sessions were conducted after 

a 2-hour fast and participants were required to refrain from any strenuous physical 

activity, caffeine, and alcohol 24 hours before the trials. During the first visit, 
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participants were briefed on the purpose of the study, experimental procedures, as well 

as potential risks and benefits. Anthropometric measures such as height (cm), weight 

(kg), BMI (kg.m-2), and body fat (%) were also collected. 

In both sessions, participants performed a cognitive task (mental fatigue or 

control) in a randomised, counterbalanced manner for 30 minutes followed by a 

maximal treadmill walking exercise test. Before and after the cognitive task, 

participants were assessed on their perceived mood, perceived level of fatigue, and 

motivation to exercise with the use of visual analogue scales (VAS). The VASs were 

administered with paper and pencil. Participants indicated how they felt by placing a 

vertical line on a 100-mm line (see Appendix 8, p. 259), and scores were measured to 

the nearest mm. 

 

4.2.2.1 Mental fatiguing task. Participants were required to perform an 

incongruent version of the Stroop colour-word task for 30 minutes. This protocol was 

used in previous studies and has demonstrated its effectiveness in inducing mental 

fatigue (Pageaux et al., 2014; MacMahon, Hawkins, & Schücker, 2019; Smith et al., 

2016). Colour words (red, blue, green, yellow) were randomly presented on the screen 

in a different ink color (either red, blue, green, yellow). Participants were required to 

choose the correct response from one of two options (colour word or ink colour), with 

the correct response being the option corresponding to the ink color of the word 

presented. For example, if the word “yellow” appeared in blue ink, the correct response 

was “blue”. However, if the ink color was red, the correct response was the option 

associated with the real meaning of the word instead of the ink color. For example, if 

the word “yellow” appeared in red ink, the correct response was “yellow”.   
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Participants were given ten practice attempts before the start of the cognitive 

task to familiarize and ensure the participants understood the task. During the task, 

participants were given two seconds to answer each question, and a lack of response 

would be considered an incorrect attempt. Feedback on response accuracy was provided 

after each question. To increase motivation of participants, participants were informed 

that the highest scorer would be given a monetary reward.   

 

4.2.2.2 Control task. Participants were instructed to read leisurely for 30 

minutes from a selection of car and travel magazines for the control task. These themes 

of magazine were suggested to be emotionally neutral  (Terry, Lane, Lane, & Keohane, 

1999), and had been used in previous mental fatigue research (Smith et al., 2016).  

 

4.2.2.3 Experimental trial. After the 30-min cognitive task, participants were 

briefed on the procedures of the experimental trial. Afterwhich, participants were 

provided sufficient time to do their own warm-up before the start of the experimental 

trial. 

The experimental trial was based on the Balke-Ware treadmill test protocol 

(Balke & Ware, 1959), which was a multi-stage exercise test with progressively 

increasing exercise intensity on a running treadmill (Woodway ELG 70/200 Sport, 

Steinackerstr, Denmark). Each exercise stage was one minute long in duration, and 

participants were required to work to volitional exhaustion. During the protocol, the 

speed of the treadmill started at 5.4 km/h (3.4 miles/h) and maintained constant 

throughout the test. The grade of the treadmill was initially set at 0% at the start of the 

trial, and increased to 2% at the start of the second minute of the trial. Subsequently, the 

grade increased by 1% at the start of every additional minute. Physiological measures 
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were taken based on the same procedures as Study 1 (see section 3.2.2.1). Upon 

termination of exercise, participants were given time to perform their own cool-down.  

 

4.2.2.4 Perceptual measurements. For the perceptual responses, three separate 

ratings of physical exertion, mental effort, affect were obtained during the last ten 

seconds of each exercise stage during the experimental trial. Before the experimental 

trial, a standard set of instructions of the various rating scales (e.g., physical exertion, 

mental effort, affect) was explained and the researcher ensured that the participant 

understood the difference between the measures. 

 

 

Figure 4.1. Developed physical exertion and mental effort rating scales. 

 

Affective responses were determined using the Feeling Scale (Hardy & Rejeski, 

1989). Physical exertion and mental effort were measured using rating scales with 

verbal descriptors determined in Study 1 (see Figure 4.1). Based on Study 1’s results, 

exertion and mental effort were the chosen trunk words best associated with physical 
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exertion and mental effort respectively. These trunk words were employed as verbal 

descriptors in rating scales to measure physical exertion and mental effort in this study.   

Participants indicated their level of perceived physical exertion on a 11-point rating 

scale ranging from 0 (no exertion at all) to 10 (maximal exertion). Similarly, 

participants expressed their level of mental effort during exercise on a 11-point rating 

scale ranging from 0 (very, very low mental effort) to 10 (very, very high mental effort).  

 

4.2.3 Statistical analysis. Mixed analysis of variance (ANOVA) was conducted 

to examine the effects of mental fatigue on VAS scores and physiological variables with 

condition (mental fatigue and control) and time (pre- and post-cognitive task) as within-

subject factors, and gender and physical activity levels as between-subject factors. 

Physiological variables were examined using responses collected at six time points 

(rest, stage 3, stage 6, stage 9, stage 12 and stage 15) of the maximal treadmill walking 

test. To examine the effects of mental fatigue on exercise performance, a mixed 

ANOVA was conducted with condition (mental fatigue and control) as a within-subject 

factor, and gender and physical activity levels as between-subject factors. 

 All perceptual responses during the exercise test were first averaged for each 

exercise intensity level based on participants’ VO2max according to the ACSM’s 

guidelines (Garber et al., 2011). Perceptual responses were analysed using mixed 

ANOVAs with condition (mental fatigue and control) and intensity levels (six levels: 

rest, very light, light, moderate, vigorous, and near maximal intensity) as within-subject 

factors, and gender and physical activity levels as between-subject factors. 

For all mixed ANOVAs, contrasts were performed as post-hoc tests for 

significant effects found. When assumption of sphericity was violated, the Greenhouse-

Geisser correction was employed. η2
p was selected as the standardised effect size of 
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ANOVA analyses and deemed as: (i) 0.01 <η2
p ≤ 0.06 small; (ii) 0.06 <η2

p≤0.14 

medium; (iii) η2
p>0.14 large (Cohen, 1988, 1992). The significance level was set at 0.05 

for all statistical analyses, performed with Statistical Package for the Social Science 

(SPSS Version 20.0, Chicago, IL). 

Rasch analysis was conducted to examine the response categorisation 

functioning of the developed physical exertion and mental effort rating scales. Various 

rating scale diagnostics were used to examine whether the participants were using the 

rating scale in an expected manner. If the response categorisation was found to be 

suboptimal, collapsing of adjacent categories were performed to optimise the rating 

scale. The various rating scale diagnostics assessed included category frequencies, 

average measures of each category, category threshold estimates, category fit statistics, 

as well as the category probabilistic curves (see section 2.4.9 for details on each 

diagnostic). Rasch analyses were performed with Winsteps 3.70.1.1 (MSEA Press, 

Chicago, USA).  

 

4.3 Results 

 4.3.1 Manipulation check. Analyses of manipulation check were conducted to 

examine the effects of mental fatigue on VAS scores of perceived mood, perceived 

fatigue and motivation to exercise. Table 4.2 presents the VAS scores pre- and post-

cognitive task across both control and fatigue conditions. 

 

 4.3.1.1 Perceived mood. Significant main effects were found for condition and 

time. First, there was a significant main effect of condition with a large effect size [F(1, 

46) = 20.271, p < 0.001, η2
p = 0.306]. Post-cognitive task perceived mood was found to 

be more negative in the mental fatigue condition as compared to the control condition. 
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Second, there was a significant main effect of time with a large effect size [F(1, 46) = 

7.893, p = 0.007, η2
p = 0.146]. This suggests that there were significant differences in 

perceived mood between pre- and post-cognitive tasks. Third, a gender effect near the 

cut-off value of the rejection area was found with a medium effect size [F(1, 46) = 

4.043, p = 0.05, η2
p = 0.081]. Post-cognitive task perceived mood was found to be 

higher among male participants as compared to females in both conditions. However, 

no significant main effect was found for physical activity levels [F(1, 46) = 1.864, p = 

0.179, η2p = 0.039].  

In addition, there was also a significant interaction found between condition and 

time with large effect size [F(1, 46) = 10.624, p = 0.002, η2
p = 0.188]. This interaction 

effect suggests that the time effect on perceived mood differed between conditions. 

Perceived mood was found to increase after performing the cognitive task in the control 

condition. However, perceived mood was found to be more negative after performing 

the cognitive task in the mental fatigue condition. 

 

4.3.1.2 Perceived fatigue. Significant main effects were found for condition, 

time, and gender. First, there was a significant main effect of condition with medium 

size effect [F(1, 46) = 5.120, p =0.028, η2
p = 0.100]. Post-cognitive task perceived 

fatigue was found to be higher in the mental fatigue condition as compared to control 

condition. Second, there was a significant main effect of time with large effect size 

[F(1, 46) = 9.921, p = 0.003, η2
p = 0.177]. This suggests that there were significant 

differences in perceived fatigue between pre- and post-cognitive tasks. Third, there was 

also a significant main effect of gender with large effect size [F(1, 46) = 7.832, p = 

0.007, η2
p = 0.145]. Post-cognitive task perceived fatigue was found to be higher among 
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female participants as compared to males in both conditions. However, no significant 

main effect of physical activity was found [F(1, 46) = 2.849, p = 0.098, η2
p = 0.058].  

In addition, there was also a significant interaction between condition and time 

with large effect size [F(1, 46) = 21.454, p < 0.001, η2
p = 0.318]. This interaction effect 

suggests that the time effect on perceived fatigue differed between conditions. Perceived 

fatigue was found to decrease after performing the reading task in the control condition. 

On the other hand, perceived fatigue was found to be increase after performing the 

cognitive task in the mental fatigue condition. Hence, such interaction suggests that 

mental fatigue was induced successfully by the experimental manipulation.  

 

 4.3.1.3 Motivation to exercise. Significant main effects were found for condition 

and gender. First, there was a significant main effect of condition with large effect size 

[F(1, 46) = 12.439, p =0.001, η2
p = 0.213]. Post-cognitive task motivation to exercise 

was found to be higher in the control condition as compared to the mental fatigue 

condition. Second, there was a significant main effect of gender with medium effect size 

[F(1, 46) = 4.347, p = 0.043, η2
p  = 0.086]. Post-cognitive task motivation to exercise 

was found to be higher among male participants as compared to females in both 

conditions. However, no significant main effects were found for time [F(1, 46) = 3.428, 

p = 0.071, η2
p = 0.069]; and physical activity levels [F(1, 46) = 0.174, p = 0.679, η2

p  = 

0.004].
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Table 4.2 

Ratings of perceived mood, perceived fatigue, motivation to exercise pre- and post-cognitive task in both control and mental fatigue conditions 

 Male Female  

 Active Sedentary Active Sedentary 

Variables Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Pre-task 

perceived 

mood 

68.33±18.60 62.40±14.61 81.60±16.88 76.80±16.98 71.50±17.67 61.70±24.31 63.13±15.44 63.40±17.07 

Post-task 

perceived 

mood 

74.00±15.10 57.53±17.14 81.20±16.88 63.90±24.24 66.20±21.13 47.60±24.15 67.33±13.92 57.60±19.10 

Pre-task 

perceived 

fatigue 

28.33±24.22 33.33±22.49 16.30±12.29 20.70±19.83 50.90±24.76 41.10±28.69 37.00±22.44 32.73±22.41 

Post-task 

perceived 

fatigue 

29.40±21.90 40.93±23.40 16.70±12.95 38.50±24.72 44.30±31.33 52.30±31.91 33.53±20.77 52.60±22.02 

Pre-task 

motivation 
70.13±19.50 61.73±16.14 77.00±18.63 67.50±21.95 67.40±23.30 56.00±22.83 52.73±15.69 55.47±22.69 

Post-task 

motivation  
70.60±15.90 57.27±17.41 75.50±16.31 58.20±25.87 66.80±23.15 55.60±20.54 53.67±20.59 49.27±23.21 
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Figure 4.2. Effects of mental fatigue on maximal treadmill walking exercise 

performance. A:  females. B: males. Data presented as mean ± 95CI. 

  

4.3.2 Performance. Figure 4.2 illustrates the exhaustion time for the maximal 

treadmill walking test for both active and sedentary individuals of both gender groups. 

There was no significant main effect of condition [F(1, 46) = 2.113, p = 0.153, η2
p = 

0.044]. This suggests that exercise performance did not differ significantly between 

mental fatigue and control condition. In addition, there was no significant interaction 

found between condition and gender [F(1, 46) = 2.437, p = 0.125, η2
p = 0.050]; and 

physical activity levels [F(1, 46) = 1.462, p = 0.233, η2
p = 0.031]. This suggests that 

exercise performance did not differ significantly between mental fatigue and control 

condition among all subgroups of participants. 
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Figure 4.3. Effects of mental fatigue on physiological responses during maximal 

treadmill walking exercise. A:  Oxygen uptake. B: Heart rate. Data presented as mean ± 

95CI.  

 

4.3.3 Physiological measurements. Figure 4.3, Table 4.3, and Table 4.4 display 

the effects of mental fatigue on physiological responses during the maximal treadmill 

walking exercise test. Significant main effects of time of large effect size was found for 

VO2 [F(3.970, 154.833) = 3431.597, p < 0.001, η2
p = 0.989] and HR [F(1.751, 68.280) 

= 1101.767, p < 0.001, η2
p = 0.966]. However, there was no significant main effect of 

condition found for both VO2 [F(1, 39) = 1.102, p = 0.300 , η2
p = 0.027]; and HR [F(1, 

39) = 2.301, p = 0.137 , η2
p = 0.056]. There was also no significant condition-time 

interaction effect found for VO2 [F(3.958, 154.362) = 1.610, p = 0.175, η2
p = 0.040]; 

and HR [F(2.945, 114.846) = 1.410, p = 0.244, η2
p = 0.035]. In addition, no significant 

interaction effects were found between condition, gender, and physical activity levels 

for both VO2 and HR responses. This result suggests that physiological responses did 

not differ between mental fatigue and control conditions. Mental fatigue did not have 

any significant effects on physiological responses among all subgroups of participants 

as well.  
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Table 4.3 

VO2 responses across exercise stages during maximal treadmill walking exercise (mean ± SD) 

 Male Female  

 Active Sedentary Active Sedentary 

Intensity level Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Rest 4.69 ± 0.88 4.83 ± 0.92 4.37 ± 1.22 4.68 ± 1.45 4.51 ± 1.13 3.93 ± 0.81 4.06 ± 1.28 3.97 ± 1.04 

Stage 3 14.31 ± 2.36 14.74 ± 1.25 14.52 ± 1.34 15.31 ± 1.51 14.67 ± 1.41 14.17 ± 1.54 14.80 ± 1.00 15.46 ± 1.45 

Stage 6 18.53 ± 2.23 17.87 ± 1.84 18.84 ± 1.83 17.71 ± 1.44 17.63 ± 1.47 17.18 ± 1.48 18.04 ± 1.25 18.00 ± 0.72 

Stage 9 23.10 ± 3.49 21.50 ± 1.70 21.66 ± 2.61 21.33 ± 2.44 21.58 ± 1.56 22.06 ± 1.64 21.29 ± 1.02 20.91 ± 1.69 

Stage 12 27.40 ± 2.18 26.26 ± 1.02 26.25 ± 2.25 24.63 ± 3.97 26.69 ± 1.32 27.19 ± 1.35 25.91 ± 1.01 26.09 ± 1.91 

Stage 15  31.41 ± 1.30 30.72 ± 1.86 30.59 ± 3.41 30.80 ± 1.73 30.88 ± 1.30 31.41 ± 1.54 30.32 ± 1.26 30.31 ± 2.07 

 

Table 4.4 

HR responses across exercise stages during maximal treadmill walking exercise (mean ± SD) 

 Male Female  

 Active Sedentary Active Sedentary 

Intensity level Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Rest 75.83±14.46 73.97±14.48 74.44±10.40 76.00±10.22 71.28±15.27 68.83±13.02 77.59±13.93 76.32±10.70 

Stage 3 99.67±12.61 96.53±11.45 101.56±10.93 100.25±7.96 98.50±12.09 95.06±8.88 109.45±8.78 108.55±7.82 

Stage 6 108.13±12.88 104.17±11.83 110.56±11.17 111.81±9.78 109.17±12.59 108.72±9.83 124.18±8.01 121.41±8.76 

Stage 9 118.90±12.81 115.37±13.62 124.31±12.29 125.44±11.76 123.56±13.74 122.61±10.70 140.95±7.75 135.14±12.02 

Stage 12 127.93±18.82 127.57±15.22 141.25±13.13 143.06±14.84 135.50±16.51 137.50±12.14 155.55±9.64 153.95±11.39 

Stage 15  142.47±16.59 142.23±17.36 160.81±11.98 159.75±17.32 155.44±13.18 152.56±12.46 170.82±7.55 169.73±9.62 
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4.3.4 Perceptual measurements. Analyses of perceptual responses were 

conducted to examine the effects of mental fatigue on physical exertion, mental effort 

and affect. 

 

4.3.4.1 Physical exertion. Table 4.5 presents the perceived physical exertion 

ratings during the maximal treadmill walking exercise test. Significant main effects 

were found for condition, exercise intensity, and gender. First, there was a significant 

main effect of condition with medium effect size [F(1, 46) = 4.362, p = 0.042, η2
p = 

0.087]. Participants were found to rate their perceived physical exertion higher in the 

mental fatigue condition as compared to the control condition.  

Second, a significant main effect was also found for exercise intensity levels 

with large effect size [F(2.362, 108.564) = 1423.064, p < 0.001, η2
p = 0.969]. To break 

down this effect, contrasts were performed comparing each exercise intensity level to 

the prior lower intensity level. Contrasts revealed that physical exertion during very 

light intensity were significantly higher than physical exertion during rest [F(1, 46) = 

60.045, p < 0.001, η2
p = 0.566]. Physical exertion during very light intensity was 

significantly lower as compared to light intensity [F(1, 46) = 184.656, p < 0.001, η2
p = 

0.801]. Participants rated their perceived exertion significantly higher during moderate 

exercise intensity as compared to light intensity level [F(1, 46) = 356.477, p < 0.001, η2
p 

= 0.886]. Physical exertion ratings were also significantly higher in vigorous intensity 

as compared to moderate intensity level [F(1, 46) = 1524.198, p < 0.001, η2
p = 0.971]. 

Similarly, physical exertion during vigorous exercise intensity was found to be 

significantly lower than near maximal intensity level [F(1, 46) = 4404.089, p < 0.001, 

η2
p = 0.990]. Such findings indicate that physical exertion ratings were significantly 

different across all exercise intensity levels. 
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Table 4.5 

Ratings of physical exertion across all intensity levels during maximal treadmill walking exercise (mean ± SD) 

 Male Female  

 Active Sedentary Active Sedentary 

Intensity level Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Rest 0.40 ± 1.06 0.27 ± 0.59 0.70 ± 0.82 0.40 ± 0.70 0.00 ± 0.00 0.50 ± 0.85 0.20 ± 0.56 0.47 ± 0.83 

Very Light 1.02 ± 1.02 1.15 ± 0.99 1.33 ± 0.85 0.98 ± 1.19 0.73 ± 0.70 0.99 ± 0.56 0.77 ± 0.78 1.05 ± 1.01 

Light 2.20 ± 0.98 3.12 ± 1.58* 2.12 ± 1.06 2.01 ± 0.92* 1.63 ± 0.85 1.92 ± 0.56 1.38 ± 0.98 1.69 ± 1.34 

Moderate 3.63 ± 1.20 4.99 ± 2.07* 3.74 ± 1.04 3.99 ± 1.24* 3.00 ± 0.76 3.54 ± 0.99 2.95 ± 1.48 2.96 ± 1.42 

Vigorous 6.58 ± 1.01 7.74 ± 1.63* 7.00 ± 0.75 7.32 ± 1.10* 5.92 ± 1.05 6.40 ± 1.16 6.31 ± 1.49 6.31 ± 1.29 

Near Maximal  9.48 ± 0.60 9.62 ± 0.49 9.61 ± 0.38 9.63 ± 0.58 9.30 ± 0.67 9.23 ± 0.71 8.98 ± 1.02 9.15 ± 0.76 

Note- * Significant interaction between condition, exercise intensity, gender 
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Third, among the between-subject factors, the results indicated a significant 

main effect of gender with a large effect size [F(1, 46) = 9.676, p = 0.003, η2
p = 0.174]. 

Physical exertion ratings were found to be higher among males as compared to females. 

However, no significant main effect was found for activity levels [F(1, 46) = 0.282, p = 

0.598, η2
p = 0.006].  

There was a significant interaction between the mental fatigue condition and the 

exercise intensity levels with a medium effect size [F(2.686, 123.540) = 3.244, p = 

0.029, η2
p = 0.066]. This indicates that the increase in perceived physical exertion 

across the exercise intensity levels differed between mental fatigue and control 

conditions. To break down this interaction, contrasts were performed comparing each 

exercise intensity level to the prior lower intensity level. These revealed significant 

interactions when comparing between light and moderate exercise intensity [F(1, 46) = 

7.211, p = 0.010, η2
p = 0.136]. Although participants rated higher physical exertion 

between light and moderate exercise intensity in both conditions, the increase was more 

pronounced under mental fatigue condition.   

Significant interaction was also found between exercise intensity and gender 

with a medium effect size [F(2.362, 108.654) = 3.546, p = 0.025, η2
p  = 0.072]. This 

indicates that the increase in physical exertion across different exercise intensity levels 

were different for males and females. Contrasts revealed significant interaction effects 

during increase between very light and light exercise intensity levels [F(1, 46) = 6.973, 

p = 0.011, η2
p  = 0.132]. Significant interaction was also found between light and 

moderate intensity levels [F(1, 46) = 5.455, p = 0.024, η2
p = 0.106]. 

In addition, a significant interaction was found between condition, exercise 

intensity, and gender groups with a medium effect size [F(2.686, 123.540) = 3.521, p = 

0.021, η2
p  = 0.071] (see Figure 4.4). This indicates that the interaction effect between 
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condition and exercise intensity differed for both gender groups. Contrasts revealed 

such interaction effects were more pronounced in males than females during the 

increase from very light to light intensity [F(1, 46) = 4.286, p = 0.044, η2
p = 0.085]; 

increase from light to moderate intensity [F(1, 46) = 8.869, p = 0.005, η2
p = 0.162]; and 

increase from moderate to vigorous intensity [F(1, 46) = 4.123, p = 0.048, η2
p = 0.082]. 

 

 

Figure 4.4. Effects of mental fatigue on perceived physical exertion during maximal 

treadmill walking exercise test across gender groups. A: females B: males. * Significant 

interaction between condition, exercise intensity, and gender (p < 0.05). Data presented 

as mean ± 95CI.  

 

4.3.4.2 Mental effort. Significant main effects were found for exercise intensity 

and gender groups. First, there was a significant main effect of exercise intensity with a 

large effect size [F(1.664, 76.566) = 493.820, p < 0.001, η2
p = 0.915]. Contrasts 

revealed that mental effort during very light intensity were significantly higher than 

mental effort during rest [F(1, 46) = 17.390, p < 0.001, η2
p = 0.274]. Mental effort 

during very light intensity was significantly lower as compared to light intensity [F(1, 

46) = 97.417, p < 0.001, η2
p = 0.679]. Participants rated their mental effort significantly 
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higher during moderate exercise intensity as compared to light intensity level [F(1, 46) 

= 165.545, p < 0.001, η2
p = 0.782]. Mental effort ratings were also significantly higher 

in vigorous intensity as compared to moderate intensity level [F(1, 46) = 470.151, p < 

0.001, η2
p = 0.911]. Similarly, mental effort during vigorous exercise intensity was 

found to be significantly lower than near maximal intensity level [F(1, 46) = 737.208, p 

< 0.001, η2
p = 0.941]. Such findings indicate that mental effort ratings were 

significantly different across all exercise intensity levels. 

 

 

Figure 4.5. Effects of mental fatigue on perceived mental effort during maximal 

treadmill walking exercise test across gender groups. A: females B: males. Data 

presented as mean ± 95CI.  

 

Second, there was a significant main effect of gender with a medium effect size 

[F(1, 46) = 7.331, p = 0.009, η2
p = 0.137]. Male participants were found to rate higher in 

their mental effort as compared to females. However, no significant main effects were 

found for condition [F(1, 46) = 1.975, p = 0.167, η2
p = 0.041], as well as activity levels 

[F(1, 46) = 1.272, p = 0.200, η2
p = 0.036]. Furthermore, there was no significant 
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Table 4.6 

Ratings of mental effort across all intensity levels during maximal treadmill walking exercise (mean ± SD) 

 Male Female  

 Active Sedentary Active Sedentary 

Intensity level Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Rest 0.47 ± 1.13 0.73 ± 1.39 1.20 ± 1.32 0.90 ± 1.37 0.10 ± 0.32 0.20 ± 0.63 0.67 ± 1.35 1.13 ± 1.30 

Very Light 0.84 ± 1.14 1.16 ± 1.22 1.78 ± 1.25 1.07 ± 1.20 0.42 ± 0.65 0.30 ± 0.33 0.94 ± 1.31 1.42 ± 1.31 

Light 1.87 ± 1.17 2.47 ± 1.39 2.43 ± 1.57 1.69 ± 1.10 1.13 ± 0.66 1.37 ± 0.87 1.39 ± 1.05 1.74 ± 1.20 

Moderate 3.13 ± 1.23 4.15 ± 1.94 3.22 ± 1.22 3.27 ± 1.12 2.21 ± 0.94 2.80 ± 1.10 2.75 ± 1.21 2.63 ± 1.39 

Vigorous 5.88 ± 1.44 6.59 ± 1.99 5.95 ± 1.43 6.31 ± 1.45 4.90 ± 1.40 5.24 ± 1.28 5.61 ± 1.54 5.83 ± 1.45 

Near Maximal  8.66 ± 1.12 8.73 ± 1.60 8.56 ± 1.76 8.76 ± 1.82 7.63 ± 2.03 7.98 ± 2.04 8.22 ± 1.71 8.52 ± 1.43 

 

Table 4.7  

Affective responses across all intensity levels during maximal treadmill walking exercise (mean ± SD) 

 Male Female  

 Active Sedentary Active Sedentary 

Intensity level Control  Fatigue Control  Fatigue Control  Fatigue Control  Fatigue 

Rest 2.93 ± 1.98 2.60 ± 2.23 3.10 ± 1.20 3.20 ± 1.93 2.00 ± 2.31 2.10 ± 2.18 1.87 ± 2.23 1.60 ± 1.80 

Very Light 2.88 ± 2.01 2.72 ± 2.05 2.95 ± 1.28 3.25 ± 1.65 2.89 ± 1.78 2.43 ± 1.96 1.86 ± 2.16 1.70 ± 1.83 

Light 2.68 ± 1.94 2.42 ± 1.86 2.60 ± 1.67 2.95 ± 1.49 3.23 ± 1.68 2.80 ± 1.89 1.94 ± 1.91 1.73 ± 1.59 

Moderate 2.17 ± 2.07 1.53 ± 1.92 1.92 ± 1.35 1.79 ± 1.77 2.91 ± 1.42 2.68 ± 1.92 1.17 ± 1.47 1.55 ± 1.37 

Vigorous 0.45 ± 2.29 -0.72 ± 2.30 0.14 ± 1.68 -0.23 ± 2.00 1.03 ± 2.19 1.50 ± 2.26 -0.47 ± 1.92 -0.51 ± 1.68 

Near Maximal  -2.46 ± 2.35 -2.79 ± 2.67 -1.53 ± 2.69 -2.24 ± 2.18 -1.15 ± 3.14 -0.61 ± 3.39 -1.94 ± 2.48 -2.06 ± 2.25 
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interaction effects found among the examined variables. The perceived mental effort 

ratings are presented in Table 4.6 and Figure 4.5. 

 

4.3.4.2 Affect. Significant main effect was found for exercise intensity with a  

large effect size F(1.447, 66.581) = 99.567, p < 0.001, η2
p = 0.684]. Contrasts revealed 

that affective responses during very light intensity significantly differed from mental 

effort during rest [F(1, 46) = 4.479, p = 0.040, η2
p = 0.089]. Participants also rated their 

affect significantly differently during moderate exercise intensity as compared to light 

intensity level [F(1, 46) = 17.387, p < 0.001, η2
p = 0.274]. Affect was also significantly 

lower in vigorous intensity as compared to moderate intensity level [F(1, 46) = 77.242, 

p < 0.001, η2
p = 0.627]. Similarly, affect during vigorous exercise intensity was found to 

be significantly higher than near maximal intensity level [F(1, 46) = 133.249, p < 0.001, 

η2
p = 0.743]. However, there was no significant difference found between affective 

responses during very light and light exercise intensity level [F(1, 46) = 0.193, p = 

0.663, η2
p = 0.004].Such findings indicate that affect ratings were significantly different 

across all exercise intensity levels, except between very light and light exercise intensity 

levels. The affective responses are presented in Table 4.7 and Figure 4.6. 

There was no significant main effect of condition [F(1, 46) = 0.982, p = 0.327, 

η2
p  = 0.021]. This suggests that affective responses of participants did not differ 

between mental fatigue and control conditions. Among the between-subject factors, 

there was no significant main effect of gender [F(1, 46) = 0.040, p = 0.843, η2
p  = 

0.001]; as well as activity levels [F(1, 46) = 0.899, p = 0.348, η2
p = 0.019].  

There was a significant interaction between exercise intensity and gender with a 

medium effect size [F(1.447, 66.581) = 4.059, p = 0.034, η2
p = 0.081]. Contrasts 

revealed significant interactions when comparing between very light intensity and rest 
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[F(1, 46) = 4.980, p = 0.031, η2
p = 0.098]. Significant difference was also found 

between very light and light intensity level [F(1, 46) = 14.219, p < 0.001, η2
p = 0.236]; 

as well as between light and moderate intensity level [F(1, 46) = 11.616, p = 0.001, η2
p 

= 0.202].  

 

 

Figure 4.6. Effects of mental fatigue on affective responses during maximal treadmill 

walking exercise test across gender groups. A: females B: males. Data presented as 

mean ± 95CI.  

 

4.3.5 Response categorisation of developed physical exertion and mental 

effort rating scales. Rasch analysis was conducted to examine the response 

categorisation functioning of the developed physical exertion and mental effort rating 

scales. The analysis yielded valid model statistics for both the physical exertion and 

mental effort rating scale. For the analysis of physical exertion rating scale, the person 

reliability coefficient and person separation index were 0.98 and 6.41 respectively; and 

the item reliability coefficient and item separation index were 0.99 and 11.67 

respectively. For the mental effort rating scale, the person reliability coefficient and 

person separation index were 0.97 and 5.52 respectively; and the item reliability 
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coefficient and item separation index were 0.99 and 9.73 respectively. Various rating 

scale diagnostics such as category frequencies, average measures, fit statistics, threshold 

estimates and category probabilistic curves were used to assess the functioning of both 

rating scales. The rating scale diagnostics for the physical exertion and mental effort 

rating scale are presented in Table 4.8 and 4.9 respectively.  

 

Table 4.8 

Rating scale diagnostics for developed physical exertion rating scale  

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 208 -8.45 None 1.28 1.24 

1 243 -6.22 -7.35 0.92 1.19 

2 275 -3.91 -5.03 0.84 0.96 

3 194 -2.16 -2.67 0.63 0.64 

4 206 -0.77 -1.52 0.82 1.08 

5 197 0.57 -0.05 0.67 0.67 

6 169 1.72 1.27 0.68 0.66 

7 139 2.68 2.38 0.65 0.66 

8 178 3.70 2.94 0.96 4.96 

9 190 5.13 4.20 0.66 2.70 

10 202 7.06 5.83 1.62 1.43 

 

Table 4.9 

Rating scale diagnostics for developed mental effort rating scale  

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 265 -6.03 None 1.03 1.03 

1 148 -4.29 -4.72 0.84 0.90 

2 322 -2.82 -3.70 0.84 0.94 

3 210 -1.62 -1.81 0.69 0.63 

4 253 -0.58 -1.32 1.06 1.73 

5 205 0.42 0.09 0.67 0.83 

6 186 1.25 0.86 0.87 2.15 

7 108 1.93 2.03 0.72 1.23 

8 161 2.64 1.76 0.91 1.49 

9 113 3.59 3.21 0.85 1.00 

10 130 5.04 3.61 1.67 1.52 
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4.3.5.1 Category frequencies. The category frequencies for both the physical 

exertion and mental effort rating scale were found to be normally distributed with 

acceptable skewness of 0.61 and 0.59 respectively. All response categories for both 

scales were also found to meet the recommended minimum of ten responses per 

category. This suggests that all rating scale categories in both scales provided enough 

responses for stable estimation of category threshold values. 

 

4.3.5.2 Average measures. The average measures were found to function as 

expected, which increase monotonically across all the categories for both scales. The 

mean increase in average measures between the response categories for the physical 

exertion and mental effort rating scale were found to be 1.55 log-odd units (logits) and 

1.11 logits respectively. This result suggests that participants who perceived greater 

physical exertion or mental effort endorsed the higher categories, and those who 

perceived less endorsed the lower categories. 

 

4.3.5.3 Fit statistics. All response categories of the physical exertion rating scale 

were found to fulfil the recommended criterion (Linacre, 2002) except for category 8 

and 9, with outfit mean square values greater than two. Similarly, response category 6 

of the mental effort rating scale violated this criterion. This suggests that these 

categories were introducing excessive randomness into the measurement, which 

warrants further empirical investigation. 

 

4.3.5.4 Threshold estimates. The threshold estimates for the physical exertion 

rating scale were found to increase monotonically across the rating scale, which 

suggests that the categories are ordered properly. Most of the threshold estimates for the 
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physical exertion rating scale were found to meet the recommended increase of at least 

1.4 logits except for response categories 4, 6, 7 and 8. On the other hand, the threshold 

estimates for the mental effort rating scale did not increase monotonically. There was a 

disordered threshold estimate found in response category 8. In addition, the adjacent 

threshold estimates in response categories 2, 4, 6, 7, 8, 10 were found to increase less 

than 1.4 logits. This result suggests that these problematic categories did not show 

enough empirical distinction between categories and may potentially combine with 

adjacent categories to optimise the use of the rating scale. 

 

4.3.5.5 Category probabilistic curves. The Rasch model category probability 

curves for each of the response categories of the physical exertion scale are illustrated in 

Figure 4.7. As illustrated in the figure, all categories had a distinct peak, implying that 

each category is most likely to be endorsed at a given level of physical exertion. 

However, response category 7 showed a peak over a much smaller range of physical 

exertion as compared to other categories. This could be attributed to the relatively close 

threshold estimates between categories 6, 7 and 8, and is a potential candidate for 

collapsing and combining with adjacent categories to optimise the response 

categorisation of the physical exertion rating scale.  
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Figure 4.7. Rasch model category probabilistic curves for developed physical exertion 

rating scale. The x-axis represents physical exertion in log-odd units. 

 

The category probabilistic curves for the response categories of the mental effort 

rating scale are shown in Figure 4.8 below. Every response category was found to have 

a distinct peak except for response category 7. This indicates that category 7 was never 

a likely category to endorse given any level of mental effort, which suggests that 

category 7 should be combined with either of the adjacent categories to optimise the use 

of the mental effort rating scale. 
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Figure 4.8. Rasch model category probabilistic curves for developed mental effort 

rating scale. The x-axis represents mental effort in log-odd units.  

 

4.3.6 Optimisation of physical exertion rating scale. The rating scale 

diagnostic results have suggested that the response categorisation of the physical 

exertion rating scale was not optimal. Specifically, response categories 8 and 9 showed 

excessive randomness to the measurement with large outfit mean square values. 

Furthermore, from the category probabilistic curves, response category 7 showed that it 

was less likely for participants to endorse it given any level of physical exertion. 

Therefore, these problematic categories required further analysis in collapsing them 

with adjacent categories to optimise the functioning of the physical exertion rating 

scale.  

It was found that the combination that satisfied all rating scale diagnostics was a 

response categorisation whereby categories 6 and 7 are collapsed together and 

combination of categories 8, 9 and 10, as presented in Table 4.10. This revised rating 

scale with eight categories also shows distinct peaks for each response category, as 

illustrated in Figure 4.9. However, it is important to be mindful of such a revision to the 
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rating scale, as combining categories 8, 9 and 10 together implies that the revised rating 

scale does not differentiate between “high exertion” and “maximal exertion” responses. 

This is an unsound revision, considering the importance of distinguishing exercise 

intensity levels between high and maximal physical exertion during physical activities. 

 

Table 4.10 

Rating scale diagnostics of revised physical exertion scale after combination of 

categories 6 and 7, and 8, 9, 10 

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 208 -8.51 None 1.54 1.48 

1 243 -5.85 -7.38 1.03 1.65 

2 275 -2.83 -4.30 0.89 0.99 

3 194 -0.52 -1.30 0.60 0.59 

4 206 1.31 0.34 0.81 0.90 

5 197 3.08 2.30 0.82 0.96 

6+7 308 5.22 3.80 0.86 0.99 

8+9+10 570 7.69 6.54 0.92 0.95 

 

 

Figure 4.9. Rasch model category probabilistic curves for revised physical exertion 

rating scale with eight categories. The scale was shortened by combining categories 6 

and 7, and 8, 9, 10. The x-axis represents physical exertion in log-odd units.  
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In view of such a consideration to discriminate between high and maximal 

exertion during exercise, it was found that a revised rating scale whereby categories 6 

and 7 are collapsed together and categories 8 and 9 are combined, produced relatively 

satisfactory rating scale diagnostics, as shown in Table 4.11. The revised rating scale 

yielded acceptable diagnostic results except that collapsing categories 8 and 9 together 

produced a large outfit mean square value of 5.07. This suggests that there is still excess 

randomness in this newly combined response category based on the present data. 

Nevertheless, the revised scale with nine response categories shows distinct peaks for 

each response category, as presented in Figure 4.10. Each response category covers a 

reasonable length of the scale, which suggests that each category represents a distinct 

level of perceived exertion. These results suggest that a rating scale with fewer 

categories is more optimal to measure physical exertion than the typically employed 0-

10 response categorisation. 

 

Table 4.11 

Rating scale diagnostics of revised physical exertion scale after combination of 

categories 6 and 7, 8 and 9 

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 208 -8.65 None 1.32 1.27 

1 243 -6.20 -7.50 0.93 1.24 

2 275 -3.58 -4.85 0.82 0.91 

3 194 -1.58 -2.22 0.57 0.56 

4 206 -0.01 -0.85 0.79 0.87 

5 197 1.50 0.85 0.70 0.75 

6+7 308 3.33 2.07 0.74 0.75 

8+9 368 6.27 4.45 0.92 5.07 

10 202 9.18 8.06 1.48 1.37 
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Figure 4.10. Rasch model category probabilistic curves for revised physical exertion 

rating scale with nine categories. The scale was shortened by combining categories 6 

and 7, and 8 and 9. The x-axis represents physical exertion in log-odd units.  

 

4.3.7 Optimisation of mental effort rating scale. Similarly, the rating scale 

diagnostic results indicate that the response categorisation of the mental effort rating 

scale was not optimal. Threshold estimates for many response categories were found to 

be too close to one another, and category 8 had a disordered threshold estimate. From 

the category probabilistic curves, it was shown that category 7 was never a likely 

category to endorse given any level of mental effort, being the category with the lowest 

frequency of responses. Therefore, these problematic categories required further 

analysis in collapsing them with adjacent categories to optimise the functioning of the 

mental effort rating scale.  

As many threshold estimates were found to be too close together in the original 

scale structure, different variations of combining adjacent categories were tested. Rating 

scale diagnostics served as guidelines to attain optimal combination of adjacent 

categories. Two optimal revised rating scale structures were found with seven response 
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categories: revised scale A and B. Revised scale A was formed by combining categories 

3 and 4, 5 and 6, 7 and 8, 9 and 10, while revised scale B was formed by combining 

categories 2 and 3, 4 and 5, 6 and 7, 8 and 9. Both revised scales yielded satisfactory 

values for all rating scale diagnostic measures, as presented in Table 4.12 and 4.13. The 

category probabilistic curves for both revised scale A and B also show distinct peaks for 

all categories, as presented in Figure 4.11 and 4.12 respectively. The category 

probabilistic curves indicate that each response category represents a sufficient range 

for which it is most likely to be endorsed in both scales. Although arguments could be 

made in support for both scales, revised scale A has less dispersion of observations 

across the response categories (SD = 83.68) as compared to revised scale B (SD = 

135.94). This suggests that revised scale A has more uniform utilisation frequency over 

all categories as compared to revised scale B. In addition, the difference in average 

measures between categories in revised scale A (SD = 0.32) is also less varied as 

compared to revised scale B (SD = 0.44). This suggests that each response category in 

revised scale A covers relatively more equal range of mental effort than revised scale B. 

 

Table 4.12 

Rating scale diagnostics for revised mental effort scale A after combination of 

categories 3 and 4, 5 and 6, 7 and 8, 9 and 10 

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 265 -6.65 None 1.11 1.08 

1 248 -4.64 -5.43 0.88 0.90 

2 322 -2.70 -3.76 0.93 0.95 

3+4 463 -0.18 -1.73 0.93 1.17 

5+6 391 2.58 1.35 0.87 1.94 

7+8 269 4.81 3.87 0.88 1.51 

9+10 243 6.91 5.70 1.25 1.25 
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Table 4.13 

Rating scale diagnostics for revised mental effort scale B after combination of 

categories 2 and 3, 4 and 5, 6 and 7, 8 and 9 

Category 

Label 

Observed 

Count 

Average 

Measure 

Threshold 

Estimates 

Infit 

 Mean 

Square 

Outfit Mean 

Square 

0 265 -7.36 None 1.12 1.13 

1 248 -5.42 -6.11 0.88 0.90 

2+3 532 -2.84 -4.71 0.91 0.92 

4+5 458 0.42 -1.04 0.92 1.18 

6+7 294 2.77 1.94 0.79 1.37 

8+9 274 5.00 3.61 0.93 1.30 

10 130 7.45 6.30 1.50 1.42 

 

 

Figure 4.11. Rasch model category probabilistic curves for revised mental effort rating 

scale A with seven categories. The scale was shortened by combining categories 3 and 

4, 5 and 6, 7 and 8, 9 and 10. The x-axis represents mental effort in log-odd units.  
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Figure 4.12. Rasch model category probabilistic curves for revised mental effort rating 

scale B with seven categories. The scale was shortened by combining categories 2 and 

3, 4 and 5, 6 and 7, 8 and 9. The x-axis represents mental effort in log-odd units.  

 

4.3.8 Summary of results. An overview of all the study findings pertaining to 

the study’s aims and hypothesis are summarized in Table 4.14 below.  
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Table 4.14  

Summary of Study 2’s findings 

No. Study’s Aims Hypothesis Key Findings 

1 To examine the 

effects of mental 

fatigue on 

perception of 

exercise intensity 

Mental fatigue 

would 

negatively 

influence all 

three perceptual 

responses 

• Greater physical exertion was 

found under mental fatigue than 

control condition 

• Increase in physical exertion 

across intensity levels was 

greater under mental fatigue 

than control condition 

• Increase in physical exertion 

under mental fatigue was greater 

in males than females 

2 To examine the 

effects of mental 

fatigue on 

externally paced 

treadmill exercise 

performance 

Mental fatigue 

would impair 

exercise 

performance of 

all participants 

• Exercise performance did not 

significantly differ between 

mental fatigue and control 

conditions among all 

participants 

3 To examine the 

response 

categorisation 

functioning of the 

mental effort and 

physical exertion 

rating scales 

A 0-10 response 

categorization 

would not be 

optimal for 

measurement of 

mental effort and 

physical exertion 

• The functioning of 0-10 

response categorisation was 

found to be suboptimal for both 

rating scales 

• Physical exertion rating scale 

was revised to nine categories  

• Mental effort rating scale was 

revised to seven categories 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

138 
 

 

4.4 Discussion 

The aims of this study were to examine (1) the effects of mental fatigue on 

perception of exercise intensity, (2) the effects of mental fatigue on externally paced 

treadmill exercise performance among both active and inactive young adults, and (3) the 

response categorisation functioning of the mental effort and physical exertion rating 

scales. The findings were found to partially support the first hypothesis that mental 

fatigue would negatively influence all three perceptual responses. Contrary to the 

second hypothesis, the findings revealed that mental fatigue did not significantly impair 

the maximal treadmill walking exercise performance among all subgroups of 

participants. The results of present study also support the third hypothesis that the 

typical 0-10 response categorisation in a rating scale would not function optimally for 

the measurement of mental effort and physical exertion.   

The results demonstrated that performing the incongruent Stroop colour-word 

task for a duration of 30 minutes was able to induce mental fatigue among participants. 

This was evident in significantly higher perceived fatigue reported by participants after 

the mental fatiguing cognitive task. This finding agrees with past studies which 

employed similar protocols (MacMahon et al., 2019; Smith et al., 2016). Present 

findings also revealed that participants’ mood was significantly reduced under the 

mental fatigue condition as compared to the control condition. However, participants’ 

motivation to exercise was not significantly affected after performing the Stroop task, 

which is aligned with previous studies (Brownsberger et al, 2013; Smith et al., 2016).  

 

4.4.1 Effects of mental fatigue on perception of exercise intensity. Mental 

fatigue was found to influence the perception of exercise intensity. In partial agreement 
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with the hypothesis, mental fatigue significantly increased perceived physical exertion 

among the three perceptual responses measured. Participants perceived greater physical 

exertion despite no significant differences in physiological responses such as VO2 and 

HR between mental fatigue and control conditions. This is aligned with findings from 

past studies which purported that higher perception of effort resulting from mental 

fatigue was not associated with changes in physiological responses (Marcora et al., 

2009; Van Cutsem et al., 2017). This indicates that participants perceive the same 

exercise intensity to be physically harder after performing the Stroop task as compared 

to reading magazines leisurely. Interestingly, the effects of mental fatigue on physical 

exertion seem to differ across different exercise intensity levels. In particular, the 

increase in physical exertion between light and moderate exercise intensity was greater 

under mental fatigue. This suggests that the detrimental effects of mental fatigue on 

physical performance could be dependent on the intensity of the exercise task.  

Another interesting finding from present study was that the effects of mental 

fatigue on perceived physical exertion differed between gender groups. The increase in 

perceived physical exertion across exercise intensity levels was more pronounced in 

males as compared to their female counterparts. Since it was revealed that RPE 

responses should not differ between gender groups (Green, Crews, Bosak, & Peveler, 

2003), present study finding suggests that mental fatigue could have different influences 

on different gender groups. It has been previously found that central fatigue was larger 

in men than women (Martin & Rattey, 2007). Similarly, it could be possible that males 

experience the effects of mental fatigue to a larger degree as compared to females. Since 

most of previous studies on mental fatigue have been conducted on male samples, such 

results indicate that more attention should be given towards females to better understand 

any gender differences in the effects of mental fatigue on physical exercise. 
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One novel finding from this present study was that the influence of mental 

fatigue on effort perception was attributed to the increase in physical exertion and not 

mental effort. While previous studies quantified the psychophysiological stress using a 

single RPE score, this study shows that mental fatigue specifically increased the 

perceived physical strain of exercise among participants as compared to other 

sensations. Although the two perceptual responses are closely associated (Swart et al., 

2012), present study findings indicate that mental fatigue has different effects on the 

two perceptual responses. This further supports the proposition of this thesis that mental 

effort and physical exertion are different perceptual cues.  

In contrast to physical exertion, mental effort did not significantly differ 

between mental fatigue and control conditions. Previously, it has been demonstrated 

that perceived mental effort remained high pre- and post-exercise after performing a 

cognitively demanding task (Penna et al., 2018). Present findings further advance this 

knowledge by showing that perceived mental effort during exercise was not affected by 

mental fatigue. It was posited that mental effort would increase if physiological 

homeostasis is perturbed (Swart et al., 2012). Since physiological responses were 

unaffected between conditions, this could explain why mental effect was not influenced 

by mental fatigue.  

Contrary to the hypothesis, affective responses during exercise were found to be 

unaffected by mental fatigue as well. According to the dual-mode theory (Ekkekakis, 

2003, Ekkekakis et al., 2005), cognitive factors are expected to strongly influence 

affective responses when exercising at an intensity near ventilatory threshold. Present 

findings suggest otherwise as affective responses did not significantly differ between 

conditions. This could possibly attribute to the exercise protocol used in present study. 

Since the intensity of the exercise progressively increased every minute, the increasing 
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physiological demands may be more dominant in influencing affective responses as 

compared to the effects of mental fatigue. Nevertheless, to the best of my knowledge, 

present study is among the first to examine the effects of mental fatigue on affective 

responses during exercise. More research is necessary to provide conclusive evidence in 

this specific area of interest.  

 

4.4.2 Effects of mental fatigue on externally paced treadmill walking 

exercise performance. Aligned with previous studies (Pageaux et al., 2014; 

MacMahon, Hawkins, & Schücker, 2019; Smith et al., 2016), significant interaction 

between condition and time found for perceived fatigue and perceived mood suggests 

that mental fatigue was successfully induced in participants using the Stroop task. In 

spite of the mental fatigue, performance in the maximal treadmill walking exercise did 

not significantly differ between the two conditions among all subgroups of participants. 

This contrasts with findings from previous studies which found that performing 

cognitively demanding work would impair physical exercise performance 

(Brownsberger et al., 2013; Marcora et al., 2009; Pageaux et al., 2014). However, to the 

best of my knowledge, this is the first study examining the effects of mental fatigue on 

treadmill walking exercise performance.  

This contrasting result could be possibly attributed to the difference in 

regulatory behaviour between self-paced and externally paced exercise. It has been 

demonstrated that power output during self-paced exercise was consciously reduced 

under mental fatigue, hence impairing performance (MacMahon et al., 2014; Pageaux et 

al., 2014; Penna et al., 2018). However, in the present study, participants were subjected 

to an externally paced protocol, whereby they could not control the workload they were 

exercising at. Instead, participants could only decide when to terminate the exercise. 
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Future research is necessary to better understand any differences in effects of mental 

fatigue on self-paced and externally paced exercise performance.  

 In externally paced exercise, the effects of mental fatigue were less consistent. 

Mental fatigue has recently been shown to worsen performance in the Yo-Yo 

intermittent recovery test (Smith et al., 2016), and the beep test (MacMahon et al., 

2019). On the other hand, another previous study found that performing a cognitively 

demanding task did not affect beep test performance (Schücker & MacMahon, 2016). It 

is important to note that in comparison to these studies, the exercise mode employed in 

present study differed by using a walking protocol with increasing incline to progress 

the intensity. Hence, the contrasting results could be attributed to the differences in the 

physiological demands of the exercise. It has also been suggested that high motivation 

could negate any negative effects of mental fatigue (Schücker & MacMahon, 2016). In 

present study, it was found that the Stroop task did not negatively affect participants’ 

motivation to exercise. Hence, it is plausible that participants were highly motivated to 

perform even under mental fatigue conditions. While it was expected that active 

individuals to have high motivation to exercise, present study findings showed that 

motivation levels were unaffected among inactive individuals as well. This could be an 

attributing reason behind the finding that performance did not differ between trials in 

inactive participants.  

Interestingly, present study findings demonstrate that greater perceived physical 

exertion do not necessarily translate to deterioration in performance. It has been claimed 

that the detrimental effects of mental fatigue on exercise performance were due to 

higher effort perception (Marcora et al., 2009; Van Cutsem et al., 2017). While present 

study findings support the claim of greater perceived exertion under mental fatigue, 

performance was not significantly impaired in contrast to previous studies. It is 
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noteworthy the significant effect of mental fatigue on physical exertion was medium 

(η2
p = 0.087), and it is possible that the increase was not large enough to induce an 

impairment in performance. These findings also suggest that other perceptual cues such 

as mental effort and affect could play more important roles than physical exertion in 

influencing performance of similar nature, which should be further explored in future 

studies.  

 

4.4.3 Response categorisation functioning of mental effort and physical 

exertion rating scales. Results from the Rasch analysis support the study’s hypothesis 

that using a 0-10 response categorisation in a rating scale would not be optimal for the 

measurement of mental effort and physical exertion. Problematic response categories 

were identified based on the rating scale diagnostics, and these categories were 

collapsed with adjacent categories to improve the functioning of both rating scales.  

In the physical exertion rating scale, response categories 7, 8 and 9 were 

identified to be problematic. Specifically, categories 8 and 9 had large outfit mean 

square values, which indicated excessive randomness in the measurement. The category 

probabilistic curves also revealed that response category 7 was unlikely to be endorsed 

by participant given any level of physical exertion. This could be attributed to the 

relatively close threshold estimates between categories 6, 7 and 8, which suggests that 

participants could be confused over their ratings using these categories. It has been 

recommended that threshold estimates should increase by at least 1.4 logits and not 

more than five logits (Linacre, 2002). The relatively small magnitudes between the 

threshold estimates of these categories indicate insufficient distinction between them. 

Given that vigorous exercise intensity level corresponds to a RPE range between 

somewhat hard and very hard exertion (ACSM, 2018), this could possibly further 
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explain the confusion among these response categories, which used similar verbal 

desriptors. Different participants who perceived similar exercise intensity levels may 

have endorsed different categories as a result.  

The scale was revised by collapsing these problematic response categories with 

either of the adjacent categories, with the aim to eliminate noise and improve clarity 

between categories (Bond & Fox, 2015). Similar rating scale diagnostics were used as 

guidelines to compare various combinations of response categories. Results revealed 

that the scale improved its functioning with a reduction in response categories by 

collapsing categories 6 and 7, as well as 8 and 9 together. This was evident in attaining 

satisfactory magnitude differences between threshold estimates across all categories in 

the revised scale, which suggests improved distinction between the categories. In 

addition, the category probabilistic curves of the revised scale also showed distinct 

peaks for each response category, which suggests that each category represents a 

distinct level of perceived physical exertion.  

Similarly, the 0-10 response categorisation was found to be suboptimal for the 

measurement of mental effort during exercise. Several of the threshold estimates were 

found to be too close to each other, which suggests there were no clear contrasts 

between the response categories. Furthermore, category 8 also had a disordered 

threshold estimate, indicating that this problematic category did not function as 

expected. The category probabilistic curves also revealed that category 7 was 

submerged among the other categories, which implies that this category was an 

improbable choice to endorse given any level of mental effort. The rating scale was 

revised to a 7-category instrument to improve its functioning, by combining categories 3 

and 4, 5 and 6, 7 and 8, 9 and 10. The revised scale showed satisfactory results for all 
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rating scale diagnostics, which suggests the use of seven categories was a better choice 

in measuring mental effort during exercise.  

It has often been assumed that assigning a certain number of categories on a 

rating scale would function optimally without any empirically testing (Bond & Fox, 

2015; Linacre, 2002). Present study findings have shown that it is imperative to 

empirically examine the quality of a rating scale to verify such assumptions. As 

demonstrated in present study findings and previous similar studies ((Decruynaere et al., 

2009; Pesudovs & Noble, 2005), Rasch analysis offers as a viable statistical approach to 

assess the functioning of rating scales. As aligned with one of the thesis aims to develop 

optimised rating scales to measure mental effort and physical exertion separately, 

validity of the rating scales with the revised response categorisation was further 

examined in Study 3.  

 

4.4.4 Limitations and recommendations for future studies. One limitation of 

the present study is the duration of the mental fatigue task protocol. Due to time 

constraints, the duration of the experimental cognitive task used in this study was 30 

minutes long. Although it was found that the task successfully induced mental fatigue in 

participants based on the VAS scores, readers should note the differing degree of mental 

fatigue in comparison with other similar studies. Future studies could compare the 

effects of experimental protocols with differing duration to further examine the 

influence of mental fatigue on exercise performance. 

Another limitation of the study was the criteria used to quantify the activity 

levels of participants recruited. In present study, a binary classification method was 

used to segregate individuals based on their aerobic physical activity levels. Hence, it is 

expected that the degree of physical activity may vary within groups. Hence, readers 
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should be cautious in generalising the present results to the sedentary population as 

there could be differences between extremely sedentary individuals and the inactive 

participants recruited in this study.  

Present study is the first to use a multidimensional approach to examine the 

effects of mental fatigue on multiple perceptual responses during exercise. The results 

suggest that effects of mental fatigue could differ for different perceptual responses. 

Future studies could consider using similar approach to examine how such differing 

effects may influence self-paced exercise performance.  

 

4.4.5 Practical implications. The results of the present study may provide some 

practical applications. One important implication is to discourage the use of solely 

physiological responses to regulate exercise intensity. Similar physiological responses 

could represent higher training load among mentally fatigued individuals, as they are 

likely to perceive greater physical exertion. Since mental fatigue is commonplace in 

most individuals’ daily lives, it is recommended to prescribe exercise intensity based on 

perceptual responses instead to maintain similar training load. Present findings suggest 

that exercise intensity should be monitored based on specifically physical exertion since 

it is the cue significantly influenced by mental fatigue.   

 

4.5 Conclusion 

This study showed that mental fatigue could influence perception of exercise 

intensity in absence of any changes in physiological responses. Specifically, participants 

perceived greater physical exertion at similar exercise intensity levels under mental 

fatigue conditions. On the other hand, mental effort and affective responses were 

unaffected. Despite the increased physical exertion, exercise performance was not 
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impaired by mental fatigue among all subgroups of participants. Such finding highlights 

that increased perceived physical exertion does not necessarily imply reduction in 

performance. 

Finally, this study also demonstrated that in the development of rating scales, the 

response categorisation functioning should be empirically examined. The typically used 

0-10 response categorisation was found to be suboptimal in the measurement of mental 

effort and physical exertion during exercise. The use of Rasch analysis offers a viable 

approach to examine whether respondents use the rating scale in the expected manner. 

Revision of the physical exertion and mental effort rating scales to nine and seven 

categories respectively improved the response categorisation functioning.   
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Chapter 5: Study 3 

Roles of Mental Effort, Physical Exertion, and Affect in Regulation of Preferred 

and Prescribed Exercise Intensity  

5.1 Introduction 

Regulation of exercise performance, also termed pacing, refers to the variation 

in work rate during physical activities (Foster, Schrager, Snyder, & Thompson, 1994). 

Given that pacing is a key characteristic of all endurance activities (Edwards & Polman, 

2013; Smits et al., 2014), its influence on performance has been extensively studied 

across various sports such as athletics (Abbiss & Laursen, 2008; De Koning et al., 

2011), cycling (Hettinga, De Koning, Broersen, Van Geffen, & Foster, 2006; Jones et 

al., 2014; Swart et al., 2012), swimming (Mauger, Neuloh, & Castle, 2012; McGibbon, 

Pyne, Shephard, & Thompson, 2018) as well as rowing sports (Bishop, Bonetti, & 

Dawson, 2002; Garland, 2005). Besides sport performance, pacing has been claimed to 

play an equally important role in the physical activities undertaken in everyday life 

(Thiel et al., 2018).  

Effort perception has been proclaimed to be a key regulator of exercise (Marcora 

& Staino, 2010; Tucker, 2009) with evidence of a linear relationship between ratings of 

perceived exertion (RPE) and exercise duration (Crewe et al., 2008; Noakes, 2004, 

2008a; Pires et al., 2011). Pacing strategy has been suggested to be based on a RPE 

template (Schallig et al., 2018; Tucker, 2009). On the other hand, affective valence is 

also suggested to influence individuals’ decision to alter their power output, whereby 

negative affect is associated with reduction in work rate and vice versa (Baron et al., 

2009). This has been supported by studies demonstrating that affect had stronger 

association with pacing strategies as compared to RPE (Jones et al., 2014; Renfree et 
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al., 2012). These findings suggest that both effort perception and affect clearly play 

influential roles in how individuals regulate exercise.  

Similarly, studies have shown that individuals could regulate exercise based on 

effort perception (Ciolac et al., 2015; Parfitt et al., 2012c) as well as affective valence 

(Parfitt et al., 2012b; Rose & Parfitt, 2008). Since both perceptual cues are associated 

with pacing strategies (Baron et al., 2009; Tucker, 2009), it is likely that individuals 

regulate intensity of daily physical activities based on these cues. However, it remains 

uncertain which perceptual cue is a stronger determinant of how individuals regulate 

exercise intensity. Furthermore, if exercise intensity is viewed as a perceptual sensation, 

individual differences could influence how intensity is perceived. According to the 

global model of perceived exertion (Noble & Robertson, 1996), it was proposed that 

exercise experience could influence perceptual responses. Such differences could 

influence how exercise is regulated as well (Tucker, 2009). For example, it has been 

found that athletes of higher performance levels exhibited lower variability in speed 

during marathon running as compared to their counterparts of lower performance levels 

(Santos-Lozano, Collado, Foster, Lucia, & Garatachea, 2014). Hence, similar 

differences could exist in regulation of exercise intensity between active and inactive 

individuals with contrasting exercise experiences. Since most individuals regulate 

exercise intensity based on perceptual sensations, understanding individual differences 

has important implications for exercise prescription for different groups of individuals.  

Considering the use of these rating scales for exercise intensity prescription, 

validity of these scales need to be first established. Validation of effort perception rating 

scales has been commonly established based on concurrent and construct validity 

(Robertson et al., 2000; Utter et al., 2004). Since physiological responses such as VO2 

and HR are the recommended methods of monitoring exercise intensity (ACSM, 2018), 
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it is important to ensure that the mental effort and physical exertion rating scales are 

strongly associated with these physiological responses. In addition, both perceptual 

responses are expected to be closely related to Borg’s RPE, which is the gold standard 

measure of effort perception during exercise.  

This study has a total of four specific aims. The first aim of this study was to 

examine the influence of mental effort, physical exertion and affect in regulation of 

preferred intensity and prescribed intensity exercise. It was hypothesised that the 

dominant perceptual cue in regulation of exercise would differ between the two exercise 

prescription approaches. The second aim of this study was to compare between how 

active and inactive individuals perceive and regulate exercise intensity. It was 

hypothesised that both groups of individuals would differ in perceived intensity levels 

and regulate exercise in a different manner. The third aim of this study was to examine 

the concurrent and construct validity of both revised mental effort and physical exertion 

rating scales. It was hypothesised that both scales would be significantly associated with 

physiological responses as well as RPE derived from Borg’s RPE scale. The fourth aim 

was to compare between the use of a multidimensional approach and a gestalt RPE 

score to measure the psychophysiological strain during exercise. It was hypothesised 

that composite scores based on mental effort, physical exertion and affective responses 

would be significantly associated with physiological responses and Bog’s RPE. 

 

5.2 Methods  

5.2.1 Participants. Fifty young male (n = 25) and female (n = 25) adults were 

recruited to participate in this study. Inclusion criteria was as follows: (a) aged between 

18 to 35 years old, (b) no present medical conditions that might interfere with the study 

procedures, (c) healthy body mass index (BMI) between 18.5 and 24.9, (d) not 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

151 
 

pregnant, and (e) non-smoker. Participants who do not meet the criteria above were 

excluded from the study.  

The recruited sample groups consisted of 12 sedentary females, 13 active 

females, 13 sedentary males, and 12 active males. Among these participants, one had 

participated in Study 1, two had participated in Study 2, and three had participated in 

both previous studies. Participants were asked to report their typical weekly physical 

activity levels by completing the global physical activity questionnaire (Appendix 5, p. 

246). Participants were considered sedentary if their self-reported aerobic physical 

activity levels did not meet the recommendation of at least 30 minutes of moderate-

intensity exercise three times per week in the last three months. Based on a priori power 

analysis (G*Power 3.1.9.3) using a power of 0.80 and error probability of 0.05, a 

sample size of at least seven participants was required in each of the four groups to 

detect a small effect size of partial eta-squared (η2p) = 0.06. Post-hoc power analysis 

based on study sample size and observed effect sizes revealed that the computed 

achieved power ranged between 0.958-1.00 for the main analyses. Table 5.1 provides 

the descriptive characteristics of participants of each subgroup.  

All subjects signed a written consent form (Appendix 9, p. 260) and indemnity 

form (Appendix 2, p. 241) to indicate their agreement to participate in the study. For 

subjects under 21 years old, their parents or legal guardians gave their written consent to 

participate. The investigation was approved by the Institutional Review Board of 

Nanyang Technological University (Appendix 7, p. 257) 
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Table 5.1 

Descriptive characteristics of participants for Study 3 (mean ± SD) 

 

Inactive 

females 

mean ± SD 

Active  

females 

mean ± SD 

Inactive  

males 

mean ± SD 

Active  

males 

mean ± SD 

Age (yr) 24.42 ± 4.12 23.00 ± 3.34 26.00 ± 2.42 23.50 ± 1.88 

Height (cm) 161.33 ± 6.27 158.23 ± 4.94 170.77 ± 6.71 171.67 ± 4.91 

Weight (kg) 56.63 ± 4.74 51.78 ± 7.24 62.13 ± 11.11 66.70 ± 7.55 

BMI (kg∙m-2)  21.78 ± 1.63 20.65 ± 2.52 21.27 ± 3.32 22.57 ± 1.45 

Body fat (%) 27.36 ± 5.80 22.57 ± 6.31 15.95 ± 5.60 15.21 ± 3.70 

VO2max (ml∙kg-1∙min-1) 35.44 ± 3.71 43.69 ± 6.34 42.61 ± 6.20 47.78 ± 4.96 

Physical activity levels (MET-min∙wk-1) 1115.00 ± 618.33 3455.08 ± 1974.07 939.38 ± 712.19 2775.67 ± 981.77 
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5.2.2 Procedures. All participants visited the laboratory on two separate 

occasions, at least two days apart, at the same time of the day to minimise any circadian 

effects. On the first visit, participants performed a maximal graded treadmill test to 

determine their cardiorespiratory fitness levels. On the second visit, participants 

performed two self-paced treadmill exercises. The exercises were performed in the 

order of a preferred intensity exercise for 10 minutes, followed by a prescribed intensity 

exercise for 15 minutes. All sessions were conducted after a 2-hour fast and participants 

were required to refrain from any strenuous physical activity, caffeine, and alcohol 24 

hours before the trials. Participants were provided sufficient time to do their own warm-

up and cool-down before and after all exercise trials respectively.  

During the first visit, anthropometric measures of participants were collected. 

The height (in m) of participants was measured with a stadiometer (Seca 242, Germany) 

and the body mass (in kg) was measured with a digital scale (ID1Plus, Mettler-Toledo, 

Albstadt, Germany). The BMI (in kg.m-2) of each participant was calculated as the body 

mass (in kg) divided by the square of the height (in m2). Body fat (in %) was measured 

with a bioelectrical impedance analysis machine (InBody 720, Biospace Co, Seoul, 

Korea).  

 

5.2.2.1 Maximal graded treadmill test. In the first session, all participants 

underwent a maximal graded treadmill test (Woodway ELG 70/200 Sport, 

Steinackerstr, Denmark) to determine their cardiorespiratory fitness levels (VO2max). 

The test was based on the Bruce treadmill protocol (Bruce, Kusumi, & Hosmer, 1973), 

which consisted of multiple stages with progressive increase in exercise workload. Each 

exercise stage was three minutes long in duration, and all participants worked to 

volitional exhaustion with strong verbal encouragement provided throughout. The test 
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protocol began with walking at a speed of 2.7 km (1.7 miles) per hour at 10% grade, 

with increase in both the treadmill speed and grade every stage. Physiological measures 

were measured based on the same procedures as Study 1 and Study 2. Please refer to 

section 3.2.2.1 for details on how physiological responses were measured and criteria to 

identify VO2max. In addition, participants rated their mental effort, physical exertion and 

affect during the last minute of each exercise stage.  

 

5.2.2.2 Preferred intensity exercise. On the second visit, participants performed 

two self-paced exercises on the treadmill. They were first instructed to exercise at a 

preferred intensity level for 10 minutes. Participants were instructed to select an 

intensity that they usually preferred to exercise at, and the intensity level should be 

sustainable for at least 10 minutes. The treadmill grade was set at 1% throughout the 

exercise to account for the energetic cost of outdoor running (Jones & Doust, 1996), and 

participants were free to adjust the speed at any point of time during the exercise. 

However, all information of the treadmill was undisclosed to participants except for the 

time duration of exercise. Physiological responses, perceptual responses and the 

treadmill speed were recorded at the end of every minute. Upon termination of exercise, 

participants were given 10 minutes of rest before the commence of the prescribed 

intensity exercise.  

 

5.2.2.3 Prescribed intensity exercise. For the prescribed intensity exercise, 

participants performed self-paced exercise on the treadmill for a total duration of 15 

minutes at three different perceived intensity levels in the order of light, moderate and 

vigorous intensity. Participants exercised at each intensity level for five minutes 

continuously with no break in between. Prior to the exercise, participants were given 
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standardised definitions of each respective intensity level. Aligned with the physical 

activity guidelines by Singapore’s Health Promotion Board (2011), light intensity was 

defined as “minimal increase in breathing and heart rate”, moderate intensity was 

defined as “noticeable increase in breathing and heart rate”, and vigorous intensity was 

defined as “large increase in breathing and heart rate”. Similar to the preferred intensity 

exercise, the treadmill grade was set at 1% throughout the exercise, and participants 

were free to adjust the speed at any point of time during the exercise to maintain the 

respective intensity levels. At the end of the fifth and tenth minute of the exercise, 

participants were reminded to adjust the speed to correspond to what they perceived to 

be moderate and vigorous intensity respectively. Similar to the preferred intensity 

exercise protocol, all information of the treadmill was undisclosed to participants except 

for the time duration of exercise. Physiological responses, perceptual responses and the 

treadmill speed were recorded at the end of every minute. 

 

5.2.2.4 Perceptual measurements. In all exercise sessions, participants were 

asked to rate their perceived mental effort, physical exertion and affect in a randomised 

order. Prior to all exercise trials, a standardised set of instructions of each rating scale 

was explained and the researcher ensured that the participants understood the difference 

between the measures.  

Affective responses were obtained using the Feeling Scale (Hardy & Rejeski, 

1989). Physical exertion and mental effort were measured using the rating scales with 

revised response categories in Study 2 (see Figure 5.1). Participants indicated their level 

of perceived physical exertion on a nine-point rating scale ranging from 0 (no exertion 

at all) to 8 (maximal exertion). Similarly, participants expressed their level of mental 

effort during exercise on a seven-point rating scale ranging from 0 (very, very low 
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mental effort) to 7 (very, very high mental effort). During the maximal graded treadmill 

test, one additional undifferentiated RPE score was recorded using the Borg’s 6-20 RPE 

scale (Borg, 1998). 

 

 

Figure 5.1. Revised physical exertion and mental effort rating scales.  

 

5.2.3 Statistical analysis. Concurrent and construct validity of the developed 

physical exertion and mental effort rating scales were examined using linear regression 

analyses. Both %VO2max and %HRmax responses during the maximal graded treadmill 

test were separately regressed against mental effort and physical exertion ratings to 

determine concurrent validity. RPE responses derived from the Borg’s RPE scale were 

separately regressed against mental effort and physical exertion ratings to examine 

construct validity.  

To explore the factorial structure of using a multidimensional approach to 

measure the psychophysiological strain during exercise, measurements of mental effort, 

physical exertion and affect during the maximal graded treadmill test were subjected to 
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an exploratory factor analysis (EFA) with oblique rotation (direct oblimin). Linear 

regression analyses were then performed to compare between the multidimensional 

approach and the use of Borg’s RPE to regulate exercise intensity. %VO2max, 

%HRmax, and Borg’s RPE responses were separately regressed against the factor 

scores computed from the EFA using the Anderson-Rubin method. 

Independent-samples t-tests were conducted to examine the differences in 

preferred intensity and the respective prescribed intensity levels between active and 

inactive individuals based on physiological responses. Physiological responses were 

first averaged for each respective intensity level and expressed as relative scores of 

individual’s characteristics (%VO2max and %HRmax). Cohen´s d was selected as 

standardised effect size of mean differences and deemed as: (i) 0.2<|d|<0.5 trivial; (ii) 

0.5<|d|≤0.8 medium; (iii) |d|>0.8 large (Cohen, 1988, 1992).  

To examine the regulation of preferred intensity exercise, mixed analysis of 

variance (ANOVA) was conducted to examine the differences in selected speed during 

preferred intensity exercise with time as within-subject factor and physical activity 

levels as between-subject factor. Mixed multivariate analysis of variance (MANOVA) 

was employed to examine the differences in perceptual responses during preferred 

intensity exercise with time as within-subject factor and physical activity levels as 

between-subject factor. Bivariate Pearson correlations were conducted separately for 

active and inactive individuals to examine the relationships between the change in 

speed, change in the respective perceptual responses and duration of exercise. 

Significance of difference between correlation coefficients for both groups were 

compared using observed z statistics, after conducting Fisher r-to-z transformation. 

Significant variables were then included in a multiple linear regression model, using the 

enter method to further examine the relationship between the variables.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

158 
 

To examine the regulation of prescribed intensity exercise, mixed ANOVA was 

conducted to examine the differences in selected speed with exercise intensity (light, 

moderate and vigorous) and time as within-subject factors, and physical activity levels 

as between-subject factor. Mixed MANOVA was also conducted to examine the 

differences in perceptual responses during prescribed intensity exercise with exercise 

intensity and time as within-subject factors, and physical activity levels as between-

subject factor. For all mixed ANOVA and MANOVAs, contrasts were performed as 

post-hoc tests for significant effects found. When assumption of sphericity was violated, 

the Greenhouse-Geisser correction was employed. η2
p was selected as the standardised 

effect size of ANOVA and MANOVA analyses and deemed as: (i) 0.01 <η2
p ≤ 0.06 

small; (ii) 0.06 <η2
p≤0.14 medium; (iii) η2

p>0.14 large (Cohen, 1988, 1992). Data 

collected were analysed using the Statistical Package for the Social Science (SPSS 

Version 20.0, Chicago, IL).  

 

5.3 Results  

5.3.1 Concurrent validity of mental effort and physical exertion rating 

scales. Mental effort and physical exertion ratings were found to distribute as positive 

linear functions of both %VO2max and %HRmax. Significant regression equations were 

found between mental effort and %VO2max [F (1, 284) = 1134.831, p < 0.001], with R2 = 

0.80, as well as %HRmax [F (1, 284) = 767.998, p < 0.001], with R2 = 0.73. Similarly, 

significant regression equations were also found between physical exertion and 

%VO2max [F (1, 284) = 2012.899, p < 0.001], with an R2 of 0.876, as well as %HRmax [F 

(1, 284) = 1266.157, p < 0.001], with an R2 of 0.817. The linear regression results are 

presented in Table 5.2 and 5.3 for mental effort and physical exertion respectively. 
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5.3.2 Construct validity of mental effort and physical exertion rating scales. 

Both mental effort and physical exertion ratings were found to have strong linear 

relationships with Borg’s RPE responses. Significant regression equation was found 

between mental effort and Borg’s RPE [F (1, 284) = 2262.462, p < 0.001], with R2 = 

0.888 (see Table 5.2). Significant regression equation was also found between physical 

exertion and Borg’s RPE [F (1, 284) = 4906.059, p < 0.001], with R2 = 0.945 (see Table 

5.3). 

 

Table 5.2 

 Linear regression analysis of mental effort expressed as a function 

of %VO2max, %HRmax, and RPE responses derived from Borg’s RPE scale 

Criterion Slope  Intercept r* R2 SEE 

%VO2max 14.319 22.563 0.894 0.800 14.120 

%HRmax 8.490 47.568 0.854 0.730 10.177 

Borg’s RPE 2.159 5.793 0.943 0.888 1.508 

Note- %VO2max, percentage maximum oxygen uptake; %HRmax, percentage maximum 

heart rate; SEE, standard error of estimate; * p < .001. 
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Table 5.3 

 Linear regression analysis of physical exertion expressed as a function 

of %VO2max, %HRmax and RPE responses derived from Borg’s RPE scale 

Criterion Slope  Intercept r* R2 SEE 

%VO2max 11.134 20.049 0.936 0.876 11.097 

%HRmax 6.671 45.840 0.904 0.817 8.383 

Borg’s RPE 1.654 5.498 0.972 0.945 1.056 

Note- %VO2max, percentage maximum oxygen uptake; %HRmax, percentage maximum 

heart rate; SEE, standard error of estimate; * p < .001.  

 

5.3.3 Comparison between multidimensional approach and Borg’s RPE in 

regulation of exercise intensity. The Kaiser-Meyer-Olkin measure verified the 

sampling adequacy for the EFA, KMO = 0.682. Bartlett’s test of sphericity χ² (3) = 

820.664, p < 0.001, indicated that the correlations between the measures were 

sufficiently large for factor analyses. The Kaiser’s criterion of eigenvalues greater than 

1 yielded a one-factor solution as the best fit for the data. The factor loadings for mental 

effort, physical exertion and affect were 0.957, 0.959, and 0.846 respectively.  

Table 5.4 presents the linear regression results on the relationship between factor 

scores, Borg’s RPE, and physiological responses. Significant regression equations were 

found between the factor scores and %VO2max [F (1, 284) = 1169.194, β = 28.258, 95% 

CI [26.632, 29.885], p < 0.001], with R2 = 0.81; as well as %HRmax [F (1, 284) = 

810.790, β = 16.826, 95% CI [15.663, 17.989], p < 0.001], with R2 = 0.75; and Borg’s 

RPE [F (1, 284) = 2673.468, β = 4.286, 95% CI [4.123, 4.449], p < 0.001], with R2 = 

0.90. Significant regression equations were also found between Borg’s RPE and 

%VO2max [F (1, 284) = 1461.736, β = 28.828, 95% CI [27.344, 30.312], p < 0.001], with 
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R2 = 0.84, as well as %HRmax [F (1, 284) = 1097.353, β = 17.426, 95% CI [16.391, 

18.462], p < 0.001], with R2 = 0.79.  

 

Table 5.4 

Linear regression analysis of factor scores and Borg’s RPE expressed as a function 

of %VO2max and %HRmax  

Predictor Criterion ß r* R2 SEE 

Factor scores      

 %VO2max 28.258 0.897 0.805 0.826 

 %HRmax 16.826 0.861 0.741 0.591 

 

Borg’s 

RPE 4.286 0.951 0.904 0.083 

Borg’s RPE      

 %VO2max 28.828 0.915 0.837 0.167 

 %HRmax 17.426 0.891 0.794 0.117 

Note- %VO2max, percentage maximum oxygen uptake; %HRmax, percentage maximum 

heart rate; ß, standardised coefficient, SEE, standard error of estimate; * p < .001.  
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Figure 5.2. Effects of physical activity levels on prescribed and preferred exercise 

intensity levels. A: Percentage maximum oxygen consumption (%VO2max). B: 

Percentage maximum heart rate (%HRmax). * Significant difference between physically 

active and inactive individuals. Data presented as mean ± 95CI. 

 

5.3.4 Comparison of perceived intensity levels between active and inactive 

individuals. Figure 5.2 illustrates the physiological responses of the various exercise 

intensity levels perceived by both active and inactive individuals. Among the three 

prescribed intensity levels, based on %VO2max responses, the only significant difference 

was found in perceived vigorous intensity levels between the two groups. On average, 

inactive individuals perceived vigorous intensity levels (M = 83.81, SD = 11.86) at a 

higher %VO2max than active individuals (M = 74.98, SD = 9.68). This difference was 

significant [t(48) = 2.885, p = 0.006]; with a large effect size (d = 0.82). However, there 

were no significant differences in perceived light [t(48) = 0.264, p = 0.793, d = 0.07]; 

and moderate intensity levels [t(48) = 1.763, p = 0.084, d = 0.50]. In addition, preferred 

intensity levels did not significantly differ between both groups [t(48) = 0.762, p = 0.45, 

d = 0.22]. 
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Based on %HRmax responses, no significant differences were found between 

inactive and active participants for light [t(48) = 0.325, p = 0.747, d = 0.09]; moderate 

[t(48) = 1.369, p = 0.177, d = 0.39]; vigorous [t(48) = 1.900, p = 0.063, d = 0.54], and 

preferred intensity levels [t(48) = -0.329, p = 0.743, d = 0.09]. 

 

5.3.5 Regulation of preferred intensity exercise. Figure 5.3 displays the 

selected speeds across time during preferred intensity exercise for both active and 

inactive individuals. Significant main effects on the selected speed were found for both 

time and physical activity levels. First, there was a significant main effect of time with 

large effect size [F(2.123, 101.914) = 61.298, p < 0.001, η2
p = 0.561]. To break down 

this effect, contrasts were performed comparing participants’ selected speed at each 

minute to the previous minute. Contrasts revealed that speed significantly increased 

over time from the onset of exercise. Selected speed was found to increase between the 

first and second minute [F(1, 48) = 80.940, p < 0.001, η2
p = 0.628], second and third 

minute [F(1, 48) = 71.905,  p < 0.001, η2
p = 0.600], third and fourth minute [F(1, 48) = 

69.865, p < 0.001, η2
p = 0.593], fourth and fifth minute [F(1, 48) = 71.938, p < 0.001, 

η2
p = 0.600], fifth and sixth minute [F(1, 48) = 67.288, p < 0.001, η2

p = 0.584], sixth 

and seventh minute [F(1, 48) = 69.999, p < 0.001, η2
p = 0.593], seventh and eighth 

minute [F(1, 48) = 66.998, p < 0.001, η2
p = 0.583], eighth and ninth minute [F(1, 48) = 

58.134, p < 0.001, η2
p = 0.548], as well as ninth and the last minute [F(1, 48) = 39.187, 

p < 0.001, η2
p = 0.449]. These findings suggest that speed consistently increased every 

minute in the regulation of the preferred intensity exercise. 
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Figure 5.3. Speed during preferred intensity exercise. # Significant main effect of time. 

† Significant main effect of physical activity levels. Data presented as mean ± SD. 

 

Second, there was a main effect of physical activity levels found with large 

effect size [F(1, 48) = 8.018, p = 0.007, η2
p = 0.143]. Self-selected speed during the 

preferred intensity exercise was found to be significantly higher among active 

participants as compared to inactive participants. However, there was no significant 

interaction effect found between time and physical activity levels [F(2.123, 101.914) = 

1.971, p = 0.142, η2
p = 0.039]. This suggests that the regulation of preferred intensity 

exercise did not differ between participants of different physical activity levels. 

 

5.3.6 Perceptual responses during preferred intensity exercise. Figure 5.4 

illustrates the perceptual responses across time during preferred intensity exercise. 

Multivariate analysis revealed significant main effect of time on all three perceptual 

responses during preferred intensity exercise with large effect size [Wilks’s λ = 0.269, 

F(27, 1256.464) = 26.374,  p < 0.001, η2
p = 0.354].  
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Figure 5.4. Perceptual responses during preferred intensity exercise. A: Mental effort. B: 

Physical exertion. C: Affect. # Significant main effect of time. Data presented as mean 

± 95CI. 

 

First, separate univariate ANOVAs indicated a significant main effect of time on 

mental effort with large effect size [F(2.688, 129.020) = 87.229,  p < 0.001, η2
p = 0.645, 

95% CI[0.542, 0.708]]. Contrasts revealed that mental effort ratings increased between 

the first and second minute [F(1, 48) = 30.966,  p < 0.001, η2
p = 0.392], second and 

third minute [F(1, 48) = 68.622,  p < 0.001, η2
p = 0.588], third and fourth minute [F(1, 

48) = 93.903,  p < 0.001, η2
p = 0.662], fourth and fifth minute [F(1, 48) = 88.253,  p < 

0.001, η2
p = 0.648], fifth and sixth minute [F(1, 48) = 79.213,  p < 0.001, η2

p = 0.623], 

sixth and seventh minute [F(1, 48) = 90.382,  p < 0.001, η2
p = 0.653], seventh and 

eighth minute [F(1, 48) = 112.075,  p < 0.001, η2
p = 0.700], eighth and ninth minute 

[F(1, 48) = 89.202,  p < 0.001, η2
p = 0.650], and also between ninth and last minute 

[F(1, 48) = 94.546,  p < 0.001, η2
p = 0.663]. This suggests that mental effort 

significantly increased over time from the onset of exercise.  

Second, there was also a significant main effect of time found for physical 

exertion ratings with large effect size [F(2.672, 128.268) = 108.381,  p < 0.001, η2
p = 
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0.693, 95% CI[0.601, 0.749]]. Similarly, contrasts revealed that physical exertion 

increased between the first and second minute [F(1, 48) = 36.541,  p < 0.001, η2
p = 

0.432], second and third minute [F(1, 48) = 61.871,  p < 0.001, η2
p = 0.563], third and 

fourth minute [F(1, 48) = 80.945,  p < 0.001, η2
p = 0.628], fourth and fifth minute [F(1, 

48) = 99.873,  p < 0.001, η2
p = 0.675], fifth and sixth minute [F(1, 48) = 155.899,  p < 

0.001, η2
p = 0.765], sixth and seventh minute [F(1, 48) = 112.978,  p < 0.001, η2

p = 

0.702], seventh and eighth minute [F(1, 48) = 121.838,  p < 0.001, η2
p = 0.717], eighth 

and ninth minute [F(1, 48) = 124.037,  p < 0.001, η2
p = 0.721], as well as ninth and last 

minute [F(1, 48) = 114.621,  p < 0.001, η2
p = 0.705]. This suggests that physical 

exertion also increased consistently every minute during the preferred intensity exercise.  

Third, significant main effect of time was also found for affective responses with 

large effect size [F(1.979, 94.968) = 20.003,  p < 0.001, η2
p = 0.294, 95% CI[0.142, 

0.417]]. Contrasts revealed that affective responses were found to decrease between 

third and fourth minute [F(1, 48) = 14.011,  p < 0.001, η2
p = 0.226], fourth and fifth 

minute [F(1, 48) = 17.763,  p < 0.001, η2
p = 0.270], fifth and sixth minute [F(1, 48) = 

14.532,  p < 0.001, η2
p = 0.232], sixth and seventh minute [F(1, 48) = 18.835,  p < 

0.001, η2
p = 0.282], seventh and eighth minute [F(1, 48) = 22.591,  p < 0.001, η2

p = 

0.320], eighth and ninth minute [F(1, 48) = 29.107,  p < 0.001, η2
p = 0.377], ninth and 

last minute [F(1, 48) = 27.842,  p < 0.001, η2
p = 0.367]. This suggests that affective 

responses were similar during the first two minutes of exercise, and only changed 

significantly from the third minute onwards.  

There was no significant main effect of physical activity levels found, albeit a 

medium effect size [Wilks’s λ = 0.882, F(27, 1256.464) = 2.052,  p = 0.120, η2
p = 

0.118]. This suggests that the perceptual responses during preferred intensity exercise 

did not significantly differ among individuals of different physical activity levels. No 
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significant interaction effect was also found between time and physical activity levels 

[Wilks’s λ = 0.932, F(27, 1256.464) = 1.128,  p = 0.297, η2
p = 0.023]. This suggests that 

the change in perceptual responses over time during preferred intensity exercise did not 

differ between participants of different physical activity levels. 

 

5.3.7 Relationship between regulation of preferred intensity exercise and 

perceptual responses. Table 5.5 below presents the correlation matrix of the change in 

speed, mental effort, physical exertion, affect and duration of exercise for the inactive 

participants. Among the inactive individuals, the change in speed was associated with 

the change in mental effort, r = 0.246, p < 0.001; the change in physical exertion, r = 

0.257, p < 0.001; as well as duration of the exercise, r = -0.370, p < 0.001. However, the 

change in speed was not significantly associated with the change in affective responses, 

r = -0.069, p = 0.306. 

 

Table 5.5 

Correlation matrix of the change in speed, mental effort, physical exertion, affect and 

duration of exercise for inactive participants  

 

Change 

in speed 

Change in 

mental 

effort 

Change in 

physical 

exertion 

Change 

in 

affect 

Duration of 

exercise 

Change in speed 1.0     

Change in mental effort 0.246* 1.0    

Change in physical 

exertion 0.257* 0.328* 1.0   

Change in affect -0.069 -0.225* -0.191* 1.0  

Duration of exercise -0.370* -0.265* -0.294* 0.076 1.0 

Note- * p < 0.01  

 

For the active group, the change in speed was associated with the change in 

mental effort, r = 0.262, p < 0.001; the change in physical exertion, r = 0.312, p < 
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0.001; as well as duration of the exercise, r = -0.293, p < 0.001. Similarly, the change in 

speed was not associated with the change in affective responses, r = -0.064, p = 0.338. 

The correlation matrix for the active group is provided in Table 5.6 below.  

 

Table 5.6 

Correlation matrix of the change in speed, mental effort, physical exertion, affect and 

duration of exercise for active participants  

 

Change 

in speed 

Change in 

mental 

effort 

Change in 

physical 

exertion 

Change 

in 

affect 

Duration of 

exercise 

Change in speed 1.0     

Change in mental effort 0.262** 1.0    

Change in physical 

exertion 0.312** 0.165* 1.0   

Change in affect -0.064 -0.176** -0.053 1.0  

Duration of exercise -0.293** -0.156* -0.063 -0.075 1.0 

Note- * p < 0.05, ** p < 0.01 

 

Comparison of observed z statistics revealed that the difference in correlation 

coefficients between the two groups were not significant. Similar strength of association 

was found for both groups between the change in speed and change in mental effort, z = 

0.18; change in physical exertion, z = 0.63; change in affect, z = 0.05; as well as 

duration of exercise, z = 0.91. This suggests that the relationship between the change in 

speed and perceptual responses during preferred intensity exercise was similar for both 

groups of individuals. 

Multiple linear regression analyses revealed that the three significant predictors 

were found to account for 18.1% of the variance in change of speed [F(3, 446) = 

32.793,  p < 0.001, R2 = 0.181]. Results of the regression model are shown in Table 5.7 

below. A change of one standard deviation in mental effort was associated with a 

change of 0.148 standard deviation in speed. Similarly, a change of one standard 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

169 
 

deviation in physical exertion was associated with a change of 0.194 standard deviation 

in speed. The increase of one standard deviation in duration of exercise will result in a 

decrease of 0.268 standard deviation in speed. These findings indicate that among the 

perceptual responses, the change in speed was significantly associated with the change 

in mental effort and the change in physical exertion, but not the change in affective 

responses because the latter was not significant.  

 

Table 5.7 

Multiple linear regression model of change in mental effort, change in physical exertion 

and duration of exercise on change in speed 

Variables b SE β t p 

Constant 0.482 0.064  7.576 < 0.001 

Change in mental effort 0.151 0.046 0.148 3.304 0.001 

Change in physical 

exertion 0.182 0.042 0.194 4.345 < 0.001 

Duration of exercise -0.054 0.009 -0.268 -6.048 < 0.001 

Note- b Unstandardised regression coefficient, SE Standard error, β standardised 

regression coefficient. 

 

5.3.8 Regulation of prescribed intensity exercise. Figure 5.5 displays the 

selected speeds across time during prescribed intensity exercise for both active and 

inactive individuals. Significant main effects of exercise intensity, time and physical 

activity levels were found. In addition, three significant interactions were found as well.  
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Figure 5.5. Speed during prescribed intensity exercise. # Significant main effect of 

time. † Significant main effect of physical activity levels. * Significant main effect of 

exercise intensity. Data presented as mean ± 95CI. 

 

5.3.8.1 Main effect of exercise intensity. Significant main effect of intensity was 

found with large effect size [F(1.266, 60.751) = 337.100, p < 0.001, η2
p = 0.875]. 

Contrasts revealed that there was a significant increase in selected speed between light 

and moderate intensity levels [F(1, 48) = 301.510, p < 0.001, η2
p = 0.863], as well as 

between moderate and vigorous intensity levels [F(1, 48) = 348.632, p < 0.001, η2
p = 

0.879]. 

 

5.3.8.2 Main effect of time. Significant main effect of time was also found with 

large effect size [F(1.611, 77.314) = 57.261, p < 0.001, η2
p = 0.544]. Contrasts revealed 

that on average speed increased consistently across five minutes for each intensity level. 

Selected speed was found to increase between the first and second minute [F(1, 48) = 
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58.669, p < 0.001, η2
p = 0.550], second and third minute [F(1, 48) = 50.926, p < 0.001, 

η2
p = 0.515], third and fourth minute [F(1, 48) = 56.600, p < 0.001, η2

p = 0.541], fourth 

and fifth minute [F(1, 48) = 61.140, p < 0.001, η2
p = 0.560]. 

 

5.3.8.3 Main effect of physical activity levels. There was a significant main 

effect of physical activity levels found with medium effect size [F(1, 48) = 4.512, p = 

0.039, η2
p = 0.086]. Selected speeds for each of the intensity levels were found to be 

greater among active individuals as compared to the inactive individuals.  

 

5.3.8.4 Interaction between time and exercise intensity. There was a significant 

interaction found between time and exercise intensity levels with large effect size 

[F(1.870, 89.744) = 13.512, p < 0.001, η2
p = 0.220]. This indicates that regulation of 

exercise differed across intensity levels. Contrasts revealed a significant interaction 

when comparing between light and vigorous intensity exercise. While speed changes 

across time in both exercise intensity levels, change in speed was found to be more 

pronounced when performing vigorous intensity exercise. This was found to be 

significant between the second and third minute [F(1, 48) = 4.474, p = 0.040, η2
p = 

0.085], third and fourth minute [F(1, 48) = 11.105, p = 0.002, η2
p = 0.188], as well as 

the fourth and fifth minute [F(1, 48) = 24.925, p < 0.001, η2
p = 0.342]. Similarly, 

contrasts also revealed a significant interaction when comparing between moderate and 

vigorous intensity exercise. During vigorous intensity exercise, change in speed was 

more pronounced between the second and third minute [F(1, 48) = 4.780, p = 0.034, η2
p 

= 0.091], third and fourth minute [F(1, 48) = 8.781, p = 0.005, η2
p = 0.155], as well as 

the fourth and fifth minute [F(1, 48) = 22.470, p < 0.001, η2
p = 0.319]. 
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5.3.8.5 Interaction between time and physical activity levels. There was a 

significant interaction found between time and physical activity levels with medium 

effect size [F(1.611, 77.314) = 7.384, p = 0.002, η2
p = 0.133]. On average, the change in 

speed was more pronounced among active individuals as compared to the inactive 

individuals. Contrasts revealed the change in speed was more significant among active 

individuals between the first and second minute [F(1, 48) = 9.571, p = 0.003, η2
p = 

0.166], second and third minute [F(1, 48) = 5.995, p = 0.018, η2
p = 0.111], third and 

fourth minute [F(1, 48) = 9.708, p = 0.003, η2
p = 0.168], fourth and fifth minute [F(1, 

48) = 5.990, p = 0.018, η2
p = 0.111]. This suggests greater change in speed was 

observed among active participants as compared to the inactive participants. 

 

5.3.8.6 Interaction between exercise intensity, time and physical activity levels. 

A three-way significant interaction between exercise intensity, time and physical 

activity levels was found with medium effect size [F(1.870, 89.744) = 4.381, p = 0.017, 

η2
p = 0.084]. This indicates that the interaction effect between exercise intensity and 

time differed for individuals of different physical activity levels. Contrasts revealed a 

significant interaction when comparing between light and vigorous intensity exercise. 

The greater change in speed during vigorous intensity exercise as compared to light 

intensity was more pronounced among active individuals. This interaction was found to 

be significant between the first and second minute [F(1, 48) = 4.232, p = 0.045, η2
p = 

0.081], second and third minute [F(1, 48) = 5.822, p = 0.020, η2
p = 0.108], third and 

fourth minute [F(1, 48) = 7.024, p = 0.011, η2
p = 0.128], as well as fourth and fifth 

minute [F(1, 48) = 5.321, p = 0.025, η2
p = 0.100]. However, such interaction was not 

significant when comparing between moderate and vigorous intensity exercise.  
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5.3.9 Perceptual responses during prescribed intensity exercise. Figure 5.6 

illustrates the perceptual responses across time during prescribed intensity exercise. 

Significant main effects were found for exercise intensity, time and physical activity 

levels. In addition, two interaction effects were found to be significant as well.  

 

 

Figure 5.6. Perceptual responses during prescribed intensity exercise. A: Mental effort. 

B: Physical exertion. C: Affect. # Significant main effect of time. † Significant main 

effect of physical activity levels. * Significant main effect of exercise intensity. Data 

presented as mean ± 95CI. 

 

5.3.9.1 Main effect of exercise intensity. Significant main effect of intensity was 

found with large effect size [Wilks’s λ = 0.046, F(6, 188) = 115.432, p < 0.001, η2
p = 

0.787]. Univariate analyses indicated significant main effects of exercise intensity of 

large effect size for mental effort [F(1.389, 66.656) = 516.483,  p < 0.001, η2
p = 0.915, 

95% CI [0.873, 0.936]], physical exertion [F(1.725, 82.800) = 861.479,  p < 0.001, η2
p = 

0.947, 95% CI [0.924, 0.959]], and affect [F(1.134, 54.428) = 49.206,  p < 0.001, η2
p = 

0.506, 95% CI [0.309, 0.632]].  
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5.3.9.2 Main effect of time. Significant main effect of time was found with large 

effect size [Wilks’s λ = 0.189, F(12, 502.984) = 36.829, p < 0.001, η2
p = 0.427]. First, 

univariate analyses indicated a significant main effect of time on mental effort with 

large effect size [F(2.337, 112.176) = 101.041,  p < 0.001, η2
p = 0.678, 95% CI [0.575, 

0.740]]. Contrasts revealed that mental effort ratings increased between the first and 

second minute [F(1, 48) = 35.825,  p < 0.001, η2
p = 0.427], second and third minute 

[F(1, 48) = 76.683,  p < 0.001, η2
p = 0.615], third and fourth minute [F(1, 48) = 

139.966,  p < 0.001, η2
p = 0.745], fourth and fifth minute [F(1, 48) = 118.767,  p < 

0.001, η2
p = 0.712]. 

Second, univariate analyses indicated a significant main effect of time on 

physical exertion with large effect size [F(2.606, 125.071) = 160.339,  p < 0.001, η2
p = 

0.770, 95% CI [0.696, 0.812]]. Contrasts revealed that physical exertion ratings 

increased between the first and second minute [F(1, 48) = 51.167,  p < 0.001, η2
p = 

0.516], second and third minute [F(1, 48) = 128.849,  p < 0.001, η2
p = 0.729], third and 

fourth minute [F(1, 48) = 210.894,  p < 0.001, η2
p = 0.815], fourth and fifth minute 

[F(1, 48) = 244.219,  p < 0.001, η2
p = 0.836]. 

Third, univariate analyses indicated a significant main effect of time on affect 

with large effect size [F(1.389, 66.648) = 28.506,  p < 0.001, η2
p = 0.373, 95% CI 

[0.188, 0.510]]. Contrasts revealed that affective responses significantly changed 

between the first and second minute [F(1, 48) = 22.662,  p < 0.001, η2
p = 0.321], second 

and third minute [F(1, 48) = 31.868,  p < 0.001, η2
p = 0.399], third and fourth minute 

[F(1, 48) = 27.214,  p < 0.001, η2
p = 0.362], fourth and fifth minute [F(1, 48) = 29.238,  

p < 0.001, η2
p = 0.379]. 
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5.3.9.3 Main effect of physical activity levels. Significant main effects of 

physical activity levels were found with large effect size [Wilks’s λ = 0.803, F(3, 46) = 

3.768, p = 0.017, η2
p = 0.197]. This suggests that perceptual responses differed between 

individuals of different physical activity levels. On average, inactive individuals 

perceived significantly higher mental effort as compared to active individuals [F(1, 48) 

= 7.315,  p = 0.009, η2
p = 0.132]. Similarly, perceived physical exertion was higher 

among inactive individuals as compared to active individuals [F(1, 48) = 8.331,  p = 

0.006, η2
p = 0.148]. However, there was no significant difference found for affective 

responses between the two groups of individuals [F(1, 48) = 2.924,  p = 0.094, η2
p = 

0.057]. In addition, no significant interaction effects were found between exercise 

intensity and physical activity [Wilks’s λ = 0.966, F(6, 188) = 0.539, p = 0.778, η2
p = 

0.017], as well as between time and physical activity [Wilks’s λ = 0.953, F(12, 502.984) 

= 0.762, p = 0.690, η2
p = 0.016]. This suggests that the change in perceptual responses 

during prescribed intensity exercise did not differ between individuals of different 

physical activity levels.  

 

5.3.9.4 Interaction between exercise intensity and time. Significant interaction 

between exercise intensity and time were found with large effect size [Wilks’s λ = 

0.632, F(24, 1108.517) = 7.930, p < 0.001, η2
p = 0.142]. This indicates that the change 

in perceptual responses across time differed among different exercise intensity levels. 

First, univariate analyses indicated that such interaction effect was significant on mental 

effort with large effect size [F(4.767, 228.793) = 9.875,  p < 0.001, η2
p = 0.171, 95% CI 

[0.078, 0.243]]. In the comparison between light and moderate intensity, change in 

mental effort across time was found to be greater during moderate intensity exercise. 

This was found to be significant only between first and second minute [F(1, 48) = 
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15.680,  p < 0.001, η2
p = 0.246], third and fourth minute [F(1, 48) = 15.607,  p < 0.001, 

η2
p = 0.245], fourth and fifth minute [F(1, 48) = 14.011,  p < 0.001, η2

p = 0.226]. 

Similarly, in the comparison between light and vigorous intensity, contrasts revealed 

that the change in mental effort was more pronounced during vigorous intensity 

exercise. This was found to be significant between second and third minute [F(1, 48) = 

8.233,  p = 0.006, η2
p = 0.146], third and fourth minute [F(1, 48) = 26.970,  p < 0.001, 

η2
p = 0.360], as well as fourth and fifth minute [F(1, 48) = 24.413,  p < 0.001, η2

p = 

0.337]. 

Second, significant interaction effect between exercise intensity and time on 

physical exertion was found with large effect size [F(4.597, 220.660) = 19.289,  p < 

0.001, η2
p = 0.287, 95% CI [0.180, 0.364]]. In the comparison between light and 

moderate intensity, change in physical exertion across time was found to be greater 

during moderate intensity exercise. This was found to be significant only between 

second and third minute [F(1, 48) = 17.584,  p < 0.001, η2
p = 0.268], third and fourth 

minute [F(1, 48) = 25.881,  p < 0.001, η2
p = 0.350], fourth and fifth minute [F(1, 48) = 

28.681,  p < 0.001, η2
p = 0.374]. Similarly, in the comparison between light and 

vigorous intensity, change in physical exertion across time was found to be greater 

during vigorous intensity exercise. This was found to be significant across all time 

points, between first and second minute [F(1, 48) = 13.709,  p = 0.001, η2
p = 0.222], 

second and third minute [F(1, 48) = 37.561,  p < 0.001, η2
p = 0.439], third and fourth 

minute [F(1, 48) = 49.109,  p < 0.001, η2
p = 0.506], fourth and fifth minute [F(1, 48) = 

68.300,  p < 0.001, η2
p = 0.587].  

Third, significant interact effect between exercise intensity and time on affect 

was also found with large effect size [F(2.697, 129.474) = 8.539,  p < 0.001, η2
p = 

0.151, 95% CI [0.045, 0.251]]. In the comparison between light and moderate intensity, 
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change in affect across time was found to be greater during moderate intensity exercise. 

This was found to be significant only between third and fourth minute [F(1, 48) = 

11.994,  p = 0.001, η2
p = 0.200], fourth and fifth minute [F(1, 48) = 10.393,  p = 0.002, 

η2
p = 0.178]. Similarly, in the comparison between light and vigorous intensity, change 

in affective responses across time was found to be greater during vigorous intensity 

exercise. This was found to be significant across all time points, between first and 

second minute [F(1, 48) = 8.113,  p = 0.006, η2
p = 0.145], second and third minute [F(1, 

48) = 20.898,  p < 0.001, η2
p = 0.303], third and fourth minute [F(1, 48) = 11.967,  p = 

0.001, η2
p = 0.200], fourth and fifth minute [F(1, 48) = 14.106,  p < 0.001, η2

p = 0.227].  

 

5.3.9.5 Interaction between exercise intensity, time and physical activity levels. 

Significant interaction effects between exercise intensity, time and physical activity 

levels were found with small effect size [Wilks’s λ = 0.909, F(24, 1108.517) = 7.930, p 

= 0.045, η2
p = 0.031]. This suggests that the interaction effect between exercise intensity 

and time differed among individuals of different physical active levels. Univariate tests 

revealed that such interaction effect was only found to be significant on physical 

exertion responses with medium effect size [F(4.597, 220.660) = 3.114,  p = 0.012, η2
p 

= 0.061]. In comparison between light and vigorous intensity exercise, the interaction 

effect between intensity and time was found to be more pronounced during vigorous 

intensity exercise among active individuals. Contrasts revealed that this interaction 

effect was significant only between the third and fourth minute [F(1, 48) = 8.236,  p = 

0.006, η2
p = 0.146]. 

 

5.3.10 Summary of results. An overview of all the study findings pertaining to 

the study’s aims and hypothesis are summarized in Table 5.8 below.  
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Table 5.8 

Summary of Study 3’s findings  

No. Study’s Aims Hypothesis Key Findings 

1 To examine the influence of 

mental effort, physical 

exertion and affect in 

regulation of preferred and 

prescribed intensity exercise 

The dominant perceptual 

cue in regulation of exercise 

would differ between the 

two exercise prescription 

approaches 

• All perceptual responses significantly changed across three 

prescribed intensity levels 

• All perceptual responses significantly changed across time 

within each prescribed intensity exercise as well as preferred 

intensity exercise 

• Significantly greater change was found in both mental effort 

and physical exertion as compared to affective responses 

during prescribed intensity exercise 

• Change in speed during preferred intensity exercise was 

associated with change in mental effort, change in physical 

exertion and duration of exercise 
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Table 5.8 (continued) 

2 To compare between how 

active and inactive 

individuals perceive and 

regulate exercise intensity 

Active and inactive 

individuals would differ in 

how they perceive and 

regulate exercise intensity 

• Inactive individuals perceived vigorous intensity exercise at 

higher higher %VO2max as compared to active individuals 

• Inactive individuals perceived greater mental effort and 

physical exertion for all three prescribed intensity levels than 

active individuals 

• Both groups did not significantly differ in preferred intensity 

levels based on physiological and perceptual responses 

• Greater increase of speed was found among active 

individuals when regulating prescribed intensity exercise 

• Regulation of preferred intensity exercise was similar 

between active and inactive individuals 

3 To examine the concurrent 

and construct validity of both 

revised mental effort and 

physical exertion rating 

scales 

Both rating scales would be 

significantly associated 

with physiological 

responses and Borg’s RPE 

• Both mental effort and physical exertion were found to be 

strongly associated with %VO2max and %HRmax 

• Both perceptual responses were found to be strongly 

associated with Borg’s RPE 
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Table 5.8 (continued) 

4 To compare between the use 

of a multidimensional 

approach and a gestalt RPE 

score to measure the 

psychophysiological strain 

during exercise 

Composite scores based on 

mental effort, physical 

exertion and affective 

responses would be 

significantly associated 

with physiological 

responses and Bog’s RPE. 

• Mental effort, physical exertion and affect could be reduced 

to a single factor structure 

• Factor scores based on the three perceptual responses were 

found to be strongly associated with %VO2max and %HRmax 

• Factor scores were also found to be strongly associated with 

Borg’s RPE 
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5.4 Discussion 

The aims of this study were to 1) examine the concurrent and construct validity of the 

developed mental effort and physical exertion rating scales, 2) compare between the use of a 

multidimensional approach and a gestalt RPE score to measure the psychophysiological 

strain during exercise, 3) compare how active and inactive individuals perceive and regulate 

exercise intensity, and 4) examine the role of mental effort, physical exertion and affect in 

regulation of preferred and prescribed intensity exercise. First, in agreement to the 

hypothesis, concurrent and construct validity was established for both rating scales. Second, 

the results supported the hypothesis that a multidimensional approach to measure 

psychophysiological strain was associated with physiological responses and Borg’s RPE. 

Third, the findings were found to partially support the hypothesis that there would be 

differences between how active and inactive individuals perceived and regulated exercise 

intensity. Fourth, present results also supported the hypothesis that the dominant perceptual 

cue in regulation of exercise would differ between prescribed and preferred intensity 

exercise.   

 

5.4.1 Validity of mental effort and physical exertion rating scales. Concurrent and 

constructed validity of previously constructed RPE scales have been commonly established 

using physiological measures and the Borg’s RPE scale as criterion metrics respectively 

(Noble & Robertson, 1996; Robertson et al., 2000). First, concurrent validity was established 

for both rating scales with evidence of strong linear relationships found between 

physiological responses and mental effort (r = 0.85–0.89), as well as physical exertion (r = 

0.90–0.94). This echoes the findings from Study 1, which also found strong correlations 

between both perceptual cues and HR responses. These results are also aligned with previous 

studies that demonstrated strong association between effort perception and physiological 
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responses (Chen et al., 2002; Scherr et al., 2013). Such findings also support the effort 

continua model (Borg, 1998), which proposed that perceptual responses during exercise can 

reflect the changes in physiological responses. Importantly, present study employed relative 

intensity metrics (%VO2max and %HRmax) as the criterion measures, which imply that mental 

effort and physical exertion ratings are valid tools to reflect exercise intensity levels relative 

to the individual.  

Although both perceptual cues were found to be significantly associated with 

physiological responses, stronger correlation coefficients were found for physical exertion as 

compared to mental effort. Such findings provide us on some insights regarding the 

underlying mechanism behind RPE, which has been debated by researchers (Abbiss et al., 

2015; Marcora, 2009). The present results suggest that physical exertion ratings may be more 

sensitive towards afferent feedback as compared to mental effort. These findings support the 

call to use a multidimensional approach instead of a single RPE score to distinguish between 

mental effort and physical exertion (Abbiss et al., 2015; Jones et al., 2014; Smirmaul, 2012). 

Second, construct validity was also established for both rating scales with evidence of 

strong positive linear association between Borg’s RPE and mental effort (r = 0.89) as well as 

physical exertion ((r = 0.95). Such findings demonstrate that both mental effort and physical 

exertion closely represents what Borg’s RPE is measuring. While these results support the 

hypothesis that effort perception could be defined by both physical exertion and mental effort 

(Swart et al., 2012), this also suggests that the use of a single RPE score could confuse 

respondents to rate based on either perceptual cue. Since RPE represents both physical strain 

and psychological effort, different definitions used while administrating RPE scales could 

affect the measured outcomes (Abbiss et al., 2015). A gestalt RPE score has been argued to 

be too simplistic to quantify the psychophysiological strain during exercise (Hutchinson & 

Tenenbaum, 2006), and it has been suggested that the two perceptual cues may play different 
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roles in regulation of exercise (Swart et al., 2012). Hence, it is imperative to use separate 

rating scales to dissociate the measures of mental effort and physical exertion.  

 

5.4.2 Comparison between a multidimensional approach and gestalt RPE to 

measure psychophysiological strain. While both effort perception and affect are key 

perceptual cues in regulation of exercise (Baron et al., 2009; Marcora & Staino, 2010), it has 

also recently been suggested that perceived fatigability during exercise is represented by 

these cues as well (Venhorst et al., 2018). Present study demonstrated that measures of 

mental effort, physical exertion and affect reflected a similar higher-order factor. This 

corroborates the proposition that fatigue during exercise is multifaceted (Noakes, 2012; 

Noakes et al., 2005), and associated with physical and mental strain as well as affective 

valence (Venhorst et al., 2018). The factor loadings (0.846-0.959) revealed that all three 

perceptual measures were strongly correlated with the overarching construct of fatigue, with 

greater contribution from mental effort and physical exertion than affective valence. Mental 

and physical strain were suggested to represent the sensory-discriminatory aspect while 

affective responses reflect the affective-motivational dimension of perceived fatigability 

(Venhorst et al., 2018). 

The results also revealed that factor scores computed from the three perceptual 

responses had strong linear relationship with exercise intensity based on %VO2max and 

%HRmax. This suggests that such composite scores could be effectively used to monitor and 

regulate exercise intensity. Furthermore, the strength of relationship was found to be similar 

to the relationship between Borg’s RPE and the aforementioned physiological responses, as 

evidenced by the overlapping 95% CI in the standardised regression coefficients. This 

indicates that a multidimensional approach is equally useful as the Borg’s RPE to predict 

exercise intensity levels. While Borg’s RPE is typically recommended as a subjective 
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measure of exercise intensity (Garber et al., 2011), a limitation is the inability to examine the 

respective influence of underlying cues (Jones et al., 2014). Instead, a multidimensional 

approach is more advantageous in allowing us to specifically examine the underlying 

perceptual cues and improve our understanding in the influence of different perceptual cues 

in exercise regulation. Since all three perceptual measures were found to represent a similar 

construct, a composite score could represent an integrated measure of overall 

psychophysiological strain, akin to the gestalt concept of RPE. Hence, present results 

demonstrated that a multidimensional approach can be used as a single score to quantify 

perceived fatigue during exercise, with the utility of further examining the different 

underlying dimensions of fatigue.  

 

5.4.3 Comparison of perceived and preferred intensity levels between active and 

inactive individuals. In partial agreement of the study’s hypothesis, a significant difference 

was found in perceived vigorous intensity between active and inactive individuals. Inactive 

individuals were found to perceive vigorous intensity at significantly higher %VO2max as 

compared to their active counterparts. This has important implications for public health since 

vigorous intensity exercise is recommended for health benefits (Garber et al., 2011). Present 

findings suggest that even at similar intensity levels, the physiological strain experienced may 

differ between inactive and active individuals due to the contrast in how they perceive 

vigorous intensity levels.  

While perceived light and moderate intensity levels did not differ between the two 

groups of individuals based on physiological responses, this is not the case perceptually. 

Inactive individuals were found to perceive significantly greater mental effort and physical 

exertion than their active counterparts for all three prescribed intensity levels. This indicates 

that similar physiological strain does not necessarily represent similar perceptual responses. 
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This also supports the argument that exercise intensity should not be based solely on 

physiological responses, as individual differences in exercise experience could influence how 

intensity is perceived.  

Contrary to the hypothesis, preferred intensity levels based on physiological responses 

were found to be similar between both groups of individuals. On average, both groups of 

individuals selected an intensity level that corresponds to 63.6-66.5%VO2max and 72.7-

73.8%HRmax. Such intensity levels are aligned with previous findings that suggest individuals 

prefer to exercise near the ventilatory threshold (Lind, Joens-Matre, & Ekkekakis, 2005; Rose 

& Parfitt, 2007; Parfitt et al., 2006). It was expected that the difference in fitness levels may 

influence the preference in exercise intensity (Pintar, Robertson, Kriska, Nagle, & Goss, 

2006). However, present study findings demonstrate that the differing fitness levels between 

active and inactive participants in present study did not influence individuals’ preferred 

intensity level. Interestingly, perceptual responses during the preferred intensity exercise did 

not differ between active and inactive individuals. This suggests that there could be a 

common association of perceptual responses with preferred intensity among both groups of 

individuals.  

Examining the preferred and prescribed intensity levels in the present study also 

highlighted two important findings. First, the perceived intensity levels of all participants 

were found to match the recommended intensity range based on physiological responses 

(ACSM, 2018). This was found to be true for all three prescribed intensity levels: light, 

moderate and vigorous. Such findings suggest that exercise prescription based on perceived 

intensity is effective in achieving the appropriate physiological strain to reap the health 

benefits of exercise. Second, the selected preferred intensity levels by both active and 

inactive individuals also met the recommended exercise intensity levels for maintenance and 

improvement of cardiorespiratory health (ACSM, 2018). This is consistent with findings 
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from previous similar studies (Ekkekakis, 2009; Lind et al., 2005). Hence, such findings add 

to the empirical evidence that exercise prescription based on self-selected intensity is 

beneficial for health (Ekkekakis, 2009; Parfitt et al., 2006).  

 

5.4.4 Comparison of regulation of exercise intensity between active and inactive 

individuals. In partial support of the hypothesis, regulation of exercise intensity was found to 

slightly differ between active and inactive individuals for the prescribed intensity exercise. 

However, regulation of preferred intensity exercise was similar between both groups of 

individuals. Present findings revealed that similar pacing profiles were observed for both 

exercise bouts. All participants adopted a negative pacing strategy, which is characterised by 

an increase in speed over the exercise bout (Abbiss & Laursen, 2008). During both exercise 

bouts, self-selected speeds were found to increase consistently every minute. These findings 

support the claims that humans exercise in an anticipatory manner (Noakes, 2012; Ulmer, 

1996) and pacing is a ubiquitous phenomenon in endurance physical activities (Edwards & 

Polman, 2013; Smits et al., 2014).  

For the prescribed intensity exercise, greater increase in speed was found among 

active individuals as compared to their inactive counterparts. This difference was particularly 

more pronounced during moderate and vigorous intensity exercise. Such difference could be 

partly attributed to contrasting prior experience between the two groups of individuals. Since 

exercise is regulated in an anticipatory manner, prior experience has been suggested to 

influence pacing strategy (Noakes, 2012; Tucker, 2009; Ulmer, 1996). This has been 

supported by previous studies which found that more conservative pacing strategies were 

associated with less prior experience of the exercise bouts (Mauger, Jones, & Williams, 2009; 

Micklewright et al., 2010). It is plausible that inactive individuals were less familiar with 
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exercising at higher intensity levels, hence choosing not to vary their pace too much during 

exercise.  

On the other hand, regulation of preferred intensity exercise was similar among 

individuals of different physical activity levels. Speed was found to increase significantly 

across time. Such manner of pacing has been prevalent in endurance sports performance 

(Díaz, Fernández-Ozcorta, & Santos-Concejero, 2018; Hanley, 2014). It has been suggested 

that a negative pacing strategy is efficient for prolonged exercise as it helps to avoid 

premature fatigue (Díaz et al., 2018). Similar patterns displayed for the prescribed intensity 

exercise suggest that such manner of regulating exercise intensity could be an innate 

characteristic of human exercise regulatory behaviour. This is consistent with previous study, 

which demonstrated that during a 20-minute self-selected intensity exercise, speed gradually 

increased during the initial 10 minutes before stabilising (Lind et al., 2005). The lack of 

observing similar stabilisation of speed in present study could be due to the difference in 

duration of exercise.  

 

5.4.5 Perceptual cues in regulation of exercise intensity. The use of a 

multidimensional approach has allowed us to compare the changes in each perceptual cue 

during exercise. Regulation of exercise intensity has been proposed to be a complex 

interaction between different cues (Noakes, 2012) and this is evident in the present study with 

all three perceptual cues found to significantly vary across time during both preferred and 

prescribed intensity exercise.  

First, prescribed exercise intensity was found to be best associated with mental effort 

and physical exertion. Comparison of the perceptual cues showed that when participants 

regulated different intensity levels, a significant greater change was found in mental effort 

(η2
p = 0.915) and physical exertion (η2

p = 0.947) as compared to affective responses (η2
p = 
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0.506). This suggests that the self-selected increase in speed across different intensity levels 

was based on perceived mental effort and physical exertion instead of affective responses. 

This aligns with previous study, which found that the preferred method of monitoring 

exercise intensity for aerobic exercise was based on effort perception (Johnson & Phipps, 

2006).  

Both mental effort and physical exertion have been demonstrated to be closely 

associated with exercise intensity as evident from the strong correlations between the two 

perceptual cues and physiological responses found in this study. Present findings showed that 

exercise intensity is not just defined as sensations of physical strain but also the sense of 

psychological effort as well. Previous study has demonstrated that maximal exercise intensity 

was based on maximal mental effort instead of physical exertion (Swart et al., 2012). 

However, no significant difference was found in magnitude of change between the two cues, 

suggesting that both cues play equally influential roles in regulating different intensity levels.  

Regulation of prescribed intensity levels is probably based on a range of perceptual 

responses as both mental effort and physical exertion were found to vary significantly within 

each intensity level. Comparably similar magnitude of change was found in both mental 

effort (η2
p = 0.678) and physical exertion (η2

p = 0.770) across time within each intensity 

level. Interestingly, the magnitude of change in these two cues were significantly larger as 

compared to the change in affective responses (η2
p = 0.373). This suggests that affective 

responses were relatively more stable than mental effort and physical exertion when 

exercising at specified intensity levels. 

On the other hand, preferred intensity was found to best associate with affective 

responses instead. This was evident in the significantly larger variance found in mental effort 

(η2
p = 0.645) and physical exertion (η2

p = 0.693) during the exercise as compared to affective 

responses (η2
p = 0.294). In addition, the multiple linear regression model revealed that the 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



 

189 
 

variance in speed during preferred intensity exercise was associated with change in mental 

effort, change in physical exertion and duration of exercise. This implies that altering of 

speed resulted in increased mental effort and physical exertion but did not significantly 

change affective responses. This suggests that the decision to alter pace could not possibly be 

based on either mental effort or physical exertion since both perceptual responses were found 

to change significantly throughout the exercise. This echoes the results of a previous study 

that found RPE to vary throughout self-selected exercise while affect remained unchanged 

(Lind et al., 2005). In agreement with previous studies (Ekkekakis, 2009; Lind et al., 2005), 

present findings suggest that participants identified preferred intensity levels based on 

affective responses as it was the only perceptual cue found to remain relatively stable as 

compared to the other two cues. 

The important question is how these perceptual cues explain the negative pacing 

behaviour exhibited in both exercise bouts? The observed variation in self-selected speed 

during both prescribed and preferred intensity exercise could possibly be explained by 

participants trying to maintain a low affective load (Baron et al., 2009). Affective responses 

were found to be relatively more stable as compared to mental effort and physical exertion 

during preferred intensity exercise as well as within each prescribed intensity exercise. In 

addition, mean affective responses were found to be positive during all exercise, suggesting 

that participants felt pleasant during the exercise trials. It has been suggested that the 

likelihood to increase power output is greater when affective responses are positive (Baron et 

al., 2009). This has been supported by previous studies that found greater power output was 

associated with more positive affective responses (Jones et al., 2014; Renfree et al., 2012). 

Therefore, participants in the present study might be inclined to increase their pace during 

exercise due to the positive affective responses despite increasing their mental effort and 

physical exertion as a result.  
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5.4.6 Limitations and recommendations for future studies. While the findings 

have advanced the understanding of how active and inactive individuals regulated exercise 

intensity, it is important to acknowledge some limitations of present study. One limitation 

was that both self-paced runs were conducted on a treadmill in laboratory settings. Thus, such 

exercise modality may not fully replicate exercise regulatory behaviour in outdoor settings 

whereby altering of pace is more spontaneous. However, it is important to note there may be 

more confounding factors (e.g. weather, noise) in such settings. Future research may consider 

replicating such nature of experiment in field settings to improve ecological validity of the 

findings.  

Due to time constraints, another limitation of the study is related to the duration of 

self-paced exercise protocols employed. Although both preferred and prescribed intensity 

exercise protocols met the recommended minimal duration of at least 10 minutes (ACSM, 

2018), they may be shorter than the duration of exercise individuals usually underwent. 

Hence, it is unclear whether the pacing profiles exhibited in present study may differ from 

exercise bouts of longer duration. This warrants future research to further examine how 

individuals regulate exercise intensity in exercise bouts of longer duration.  

Present study has demonstrated that both mental effort and physical exertion were 

associated with prescribed exercise intensity levels. Although individuals were able to 

distinguish between the two perceptual cues, present findings were not able to differentiate 

which cue was more dominant in regulation of exercise intensity. As such, future research 

could investigate whether regulation of exercise based on either perceptual cue would result 

in different exercise behaviour.  
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5.4.7 Practical implications. Coaches should be mindful of prescribing exercise 

intensity based on solely physiological responses, as similar physiological strain could be 

perceived harder in inactive individuals as compared to active individuals.  

Based on present findings, prescribing exercise intensity based on perceptual cues is 

an appropriate method for both active and inactive individuals. This method is effective in 

achieving the necessary physiological strain for health benefits. To achieve specific intensity 

levels, it is recommended to ask individuals to focus on perceived mental effort or physical 

exertion. On the other hand, to regulate preferred intensity, individuals should be encouraged 

to focus on affective responses instead. Importantly, such exercise prescription approach is 

applicable to both active and inactive individuals.  

 

5.5 Conclusion 

Both developed mental effort and physical exertion rating scales were valid tools for 

exercise intensity prescription. Evidence of concurrent and construct validity was established 

for both rating scales. In addition, a multidimensional approach was functional to monitor the 

different dimensions of perceived fatigability during exercise based on mental effort, physical 

exertion, and affect. Such approach could be used to measure the overall psychophysiological 

strain using an integrated score, with the utility to further examine the influence of each 

respective underlying perceptual cue.  

Both active and inactive individuals were found to best associate prescribed exercise 

intensities with both mental effort and physical exertion. However, this was not the case for 

preferred intensity, which was found to be based on affective responses instead. Such 

findings suggest that the exercise prescription approach could influence how individuals 

regulate exercise intensity levels.  
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The study also demonstrated that similar physiological responses could be perceived 

differently among individuals of different physical activity levels. Inactive individuals were 

found to perceive higher mental effort and physical exertion than their active counterparts. 

Nevertheless, self-selected exercise intensities were found to meet the recommended levels 

for health benefits.  

This study has found that regulation of exercise intensity is characterised by a 

negative pacing profile with increase in speed over time. Such exercise regulatory behaviour 

is likely associated with affective responses experienced during exercise. Generally, 

participants were found to maintain relatively stable affective responses as compared to 

mental effort and physical exertion. The low affective load was proposed to explain why 

participants were inclined to increase their pace overtime when regulating exercise intensity. 

Findings of this study are of relevance to sports practitioners as well as public health 

stakeholders.  
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Chapter 6: General Discussion  

Fatigue during exercise has been suggested to be a perceptual sensation (Gibson et al., 

2003; Noakes, 2012). Similarly, exercise intensity should be viewed as a perceptual sensation 

that could be influenced by various factors instead of being based on solely physiological 

responses. It is important to study perceptual responses as human exercise behaviour is 

regulated by perceptual sensations (Baron et al., 2009; Tucker, 2009; Noakes; 2012). 

Perceptual cues have been demonstrated to play an important part in regulation of exercise 

performance, but less is known regarding physical activities undertaken in our everyday lives 

(Thiel et al., 2018). Since majority of our physical activities are unsupervised (Lind et al., 

2005), it is likely that individuals use perceptual cues to identify appropriate exercise 

intensity levels of their physical activities.  

This thesis was directed to better understand how individuals use perceptual cues in 

regulation of exercise intensity. A total of three studies was conducted to 1) examine the 

dissociation between mental effort and physical exertion during exercise, 2) examine how 

perception of exercise intensity was influenced by mental fatigue, and 3) examine the roles of 

different perceptual cues in regulation of exercise intensity.  

 

6.1 Dissociation between Mental Effort and Physical Exertion 

The present thesis addresses the need to develop valid rating scales to separate the 

measurement of mental effort and physical exertion through all three studies. In Study 1, the 

findings demonstrated that individuals could distinguish between mental effort and physical 

exertion across various exercise intensity levels. One novel finding from this thesis was that 

the differentiation between the cues seemed to be dependent on exercise intensity levels. 

During very light and light intensity exercises, no significant difference was found between 

the two perceptual responses. This is likely attributed to the intensity levels being insufficient 
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to stimulate both responses. However, greater physical exertion was perceived during higher 

intensity levels as compared to mental effort. This is likely because mental effort is expected 

to remain low if the exercise workload does not threaten the physiological homeostasis 

(Swart et al., 2012). Such evidence lends support that the two perceptual cues are different 

constructs.  

Both mental effort and physical exertion were found to increase across exercise 

intensity levels, suggesting that both cues are closely associated with exercise intensity. 

However, a larger increase was found in physical exertion as compared to mental effort. This 

indicates that physical strain may be more closely associated with exercise intensity as 

compared to mental effort. This was echoed by evidence of greater correlation coefficients 

between HR responses and physical exertion (r = 0.863) as compared to mental effort ( r = 

0.810). Since both cues were found to be associated with exercise intensity but yet distinct 

from one another, this suggests that the two cues could play different roles in regulation of 

exercise intensity. The use of a gestalt RPE score has been argued to limit us in examining 

the respective influence of these underlying cues (Jones et al., 2014). Hence, the findings of 

Study 1 support the need to use a multidimensional approach to better understand effort 

perception during exercise.  

In Study 1, it was also found that different verbal descriptors were associated with the 

two perceptual cues. Among a list of seven different verbal descriptors, mental effort and 

exertion were the most commonly selected trunk words associated with mental and physical 

strain during exercise respectively. Such findings suggest that the use of these verbal 

descriptors could help us better dissociate between the two perceptual cues.  

Based on the respective verbal descriptors determined for both scales from Study 1, 

Study 2 examined the use of the typical 0-10 response categorisation to measure mental effort 

and physical exertion during exercise. As part of rating scale development, it is imperative to 
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examine the response categorisation utilised. Presently, many RPE scales have been 

established with pre-assumed number of response categories without any scientific 

justification. Sub-optimal response categorisation could result in inaccurate measurement 

outcomes or misinterpretation of the rating scale (Bond & Fox, 2015; Linacre, 2002). Hence, 

there is a need to empirically examine whether the interpretation of response categories is like 

what the rating scale developer expected.  

Study 2 demonstrated that the 0-10 response categorisation did not function optimally 

for both mental effort and physical exertion rating scales. Based on the rating scale 

diagnostics from the Rasch analysis, it was revealed that certain response categories were not 

used in an expected manner. To improve the functioning of these rating scales, the response 

categorisation was revised by combining the problematic categories with adjacent ones. It 

was found that a seven-category and nine-category response categorisation functioned more 

optimally for the measurement of mental effort and physical exertion respectively. Such 

findings highlight the importance of empirically examining the functioning of a rating scale, 

as certain response categories may not be used by respondents in the expected manner.  

Based on the revised categorisation determined in Study 2, the concurrent and 

construct validity of the two rating scales were examined in Study 3. Concurrent validity was 

established with evidence of strong linear relationship between physiological responses and 

mental effort as well as physical exertion. Such evidence also echoed the strong correlation 

found between both perceptual cues and HR responses in Study 1. Collectively, these 

findings suggest that both mental effort and physical exertion were closely associated with 

exercise intensity levels. In addition, construct validity of both rating scales was established 

with evidence of strong linear association found between both perceptual cues and Borg’s 

RPE. This lends support to the hypothesis that RPE is represented by both mental effort and 

physical exertion (Swart et al., 2012). This also highlights that a single RPE score is limited 
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to differentiate whether an individual is rating based on mental effort or physical exertion. 

Hence, it is necessary to use separate rating scales to distinguish between these two cues.  

In summary, the series of three studies have contributed to existing literature in  

developing valid rating scales to separate the measurement of mental effort and physical 

exertion. Validation of both rating scales was established by 1) determining the appropriate 

verbal descriptors (Study 1), 2) optimising the response categorisation utilised (Study 2) and 

3) demonstrating strong linear relationships between the two perceptual responses and 

physiological responses as well as Borg’s RPE (Study 3).  

 

6.2 Influence of Mental Fatigue on Perception of Exercise Intensity  

Presently, much emphasis on measuring exercise intensity has been focused on 

physiological responses (ACSM, 2018). This thesis has argued that exercise intensity is a 

multifaceted construct that could be influenced by non-physiological factors. Since most 

individuals use perceptual cues to regulate exercise intensity in their daily physical activities, 

it is important to understand how perceptual responses could be affected by non-

physiological variables as well. Hence, Study 2 examined the influence of one such variable, 

mental fatigue, on mental effort, physical exertion, and affect.  

Study 2 demonstrated that a multidimensional approach was effective in 

distinguishing the effects of mental fatigue on different perceptual cues. Among the three 

perceptual cues of interest, physical exertion was the only cue found to be significantly 

impaired by mental fatigue among physically active and inactive individuals. This is aligned 

with previous studies that revealed mental fatigue would result in increased RPE (Marcora et 

al., 2009; Van Cutsem et al., 2017). Present findings suggest that such increase in RPE was 

likely due to increase in physical exertion specifically since mental effort was found to be 

unaffected by mental fatigue. In addition, Study 2 also revealed that the detrimental effects of 
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mental fatigue on physical exertion differed across exercise intensity levels. Greater increase 

in physical exertion was found between light and moderate exercise intensity under mental 

fatigue as compared to control conditions. These findings have important implications for 

exercise intensity prescription, as similar physiological responses could induce different 

psychophysiological strain under mental fatigue. In turn, this would influence how 

individuals regulate their exercise as evident from the impaired performance in self-paced 

exercise under mental fatigue (Brownsberger et al., 2013; Martin et al., 2016).  

It was expected that mental fatigue has greater impairment effects on inactive 

individuals as compared to the active individuals since exercise experience could influence 

one’s perception of exercise intensity (Noble & Robertson, 1996). In contrary to the 

hypothesis, the adverse effects of mental fatigue were found to be homogenous among 

individuals of contrasting physical activity levels. Significant difference in such effects was 

found to differ between gender groups instead. The negative effects of mental fatigue on 

physical exertion was found to be greater among male participants as compared to their 

female counterparts. Since most previous studies have been conducted on male population, 

present findings suggest more attention should be given to females as well to better 

understand the gender differences in effects of mental fatigue.  

While mental fatigue was found to increase the perception of physical exertion among 

participants, exercise performance was found to be unaffected among both active and inactive 

individuals. Such contrast of present findings to previous studies (MacMahon et al., 2014; 

Pageaux et al., 2014; Penna et al., 2018) is likely due to the externally paced protocol 

employed. As opposed to self-paced exercise protocols, participants were unable to regulate 

the power output and they could only choose when to terminate the exercise. Present findings 

from Study 2 indicate that termination of exercise was not influenced by increased physical 

exertion. This suggests that maximal exercise intensity is likely not associated with physical 
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exertion. It also implies a possibility that the determinant of exercise intensity regulation is 

based on other perceptual cues instead of physical exertion. Thus, future research should use 

a similar approach to assess the effects of mental fatigue on multiple perceptual cues and the 

influence on how individuals pace themselves during exercise.  

In summary, the findings from Study 2 has contributed to the existing literature that 

perception of exercise intensity could be influenced by non-physiological factor such as 

mental fatigue. Specifically, similar physiological responses were perceived to have greater 

physical exertion under mental fatigue conditions. However, externally paced exercise 

performance was unaffected by mental fatigue despite greater physical exertion.  

 

6.3 Role of Perceptual Cues in Regulation of Exercise Intensity 

Both effort perception and affective valence have been suggested to be key 

determinants in pacing strategies during endurance exercise performance (Baron et al., 2009; 

Tucker, 2009). Both cues have also been recommended as methods for exercise intensity 

prescription (Garber et al., 2011). However, it remains unclear how different individuals use 

these cues to regulate exercise intensity in personally undertaken physical activities. In this 

thesis, Study 3 examined the use of a multidimensional approach to measure the 

psychophysiological strain during exercise. Comparison was also made between how 

physically active and inactive individuals perceived and regulated different exercise intensity 

levels. Study 3 also examined the influence of each perceptual cue in regulation of exercise 

intensity.  

 

6.3.1 Multidimensional approach to measure psychophysiological strain. This 

thesis has demonstrated that physical exertion and mental effort are two perceptual cues that 

could be distinguished during exercise. Given that fatigue is multifaceted (Noakes, 2012; 
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Noakes et al., 2005), it has been proposed that mental effort, physical exertion, and affect are 

representative of different dimensions of fatigue (Venhost et al., 2018). Study 3’s results 

contribute to current body of knowledge by showing that all three perceptual cues reflect a 

similar higher-order factor, plausibly perceived fatigability. Furthermore, this thesis revealed 

that such an approach showed strong linear relationship with gold standard measures of 

exercise intensity such as VO2max and HRmax. The strength of such relationship was also 

similar as compared to Borg’s RPE. These results corroborate the use of multiple perceptual 

cues to monitor exercise intensity. Since it has been argued that a gestalt RPE score was too 

simplistic to quantify the psychophysiological strain during exercise (Hutchinson & 

Tenenbaum, 2006), a clear advantage of such an approach is that it allows us to better 

understand the influence of different perceptual cues in regulation of exercise intensity. 

 

6.3.2 Physical activity levels influence perception of exercise intensity. This thesis 

has contributed insights on similarities and differences between active and inactive 

individuals in how they perceive exercise intensity. Both groups were found to perceive 

various exercise intensity levels at similar physiological strain except for vigorous intensity. 

However, inactive individuals perceived exercise intensity levels at greater physical exertion 

and mental effort as compared to their active counterparts.  

Study 3 revealed that inactive individuals perceived vigorous exercise intensity at 

significantly higher %VO2max as compared to active individuals. This suggests that similar 

intensity zones could induce different physiological strain among individuals of different 

physical activity levels. In addition, it was demonstrated that active and inactive individuals 

perceived similar physiological responses differently. Generally, inactive individuals were 

found to perceive higher mental effort and physical exertion as compared to their active 

counterparts. Such findings suggest that prescribing intensity based on physiological 
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responses could result in differing perceived intensity levels among different individuals. 

Nevertheless, all prescribed intensity levels in both groups of individuals were found to meet 

the recommended intensity range based on physiological responses (ACSM, 2018).  

Surprisingly, self-selected intensity levels did not differ between active and inactive 

individuals based on both physiological and perceptual responses. Aligned with previous 

studies (Lind et al., 2005; Rose & Parfitt, 2007), both groups were found to select an intensity 

that approximated the ventilatory threshold level. The preferred intensity levels for both 

groups were found to meet the intensity levels recommended for health benefits. Such 

findings lend support to prescribe exercise based on self-selected intensity levels.  

 

6.3.3 Different roles of perceptual cues in regulation of exercise intensity. Study 3 

provided evidence on how active and inactive individuals regulated exercise intensity. Both 

groups were found to adopt a negative pacing strategy, with speed increasing over time. 

However, greater variance in speed was observed among active participants as compared to 

inactive participants. Since prior experience was suggested to influence pacing strategy 

(Tucker, 2009), it is likely that inactive individuals behaved more conservatively as they were 

less familiar with exercising at high intensity levels.  

Study 3 demonstrated that participants perceived different exercise intensity levels 

based on both mental effort and physical exertion. However, preferred intensity levels were 

more closely associated with affective responses instead. This suggests that exercise 

prescription approach could influence how individuals perceived intensity levels. Among the 

three perceptual cues, affective responses were found to remain the most stable during 

regulation of exercise intensity. Such evidence suggests that the increase in self-selected 

speed was likely associated with the positive affective valence of participants. This supports 
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the hypothesis that individuals are more motivated to increase their power output when their 

affective load is low (Baron et al., 2009).  

In summary, present findings from Study 3 contribute to better understanding of the 

influence of different perceptual cues in regulation of exercise intensity among both active 

and inactive individuals. Physical activity levels were found to influence perception of 

exercise intensity. Specifically, inactive individuals perceived greater mental effort and 

physical exertion than their active counterparts despite having similar physiological 

responses. Although both groups exhibited similar pacing profiles, less variance of speed was 

observed in inactive individuals during regulation of exercise intensity.  

 

6.4 Practical Implications of the Thesis 

6.4.1 Exercise intensity prescription. Based on findings from present thesis, the first 

important implication is that exercise intensity prescription should shift away from the 

emphasis on physiological responses. Sports practitioners and coaches should be mindful that 

monitoring exercise intensity based on solely physiological responses could represent 

different training loads among different individuals. For example, exercising at similar 

physiological responses will induce greater physical exertion and mental effort among 

inactive individuals as compared to their active counterparts. Furthermore, physiological 

responses do not reflect the influence of non-physiological influences such as mental fatigue 

on exercise intensity. Individuals are likely to perceive exercise to be harder under mental 

fatigue. Similar physiological responses will represent greater training load when athletes are 

mentally fatigued.  

Instead, this thesis argues that exercise intensity should be considered a perceptual 

sensation that is a multifaceted construct. Hence, it is recommended to monitor exercise 

intensity based on perceptual cues together with physiological responses to account for 
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individual differences and various factors that could influence the sensation of fatigue during 

exercise. To achieve specific physiological strain, individuals should be instructed to focus on 

regulating exercise intensity based on either mental effort or physical exertion. The mental 

effort and physical exertion rating scales developed in this thesis could be used since both 

scales have been demonstrated to be valid tools for regulating exercise intensity among active 

and inactive individuals. On the other hand, individuals should focus on affective responses 

to regulate exercise at a preferred intensity level.  

 

6.4.2 Multidimensional approach in measurement of perceived fatigue. The 

second practical implication is that a multidimensional approach is encouraged to measure 

perceived fatigue during exercise. First, both the mental effort and physical exertion rating 

scales could be used in place of a gestalt RPE score to measure effort perception during 

exercise. While the two cues were closely associated, this thesis has demonstrated that 

individuals were able to distinguish between them during exercise. Since the confusion 

between the terms exertion and effort could lead to different measured outcomes, researchers 

and sports practitioners should explicitly differentiate mental effort and physical exertion to 

avoid such ambiguity. However, it is important to ensure that respondents understand how to 

distinguish between the two perceptual responses. Second, an integrated score of overall 

psychophysiological strain can be computed through measures of mental effort, physical 

exertion, and affect. Such approach showed good predictive ability of physiological 

responses and allowed us to further examine the change in each of the respective perceptual 

measure. This offers a robust way for researchers and coaches to measure perceptual 

sensations of fatigue to better monitor internal training loads. 
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6.4.3 Affective responses in regulation of exercise intensity. The third practical 

implication is that more attention should be given towards monitoring affective responses 

during physical activities. This is especially important in the context of examining how 

individuals regulate exercise intensity. While both mental effort and physical exertion were 

found to be closely associated with specified intensities, individuals pace themselves during 

exercise based on their affective responses. Specifically, positive affective valence is 

suggested to increase the tendency to increase or maintain power output.  

Sports practitioners and coaches should be mindful that affective responses play an 

influential role in how individuals pace themselves during exercise. Hence, interventions that 

could influence affective responses could alter exercise regulatory behaviour. For example, 

listening to music has been found to improve affective responses during exercise (Terry et al., 

2019). As such, listening to music is likely to encourage individuals to maintain or increase 

power output during exercise. This is particularly important in the context of endurance 

sports such as running and cycling, in which pacing strategies influence performance.  

 

6.4.4 Exercise prescription based on preferred intensity. The last practical 

implication is that prescribing exercise based on preferred intensity levels seems to be a 

viable approach for both active and inactive individuals. Both groups were found to choose 

intensity levels that approximate moderate and vigorous intensities. This has important 

implications in terms of exercise prescription for public health. First, this approach is 

effective in achieving the necessary physiological strain to reap the health benefits of 

exercise. Second, it also encourages individuals to regulate exercise intensity based on 

affective responses. Specifically, individuals were found to maintain positive affective 

responses during exercise. Given that positive affective responses are associated with 

exercise adherence (Ekkekakis et al., 2008; Williams, 2008), such exercise prescription 
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approach could be potentially effective in encouraging physical activity among the sedentary 

population. 

 

6.5 Limitations and Future Research 

While this thesis has contributed to the literature in better understanding the roles of 

perceptual cues in regulation of exercise intensity, it is important to acknowledge the 

limitations of the studies conducted. The first limitation is related to the criteria used to 

quantify the activity levels of the research sample groups. In Study 2 and 3, individuals were 

considered inactive if their aerobic physical activity levels did not meet the recommendation 

of at least 30 minutes of moderate-intensity exercise three times per week in the last three 

months. Such binary way of classification may have resulted in some variance in physical 

activity levels within both groups. Due to this limitation, readers should be cautious of 

generalising the results to the sedentary population as there could be differences in exercise 

regulatory behaviour between extremely sedentary individuals and the inactive participants 

recruited in this research. However, the present thesis has provided the methodological tools 

that future research could apply to other populations with different physical activity levels. 

The second partial limitation is the concern of ecological validity as all studies were 

conducted in a laboratory environment. Treadmill exercise may not exactly replicate human 

exercise regulatory behaviour in outdoor settings. For example, it requires conscious action to 

alter the speed on the treadmill while it is more spontaneous for an individual to speed up or 

slow down when exercising outdoors. Nonetheless, this thesis has demonstrated that pacing 

still occurs when regulating exercise intensity on the treadmill. Since treadmill exercise is a 

common exercise mode for the general population, the generalisability of the thesis findings 

is still relevant. Future research could examine pacing behaviour in the field settings to better 

understand how individuals regulate exercise intensity in everyday life.  
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The third limitation is regarding the overlap of participants across the three studies, 

which may confound the findings due to potential familiarisation effects. Although all three 

studies involved treadmill exercise, the experimental protocols differed from one another and 

each study was separated by a three-month period. Hence, any trial familiarisation effect was 

expected to be minimal. Furthermore, majority of the recruited participants did not participate 

in more than one study.  

The present thesis has contributed to the literature that mental fatigue seems to only 

impair perceived physical exertion but not mental effort and affective responses. It remains 

poorly understood behind the underlying mechanism on how mental fatigue increases effort 

perception. In this case, future research is required to gain insights on why mental fatigue 

influences physical exertion and not mental effort. Existing literature has suggested that 

mental fatigue could clearly affect perceptual responses during exercise. Since individuals 

experienced such a wide range of sensations during exercise, it is recommended for future 

studies to use a similar multidimensional approach instead of measuring a single RPE score.  

A multidimensional approach has been demonstrated to show that individuals could 

distinguish between mental effort and physical exertion during exercise. However, both cues 

seem to be equally associated with exercise intensity levels. Future studies could explore 

whether there are any differences between regulation of exercise based on mental effort and 

physical exertion. This will further the understanding of the dissociation between these two 

cues.  

 

6.6 General Conclusion 

This thesis examined the roles of multiple perceptual cues in regulation of exercise 

intensity among physically active and inactive individuals. Empirical evidence was shown 

that effort perception could be dissociated into mental effort and physical exertion during 
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exercise. Both perceptual cues were closely associated with exercise intensity, suggesting that 

intensity is not just represented by sensations of physical strain but also the psychological 

effort to perform the physical task.  

Perceptual responses during exercise are not just dependent on physiological 

responses. Empirical evidence has shown that exercise intensity could be perceived 

differently among individuals of different physical activity levels and under mental fatiguing 

conditions. A multidimensional approach allows us to better understand the different effects 

on different perceptual cues.   

Exercise prescription approach influences how individuals regulate exercise intensity 

levels. Both mental effort and physical exertion were found to be associated with prescribed 

intensity levels while self-selected intensity levels were based on affective responses. This 

thesis has also provided evidence that both active and inactive individuals adopt a negative 

pacing profile when regulating exercise intensity. The reason why individuals increased their 

pace consistently during exercise was due to the positive affective responses.  
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Appendices 

Appendix 1: Study 1’s informed consent for participants 
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Appendix 2: Medical indemnity form 
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Appendix 3: Study 1’s IRB 
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Appendix 4: Verbal descriptor selection used to measure mental and physical strain in 

Study 1 
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Appendix 5: Global physical activity questionnaire 
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Appendix 6: Study 2’s informed consent for participants 
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Appendix 7: Study 2 and 3’s IRB 
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Appendix 8: Visual analogue scales used to measure psychological measure pre- and 

post-cognitive task in Study 2 
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Appendix 9: Study 3’s informed consent for participants  
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