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ABSTRACT 

 

 
This study examined the effects of different tempo music selections on effort-related thoughts, 

rating of perceived exertion (RPE), affect, heart rate, and performance of isometric strength 

exercises. Participants were assigned to one of three conditions: silent control, fast tempo music 

first followed by slow tempo music, and slow tempo music first followed by fast tempo music. 

Participants performed a baseline test of two different isometric strength exercises and then 

completed the exercises two additional times under the assigned condition. Measures of HR, 

RPE, and effort-related thoughts (i.e., attention) were taken throughout each exercise and 

participants reported their levels of arousal and pleasantness at the end of the three trials. Three-

way mixed RM ANOVAs were performed for HR, RPE, and attention to determine differences 

among the three conditions for 30 and 60 seconds and 30, 60, and 90 seconds of each exercise. A 

RM ANOVA was performed to test for differences in time until volitional exhaustion among 

conditions and a one-way ANOVA was performed on each measure of affect. No significant 

differences were found between conditions during any of the trials for any repeated measures; 

indicating both the presence of music and music tempo failed to influence HR, RPE, and 

attention. No differences between conditions in time to exhaustion emerged, indicating that 

contrary to hypotheses neither the addition of music nor the tempo of music effected time until 

volitional exhaustion. Lastly, no differences between either music condition and the silent 

control condition was observed, indicating music was unable to influence emotion affect during 

exercise. 

Conclusion: The presence of music nor the tempo of music was able to influence physical or 

psychological aspects of isometric strength exercise as it has been shown to do in aerobic and 

other strength-type exercises. 
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CHAPTER 1 

INTRODUCTION 

From Walkman’s to smart phones, music has become increasingly prevalent in society. 

Music accompanies a wide range of activities including studying, driving, and exercising. As 

listening to music during exercise becomes ubiquitous, it is vital to study the psychological and 

performance consequences of exercising in the presence of music, and the mechanisms through 

which these consequences take place. Attentional processes may underlie the changes that occur 

in psychological and performance outcomes in response to music (Rejeski, 1985).  

Two major models theorize the role of attention on exercise performance the social-

cognitive model (Tenenbaum, 2001) and the parallel processing model (Rejeski, 1985). Both 

models conceptualize associative and dissociative attention as mediating variables between 

physiological workload and perceived exertion. Associative attention is a cognitive strategy in 

which attention is directed towards the body’s internal or task-related signals, such as muscle 

pain. In contrast, dissociative attention is a cognitive strategy in which attention is directed 

towards non-task related external stimuli, such as music (Hutchinson & Karageorghis, 2013; 

Hutchinson & Tenenbaum, 2007). The social-cognitive model proposes that increases in rating 

of perceived exertion (RPE) correspondingly increases associative thoughts. Given that 

dissociative attention is associated with positive psychological and physiological effects during 

exercise (Balaguè et al., 2015; Garcia, Razon, Hristovski, Balagué, & Tenenbaum, 2015), 

maintaining a state of dissociation is critical for exercise adherence. The parallel processing 

model suggests a limited channel capacity through which information can pass from perceptual 

field to focal awareness. Specifically, there are a limited number of sensory cues that can be 

transferred into conscious awareness at one time. Thus, the dual-processing model allows for the 
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prediction that cognitively appealing external stimuli presented during exercise should facilitate 

dissociation from the pain and discomfort of exercise. Together, these models suggest that 

dissociation may decrease RPE while increasing enjoyment during a bout of exercise. 

Rating of perceived exertion and affect are particularly important for long-term 

adherence to exercise programs, as increased enjoyment and positive mood during exercise 

positively influence exercise frequency (Acevedo et al., 2007; Stewart, 2009; Young, 2005). 

Moreover, lower RPE and less severe undesirable physiological symptoms result in greater 

adherence (Acevedo et al., 2007). Conversely, high RPE and associated uncomfortable 

physiological symptoms (e.g., pain and fatigue), commonly result in voluntary or forced 

cessation of exercise. In summary, reduced RPE and reduced negative physiological symptoms 

and increased enjoyment and positive mood lead to improved exercise frequency and adherence. 

Moreover, dissociation may help exercisers reduce RPE and increase enjoyment, and therefore 

may lead to improved exercise frequency and adherence. 

Empirical studies have manipulated attention (i.e., promote dissociative attention) to 

determine the effects on physiological workload and perceived attention (Balaguè et al., 2015; 

Garcia et al., 2015).  Reduced perceived exertion, fatigue and related (negative) physical 

symptoms were reported during aerobic exercise when a dissociative attention strategy was 

employed compared with an associative attentional strategy (Fillingim & Fine, 1986; Harte & 

Eifert, 1995; Johnson & Siegel, 1992; Masters, 1988; Pennebaker & Lightner, 1980; Schomer, 

1986; Stones, 1980; Wrisberg, Franks, Birdwell, & High, 1988). Moreover, dissociation was 

associated with improved mood (Fillingim & Fine, 1986; Masters & Lambert, 1989) and 

increased enjoyment during running (Masters & Lambert, 1989; Morgan & Pollock, 1977; 

Ogles, Lynn, Masters, Hoefel, & Marsden, 1993-94; Sachs, 1984; Summers, Sargent, Levey, & 
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Murray, 1982). These psychological factors may increase adherence to exercise (Acevedo et al., 

2007). Overall, dissociation reduces RPE and negative physical symptoms while improving 

mood and increasing enjoyment. Combined, these changes may increase adherence to exercise; 

particularly when RPE is low to moderate, but not high. 

In addition to aerobic exercise, dissociation positively impacts strength exercise. 

Performance during strength exercise increased with dissociation (Gill & Strom, 1985; Rejeski & 

Kenny, 1987; Weinburg, Smith, Jackson, & Gould, 1984). Furthermore, greater hand grip 

endurance during dissociation was noted (Rejeski & Kenny, 1987). Taken together, dissociative 

attention is related to performance through the motivational channel in strength tasks; similar to 

hard and very hard aerobic tasks. 

Music has been investigated as a method to enhance dissociation during exercise. Music 

has been found to increase long term adherence and positive mood (Atler et al., 2015; 

Karageorghis, Terry et al., 2011). Listening to music changes multiple bodily responses during 

exercise. RPE, affect, performance, physiological measures, and attentional focus are all affected 

when music accompanies exercise (Connon, 2011; Crust, 2004; Dyrlund & Wininger, 2008). 

Music improves performance measures for both aerobic and strength-type exercise, although the 

clear majority of research has been completed using aerobic exercise (Bartolomei, Di Michele, & 

Merni, 2015; Hutchinson & Karageorghis, 2013; Jones, Karageorghis, & Ekkekakis, 2014; 

Karageorghis & Jones, 2014; Sanchez, Moss, Twist, & Karageorghis, 2014). For example, music 

can increase speed of an aerobic activity (Karageorghis et al., 2013; Sanchez et al., 2014) and 

time to exhaustion during aerobic and strength activity (Atkinson, Wilson, & Eubank, 2004; 

Biagini, Brown, Coburn, & Judelson, 2012; Terry, Karageorghis, Mecozzi, & D’Auria, 2012). 

Overall evidence from multiple studies supports that, the presence of music improves 
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performance, (i.e., time to voluntary exhaustion) in low-moderate aerobic exercise and strength 

activity. 

Variations in music components (e.g., tempo, volume, lyrics, and type) have been shown 

to affect psychological and physiological outcome measures during exercise (Connon, 2011; 

Crust & Clough, 2006; Huschle, 2008; Hutchinson & Sherman, 2014). Tempo is the pace of the 

music (beats per minute). Volume is the loudness of the music (decibel level). The lyrics are 

words in music. Type refers to whether the music is motivational or sedative. The effects of the 

four musical features have been examined using aerobic exercise, while only the effect of lyrics 

has been evaluated using strength exercise (Edworthy & Waring, 2006; Hutchinson & Sherman, 

2014; Sanchez et al., 2014; Terry et al., 2012). While the effects of tempo have been investigated 

most frequently, many of the findings of its effect on physiological facets and RPE have been 

varied (Copeland & Franks, 1991; Edworthy & Waring, 2006). Though many of the findings are 

inconclusive, tempo is the most important of all the features for determining exercise enjoyment 

(Crust, 2008; Karageorghis, Terry & Lane, 1999). During both aerobic and endurance-strength 

exercise, better performance was accompanied by music with lyrics than music without lyrics 

(Sanchez et al., 2014). While the effect of volume on physiological measures, psychological 

measures, or performance has not been studied, it was revealed that aerobic exercisers prefer 

louder volumes during more intense exercise (Hutchinson & Sherman, 2014). Lastly, while the 

effects of motivational music on RPE have been mixed, a positive impact on physiological 

measures has been reported (Connon, 2011; Szmedra & Bacharach, 1998; Terry et al., 2012). 

Clearly, there is much to be uncovered with regards to the moderating effects of tempo, lyrics, 

volume, and type of music; especially during strength exercise. 
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The majority of studies incorporating music focus on aerobic exercise rather than strength 

exercises (Karageorghis & Priest, 2012a, 2012b). Although more recent research incorporates 

strength exercises (Bartolomei, Michele, & Merni, 2015; Biagini et al., 2012), many aspects of 

strength exercise and music require further research.  

The current study examines the effects of tempo on heart rate, RPE, affect, time to 

exhaustion, and the period of dissociation during two different types of strength-endurance 

exercises. I hypothesize that faster tempo music will increase positive affect, time to voluntary 

exhaustion, length of dissociation period, and decrease RPE when compared to slow tempo and 

no music conditions.   
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CHAPTER 2 

LITERATURE REVIEW 

 

From Walkman’s to smart phones, music has become increasingly prevalent in society. 

Music accompanies a wide range of activities including studying, driving, and exercising. 

Listening to music during exercise has become such a prevailing practice that preeminent brands 

in the music industry have begun to mix the two. A recent advertisement campaign from Beats 

by Dre, featuring famous athletes such as Kevin Garnett and Colin Kapernick, illustrates the 

headphones allowing us to “hear what we want” (Beats by Dre, 2014). Likewise, the potential of 

music as a tool for distraction appears in similar advertisements. Bose, a large consumer 

electronics company specializing in audio systems, released a recent advertisement depicting J.J. 

Watt using their headphones to block out the distractions in the locker room (Bose, 2015). As 

listening to music during exercise becomes ubiquitous, it is vital to study the psychological and 

performance consequences of exercising in the presence of music, and the mechanisms through 

which these consequences take place.  

Attention Strategies Used with Physical Effort: Models and Research Findings 

Attentional processes may underlie differences in the psychological and performance 

outcome in response to music. Two major models theorize the role of attention on exercise 

performance and attention; the social-cognitive model (Tenenbaum, 2001) and the parallel 

processing model (Rejeski, 1985).  Both models conceptualize associative and dissociative 

attention as mediating variables between physiological workload and perceived exertion and 

exercise adherence. Both associative and dissociative attention are comprised of internal and 

external components. Internal association focuses on a task relevant part of the body, while 
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external association focuses on task-relevant stimuli outside the body, such as the speed of the 

treadmill. Internal dissociation focuses on a task-related part of the body; for example, focusing 

on the legs while completing a bicep curl. External dissociation focuses on a task-irrelevant 

stimulus outside of the body (e.g., focusing on music while completing a wall sit). While 

statistically insignificant, both internal and external dissociative attention modes tended towards 

lower RPE than internal or external associative attentions (Stanley, Pargman, & Tenenbaum, 

2007). 

 The social-cognitive model (Tenenbaum, 2001) proposes that increased RPE promotes a 

shift from dissociative to associative attention (see Figure 1). This model is based on two 

assumptions. First, as exercise intensity increases, attention shifts towards an association mode. 

Second, when the effort is perceived as “hard” dissociative attention cannot be maintained for an 

extended period of time. Recent studies support these assumptions and the model for both 

aerobic and anaerobic exercise (Balaguè et al., 2015; Garcia et al., 2015; Hutchinson & 

Tenenbaum, 2007). Results of these studies support the model’s assertion that increasing 

intensity of exercise results in a shift from more dissociative to more associative attention 

(Balaguè et al., 2015; Garcia et al., 2015; Hutchinson & Tenenbaum, 2007). Manipulations in 

which task-irrelevant or dissociative thoughts are imposed during exercise do not appear to shift 

attention from associative to dissociative (Balaguè et al., 2015; Garcia et al., 2015). Thus, the 

social-cognitive model proposes that increases in RPE will correspondingly increase associative 

thoughts. Given that dissociative attention is associated with positive psychological and 

physiological effects during exercise, maintaining a state of dissociation is critical for exercise 

adherence.  



8 

 

 
Figure 1. Perceived exertion and exertion tolerance as a function of exercise intensity and the 

physiological substrata. From, Tenenbaum, G. (2001). A social-cognitive perspective of 

perceived exertion and exertion tolerance. In R. N. Singer, H. A. Hausenblas, & C. M. Janelle 

(Eds.), Handbook of Sport Psychology (pp. 813). New York, NY: John Wiley & Sons, Inc.) 

Some individuals perceive high or even moderate intensity exercise as unpleasant or 

unenjoyable, which may result in early cessation or exercise avoidance. Moreover, per the social-

cognitive model, high intensity exercise is related to increased associative thoughts and may 

result in exercise cessation (Balaguè et al., 2015; Garcia et al., 2015; Hutchinson & Tenenbaum, 

2007; Tenenbaum, 2001). Music decreases the amount of associative thoughts or 

correspondingly increases periods of dissociation (Dyrlund & Wininger, 2008; Karageorghis et 

al., 2013; Karageorghis & Jones, 2014) and thus may counteract perceptions of unpleasantness 

and exercise cessation at moderate and high intensity levels.  

The parallel processing model (Rejeski, 1985) was adapted from Leventhal and 

Everhart’s (1979) conceptualization of pain. The parallel processing model suggests a limited 

channel capacity through which information can pass from perceptual field to focal awareness. 

Specifically, only a limited number of sensory cues can be transferred into conscious awareness 

at one time. Due to limitations in information processing, external and internal sources compete 
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for attention (Pennebaker & Lightner, 1980; Stones, 1980). When both sources are present, 

external stimuli must be cognitively appealing for dissociation to occur (Dyrlund & Wininger, 

2008). Thus, the dual-processing model predicts that cognitively appealing external stimuli 

presented during exercise should cause dissociation from the pain and discomfort of exercise, 

resulting in increased enjoyment and adherence. 

Music Effects on Attention and Effort Perception 

Three crucial mechanisms through which music affects exercise have been proposed: (1) 

alterations in psychomotor arousal levels, (2) improved mood at both medium and high intensity 

levels, and (3) narrowed attentional focus (Karageorghis et al., 1999). Music, especially 

motivational music, increases one’s ability to obtain optimal arousal levels for exercise 

(Karageorghis et al., 1999). Increased positive affect was felt when music accompanied a bout of 

exercise, leading to an increase in time until cessation (Atler et al., 2015; Biagini et al., 2012; 

Karageorghis, Jones, & Stuart, 2008; Karageorghis, Terry et al., 2011). Narrowed attentional 

focus, which can be facilitated through the use of music, was related to decreased awareness of 

bodily sensations of fatigue and decreased RPE during both low and moderate intensity exercise 

(Hutchinson & Sherman, 2014). The parallel processing model proposed that limitations on 

information processing results in a narrowed attentional focus. Thus, music may serve as an 

external sensory stimulus that competes with the body’s internal sensory cues. If the music is 

cognitively appealing, one can narrow his/her attentional focus to the music, allowing for a 

longer period of dissociation from the body’s unpleasant internal signals.  

Music has the potential to enhance psychological and physiological outcomes for both 

aerobic and strength exercise (Bacon, Myers, & Karageorghis, 2012; Bartolomei, Di Michele, & 

Merni, 2015; Biagini et al., 2012; Hutchinson & Karageorghis, 2013; Jones, Karageorghis & 
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Ekkekakis, 2014; Karageorghis & Jones, 2014; Sanchez et al., 2014; Terry et al., 2012).  

Although the effects of music on aerobic exercise have been consistently reported, research 

examining variations in music on strength exercise merits further study as it has been vastly 

ignored in comparison.  

Effects of Music on Aerobic Exercise 

Most of the research on the effects of music on exercise used aerobic tasks. Treadmill 

running and cycling were the two most common modes of aerobic exercise in these studies (e.g., 

Karageorghis & Priest, 2012a, 2012b). Only one study examined swimming (Karageorghis et al., 

2013). Findings revealed that listening to music during aerobic exercise had physiological, 

psychological, and performance effects (Connon, 2011; Dyrlund & Wininger, 2008; 

Karageorghis et al., 1999; Terry et al., 2012). 

Physiological effects 

 Several studies examined the effects of music on the physiological components of 

exercise including:  oxygen consumption (Terry et al., 2012), heart rate (Boutcher & Trenske, 

1990; Connon, 2011), and systolic blood pressure (Boutcher & Trenske, 1990; Brownley, 

McMurray, & Hackney, 1995; Connon, 2011; Szmedra & Bacharach, 1998; Terry et al, 2012). 

For example, Terry et al. (2012) measured oxygen consumption of triathletes during treadmill 

running and found a 1.0-2.7% decrease during a music condition compared with a silent 

condition. This effect was evident with both self-selected motivational and neutral motivational 

music of the same tempo of 80-97 bpm (Terry et al., 2012). These authors also reported lower 

blood lactate levels during various music conditions (e.g., classical, motivational, and 

oudeterous) (Terry et al., 2012).  

Inconsistent findings have been reported for studies investigating systolic blood pressure 

and heart rate. While Szmedra and Bacharach (1998) reported decreased systolic blood pressure 
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and heart rate when listening to classical music compared to no music while running (Szmedra & 

Bacharach, 1998), other studies did not find any effects of music on these outcome measures 

(Boutcher & Trenske, 1990; Brownley et al., 1995). Brownley et al. (1995) reported non-

significant differences in systolic blood pressure or heart rate between sedative music, fast tempo 

music, and no-music conditions. Boutcher and Trenske (1990) also examined heart rate using a 

cycle ergometer task at light, moderate, and high intensities and found no effect of music on 

heart rate at any workload. With respect to heart rate, Connon (2011) found that heart rate varied 

under different genres of music (e.g., dance, motivational, country music, and no music 

conditions) during a self-regulated cycling task. The overall mean heart rate was higher with 

country music and no music conditions than the motivational music condition. The heterogeneity 

of these results may be due to the diversity in tempo and genre of music, as well as the intensity 

levels of exercise. Further research must further clarify these findings.  

Performance effects 

Listening to music while exercising improved performance during cycling (Atkinson et 

al., 2004; Connon, 2011; Sanchez et al., 2014), swimming (Karageorghis et al., 2013), and 

treadmill running (Terry et al., 2012). For example, music was associated with decreased race 

time, increased speed, and greater calorie expenditure were found when cycling (Atkinson et al., 

2004; Connon, 2011; Sanchez et al., 2014). Motivational and oudeterous music conditions were 

also associated with increased swimming speed and time until exhaustion during treadmill 

running were seen under both music conditions (Karageorghis et al., 2013; Terry et al., 2012). 

Therefore, the presence of music has been shown to improve multiple aspects of aerobic 

performance. 
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Psychological effects 

 Numerous studies have shown psychological effects of exercising with music. Three 

variables frequently measured include RPE, emotional affect, and attentional focus.  

RPE. The effects of music on exercise RPE are mixed and may be due to methodological 

differences in the type of music employed. Reduced RPE was reported by Szmedra and 

Bacharach (1998) for classical music and by Connon (2011) for dance, motivational, and country 

music.  In contrast, some studies reported sedative, motivational, and oudeterous (neutral) music 

had no effect on RPE (Brownley et al., 1995; Karageorghis et al., 2013). In sum, while some 

evidence suggests a decrease in RPE with music, others suggest no effect. Thus, further research 

is required to clarify the music effect and the reasons for findings’ variations. 

Emotional affect. The effects of music on emotional affect and mood are also somewhat 

mixed. Multiple studies have shown an increase in positive affect and mood during music 

conditions (Edworthy & Waring, 2006; Karageorghis et al., 1999; Karageorghis, Terry et al., 

2012). Furthermore, flow and interest-enjoyment ratings were higher in all music conditions 

compared with no music (Karageorghis et al., 2008). Although a recent study by the same 

authors (Karageorghis et al., 2013) reported increased motivation levels in the music compared 

to no music condition, they did not find an effect of motivational and oudeterous music on in-

task affect, arousal, or flow. One possible reason for these divergent results in emotional affect 

was the high exercise intensity used in Karageorghis et al. (2013). Overall there is strong 

evidence that music has a positive impact on emotional affect - especially during light or 

moderate exercise. 

Attentional focus. The addition of music to exercise is an attempt to encourage external 

dissociative attention during effort expenditure. The effects of music on attentional focus have 
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been much more consistent. Dyrlund and Wininger (2008) randomly assigned participants to one 

of three levels of aerobic exercise intensity, and one of three music conditions: most preferred, 

least preferred, or no music. As predicted by the social-cognitive model (Tenenbaum, 2001), 

associative attention and distress levels increase as exercise intensity increase (Dyrlund & 

Wininger, 2008). Importantly, the most preferred music condition encouraged the most 

dissociative thoughts, although it was not statistically significant. Similarly, the presence of 

music results in more dissociative thoughts than when no music is present, however there is no 

difference in attention between motivational and oudeterous music conditions (Karageorghis & 

Jones, 2014). In summary, the existing research supports an effect of music on dissociative 

attention and the positive effects of dissociative attention on aerobic exercise. 

Findings on RPE and affect have been inconsistent, which may be due to differences in 

exercise intensity and mode. However, the notion that music helps exercisers dissociate during 

low and moderate aerobic exercise is supported. Using music as a distraction tool helps 

dissociate attention and results in prolonged engagement in exercising.  

Musical components 

Recent studies were aimed to investigate how different musical components moderate the 

effects of exercise and dissociative attention. Specifically, differences in tempo, lyrics, volume, 

and type of music may underlie some of the divergence in the previous results examining the 

effects of exercise and dissociation. 

Tempo. Among the four components (i.e., tempo, lyrics, volume, and type) most 

research centered on the tempo effect (see Karageorghis & Priest, 2012a, 2012b). Several studies 

have identified musical tempo as the most important aspect for determining motivation and 

exercise enjoyment (Crust, 2008; Karageorghis et al., 1999). Further, musical tempo affected 
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numerous variables during exercise including physiological response, performance, and 

psychological response.  

Physiologically, faster tempo music resulted in higher oxygen consumption (Huschle, 

2008). Additionally, a positive relationship between tempo and heart rate has also been reported; 

a combination of low volume, and slow tempo music lead to lower heart rate than both no music 

and loud, fast tempo music (Copeland & Franks, 1991). Further, loud, faster tempo music 

resulted in higher heart rates than either no music or soft, slow tempo music (Copeland & 

Franks, 1991). However, recent research has not provided confirmatory evidence regarding the 

relationship between tempo and heart rate (Edworthy & Waring, 2006; Huschle, 2008). 

Differences in the musical rhythm and the confound of simultaneously manipulating volume and 

tempo may have attributed to these divergent results. 

Effects of tempo on performance measures resulted in inconsistent findings. Early 

research revealed increased time to exhaustion when listening to soft, slow music than when 

listening to loud, fast music (Copeland & Franks, 1991). However, recently researchers 

examining treadmill running found exercisers selected faster speeds while loud, fast tempo 

music, was playing compared to no music or a soft, slow tempo music (Edworthy & Waring, 

2006). The rhythm/tempo and the confound of simultaneously manipulating volume and tempo 

may have contributed to the inconclusive findings on the effect of tempo on exercise 

performance.  

Results on the psychological consequences of tempo are similarly inconclusive. To date 

there is no evidence to conclude that tempo has a significant effect on RPE. Fast tempo music is 

associated with lower RPE but findings have not been significant (Copeland & Franks, 1991; 

Edworthy & Waring, 2006; Huschle, 2008). However, research findings on exerciser affect have 
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been more conclusive. Medium tempo music was found to result in higher interest-enjoyment 

compared to mixed tempo music selections. Both medium and mixed tempo music lead to lower 

ratings of pressure-tension than no music (Karageorghis et al., 2008). The divergent results of 

research on the effects of tempo are confounded by frequent methodological concerns, such as 

the simultaneous manipulation of volume and tempo. As such, further research is required to 

determine how tempo affects exercisers physiology, psychology, and performance components.  

Lyrics. The effect of lyrics has only been studied in regards to performance, while 

physiological and psychological effects have not been examined. Music with lyrics was 

associated with better performances compared to music without lyrics (Sanchez et al., 2014). 

However, there is no evidence adding lyrics to a track changes its motivational quality when 

rated using the BMRI-2 (Sanchez et al., 2014). 

Volume. Volume has only very recently been studied isolated from other variables such 

as tempo. When combined with a fast tempo, volume has mixed effects on heart rate but does 

increase voluntary treadmill speed (Copeland & Franks, 1991; Edworthy & Waring, 2006). In 

contrast, a slow tempo track playing at a low volume, increases time to voluntary exhaustion 

compared to fast tempo music playing at a high volume. These findings are confounded by the 

simultaneous manipulation of volume and tempo, which may have contributed to the 

inconsistencies. 

Removing tempo as a confounding variable, Hutchinson and Sherman, (2014) revealed a 

positive linear relationship between exercise intensity and preferred music volume to a given 

threshold. More research must be conducted before any predictions can be made about 

psychological, physiological, or performance effects volume of music may have on a bout of 

exercise.  
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Type. For the purposes of this study, type of music refers to the music’s sedative or 

motivational quality. No measures currently exist to assess the sedative quality of a selection of 

music, meaning the definition of the sedative meaning differs among studies. Karageorghis et al. 

(1996) used a modified version of the Music Rating Inventory (Lee, 1989). However, this 

inventory has many limitations (Karageorghis et al., 1999). Another study used music derived 

from “commercially marketed stress management selections” (Brownley et al., 1995). Given the 

lack of a consistent definition there is almost no consistency between findings on the effects of 

“sedative” music on physiological, psychological and performance outcomes.  

In contrast, multiple measures of the motivational qualities of music exist. Motivational 

qualities of music in recent research were measured using the BMRI (Karageorghis et al., 1999) 

or the BMRI-2 (Karageorghis, Priest, et al., 2006). Motivational music resulted in both 

physiological and psychological effects on aerobic exercise. Motivational music was related to a 

decrease in blood lactate concentrations at the end of the exercise compared to both neutral and 

no music conditions (Szmedra & Bacharach, 1998, Terry et al., 2012), and a lower overall mean 

heart rate when compared to country music and no music conditions (Connon, 2011). Most 

studies revealed that motivational music had no effect on RPE (Brownley et al., 1995; 

Karageorghis et al., 2013). However, in one study RPE decreased while attending to 

motivational music during aerobic exercise (Connon, 2011). This may be due to a difference in 

exercise intensity as RPE is “more difficult to manipulate” at higher levels of exercise intensity 

(Tenenbaum, 2001). Lastly, motivational music produced more dissociative thoughts than when 

exercising silently. However, when compared to oudeterous music no difference in the amount 

of dissociative thoughts produced has been reported; indicating that it is the presence of music 

itself and not necessarily its motivational quality that contributes to the increase in dissociative 
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thoughts (Karageorghis et al., 2013). As the music is broken down into components, its effects 

become more consistent and clearer.  

Effects of Music on Anaerobic or Strength Exercise 

Scant research exists examining the effects of music on strength exercises. The existing 

studies used both strength power and strength endurance exercises including squat jumps, bench 

press, and isometric holds. Most studies related music’s performance to psychological effects, 

however no current research has examined music’s physiological effects during anaerobic or 

strength exercise. 

Performance effects 

 Performance on strength or anaerobic exercise improved when music was present 

(Biagini et al., 2012; Bartolomei, Michele, & Merni, 2015; Crust, 2004). However, only two 

studies used functional strength tests (e.g., bench press), rather than strength proxy measures 

(e.g., hand dynamometer). Both studies used self-selected music where participants were 

encouraged to select motivating tracks (Biagini et al., 2012; Bartolomei et al., 2015). The effects 

of self-selected music on strength, explosiveness, and mood were studied using jump squats and 

a bench press (Biagini et al., 2012). The presence of music increased jump squat explosiveness 

(Biagini et al., 2012) and number of repetitions on the endurance bench press, however one-rep 

max lifts did not increase (Bartolomei et al., 2015). The two studies support the notion that music 

can increase muscular endurance, but not muscular strength. More research is required to come 

to conclusive findings. 

In addition to studies on the effects of music on various components during exercise 

several studies examined the effect of music prior to exercise (Crust, 2004; Karageorghis, Drew, 

& Terry, 1996). Introducing stimulating music prior to a grip strength task resulted in higher grip 
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strength compared to sedative music or white noise pre-task. Inversely, listening to sedative 

music pre-task resulted in lower grip strength than listening to white noise pre-task 

(Karageorghis et al., 1996). Another study altered the point at which music was introduced to an 

isometric task. Music or white noise was introduced either pre-task, during a portion of the task, 

or during the entire task (Crust, 2004). Music playing during a portion or the entire task resulted 

in longer isometric contractions than music playing prior to the exercise. In sum, music was 

found to improve performance in both isotonic and isometric strength based activities, except 

when attempting a maximum strength test. 

Psychological effects 

 The limited research on the effects of music on mood and RPE during strength exercise 

indicates that music lowers RPE and increases some moods during strength activities (Biagini et 

al., 2012). For example, in an anaerobic squat jump exercise presence of self-selected music 

resulted in a lower RPE compared to a no music condition. However, findings indicated no 

difference in RPE between the silent and self-selected conditions for an endurance bench press 

exercise (Biagini et al., 2012). Feelings of vigor, fatigue and tension increased when self-selected 

music was present during the anaerobic squat jump but not during the endurance bench press 

exercises. Moreover, self-selected music failed to affect anger, confusion, or depression (Biagini 

et al., 2012). Given the scarcity of research in this domain, more research must explore the 

effects of music on mood and RPE during strength or anaerobic exercise. Currently, of the four 

musical components, (tempo, lyrics, volume, and type) only the effects of lyrics have been 

studied using anaerobic or strength exercise. 
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Lyrics and strength exercise 

One study examined the effects of lyrics on strength exercise using motivational music, 

rhythm or instrumental music, and no music (Crust & Clough, 2006).  Music with lyrics resulted 

in a longer isometric hold than music without lyrics. In addition, attending to rhythm or 

instrumental music resulted in a longer isometric hold than the no music condition as well as 

reduced feelings of vigor from pre-task to post-task. The presence of motivational music had no 

effect on mood (Crust & Clough, 2006). Overall this indicates that while the presence of lyrics 

improves performance in an isometric hold, it does not influence mood. 

The Purpose of the Study 

 Overall, the research on the relationship between music and strength exercise has been 

limited. Research findings revealed that music improves performance on strength endurance 

tasks, but may not improve strength power. Only one study examined the effect of music on RPE 

and affect during strength exercise. Findings revealed that music failed to affect the affective 

state during a strength endurance exercise; however, fatigue, tension, and vigor increased with 

music during a power strength exercise. The inconsistent findings concerning the effect of music 

on RPE may be influenced by the different types of strength exercise used. To my knowledge 

there are no studies which considered the effects of music on physiological responses or 

attentional focus while performing strength exercises. The current study aims to expand the 

findings on the effects of music on strength training performance. Several studies on isometric or 

endurance strength exercises have been conducted; however, none focusing on the effects of 

tempo on adherence, affective and attention components. The current study will examine the 

effects of music in general, specifically tempo, on effort-related thoughts, affect, RPE, and heart 

rate during an isometric strength exercise. 
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Hypotheses 

Research findings revealed that attending to music results in positive physiological, 

psychological and exercise endurance components (Atkinson et al., 2004; Crust & Clough, 2006; 

Karageorghis & Jones, 2014; Sanchez et al., 2014; Terry et al., 2012). Few studies however, 

have examined the effect of music on performing strength exercises; none of which have 

considered the moderating effects of tempo. The purpose of this study is to examine the effects 

of different tempo music selections on effort-related thoughts, RPE, affect, heart rate, and 

performance of isometric strength exercises. 

It is hypothesized that:  

1. The fast tempo and slow tempo music will result in a longer period of dissociative thought 

than the no music condition. 

2. The fast tempo and slow tempo music will result in a longer wall sit and plank hold than 

under the no music condition. 

3. Fast tempo music will result in a longer wall sit and plank hold than the slow tempo music 

condition. 

4. The fast tempo and slow tempo music will result in higher scores on both the pleasantness 

and arousal scales of the affect grid than under the no music condition. 

5. The fast tempo music will result in higher scores on both the pleasantness and arousal 

scales of the affect grid than the slow tempo music.  

6. The fast tempo and slow tempo music will result in lower RPE scores than under the no 

music condition. 
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CHAPTER 3 

METHOD 

 

Participants 

Sixty-three actively strength training, young adults (25.0 ± 4.4 years, range 19-38) completed the 

study were recruited through email, flyers posted around campus, and word of mouth. To 

participate in the study subjects were 19-40 years of age, medically cleared to exercise as 

assessed via the PAR-Q+ and strength training twice a week for at least one month. A power 

analysis using G*Power 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007) revealed that a 

repeated measures MANOVA with an effect size of .40, three groups (No music control, fast 

tempo first, and slow tempo first), six measures (Heart rate, attention, pleasantness, arousal, 

RPE, and time until exhaustion), α =.05, a power (1 – β) = .80, the sample size required is 56 

participants. Participants were blocked by gender and then randomly assigned to one of three 

conditions. Age of participants between the control (n = 22), fast-slow (n = 20), and slow-fast 

conditions (n = 21) was not statistically different and stratification by gender allowed for the 

equal distribution of males (n = 32) and females (n = 31) between the three conditions. 

F tests - MANOVA: Repeated measures, within-between interaction 

Options: Pillai V, O'Brien-Shieh Algorithm 

Analysis: A priori: Compute required sample size  

Input: Effect size f(V) = 0.40 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

 Number of groups = 3 

 Number of measurements = 6 

Output: Noncentrality parameter λ = 17.9200000 

 Critical F = 1.9266925 

 Numerator df = 10.0000000 

 Denominator df = 100 

 Total sample size = 56 

 Actual power = 0.8045011 

 Pillai V = 0.2758621 
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Instrumentation 

Demographics survey (Appendix B) 

The demographics survey consists of eight questions regarding age, gender, and 

experience in strength training. Participants were also asked questions to verify they followed the 

given guidelines prior to the experiment. The guidelines require food intake within two hours 

prior to the experiment, avoidance of alcohol for 12 hours prior to the experiment, and avoidance 

of high intensity exercise for 24 hours prior to the experiment. 

The Physical Activity Readiness Questionnaire for Everyone (PAR-Q+; Appendix 

C) 

The PAR-Q+ is the first of a two-part risk stratification and physical activity participation 

clearance strategy. The first section consists of seven YES or NO general health questions. For 

example, “Has your doctor ever said that you have a heart condition or high blood pressure?” If 

the participant answers NO to all the questions in the first section, he/she is considered medically 

safe to exercise. If a YES answer was given in the first section, the participant was directed to the 

second section comprised of 10 additional questions designed to obtain details about their 

condition. If a NO answer was given for each of these questions the participant was considered 

medically cleared for exercise. The PAR-Q+ demonstrated an outstanding test-retest reliability (r 

= 0.99) (Warburton, Bredin, Jamnik, & Gledhill, 2011).  

Tammen (1996) Attention Scale (Appendix D) 

A single item 10-point scale ranging from 0 (external thoughts, surroundings, music) to 

10 (internal thoughts, breathing, muscles) measures attention throughout the task, with a score of 

5 or higher indicating a predominantly internal focus. Originally the scale was designed to 

represent the range of attention from 0 (pure dissociation) to 10 (pure association). The one-

question scale has been determined to be both an effective and ecologically valid measure of 
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attention during physical exertion (Tammen, 1996; Tenenbaum, Kamata, & Hayashi, 2007). 

Previous studies have shown one-item measures are effective in evaluating participants’ 

attentional focus and that participants’ use of association and dissociation vary along a 

continuum (Baden, McLean, Noakes, & St. Clair Gibson, 2005). In addition, it has also been 

found that the one-item scale is effective in assessing participants’ attention immediately 

following the experimental task (Masters & Ogles, 1998). 

Affect Grid (Appendix E) 

The affect grid (Russell, Weiss, & Mendelsohn, 1989) measures overall pleasantness and 

arousal throughout the task. Both pleasantness and arousal are measured on 9-point scales. The 

pleasantness scale ranges from 1 (unpleasant) to 9 (pleasant) and the arousal scale ranges from 1 

(sleepiness) to 9 (high arousal). Russell et al. (1989) found support for the independence of the 

pleasantness and arousal dimensions as well as the validity of the grid. The use of these 

dimensions has been validated by Russell and Mehrabian (1977). After reviewing 42 self-report 

affect scales they found affect could be predicted on almost all scales by the scores of the 

pleasure-displeasure, arousal-sleepiness, and dominance-submissiveness dimensions. The 

dominance-submissiveness dimension accounted for the least amount of variance, supporting the 

use of only the other two dimensions in the affect grid. 

Rating of Perceived Exertion (Appendix F) 

The RPE (Borg, 1982) is a 15-point category-ratio scale ranging from 6 (very, very light 

(rest)) to 20 (maximum exertion), measuring perceived exertion during a task. The higher the 

RPE score, the higher the rating of perceived exertion. The RPE Borg scale has high test-retest (r 

> .83) and intra-test (r = 0.93) reliability (Borg 1982). Furthermore, it has been shown to 

correlate with physiological measures including heart rate (Borg 1982; 1998). 
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Apparatuses 

Heart rate monitor (HR-Polar T31; Polar Electro Inc., 1977) 

The Polar T31 HR monitor system measures the participant’s heart rate during the 

exercise. Heart rate is measured by a sensor strap worn around the chest and reported to a 

receiver unit worn on the wrist. 

Stopwatch (iPhone 5S; Apple, 1976) 

The stopwatch feature of the iPhone 5S was used to record the amount of time the 

participant completed each exercise. 

Speaker (iHome iM59WC; SDI Technologies, 1956) 

The iHome portable speaker was connected to a music player to allow the participant to 

hear music selections. 

Music player (Lenovo Yoga 2 Pro; Lenovo Group Ltd., 1984) 

The Lenovo Yoga 2 Pro is a convertible 2-in-1 PC that was used to play music selections. 

Music Selection: Tempo 

To ensure familiarity, all selections were from the Billboard Hot 100 Chart in the past six 

months. Ten songs from varying genres were selected, and then edited to allow the same song to 

be used in both conditions. The fast tempo music selections were edited to maintain a tempo of 

120 beats/min (Karageorghis et al., 1999) and the slow tempo music was edited to maintain a 

tempo of 90 beats/min to ensure it could be differentiated from the fast tempo selection. Songs 

ranged from 145 to 285 seconds in length and the volume was set at 75dB for each track. This 

volume has been determined sufficiently loud without causing audiological damage (Alessio & 

Hutchinson, 1991). Songs selected were gender neutral and came from multiple genres to 

increase participant’s enjoyment of the music. At the end of the experiment each participant 



25 

 

rated how much they enjoyed the music on a scale ranging from 1 (I did not like it at all) to 10 (I 

liked it very much). 

Exercises 

 Wall sit 

To perform a wall sit the participant must place feet slightly wider than shoulder width apart and 

lean against the wall. Keeping the feet flat on the floor and the back flat against the wall, one 

must lower towards the floor until the knees reach a 90-degree angle. This exercise uses four 

muscle groups known as the quadriceps, hamstrings, calves, and glutes (see Figure 4). The 

exercise was held until voluntary exhaustion (e.g., getting out of the exercise) or the participant 

could no longer hold the correct position (e.g., the knees are no longer bent at a 90-degree angle). 

 
Figure 2. Demonstration of a wall sit (retrieved from workoutlab.com) 

 Plank hold 

To perform a plank hold the participant must get down on hands and knees, then lower to 

the elbows. The feet are then extended behind until the body is in a flat line supported by the 

forearms and feet. The plank activates all the muscles in the core, such as the transverse 

abdominus, rectus abdominus, internal and external obliques, psoas, quadratus lumborium, 

iliacus, erector spinae, gluteus maximus, gluteus medius, and gluteus minimus (see Figure 5). 

The exercise was held until voluntary exhaustion (e.g., getting out of the exercise) or the 
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participant could no longer hold the correct position (e.g., dropping the hips towards the floor, 

creating an arch in the back, or raising the buttocks upward, creating a pike in the hips. 

 
Figure 3. Demonstration of a plank hold (retrieved from apolloclinicthane.com) 

Experimental Conditions and Procedure 

After obtaining IRB approval, participants were recruited for participation through 

emails, flyers, research pools, and word of mouth. Participants were given a list of guidelines to 

follow prior to the study to ensure safety. Guidelines required food intake within two hours prior 

to the experiment, avoidance of alcohol 12 hours prior to the experiment, and avoidance of high 

intensity exercise 24 hours prior to the experiment. Upon arriving to the study’s location, the 

procedure was explained and the participant was asked to sign a consent form. Participants then 

completed the demographics survey and the PAR Q+ prior to the session to ensure their safety 

and to determine whether they met the requirements to participate.  

Participants were blocked by gender and then randomly assigned to one of three 

conditions: control, slow tempo first, fast tempo first. Throughout the experiment participants 

wore a heart rate monitor around their chest. HR measure will be transmitted to a device the 

researcher will hold. A baseline heart rate was measured pre-exercise and then recorded every 10 

seconds throughout each exercise bout. Each participant completed the two exercises (wall sit 

and plank hold) three times each. The technique of each exercise was explained and 

demonstrated by the researcher. Following explanation and demonstration participants were 

asked to practice the pose to allow the experimenter to make any corrections to their technique. 
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Participants received a maximum of three attempts to perform the exercise correctly. Once the 

technique is correct the participant were given a one minue break before beginning testing. 

First, each participant completed the first set of exercises with no music to obtain a 

baseline time. The participant verbally rated their associative/dissociative thoughts on the 

Tammen (1996) scale and their perceived exertion on the RPE (Borg, 1982) every 30 seconds 

throughout the exercises.  A two minue break was given between exercises followed by a five 

minute break after the second exercise. The control group then completed two additional sets 

with no music. In contrast, the first experimental group then completed one set of the two 

exercises in the presence of fast tempo music followed by one set of the two exercises in the 

presence of slow tempo music. The second experimental group reversed the order of fast and 

slow tempo music. Thus, they completed the first set of both exercises in the presence of slow 

tempo music and the second set in the presence of fast tempo music. A two-minute break was 

enforced between the two exercises within each set with a longer, five-minute break between sets 

(See Figure 4). 

For each experimental condition, the music played through a speaker at 75 dB (Alessio & 

Hutchinson, 1991) throughout each bout of exercise. No music was be played during the breaks 

from exercise. Every 30 seconds throughout each exercise the participant was asked to verbally 

rate their associative/dissociative thoughts on the Tammen (1996) scale and their perceived 

exertion on the RPE (Borg, 1982) scale.  
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Although it has been found that frequent measurements may increase reported RPE and 

associative thoughts (Meir et al., 2015), given the expected length of each task it was determined 

that decreasing the frequency may not allow for in task measures for all participants. 

Immediately after the task completion each participant completed the Tammen scale (1996), the 

Borg (1982) scale, the Affect Grid (Russell et al., 1989), and the music enjoyment scale. The 

experiment was performed in a laboratory at Auburn University, as close to the participant’s 

normal time of workout as possible, without the visual and/or auditory distractions of other 

Figure 4. Diagram of the study design. 
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noises, people, or televisions. Following completion of the task and questionnaires the 

participant was debriefed and thanked for their participation. 

 

Statistical Analyses 

First, a three BS conditions (no music, slow tempo first, fast tempo first) by two WS time 

points (30 seconds and 60 seconds) by three trials (baseline, trial 1, and trial 2) mixed repeated 

measures (RM) ANOVAs were conducted on HR, RPE, and attention allocation rating for each 

exercise (wall sit and plank) separately to determine the effect of music condition for those who 

performed the exercises for at least 60 seconds. Second, a three condition by three time points 

(30, 60, 90 seconds) by three trials repeated measures ANOVAs were conducted on HR, RPE, 

and attention rating for each exercise separately to determine the effect of music condition for 

those who performed the exercises for at least 90 seconds. Third, 3 (conditions) by 3 (trials) 

mixed RM ANOVAs were conducted on time until volitional exhaustion for each exercise 

separately. Lastly, one-way ANOVAs were performed on the pleasantness and arousal ratings 

for each exercise separately. The assumptions of repeated measures ANOVA and one-way 

ANOVA (e.g., no significant outliers, normality, sphericity) were examined. A probability of p < 

0.05 was used to determine statistical significance. Post hoc analyses were conducted where 

applicable using least significant difference (LSD) and Cohen’s ds were calculated to estimate 

the size of these effects. Means and SD were computed and presented as descriptive statistics. 
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CHAPTER 4 

RESULTS 

 

Tests of Statistical Assumptions 

Wall sit 

Three-way mixed RM ANOVAs were performed for HR, RPE, and attention to 

determine differences among the three conditions for 30 and 60 seconds and 30, 60, and 90 

seconds of the wall sit. For the analysis of 30 and 60 seconds Mauchly’s Test for Sphericity for 

trial was significant for each of the dependent measures, HR, W = .49, p < .001, ε = .68;  RPE, W 

= .86, p = .03, ε = .91 and attention W = .87, p = .04, ε = .92. In addition, the assumption of 

homogeneity of variance was violated for RPE trial-time interaction, W = .86, p = .03, ε = .91 for 

the analysis of 30 and 60 seconds. For the analysis of 30, 60, and 90 seconds, Mauchly’s Test for 

Sphericity for trial was significant for each of the dependent measures, HR, W = .47, p < .01, ε = 

.68, RPE, W = .54, p < .01, ε = .71, and attention W = .74, p = .02, ε = .83. Furthermore, the 

assumption of homogeneity of variance was also violated for each of the dependent measures for 

the analysis with 30, 60 and 90 seconds, HR, W = .57, p < .01, ε = .74 RPE, W = .51, p < .01, ε = 

.69, and attention W = .62, p < .01, ε = .76). Additionally, for the analysis with 30, 60, and 90 

seconds, Mauchly’s Test for sphericity was significant for RPE trial-time interaction, W = .38, p 

< .01, ε = .81 and attention trial-time interaction, W = .45, p = .02, ε = .76. Also, a Shapiro 

Wilk’s test revealed a violation of the assumption of normality, W = .92, p = .04 for attention for 

the analysis with 30, 60, and 90 seconds and therefore Huynh-Feldt corrections were used. 

Finally, a RM ANOVA was performed to test for differences in time until volitional exhaustion 

among conditions. Mauchly’s Test for Sphericity was significant for trial, W = .84, p < .01, ε = 
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.89, and therefore a Huynh-Feldt correction was used. All data presented beyond 90 seconds (i.e. 

90, 120, and 150 seconds) is descriptive. 

Plank 

Three-way mixed RM ANOVAs were performed to test for HR, RPE, and attention 

among conditions for 30 and 60 seconds and 30, 60, and 90 seconds of the plank. For the 

analysis with 30 and 60 seconds, Mauchly’s Test for Sphericity for trial was significant for each 

of the dependent measures, HR, W = .78, p < .01, ε = .86, RPE, W = .74, p < .001, ε = .81, and 

attention W = .74, p < .001, ε = .81. For the analysis with 30, 60, and 90 seconds, Mauchly’s Test 

for Sphericity for trial was significant for HR, W = .76, p = .04, ε = .86, and attention W = .79, p 

= .04, ε = .87. Furthermore, the assumption of homogeneity of variance was also violated for 

time for each of the dependent measures for the analysis with 30, 60, and 90 seconds, HR, W = 

.50, p < .001, ε = .69 RPE, W = .26, p < .001, ε = .58, and attention W = .54, p < .001, ε = .71. 

Additionally, for the analysis with 30, 60, and 90 seconds, Mauchly’s Test for sphericity was 

significant for HR trial by time interaction, W = .37, p < .01, ε = .77, and attention trial by time 

interaction, W = .51, p < .05, ε = .84. Finally, a RM ANOVA was performed to test for 

differences in time until volitional exhaustion among conditions. Mauchly’s Test for Sphericity 

for trial W = .79, p = .001, ε = .85, and Shapiro Wilks test W = .92, p < .001 were significant, 

indicating the assumptions of homogeneity of variance and normality were violated. Therefore, a 

Huynh-Feldt correction was performed. All data presented beyond 90 seconds (i.e. 90, 120, and 

150 seconds) is descriptive. 

Affect 

  A one-way ANOVA was performed to test for difference in arousal ratings among the 

experimental and control conditions. A Shapiro Wilk’s test revealed that the assumption of 



32 

 

normality was violated, W = .93, p < .001, and therefore a Kruskal Wallis test was performed in 

place of a one-way ANOVA. 

Commitment check (Appendix G) 

The commitment checks consisted of two questions, attempting to ensure adequate 

commitment to the completion of the task. Participants were asked to indicate from 1 (none) to 

10 (very much), how much effort they invested in the exercise task and from 1 (not at all) to 10 

(very hard), how hard they tried while completing the task. It was determined that data from 

participants indicating 6 or less on either scale would not be included in the final analyses as they 

were not considered to be committed to the task, however no participants were excluded based 

on the commitment check. All participants indicated both that high effort (M = 8.60, SD = 1.25) 

and hard work were invested in the exercise tasks (M = 8.73, SD = 1.48). Level of effort 

investment did not differ between the control (M = 8.59, SD = 1.05), fast-slow (M = 8.85, SD = 

1.27), and slow-fast conditions (M = 8.38, SD = 1.43). Indication of work level was also similar 

between the control (M = 8.73, SD = 1.42), fast-slow (M = 8.95, SD = 1.36), and slow-fast 

conditions (M = 8.52, SD = 1.69). 

Exercise Analyses 

Heart rate – 30 and 60 seconds 

Wall sit. Huynh-Feldt corrected RM ANOVA resulted in significant effects for trial, ε = 

.68, F(2, 80) = 22.77, p < .001, η2 = .04, and time F(1, 40) = 120.52, p < .001, η2 = .05, 

indicating that HR increased from 30 to 60 second and across each of the three trials (baseline, 

trial 1, trial 2). Mean HR during the baseline trial (M = 109.58, SD = 20.50) was lower than trial 

1 (M = 117.84, SD = 21.81, d = .39) and trial 2 (M = 119.50, SD = 20.96, d = .48). Mean HR 

during trial 1 was slightly lower than during trial 2 (M = 119.50, SD = 20.96, d = .08). In 
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addition, a trial by time interaction F(2, 80) = 16.24, p < .001, η2 < .01 was revealed. Non-

significant effects for music condition, nor its interaction with trial and time were significant, 

indicating no effect of music condition on HR for participants who performed the wall sit for at 

least 60 seconds (See Figure 5). 

 

 

Figure 5. Mean HR during the wall sit over time for (A) baseline, (B) trial 1, and (C) trial 2 for 

the three conditions 

 

Plank. Huynh-Feldt corrected RM ANOVA revealed significant main effects of trial ε = 

.86, F(2, 98) = 37.81, p < .001, η2 = .04, and time F(1, 49) = 195.70, p < .001, η2 = .05, 

indicating that HR increased from 30 to 60 seconds and across each of the three trials (baseline, 

trial 1, trial 2).Mean HR during the baseline trial (M = 105.11, SD = 19.72) was lower than 

during trial 1 (M = 112.45, SD = 20.85, d = .36), and trial 2 (M = 114.29, SD = 20.13, d = .46). 

Mean HR during trial 1 was slightly lower than trial 2 (d = .09). In addition, a trial by time 

interaction F(2, 98) = 5.68, p = .005, η2 < .001, and condition by trial by time interaction, F(4, 

98) = 2.62, p = .04, η2 < .001 were found. Follow up post-hoc analyses revealed no condition 

differences during any of the three trials, indicating that there was no effect of music condition 

on heart rate for participants who performed the plank for at least 60 seconds (See Figure 6).  
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Figure 6. Mean HR during the plank hold over time for (A) baseline, (B) trial 1, and (C) trial 2 

for the three conditions 

With respect to the 3-way interaction, during the baseline trial, mean HR in the fast-slow 

condition (M = 109.94, SD = 16.46) was slightly higher than in the control (M = 103.12, SD = 

18.40, d = .39) and slow-fast conditions (M = 102.42, SD = 23.15, d = .38). Throughout trial 1, 

mean HR in the fast-slow condition who were presented with fast tempo music (M = 117.24, SD 

= 18.12) was slightly higher than in the control (M = 111.32, SD = 19.74, d = .31) and the 

participants in the slow-fast conditions who were presented with slow tempo music (M = 109.00, 

SD = 23.80, d = .39). However, during trial 2, mean HR for participants in the fast-slow 

condition presented with slow tempo music (M = 117.91, SD = 15.27) was slightly higher than in 

the control condition (M = 113.44, SD = 19.84, d = .25) and the participants in the slow-fast 

condition presented with fast tempo music (M = 111.67, SD = 24.11, d = .32). The HR 

differences between the fast-slow condition and the control and slow-fast conditions have 

decreased in trial 2. 

Heart rate – 30, 60 and 90 seconds 

 Wall sit. Huynh-Feldt corrected RM ANOVA resulted in main effects for trial ε = .68, 

F(2, 38) = 19.40, p < .001, η2 = .11, and time, ε = .74, F(2, 38) = 145.26, p < .001, η2 = .16. HR 

increased from 30, 60, and 90 seconds and across each of the three trials (baseline, trial 1, trial 

2). Mean HR during the baseline trial (M = 108.59, SD = 16.71) was lower than trial 1 (M = 

120.03, SD = 19.68, d = .63), and trial 2 (M = 121.32, SD = 19.10, d = .71). Mean HR during 
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trial 1 was slightly lower than during trial 2 (d = .07). In addition, a trial by time interaction, F(4, 

76) = 15.28, p < .001, η2 = .02 was revealed. Non-significant effects for condition or its 

interactions with time and trial were observed, indicating no effect of the music conditions on 

HR for participants who performed the wall sit for at least 90 seconds (See Figure 5). 

 Plank. Huynh-Feldt corrected RM ANOVA resulted in significant main effects for trial, ε 

= .86, F(2, 48) = 24.22, p < .001, η2 = .06, and time ε = .69, F(2, 48) = 206.97, p < .001, η2 = .13, 

indicating that HR increased from 30, 60, and 90 seconds and across each of the three trials 

(baseline, trial 1, and trial 2). Mean HR during the baseline trial (M = 103.93, SD = 20.53) was 

lower than trial 1 (M = 111.90, SD = 20.78, d = .39), and trial 2 (M = 114.86, SD = 18.62, d = 

.56). Mean HR was slightly lower during trial 1 than trial 2 (d = .15). Non-significant effects for 

experimental condition or its interaction with time and trial were found, indicating no effect of 

music condition on HR for participants who performed the plank for at least 90 seconds (See 

Figure 6). 

Heart rate - 90, 120 and 150 Seconds 

 Wall sit. During the baseline trial, HR for participants in the slow-fast condition was 

lower than the control and fast-slow groups, during the subsequent trials (trial 1 and trial 2) 

however, this difference was no longer present. The dramatic decrease in HR for the participants 

in the control condition observed at 150 seconds, resulted in a difference between the control and 

fast-slow conditions, however this difference is greatly decreased when slow tempo music was 

presented to participants in the fast-slow condition. 

 Plank. HR in the slow-fast condition was lower throughout all three trials compared to 

that observed for the participants in the control and fast-slow conditions, while HR was highest 

for participants in the control condition across all three trials. 
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RPE – 30 and 60 seconds 

Wall sit. Huynh-Feldt corrected RM ANOVA resulted in significant main effects for 

trial, ε = .91, F(2, 96) = 9.56, p < .001, η2 = .03, and time ε = .91, F(1, 48) = 187.28, p < .001, η2 

= .19, indicating that RPE increased from 30 to 60 second and across each of the three trials. 

Mean RPE during the baseline trial (M = 12.07, SD = 2.45) was lower than trial 1 (M = 12.68, 

SD = 2.77, d = .23) and trial 2 (M = 13.10, SD = 2.58, d = .41). Mean RPE was slightly lower 

during trial 1 than during trial 2 (d = .16). Contrary to the hypotheses predictions, non-significant 

effects of music condition were found for RPE for participants who performed the wall sit for at 

least 60 seconds (See Figure 7). 

 

Figure 7. Mean RPE during the wall sit over time for (A) baseline, (B) trial 1, and (C) trial 2 in 

the three experimental conditions 

 

Plank. Huynh-Feldt corrected RM ANOVA resulted in significant main effects for trial, ε 

= .81, F(2, 110) = 34.80, p < .001, η2 = .07, and time, F(1, 55) = 383.93, p < .001, η2 = .20, 

indicating that RPE increased from 30 to 60 seconds and across each of the three trials. Mean 

RPE during the baseline trial (M = 12.15, SD = 2.84) was lower than trial 1 (M = 13.08, SD = 

2.62, d = .34), and trial 2 (M = 13.69, SD = 2.57, d = .57). Mean RPE was slightly lower during 

trial 1 than during trial 2 (d = .24). Contrary to the hypotheses predictions, non-significant effects 

for experimental condition or its interaction with trial and time were noted, indicating there was 
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no effect of music condition on RPE for participants who performed the plank for at least 60 

seconds (See Figure 8). 

 

 

Figure 8. Mean RPE during the plank hold over time for (A) baseline, (B) trial 1, and (C) trial 2 

in the three experimental conditions 

 

RPE – 30, 60 and 90 seconds 

 Wall sit. Huynh-Feldt corrected RM ANOVA resulted in main effects for trial, ε = .71, 

F(2, 52) = 9.96, p = .001, η2 = .05, and time ε = .69, F(2, 52) = 135.21, p < .001, η2 = .36, 

indicating that RPE increased from 30, 60, and 90 seconds and across each of the three trials. 

Mean RPE during the baseline trial (M = 12.48, SD = 2.72) was lower than during trial 1 (M = 

13.28, SD = 3.19, d = .27) or trial 2 (M = 13.69, SD = 2.95, d = .43). Mean RPE was lower 

during trial 1 than during trial 2 (d = .13). In addition, both a trial by time interaction F(4, 104) = 

3.23, p = .03, η2 < .01, and an experimental condition by trial by time interaction F(8, 104) = 

4.00, p = .002, η2 = .01 were observed. Contrary to the hypotheses, follow up post-hoc tests 

revealed no condition differences during any of the three trials, indicating that there was no 

effect of music condition on RPE for participants who performed the wall sit for at least 90 

seconds (See Figure 7). With respect to the 3-way interaction, throughout the baseline trial mean 

RPE for participants in the slow-fast condition (M = 12.75, SD = 2.51) was somewhat lower than 

the RPE for participants in the control (M = 12.85, SD = 2.82, d = .44) and fast-slow conditions 

(M = 12.75, SD = 2.51, d = .43). During trial 1, mean RPE for participants in the slow-fast 
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condition when presented with slow tempo music (M = 13.50, SD = 3.48) was somewhat lower 

than in the participants in the control condition (M = 13.87, SD = 2.83, d = .59) or fast-slow 

conditions when presented with fast tempo music (M = 13.50, SD = 3.48, d = .42). Lastly, during 

trial 2, mean RPE for participants in the slow-fast condition when presented with fast tempo 

music (M = 13.04, SD = 2.95) was slightly lower than for participants in the control condition (M 

= 14.08, SD = 2.85, d = .37) or fast-slow conditions when presented with slow tempo music.  (M 

= 13.71, SD = 3.30, d = .22). The difference in RPE between the slow-fast condition and the 

other conditions was greater during the first experimental trial, when slow tempo music was 

presented to those participants, than during the other two trials, especially at the 90-second time 

point. 

 Plank. Huynh-Feldt corrected RM ANOVA resulted in significant main effects for trial 

F(2, 54) = 29.40, p < .001, η2 = .08, and time ε = .58, F(2, 54) = 221.38, p < .001, η2 = .37, 

indicating that RPE increased from 30, 60, and 90 seconds and across each of the three trials. 

Mean RPE during the baseline trial (M = 12.33, SD = 3.02) was lower than during trial 1, (M = 

13.37, SD = 2.95, d = .35) or trial 2 (M = 14.06, SD = 3.08, d = .56). Mean RPE was lower 

during trial 1 than trial 2 (d = .23). In addition, a significant experimental condition by trial by 

time interaction F(8, 108) = 2.42, p = .02, η2 < .01 was revealed. Contrary to the hypotheses, 

follow up post-hoc tests revealed non-significant experimental condition differences during any 

of the three trials, indicating that there was no effect of music condition on RPE for participants 

who performed the plank for at least 90 seconds (See Figure 8). In the three-way interaction of 

condition by trial by time, during the baseline trial, mean RPE in the control group (M = 12.90, 

SD = 3.28) was slightly higher than in the fast-slow group (M = 11.83, SD = 2.43, d = .37), and 

the slow-fast group (M = 11.96, SD = 3.07, d = .29). Throughout trial 1, mean RPE for the 
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participants in the fast-slow condition presented with fast tempo music (M = 12.08, SD = 2.75) 

was somewhat lower than that observed for participants in the control (M = 13.87, SD = 2.89, d = 

-.63) or participants in the slow-fast condition presented with slow tempo (M = 13.78, SD = 3.27, 

d = .59). Lastly, throughout trial 2, mean RPE for the participants in the fast-slow condition 

presented with slow tempo music (M = 13.33, SD = 3.36) was slightly lower than that observed 

for participants in the control (M = 14.41, SD = 2.95, d = .34) or slow-fast conditions presented 

with fast tempo music (M = 14.19, SD = 3.03, d = .27). The difference in RPE between the fast-

slow condition and the other conditions was greater during the first experimental trial, when fast 

tempo music was presented, than the other two trials, especially at the 90 time point. 

 RPE - 90, 120, and 150 seconds 

 Wall sit. RPE is lower in the slow-fast condition across all three trials, while participants 

in the control condition reported the highest RPE during both experimental trials and was similar 

to the fast-slow group at baseline. 

 Plank. The fast-slow condition displayed a higher RPE during the baseline trial and when 

slow tempo music was present, compared to the control and slow-fast conditions, however this 

difference is not as prominent when fast tempo music was presented. 

Attention – 30 and 60 seconds 

Wall sit. Huynh-Feldt corrected RM ANOVA revealed a significant main effect for time, 

F(1, 48) = 137.76, p < .001, η2 = .11, and an experimental condition by trial interaction, F(4, 96) 

= 3.75, p = .009, η2 = .03. Follow-up post-hoc analyses revealed no difference across the 

experimental conditions during any of the three trials, indicating that there was no effect of 

music condition on attention for participants who performed the wall sit for at least 60 seconds 

(See Figure 9).  
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Figure 9. Mean attention rating during the wall sit over time for (A) baseline, (B) trial 1, and (C) 

trial 2 in the three experimental conditions 

 

Plank. Huynh-Feldt corrected RM ANOVA resulted in significant main effects of trial, ε 

= .81, F(2, 110) = 5.11, p = .01, η2 = .01, and time F(1, 55) = 162.64, p < .001, η2 = .10, 

indicating that attention became more associative over time and across each of the three trials. 

Mean attention rating during the baseline trial (M = 4.72, SD = 2.49) was slightly more 

dissociative than during trial 1, (M = 4.91, SD = 2.24, d = .08) or trial 2 (M = 5.34, SD = 2.34, d 

= .26). Mean attention rating was more dissociative during trial 1 than trial 2 (d = .19). Contrary 

to the hypotheses, no significant effects of experimental condition were found, indicating there 

was no effect of music condition on attention for participants who held the plank for at least 60 

seconds (See Figure 10). 

 

 

Figure 10. Mean attention rating during the plank over time for (A) baseline, (B) trial 1, and (C) 

trial 2 in the three experimental conditions 
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 Attention – 30, 60, and 90 seconds 

 Wall sit. Huynh-Feldt corrected RM ANOVA revealed a main effect of time, ε = .76, 

F(2, 52) = 139.20, p < .001, η2 = .29, and a trial-by-time interaction ε = .76, F(4, 104) = 4.08, p = 

.009, η2 = .02. Contrary to the hypotheses, no significant effects of condition were found, 

indicating that there was no effect of music condition on attention for participants who held the 

wall sit for at least 90 seconds (See Figure 9). 

Plank. Huynh-Feldt corrected RM ANOVA resulted in main effects of trial, ε = .87, F(2, 

54) = 11.87, p < .001, η2 = .05, and time ε = .71, F(2, 54) = 177.12, p < .001, η2 = .29 indicating 

that attention became more associative from 30, 60, and 90 seconds and across each of the three 

trials. Mean attention rating during the baseline trial (M = 4.56, SD = 2.56) was slightly lower 

than during trial 1, (M = 5.31, SD = 2.42, d = .30) or trial 2 (M = 5.61, SD = 2.46, d = .42). Mean 

attention was slightly more dissociative during trial 1 than trial 2 (d = .12). In addition, an 

experimental condition by trial by time interaction, ε = .84, F(8, 108) = 2.66, p = .02, η2 < .01, 

was revealed. A follow up post-hoc test of this three-way interaction revealed that during the 

baseline trial, mean attention for participants in the fast-slow condition (M = 3.63, SD = 1.74) 

was significantly more dissociative than that observed for participants in the control condition 

(M = 4.95, SD = 2.74), t(60.9) = 2.34, p = .02, d = .59). In addition, during trial 1, mean attention 

for participants in the fast-slow condition presented with fast tempo music (M = 3.92, SD = 2.04) 

was significantly more dissociative than that observed for participants in the control (M = 5.64, 

SD = 2.51, t(56.2) = 2.98, p < .01, d = .76) or participants slow-fast condition presented slow 

tempo music (M = 6.07, SD = 2.13, t(48.7) = 3.69, p < .001, d = 1.03) (See Figure 10). Lastly, 

throughout trial 2, mean attention for participants in the fast-slow condition presented with slow 

tempo music (M = 4.25, SD = 2.47) was somewhat more dissociative compared to that observed 
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for participants in the control condition (M = 6.18, SD = 2.37, d = .80) or participants in the 

slow-fast conditions presented with fast tempo music (M = 6.00, SD = 2.17, d = .75). The 

differences between the fast-slow condition and the other two conditions decreased when the 

slow tempo music was presented, especially at the 90-second time point. 

Attention - 90, 120, and 150 seconds 

 Wall sit. The control condition was consistently more associative compared to both 

music conditions, while the trial in which slow tempo music was presented produced more 

dissociative ratings. 

Plank. At the baseline trial, the control group demonstrated the most dissociative 

attention, however this difference disappears in the experimental trials, as attention ratings were 

very similar between the three conditions. 

Time until volitional exhaustion 

 Wall sit. Huynh-Feldt corrected RM ANOVA revealed a significant main effect of trial, ε 

= .89, F(2, 120) = 3.64, p = .03, η2 = .02. Contrary to the predictions, no significant effects of 

experimental condition, F(2, 60) = .96, p = .39, η2 = .02, or its interaction with trial, F(4, 120) = 

.91, p = .46, η2 < .01, were observed indicating that there was no effect of music condition on 

time until volitional exhaustion during the wall sit. 

 Plank. Huynh-Feldt corrected RM ANOVA resulted in a significant main effect of trial, ε 

= .85, F(2, 120) = 27.59, p < .001, η2 = .05. Mean time until volitional exhaustion was longer 

during the baseline trial (M = 117.22, SD = 44.35) than during trial 1 (M = 100.06, SD = 35.16, d 

= .43) or trial 2 (M = 98.10, SD = 34.39, d = .49). However, no significant effects of 

experimental condition, F(2, 60) = .03, p = .96, η2 < .001, or its interaction with trial, F(4, 120) = 
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.09, p = .98, η2 < .001, were revealed, indicating that there was no effect of music condition on 

time until volitional exhaustion during the plank. 

Affect 

Pleasantness. A one-way ANOVA on pleasantness ratings revealed no significant main 

effect of experimental condition on pleasantness level F(2) = 1.98, p = .15, η2 = 0.07. Contrary to 

the hypotheses, the addition of music to the tasks did not increase participant’s feelings of 

pleasantness during the task. 

Arousal. A Kruskal Wallis test revealed arousal ratings did not vary between 

experimental condition, χ2(2) = 1.99, p =.37. Contrary to the predictions, music did not increase 

the arousal level of the participants during the task. 
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CHAPTER 5 

DISCUSSION 

 Two major models theorize the role of attention in exercise performance: the social-

cognitive model (Tenenbaum, 2001) and the parallel processing model (Rejeski, 1985). The 

parallel processing model proposes that cognitively appealing external stimuli (i.e., music) 

presented during exercise limits the processing of pain and discomfort stimuli during exercise 

(i.e., internal stimuli), resulting in increased enjoyment and adherence. The social-cognitive 

model suggests that increased RPE promotes a shift from dissociative to associative attention. 

Music encourages dissociation from the exertive feelings and discomfort of exercise, thus 

decreasing RPE. However, as exercise intensity increases, it is more difficult to attenuate RPE 

via dissociative external stimuli (i.e., music). 

Mixed effects of music on HR have been demonstrated in previous research. The 

majority of studies revealed no effect of music on HR (Boutcher & Trenske, 1990; Brownley et 

al., 1995) while in one study the authors reported a decrease in HR with motivational music 

(Connon, 2011). Findings are inconsistent due to differences in exercise intensity, tempo, and 

genre of the music selections. Music has been shown to improve multiple aspects of aerobic 

performance, including increased speed during cycling (Atkinson et al., 2004) and increased time 

until exhaustion during treadmill running (Terry et al., 2012). Music has also been found to 

positively influence performance of strength endurance tasks (Bartolomei et al., 2015; Biagini et 

al., 2012). Differences in psychological aspects of exercise have also been reported for aerobic 

and strength exercise. However, the effects of music on RPE and emotional affect have been 

mixed. While some research observed decreases in RPE (Biagini et al., 2012; Connon, 2011; 

Szmedra & Bacharach, 1998) or increases in positive affect (Biagini et al., 2012; Edworthy & 
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Waring, 2006; Karageorghis et al., 1999; Karageorghis, Terry et al., 2012), some have not 

observed changes in RPE or emotional affect (Biagini et al., 2012; Brownley et al., 1995; 

Karageorghis et al., 2013). Exercise intensity variation may account for these divergent findings. 

Lastly, with respect to attentional focus, music during aerobic exercise encourages and prolongs 

dissociative attention (Dyrlund & Wininger, 2008; Karageorghis & Jones, 2014). Although there 

is considerable research regarding the effects of music on aerobic and strength exercises, the 

present study sought to determine if music similarly affects isometric exercise performance (i.e., 

time to exhaustion), RPE, and attentional focus. 

 In addition to a global effect of music, compared to no music, different characteristics of 

music, including the tempo of the music, have also been found to impact aerobic exercise 

(Copeland & Franks, 1991; Edworthy & Waring, 2006; Karageorghis et al., 2008). However, 

these effects are mixed. For example, Copeland and Franks (1991) reported increased aerobic 

performance with soft, slow tempo music while Edworthy and Waring (2006) reported increased 

aerobic performance in the presence of loud, fast tempo music. The effects of tempo on RPE 

have been reported revealing fast tempo music was related to lower RPE compared with slow 

tempo music during aerobic exercise (Copeland & Franks, 1991; Edworthy & Waring, 2006; 

Huschle, 2008). With respect to affect, medium tempo music lead to the most positive emotional 

affect during aerobic exercise (Karageorghis et al., 2008). The present study examined whether 

music tempo modulates the effects of music during isometric strength exercise. We hypothesized 

that compared to a no-music condition, longer time to exhaustion, reduced RPE, greater 

attentional focus, and more positive affect would be observed when participants were exposed to 

fast tempo or slow tempo music and that those exposed to fast tempo music would increase time 
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to exhaustion compared to slow tempo music. A summary of the mean differences between each 

music condition and the control condition for each exercise can be found in Table 1 and Table 2. 

 

Table 1 

Summary of mean differences: Music tempos compared to control condition by time interval for 

wall sits. 

 

 

Physiological Effects – Heart Rate (HR) 

 In the present study a main effect of trial on HR, but not condition or condition by trial 

interaction were evidenced. These results are consistent with previous studies’ findings 

examining the effects of music on HR during aerobic exercise (Boutcher & Trenske, 1990; 

Brownley et al., 1995). Neither the presence of music nor the tempo appear to affect HR during 

isometric strength exercise. Importantly, participants did not return to their baseline HR between 

trials, which may have contributed to the increased HR across trials (i.e., main effect of trials). 

The non-significant trial by experimental condition interaction suggests that neither the presence 
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of music nor the tempo of music affected the elevation in HR across trials. This indicates that 

both the presence of music and the tempo of the music failed to influence the level of effort 

invested in the task. Specifically, when RPE is very high from the outset of the isometric 

exercise, attendance to music is of no effect on physiological indicators of physical effort such as 

HR, in line with Tenenbaum’s (2001) model postulation. 

 

Table 2 

Summary of mean differences: Music tempos compared to control condition by time interval for 

planks. 

 

 

 

Performance Effects – Time to Exhaustion 

The hypothesis assuming that fast music tempo will increase time until volitional 

exhaustion compared to slow music tempo was not supported. The presence of music failed to 

increase time until volitional exhaustion during either of the isometric exercises, and there were 

no differences in mean time until volitional exhaustion between the music conditions during 



48 

 

either exercise. Significant differences in time until volitional exhaustion between trials indicated 

that fatigue did affect the length of time the exercises were held from one trial to another. These 

findings contradict the existing research findings on strength exercise that the presence of music 

during exercise increases muscular endurance (Bartolomei et al., 2015; Biagini et al., 2012). The 

current findings are attributed to differences in the type of exercises previously used, such as 

bench press and squat jump, the type of music previously used (i.e., self-selected), or length of 

exposure to the music, although this was not specified in previous studies. Considering the 

social-cognitive model (Tenenbaum, 2001), music failed to evoke dissociative attention 

necessary to mitigate fatigue (i.e., increase time to volitional exhaustion) because the RPE 

reported by the participants was in a range that is difficult to influence (i.e., RPE ≥ 15 – “hard”).    

Psychological Effects 

 RPE 

Main effects of trial, time and a condition by trial by time interaction effects were 

evident. However, music condition differences in RPE during any of the three trials were not 

present; therefore, the hypothesis pertaining to RPE was not supported. Similar to these findings, 

music failed to affect RPE during a bench press endurance exercise but did reduce RPE during a 

squat jump power exercise (Biagini et al., 2012). RPE ratings were very high during the bench 

press exercise, but moderate during the squat jump exercise, indicating that extremely high RPE 

cannot be manipulated via external stimuli such as music. 

It is worthwhile to note that for participants who could hold the wall sit for longer than 90 

seconds who were exposed to music reported a reduction in RPE compared to the non-music 

condition. These findings are consistent with reports of reduced RPE during aerobic exercise in 

the presence of music (Connon, 2011; Szmedra & Bacharach, 1998). However, this trend was 
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not observed for the plank exercise, suggesting that a longer duration of exposure to music may 

be necessary to elicit effects on RPE, and that individual differences (i.e., body muscle 

endurance, differences in initial dissociative state, increased sensitivity to music) or order of 

which the exercises were performed may have been factors as well. 

 Attention 

The results revealed significant trial, time, and a condition by trial by time interaction 

effects on attention, though, no condition differences in attention during any of the three trials 

were evident. The hypothesis assuming dissociative attention state during isometric strength 

exercises with music was not supported. Though previous studies have reported that music 

resulted in dissociative attention (Dyrlund & Wininger, 2008; Karageorghis & Jones, 2014), the 

exercises were of aerobic nature. To my knowledge, no study to date examined the effects of 

music on isometric-type exercises. Therefore, the varied results are due to differences in the type 

of exercise examined.  In addition, Dyrlund and Wininger (2008) found that it is difficult to 

maintain a dissociative attentional mode with increasing exercise intensity; at higher intensity 

levels, a shift to associative focus is unavoidable (Connolly & Tenenbaum, 2010). As per the 

social cognitive model, high RPE ratings increase the difficulty of eliciting dissociative attention. 

In the present study, reported RPE was very high, meaning maintenance of dissociative attention 

was near impossible.  The average attention ratings for each condition for each trial were 

associative (above 5.0), and thus a shift of attention away from the associative state was due to 

music tempo was unattainable. 

For the few participants who were able to maintain the wall sit for more than 90 seconds, 

a trend in the predicted direction emerged; greater dissociative attention was observed in the 

presence of music between 90 - 150 seconds. Additionally, greater dissociative attention was 
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observed when slow-tempo music was presented between 90 -150 seconds compared to fast-

tempo music. This trend was not observed for the plank exercise. 

For participants able to maintain the plank for at least 90 seconds in the fast-slow 

condition reported significantly more dissociative attention when fast tempo music was 

presented (trial 1) compared to the control condition. However, the difference between these 

participants was also present during the baseline trial. These findings suggest that the difference 

observed during trial 1 was not due to the presence of fast tempo music but may rather reflect 

individual differences in the participants able to maintain the plank for more than 90 seconds.  

 Affect 

No main effect for condition was present; therefore, the hypotheses assuming 

pleasantness and arousal changes due to music presence were not supported. Whereas previous 

studies examining the effects of music on aerobic exercise have revealed a positive association 

with mood (Edworthy & Waring, 2006; Karageorghis et al., 1999; Karageorghis, Terry et al., 

2012), the same effect was not observed for strength exercises (Bartolomei et al., 2015; Biagini 

et al., 2012). Consistent with the attention and RPE findings, affect is a psychological state 

which is difficult to influence as exercise intensity increases (Karageorghis et al., 2013). 

Additionally, shorter duration exercises, like the wall sit and plank in the present study, may be 

too short and too intense to be sensitive to the influence of music on emotional affect. Lastly, 

individual differences such as sensitivity to music, attitude towards exercise, or dispositional 

affect could account for the lack of difference in affect. 

Summary 

Although none of the hypotheses were fully supported, there were some promising trends 

in the predicted directions; especially for participants who were able to maintain the exercises for 
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more than 90 seconds. There are several possible explanations for the results observed for these 

participants. First, these participants may be more sensitive to the effects of music, compared to 

other participants. Hence, they were able to achieve greater time to exhaustion, reduced RPE, 

and increased dissociative attention. Second, these participants exhibited greater isometric 

strength, which may result in lower RPE levels. As such, they may have perceived RPE within a 

range that is more sensitive to the effects of music (i.e., achieve dissociation and increased 

positive affect). Lastly, some scientific evidence suggests that music failed to affect attention, 

RPE, and affect during intense, short bouts of exercise (e.g., maximum strength via 1-RM). The 

participants who could sustain a longer time to exhaustion are exposed to music for a longer 

duration. If music duration is an important factor, music could be presented prior to the exercise. 

Indeed, presenting loud, fast tempo music prior to an isometric grip strength task has been shown 

to improve task performance as well as increase positive affect (Karageorghis, Cheek, Simpson, 

& Bigliassi, 2017; Karageorghis et al., 1996).  

In contrast to previous studies, mostly conducted with aerobic exercise, music tempo did 

not affect any of the variables measured in the present study. Although fast tempo music is 

defined as music above 120 beats/min (Karageorghis et al., 1999), fast tempo selections from 

previous studies regarding the effects of music tempo have ranged from 140-200 beats/min, 

while slow tempo selections have been as slow as 70 beats/min (Edworthy & Waring, 2006; 

Karageorghis et al., 2008). Therefore, the tempo selected for the present study, 120 beats/min, 

may not have been high enough to achieve the desired effects. The difference between the fast 

tempo and slow tempo selections (30 beats/min) for the present study was considered to be 

noticeable during exercise (Karageorghis, Jones & Low, 2006; Karageorghis et al., 2008), 

although researchers in previous studies have used differences up to 130 beats/min. Whereas 
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aerobic tasks (i.e., running, cycling, swimming), can be synchronized to presented music, it was 

not possible to synchronize the isometric exercise to the tempo of the music. Therefore, music 

tempo may not influence these types of exercises with regard to physiological, performance, and 

psychological constructs (Karageorghis & Priest, 2012b). 

Limitations and Future Directions 

One of the major limitations of this study was the very high intensity at which 

participants were exercising. Specifically, Tenenbaum (2001) suggested that there is a range of 

RPE values that may be more sensitive to the effects of music. The very high RPE values may 

have precluded any possible effects of music. Future studies using isometric exercise should 

consider using extremely fit participants or modifying the exercises to reduce workload.  

A second limitation was the choice of music.  Although the music was well liked, as 

revealed by the average music enjoyment rating (M = 7.05, SD = 2.4), it may not have been the 

type of music that participants typically listen to while exercising. Future studies examining the 

effects of music on strength exercise should allow participants to select music of their choice 

(e.g., type of music, tempo, etc.). In addition, the music may have become repetitive, as the same 

song(s) were repeated in the same order for both music conditions, in an attempt to increase 

internal validity.  

One last limitation was the lack of specificity of the attention measure. While the current 

measure of attention distinguishes between internal and external attention, it does not provide 

information on whether the participant was attending to the music. 

Future studies must aim to include a measurement of the motivational quality of the 

music, particularly if the music is not self-selected. Moreover, inclusion of a qualitative measure 

would be necessary to determine if participants are attending to the music being presented. The 
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current study incorporated music only during the exercise. More research must consider 

presenting music prior to the task and throughout the rest periods, as this provides a longer 

exposure to the music and is similar to a typical exercise routine. Overall, as both strength 

training and listening to music during exercise becomes increasingly commonplace, it is vital to 

better comprehend the effects of music and different aspects of that music on strength training 

and psychological constructs associated with exercise adherence. 
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APPENDIX A 

 

INFORMED CONSENT FORM AND APPROVAL 
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APPENDIX B 

 

DEMOGRAPHICS SURVEY 

 

 
1. Gender  

Male  Female 

2. Age: ________ 

3. Do you currently strength train at least twice a week? Yes  No 

4. If yes, how long have you been strength training regularly 

Less than 2 months 2-6 months  6-12 months  More than 1 year 

5. Have you eaten in the last two hours? Yes  No 

6. Have you consumed alcohol within the last 12 hours? Yes No 

7. Have you exercised within the last 24 hours?  Yes  No 
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APPENDIX C 

 

THE PHYSICAL ACTIVITY READINESS QUESTIONNAIRE FOR 

EVERYONE (PARQ+) 
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APPENDIX D 

 

TAMMEN (1996) ATTENTION SCALE 
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APPENDIX E 

 

THE AFFECT GRID 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64 

 

APPENDIX F 

 

RATING OF PERCEIVED EXERTION (RPE) SCALE 
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APPENDIX G 

 

COMMITMENT CHECK 

 
Thank you for participating in the exercise task. Please answer the following questions as 

honestly as you can. 

              1)  How much effort did you invest in the exercise task? 

1 2 3 4 5 6 7 8 9 10 

 

 

 

 

2) How hard did you try while you were completing the task? 

 

1 2 3 4 5 6 7 8 9 10 

 

None Very much 

Not at all Very hard 
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APPENDIX H 

 

ANOVA TABLE OF BASELINE VALUES 

Table 3 

One-way ANOVA on differences in baseline values between study conditions. 

 Control   Slow-Fast Fast-Slow    

 M SD M SD M SD df F p 

Time Until Exhaustion (s)          

     Wall Sit 111.95 46.41 129.30 71.99 102.29 45.70 2, 60 1.24 .30 

     Plank 116.59 50.39 115.38 45.07 119.70 37.58 2, 60 .05 .95 

Mean RPE          

     Wall Sit 14.54 1.78 13.91 1.69 14.02 2.27 2, 60 .64 .53 

     Plank 14.93 1.87 14.44 1.68 14.20 2.01 2, 60 .84 .44 

Mean Attention       

     Wall Sit 5.78 2.17 6.57 1.78 6.14 1.97 2, 60 .81 .45 

     Plank 6.39 1.98 6.55 1.40 6.00 2.04 2, 60 .49 .62 

Mean Heart Rate (HR) (bpm)       

     Wall Sit 110.94 21.65 100.28 21.00 112.62 15.41 2, 54 2.21 .12 

     Plank 106.96 20.37 102.75 21.95 112.46 15.25 2, 54 1.13 .33 

Note. RPE ranges from 6-20 and attention ratings range from 1-10. Significant values indicate group differences at baseline. 
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APPENDIX I 

 

DESCRIPTIVE STATISTICS TABLES 

Table 4 

Descriptive statistics and Cohen’s d values for mean heart rate (in beats per minute) during the wall sit. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 20) 110.94 21.65 117.89 19.52 120.66 19.08 -.34 -.48 -.14 

Slow-Fast (n = 20) 100.28 21.00 112.81 22.38 110.68 25.74 -.58 -.44 .09 

Fast-Slow (n = 17) 112.62 15.41 122.29 18.63 123.83 17.71 -.57 -.68 -.09 

Control - Slow-Fast d .50 .24 .45    

Control - Fast-Slow d -.09 -.23 -.17    

Slow-Fast - Fast-Slow d -.68 -.46 -.61    

 

Table 5 

Descriptive statistics and Cohen’s d values for mean heart rate (in beats per minute) during the plank hold. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 20) 106.96 20.37 114.07 19.92 116.49 18.35 -.35 -.49 -.13 

Slow-Fast (n = 20) 102.75 21.95 109.23 24.37 112.92 23.33 -.28 -.45 -.15 

Fast-Slow (n = 17) 112.46 15.25 118.82 16.02 119.24 13.57 -.41 -.47 -.03 

Control - Slow-Fast d .20 .22 .17    

Control - Fast-Slow d -.31 -.26 -.17    

Slow-Fast - Fast-Slow d -.52 -.47 -.34    
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Table 6 

Descriptive statistics and Cohen’s d values for mean RPE during the wall sit. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 22) 14.54 1.78 15.01 2.08 15.58 2.10 -.25 -.54 -.27 

Slow-Fast (n = 21) 13.91 1.69 14.45 1.83 14.68 1.82 -.31 -.44 -.12 

Fast-Slow (n = 20) 14.02 2.27 14.58 1.74 15.04 1.86 -.28 -.49 -.25 

Control - Slow-Fast d .36 .28 .46    

Control - Fast-Slow d .25 .22 .27    

Slow-Fast - Fast-Slow d -.06 -.07 -.20    

 

 

Table 7 

Descriptive statistics and Cohen’s d values for mean RPE during the plank hold. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 22) 14.93 1.87 15.61 1.95 15.95 1.82 -.36 -.55 -.18 

Slow-Fast (n = 21) 14.44 1.68 14.59 1.86 15.08 1.77 -.08 -.37 -.27 

Fast-Slow (n = 20) 14.20 2.01 14.57 1.82 15.55 1.64 -.19 -.74 -.57 

Control - Slow-Fast d .27 .53 .48    

Control - Fast-Slow d .37 .55 .23    

Slow-Fast - Fast-Slow d .13 .01 -.28    
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Table 8 

Descriptive statistics and Cohen’s d values for mean attention ratings during the wall sit. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 22) 5.80 2.17 6.30 2.16 6.51 2.07 -.23 -.34 -.10 

Slow-Fast (n = 21) 6.57 1.78 5.79 1.62 6.29 1.73 .46 .16 -.30 

Fast-Slow (n = 20) 6.12 1.97 5.58 2.08 6.15 1.94 .26 -.02 -.28 

Control - Slow-Fast d -.39 .27 .11    

Control - Fast-Slow d -.15 .34 .18    

Slow-Fast - Fast-Slow d .24 .11 .08    

 

 

Table 9 

Descriptive statistics and Cohen’s d values for mean attention ratings during the plank hold. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 22) 6.39 1.98 6.73 2.41 7.05 2.28 -.15 -.31 -.14 

Slow-Fast (n = 21) 6.55 1.40 6.29 1.58 6.27 1.64 .18 .18 .01 

Fast-Slow (n = 20) 6.00 2.04 5.79 1.95 6.63 1.81 .10 -.32 -.44 

Control - Slow-Fast d -.09 .22 .40    

Control - Fast-Slow d .20 .43 .21    

Slow-Fast - Fast-Slow d .32 .28 -.20    
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Table 10 

Descriptive statistics and Cohen’s d values for time until exhaustion (in seconds) during the wall sit. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 22) 116.59 50.39 98.18 38.33 97.91 41.69 .41 .41 .01 

Slow-Fast (n = 21) 115.38 45.07 100.29 34.48 97.29 35.30 .38 .45 .09 

Fast-Slow (n = 20) 119.70 37.58 101.70 32.66 99.10 26.19 .51 .65 .09 

Control - Slow-Fast d .03 -.06 .02    

Control - Fast-Slow d -.07 -.10 -.04    

Slow-Fast - Fast-Slow d -.10 -.04 -.06    

 

 

Table 11 

Descriptive statistics and Cohen’s d values for mean heart rate (in beats per minute) during the plank hold. 

 Baseline Trial 1 Trial 2 
Baseline –  

Trial 1 

Baseline –  

Trial 2 

Trial 1 –  

Trial 2 

Condition M SD M SD M SD d d d 

Control (n = 20) 106.96 20.37 114.07 19.92 116.49 18.35 -.35 -.49 -.13 

Slow-Fast (n = 20) 102.75 21.95 109.23 24.37 112.92 23.33 -.28 -.45 -.15 

Fast-Slow (n = 17) 112.46 15.25 118.82 16.02 119.24 13.57 -.41 -.47 -.03 

Control - Slow-Fast d .20 .22 .17    

Control - Fast-Slow d -.31 -.26 -.17    

Slow-Fast - Fast-Slow d -.52 -.47 -.34    
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APPENDIX J 

 

EXPERIMENTAL CONDITION BY TRIAL DATA 

 

Figure 11. Heart rate at each time interval for each participant separated by experimental condition and trial during the wall sit. 
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Figure 12. Heart rate at each time interval for each participant separated by experimental condition and trial during the plank hold.
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Figure 13. RPE at each time interval for each participant separated by experimental condition and trial during the wall sit. 
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Figure 14. RPE at each time interval for each participant separated by experimental condition and trial during the plank hold. 
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Figure 15. Attention rating at each time interval for each participant separated by experimental condition and trial during the wall sit. 
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Figure 16. Attention rating at each time interval for each participant separated by experimental condition and trial during the plank 

hold.
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