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The Effects of Self-Selected Music on Exercise Performance, Physical and Affective State among University Students


The relationship shared between music and exercise has grown to be one that is immediate from the media’s perspective, however studies conducted on the direct effect of music on exercise is still a relatively new concept. This, along with the increasingly alarmingly high rates of mental health issues at student population sees this study conducted on students attending University of Wales Trinity Saint David. This independent study places an emphasis on the effects of self-selected music on exercise performance, as well as the physical and affective state.  The study took place over the course of 2 sessions, a week apart. 8 students took part in answering a number of verified scales, pre-exercise, during exercise and post-exercise in order to measure the mood state, rates of perceived exertion and music rating. The scales used were the Brunel Mood Scale, the Brunel Music Rating Inventory-2 and the Original Borg’s Rate of Perceived Exertion. The participants took part in a 30-minute exercise session, consisting of travelling upon a treadmill. Findings suggests that music has no clear effect on the perceived exertion, nor mood state, despite prior results suggesting otherwise. Findings indicate that participants’ perceived exertion closely resembles that of heart-rate levels. Furthermore, findings illustrate that songs with more beats per minute are seen by the participants as the variety that will motivate them during exercise. 

Key Words: Exercise, Mood State, Music, Rate of Perceived Exertion, Heart-Rate.


Introduction

 The relationship between music and exercise, while once seemingly indirect and inconsequential, are more unambiguous and immediate than previously thought. This has become clearer with the additional attention the media has placed on athletes at present-day, who are often seen arriving at arenas and stadiums, prior to competing, wearing headphones – with some athletes used as poster boys and girls for the many music-related equipment on offer. Two such examples being Lebron James, whom is fundamental to advertisements for Powerbeats Pro, similarly Serena Williams with Beats By Dre. Beyond advertisements, the usage of music is essential for athletes, with the most successful, and decorated Olympian of all time, Michael Phelps, having gone on record to highlight the importance of including music prior to competing. Phelps (The Guardian, 2005) stated that he walked out to competitions with headphones on throughout his entire career, to listen to music ‘until the last possible moment’ in order to help him relax and ‘get into my own little world’. Moreover, Olympian Dina Asher-Smith (The Guardian, 2017), amplified on the importance music is to her routine, stating;

‘Whether I am about to race in an Olympic final or the first heat of the British indoor championships, my choice of music will be designed to balance out what I am feeling. So, if I am nervous, I’ll put on something soothing. But if I’m tired – if it’s day five of the Olympics and I need energy from somewhere – I’ll listen to something that picks me up. I know the level of arousal I need to be at my best. Music helps me get into that zone. In the past, I’ve tried being really hyper before I compete – it doesn’t work. I’ve also tried being really calm – again, it doesn’t work. You have to be somewhere in the middle. So, I have a bunch of playlists’.

 Often mentioned by athletes as a key reasoning for listening to music are the lyrics attached to the songs. Meb Keflezighi (Boston.com, 2016), an American long-distance runner and Olympian, highlights Eminem’s ‘Lose Yourself’ as one of his favourite tracks, stating ‘I think about this song when I race, ‘One shot, one opportunity, get it done…’. Lily Zhang (ESPN, 2019), U.S. women's national table tennis Olympian, also highlights ‘Lose Yourself’ as a song that she often relies upon;

‘Lose Yourself is an absolute classic… I listened to it during the 2012 North American Olympic Team Trials, and it gave me the energy and motivation to make it through one of the most intense and toughest matches of my life. Since then, it's been my go-to before any important match and helps me visualize what I need to do at the table’.

Given the clear, significant importance and precedence music has upon athletes at elite level, the following independent study will look to focus this particular topic on a contrasting population, students attending university, whose level of activity comes in contrast to the levels of activity that elite-level athletes administer (Precor, 2019). The following independent study will look to focus on many physiological, and psychological facets often associated, and researched along with exercise, with the primary and overarching aim of this investigation will be to examine the effects of self-selected music on exercise performance, physical and affective states, in comparison to the effects when there is no music present. In order to progress, and to accomplish what this investigation has set out to achieve, this study will closely follow a number of objectives previously devised in order to produce a reliable and appropriate outcome upon the culmination of the study. The objectives in which this study act upon are;

· [bookmark: _Hlk39686754]Discover and identify the similarities or differentials to the participants’ overall moods, pre and post exercise. Comparing the results when music is present, to when music is absent.
· To discover the rate of perceived exertion (RPE) of each participant, comparing the results when music is present, to when music is absent.
· Assess the extent to which a certain piece, or genre of music can motivate during an exercise. 
· [bookmark: _Hlk39743697]To measure the heart-rate of the participants when exercising with the use of music, and to compare against the heart-rate when music is absent.
A further reason behind the implementation of this inquiry aligns with the motive of utilising university students as the test group. This study comes in response to more recent issues that have come to light; the deteriorating mental health of the student population. This study will look to attempt to further encourage university students to take up exercise at a period of their lives where stress levels are statistically high, and to further highlight the importance of exercising (with or without music) as a source intervention for mental-health care. 

Hypothesis

 The hypothesis for the following study has been done with careful consideration placed and has been done so with careful consideration given to the population this study will conducted upon. 

Null Hypothesis: No significant differences apparent with the effects of self-selected music on exercise performance, physical and affective states to then music is absent. 

Alternative Hypothesis: Significant differences for overall exercise performance, physical and affective states between when music is played, to when music is absent. A decrease in rate of perceived exertion, with an improved anxiety and mood state. 

Physical Activity and Exercise

 Before we delve further into researches that have been conducted over the link and effects of music on exercise, it must be noted that the term ‘exercise’ has largely been blurred over its exact meaning. Exercise to one may be heading out for a short walk, while to another it is considered an hour-long jog. Its constant intertwining as any form of movement, or physical activity has thus unsettled its clear definition. Caspersen et al. (1985) calls attention to this particular issue when stating that exercise is a ‘subset of physical activity and may constitute all or part of each category of daily movement activity except sleep’ although it’d be considered an important part of categories such as conditioning and sports as opposed to other categories such as occupation, and household tasks. Therefore, it is for this reason the definition set by Caspersen et al. (1985, p.126), in which they state that ‘exercise is a sub-set of physical activity that is planned, structured, and repetitive and has as a final or an intermediate objective the improvement or maintenance of physical fitness’ will be considered as the principal meaning to the term exercise for this proposal. Additionally, in the event that we do come across the term ‘physical activity’ and to avoid confusion, this paper will reference the World Health Organization’s (WHO; 2020) definition of the term, wherein it states that physical activity is defined as ‘any bodily movement produced by skeletal muscles that requires energy expenditure’. Moreover, WHO (2020) are another verifiable source that supports Caspersen et al’s stance that the terms ‘physical activity’ and ‘exercise’ should not be mistaken for one another. In a near identical remark, the WHO states;

‘Exercise is a subcategory of physical activity that is planned, structured, repetitive, and purposeful in the sense that the improvement or maintenance of one or more components of physical fitness is the objective. Physical activity includes exercise as well as other activities which involve bodily movement and are done as part of playing, working, active transportation, house chores and recreational activities’.

 The Mental Health Foundation (MHF; 2020), in an attempt decipher both terms to a more logical manner, managed to group the concept into four separate categories;

Daily Physical Activity:  Recreational or leisure-time physical activity meaning transportation (walking or cycling), occupational activity (working), chores around the household, play, games, sports, or planned exercise in the context of daily, family, and community activities. This step, according to the MHF, would also include climbing the stairs, carrying bags, walking to the shops etc.

Exercise: The MHF describe this step as ‘purposeful activity carried out to improve health or fitness, such as jogging or cycling, or lifting weights to increase strength’.

Play: According to the MHF, this step is seen as ‘unstructured activity that is done for fun and enjoyment’.

Sport: MHF brands sport as activities that are competitive and structured, and be performed alone as an individual, or as part of a team. These activities can vary in intensity. 

 And finally, according to their physical activity guidelines for adults aged 19 to 64, the National Health Service, or NHS (2019), states that adults should partake in some form of physical activity every day, do strengthening activities that work on the more important muscles (namely legs, hips, back, abdomen, chest, shoulders and arms) at least 2 days per week, and partake in at least 150 minutes of moderate intensity activity per week or 75 minutes of vigorous intensity activity per week. For further guidance, the NHS define moderate aerobic activities as one that’ll raise one’s heart-rate, and make the individual breath faster and feel warmer – examples of exercise including brisk walking, riding a bike, hiking, water aerobics etc. Furthermore, the NHS brand vigorous intensity activities as one’s that’ll make an individual breath hard and fast, with examples being jogging/running, swimming at a faster pace, competing in sports, gymnastics etc. There is one additional step that the NHS do include, branded as ‘very vigorous activity’ though often regarded as High Intensity Interval Training (HIIT), are exercises performed in short bursts and demands maximum amount of effort broken with rests. Examples of HIIT include lifting heavy weights, circuit training, spinning classes, interval running and running up hills. 

Music: Its Prevalence and Impact 

 Our ability to listen to and navigate our way around what music we listen to has changed drastically over many years. Previously, during the course of the nineteenth century, music would exclusively be heard during a live setting, either through a musical showing, or social gathering (Cook, 1998). Throughout the twentieth century, however, it has since developed along with other facets of pop culture such as fashion, along with the accelerated advancement of the world wide web, to become widely available to listen to via a number of portables (North, et al., 2004). A study based in the UK (North et al., 2004) presented upon the use of music in everyday life for a total of 346 participants found that approximately half of the participants’ music experience took place within their own homes. The study also found 18% of its participants’ experience with music took place in a public setting, with shopping centres and restaurants as examples of public areas the participants highlighted. Listening to music whilst in a car was seen as a popular use of music. Subsequently, roughly 1% of the participants noted that they listen to music whilst at a gym, or when exercising. Naturally, the ability to use music has further developed since 2004, with the installation of audio streaming platforms, that provide us the opportunities to listen to music anywhere, and at any time. Two such examples of prominent audio streaming platforms are Spotify and Apple Music. To better understand how vastly popular these platforms are, as of June 2019, Apple Music had over 60 million subscribers worldwide (Statista, 2019a). Furthermore, as of the second quarter of 2019, Spotify contained over 108 million premium subscribers (Statista, 2019b). Many people now accompany their exercise activities with the use of music, either through an exercise-music class, through personal listening devices such as earphones, or by listening through system device installed into exercise machines, such as a treadmill or through the sound system installed into the gym’s speakers (Hallett & Lamont, 2014). 

 Past research studies have shown that music does have a part to play in improving our mental health. A consistent finding in studies conducted on the effects of music has shown that music has the ability to decrease the levels of anxiety (Wang et al, 2002; Voss et al, 2004). While there are a plethora of studies on the effects of music on the psychological components, studies on the effects of music on physiological responses are few and far between, in particularly studies that contain a straightforward, linear relationship between a listener and the music itself, with the majority being undertook with an element of exercise placed into these particular studies. One such example of an early study conducted on this aforementioned straightforward and linear relationship of our physiological responses to music is Meyer’s work (1956). According to Meyer, music has the ability the delay fatigue and change pulse and respiratory rates, blood pressure levels and the psychogalvanic effects on the body. Another example of an early work conducted on the physiological responses to listening to music by Landreth and Landreth (1974), whom focused primarily on the heart-rates of 22 students listening to the first movement of Beethoven’s fifth symphony three times over a six week period found that ‘differing musical settings of a composition provoked significant heart rate changes by either slowing down the beat (bradycardia) or speeding up the beat (tachycardia). For further detail, the study clarified the specific sequences which caused the change of rate; 

‘Driving and insistent rhythm, mounting sequential interplay, and progressive dynamic intensity produced tachycardia in the listener. Conversely, musical segments with eminent changes in rhythm, texture, and dynamics produced bradycardia in the experimental subjects.’

 A similar finding was established in a much more recent study administered by Halbert et al (2018). In this study, designed to determine the cardiovascular responses to the frequencies of music of sixteen individuals with high blood pressure between the ages of 20-50, concluded that listening to low frequency music ‘has cardiovascular benefits including slowing heart rate and promoting relaxation’. 

Music and Exercise

A vast number of research studies have been conducted spanning several years over the relationship between music and exercise. An early work for this topic by Schwartz et al. (1990) which saw 20 untrained participants, 10 men and women,  perform on a maximal bicycle ergometer test, concluded that music did not appear to be an ergogenic agent for exercise training, as it did not alter the submaximal exercise performance, and neither the physiological response from either gender. The research also found no changes in the psychological perception of effort with the presence of music. However, more recent studies have found there to be a more positive response to the effects of music on exercise. One such study, conducted by Edworthy & Waring (2006), which focused and examined the effect of the loudness and tempo of music over the course of five 10 minutes exercise sessions performed on the treadmill, with 30 participants involved. The study found that whilst listening to fast-paced music, participants increased their pace, as well as the distance travelled without becoming fatigued, as opposed to how tired they would be without the use of music. However, much like Schwartz et al.’s study (1990), there were no significant differences found when analysing perceived exertion. A similar finding was also found in other studies (Hodges, 2009), with suggestions that listening to certain songs, more specifically those with more beats per minute has the ability to enhance physical performance during low to moderate exercises.  Correspondingly, in their review paper conducted on music in the exercise domain, Karageorghis and Priest (2012) also came to the conclusion that faster-paced music contributed in improving athletic performance, in particularly when a person is engaged in low to moderate level exercise, or what they label as self-paced exercise, either by increasing the distance travelled, speed of travel, or number of repetitions completed. Karageorghis and Priest also deduced that ‘carefully selected music’ could both ergogenic and psychological benefits during high-intensity exercises, though concluded that music was largely ineffective in reducing perceptions of exertion beyond the anaerobic threshold. The findings of the review largely supported the suggestions made by Hardy and Rejeski (1989) and Shaulov and Lufi (2009) in that ‘although music may not moderate what one feels during high-intensity exercise, it can moderate how one feels it, therefore intense exercise can be more pleasurable with appropriate musical accompaniment’. Shalov and Lufi had previously administered a study on 28 participants, 14 men and 14 women, assessing the effects of music and light on physical performance and subsequent feelings of the participants. The study was conducted within fitness classes and based on indoor cycling. The study found that while music did not correlate with greater energy expenditure, participants did report a greater state of pleasure when music was played. 

 Another study that found no differences in regard to rate of perceived exertion was one conducted by Kiran et al. (2016). The study, which assessed the effect of music on mood status and rate of perceived exertion during jumping rope tasks on 60 students, split between 30 males and 30 females, also concluded that ‘exercising combined with upbeat fast music may have a positive effect on various mood parameters and cardiovascular parameters during exercise’. Kiran et al. (2016) found that the fast, upbeat music managed to ‘improve vigour, reduce fatigue and also to decrease anger, depression, confusion and tension’. These very same findings were also apparent in a further research undertaken by Thakur & Yardi (2013) who separated their participants into three groups; group one listening to fast-paced music, group two listening to slow-paced music and group three not listening to any music. The research also found that faster music had an overall positive effect on the participants as opposed to those listening to no music, or slow music. Despite this, the rate of perceived exertion was found to have had a minimal effect, as did the change in heart-rate between all three groups, with the difference not ‘significant statistically’. When undertaking a similar research on the effects of music on exercise on well-trained athletes (Jarraya et al, 2012) over a ‘short-term supramaximal performance’ with further concentration placed on music being prominent during the warm-up found there to be no significant difference in rate of perceived exertion between those who listened to music during a warm-up to those who did not listen to music during the warm-up. In response to this, Jarraya et al. (2012) highlight Morgan’s (1994) work when noting factors that could provide an obstruction of sorts in regard to perceived exertion, namely personality types, the level of motivation, and the level of attention and focus. One recent study (Chow & Etnier, 2017) that looked at the effects of multiple forms of attention stimuli’s (music and videos) during high intensity exercises found that ‘music or video in isolation is not effective at influencing attentional focus or rate of perceived exertion in comparison to a control condition’, however they found that;

‘the findings also indicated that when participants were presented with music and video simultaneously, they reported a significantly lower RPE when compared to the other treatment conditions (music only, video only, and control), despite exercising at the same workload, having the same HR response, and covering the same virtual distance’.

 Other studies that examined the effects of exercise on RPE (Stanley et al, 2007; Schuker et al, 2013) established relatively similar results in that RPE reduced during exercise when music was present.

 Moving away from RPE, and heart-rate, both North and Hargreaves (2008) provide a further interesting point, and a possible further incentive to including music when exercising. Their review deduced that music had the ability to distract individuals from pain that is endured during exercise through what they call ‘competing sensory stimuli’, signalling that we have the capability to forget about pain or fatigue when a song we personally enjoy is distracting us from whatever physical task we endure. Another aspect that has previously been established in prior studies when researching the connection between exercise and music it its ability to change our hormone levels, which in turn can cause effect one’s psychological and physical components. Altenmüller and Schlaug (2012) found that participants who listened to music they considered to be ‘pleasing’ displayed higher levels of serotonin, a neurotransmitter renowned for its contribution to feelings of positive well-being and happiness (Young, 2007), and that it brought individuals to an overall better mood in preparation to exercise. 

 Finally, a relatively new concept of study that is scarcely studied is the relationship of music genres, and the direct effect a certain genre can have on enjoyment, or motivation in preparation, or during exercise. In fact, there is very little work that put emphasis on the music itself, but more on the consequence of the songs. One such example of a study conducted on the influence of music genre on a form of exercise is Moss et al’s (2018) work. Moss et al (2018) looked at the influence music genre has upon explosive power repetitions to failure and mood responses during resistance exercise sixteen resistance-trained participants found that, compared to no music being present, all music genres provided no additional benefits, and in fact, ‘detrimental to the production of peak velocity compared to no music’ and is ‘potentially disadvantageous’. A further study conducted on twenty participants ranged in age from 18-34 on the effects of music genre on rate of perceived exertion in aerobic classes (Hogue, 2012), also came to the conclusion that music genre may not have a significant effect at lowering rates of perceived exertion and that ‘it may not be the music genre that effects the RPE but rather the frequency of activities’. 

 This research study will look to keep a close relationship to previous studies conducted on the effects of music on exercise. The research will look to continue with previous studies in examining on if there are any differences with rates of perceived exertion when music is played, compared to when it is absent. This research will also look to follow the work produced by Kiran et al. (2016) in examining the effects of music on mood and cardiovascular parameters, more specifically anxiety and mood states. Finally, the research will look to follow all of previous researches discussed in measuring the overall exercise performance, along with the physiological response of the body, namely the heart-rate. 

Exercise and Physical Activity’s Relationship with Mental Health

 Topics revolved around exercise/physical activity and their relationship with mental health may seem like areas that have been researched extensively, in reality, it is still a relatively new area of study. Of course, it has long been apparent that there is a relationship between mental health and exercise – to the point where the NHS (2018a) are now openly advocating using exercise as a tool to combat depression, stating ‘regular exercise can boost your mood if you have depression, and it's especially useful for people with mild to moderate depression’. Furthermore, the mitigated form of exercise, physical activity, is also said to be enough to establish some forms of improvement to one’s mental health, with Ekkekakis et al. (2000) stating that that 10 minutes of brisk walking enough to increase our mental awareness, energy and positive mood. In keeping with physical activity, the MHF (2020) state there is still work ahead of us, though for MHF, their efforts are more to try and change the population’s perception of physical activity in the UK from something ‘we have to do’, ‘should do’ or ‘ought to do’ for our health, but as something we do because we personally value its positive benefits to our wellbeing’.

 Of the work that has already been conducted on exercise/physical activity and mental health, studies have found that consistent participation of exercise can reduce stress and anxiety (Salmon, 2001) and in turn, increase self-esteem levels (Alfermann & Stoll, 2000). Further tests conducted found positive correlations, though however did indicate that further work was required in this field. Zschucke et al. (2013) in their review of past studies came to the conclusion that physical activity/exercise is a ‘promising intervention for mental disorders’ and that the location impacts greatly on mood states – in turn, highlighting Thompson Coon et al’s (2011) work, wherein they found that exercise outdoors was associated with an overall ‘greater feelings of revitalization and positive engagement, decrease in tension, confusion, anger, and depression, and increased energy’ and that ‘participants reported greater enjoyment and satisfaction with outdoor activity and declared a greater intent to repeat the activity at a later date’. Zschucke et al. did note, however, that training history and actual fitness should be considered, for that trained subjects usually experience positive mental reactions in vigour, and fatigue as opposed to non-trained subjects.  

 This study will focus on one particular aspect of the psychological state of an individual, that being mood. Mood, or mood state, according to Frijda (2009), is defined as an ‘appropriate designation for affective states that are about nothing specific or about everything about the world in general’. Much like how mudded the terms ‘exercise’ and ‘physical activity’ are, mood is a term that is often ill-described as our collective emotion, mood is a concept that covers a variety of our states, that in itself is fluid in nature. As stated by Morris (1992), moods and emotions often contrast: our emotions follow stimulus that we obtain, whereas our moods are ‘temporarily remote’ from a root cause. Furthermore, the use behind the term ‘mood state’ is that is encompasses one of a number of different states that we are able to recognise and report simultaneously. Also, by branding it as ‘mood state’, it provides us an opportunity in keeping an open mind, and for both positive and negative moods to be factored. Physical activity has shown that to have a positive effect on individuals’ moods (Penedo & Dahn, 2005). A study conducted by Kanning and Schlicht (2010) on thirteen participants over a 10-week period asked for the participants to rate their mood immediately following periods of physical activity as well as periods of inactivity. The study found that participants felt more content, awake and calmer following a period of being physically active as opposed to when they were inactive. Additionally, Kanning and Schlicht reported that the effects of physical activity upon the mood was greater when the participants’ mood was initially low prior to being active. A further study administered by Reed and Buck (2009) that looked specifically on the levels of intensity and its subsequent impact on mood state, found that low-intensity aerobic exercises for a period of 30 to 35 minutes, for 3 to 5 days a week over the course of 10 to 12 weeks was the optimum at increasing positive mood state responses, namely alertness and enthusiasm. 

Participants: University Students and Their Levels of Exercise and Mental Health

 The reasoning behind the decision of implementing this study exclusively on university students comes in response to the many studies that have been administered over recent years in relation to the student population, their level of exercise and state of mental health of those attending universities. A recently released British Active Students Survey (Precor, 2019), who found that of the 6,891 students who took part, only 53% reported that they are meeting the recommended levels of physical activity (150 minutes of moderate to vigorous intensity physical activity a week), with 7.1% deemed to be inactive (partaking fewer than 30 minutes of moderate to vigorous intensity physical activity a week). A second recent study (Lipošek et al, 2019) conducted on the physical activity of university students between the ages of 20 and 22 found that of the 297 undergraduate students who took part, 79.8% were considered ‘insufficiently physically active’ according to the World Health Organisation’s guidelines. 

 With these findings, it’s little surprise to see that university students are a population known for its poor state of mental health, given that it has been found that participation in regular physical activity has the ability to increase one’s self-esteem, and in turn, reduce stress and anxiety (Department of Health PA, Health Improvement and Protection, 2011). A poll conducted over the course of 2015 and 2016 found that approximately over 15,000 first-year students attending universities in the UK reported a mental health issue – an extensive rise from the 3,000 reported to have had a mental health issue in 2006 (Institute for Public Policy Research, 2017). A more recent poll (The Guardian, 2019) which garnered almost 38,000 UK university students found over half the students (50.3%) who took part reported to have had thoughts of self-harming, twice as much as what was reported in 2017. The very same poll also learnt that 44.7% of the responders admitted to using alcohol or drugs to cope with their issues. Furthermore, 33.9% had reported to have experienced a serious psychological issue for which they felt required professional help. Generally speaking, this is no surprise given the profound change in which university students are having to endure, such as new challenges of learning and writing high-quality work and reaching deadlines while having to adapt, socialise and live with new groups of people (Hunt and Eisenberg, 2010). Needing to stay financially responsible presents a new challenge in the meantime, namely having to manage the increased tuition fees, student loans and having to keep within budget over a period of a few months, and cost of relevant equipment required to thrive at higher education level (Brown, 2016).  These issues do not seem to be neglected, however, with 94% of the UK’s universities reporting an increase in demand for counselling from their students (Institute for Public Policy Research, 2017). Certainly, while this is of course damaging to the students personally, there is evidence to suggest that quality of academic work ties in with the state of mental health (Hillman et al, 2008; Bruffaerts et al, 2018). Furthermore, as noted by Rasberry et al (2011), ‘11 of 14 correlational studies of physical activity during the school day demonstrate a positive relationship to academic performance’. 

Methodology

 The following independent study will look to continue on the work made by previous studies in a relatively similar manner. The study, in similar fashion to previous studies, looked to connect a number of factors such as the overall mood of the participants prior and post exercise, along with the effects music has both physically and psychologically. Many of the previous investigations observed had been undertaken over the course of a single day (Schwartz et al, 1990; Edworthy & Waring, 2006; Kiran et al, 2016), this study, however, was designed over a extended period of time of exactly one week for each participant. The rationale behind the decision to constructing this research over a week as opposed to a day was done with reflection that fatigue could factor in as a conflict of interest, given that too much exercise increase our fatigue (NHS, 2018b). Of course, the exact timing of these sessions was concluded at the participants’ preferred time, though it was highly recommended that they could be made available approximately the same time as the week prior.

 The research conducted was split into two separate activity sessions, with exactly seven days in between. Each session was conducted over the course of 40 to 45 minutes, with the physical exercise of each session being precisely 30 minutes. The study took place at the campus studio, located at the at University of Wales Trinity Saint David’s (UWTSD) Carmarthen Campus. Individuals partaking in this study, of which were 8 students in total, were all students attending UWTSD as higher education students. As stated previously, this was a priority prior to the formation of this study. No students were overlooked or prohibited from taking part, with all higher education students being able to partake, thus allowing for an impartial approach. It should also be noted that the study had been arranged so that 50% of the partaking participants had music playing on their first run, whereas the other 50% conducted their first run with music absent. The reasoning behind this decision was to avoid any second-hand discrepancies.

 The research tasked the partaking individuals to fill out verified questionnaires prior to taking part in the exercise. One questionnaire that required to be filled out on both sessions was the Brunel Mood Scale. The Brunel Mood Scale is a scale very similar to the Profile of Mood States (McNair et al, 1971). Its purpose is to conduct a brief measure of one’s mood state at that particular moment. The scale contains a series of words, or mood descriptors. 24 in total. Each mood descriptor derives from six ‘subscales’; anger, confusion, depression, fatigue, tension and vigour. The participants will require to indicate their present feelings on a 5-point scale; ‘0 – Not At All’, ‘1 – A Little’, ‘2 – Moderately’, ‘3 – Quite A Bit’, ‘4 – Extremely’. A score of between 0-16 is collected after the scale has been concluded. This questionnaire was required to be filled both prior, and post-run on both weeks. The second verifiable questionnaire, the Brunel Music Rating Inventory-2 (Karageorghis et al, 1999), was a requirement in only the week that the participants were scheduled to listen to music whilst running and was only a requirement prior to running. The Brunel Music Rating Inventory-2 is a 6-point scale that assesses the extent to which the piece of music the participants are about to hear would motivate them during the exercise. These 6 scales consist of 6 statements accompanied by the numbers 1-7, with 1 considered as ‘strongly disagree’, 3 and 4 as ‘in-between’ and 7 as ‘strongly agree’. The participants were tasked to circle the number that best represents their opinion without dwelling too much on each statement. For the purpose of variety, a pre-determined play-list of ten tracks had been prepared for this section of the research, consisting of many different genres of music – classical, rock, dubstep, country music and pop. Two songs from each genre, so as to avoid any complexities such as the participant disliking a certain artist, or song as opposed to not feeling motivated because of their lack of interest in a certain genre. A score of 6-42 is collected after the scale has been concluded.  The higher the score, the more motivating the participants feel with that song/genre played.

 Following that section of the research, the participants were then asked to head to an assigned treadmill at the aforementioned UWTSD studio. The reasoning behind this is that there will be no music, or radio played in a speaker in this venue – a deciding factor in why this study was not to be conducted at UWTSD’s gym. The exercise focused on the participants spending 30 minutes on the treadmill. The participants were also given the freedom to perform the exercise at whatever speed, incline and intensity they wish. They were also given the freedom to listen to whatever choice of music they wished on the week they were authorized to listen to music in accordance to the aim of this study, which revolved around ‘self-selected music’. Throughout this section of the research, heart-rates were also recorded every 5 minutes. The monitors were made available to use and provided by the UWTSD’s School of Sport, Health and Outdoor Education. 

[bookmark: _Hlk39754887] Along with recording of heart-rate, one further test was conducted during the course of the exercise; The Original Borg’s Rate of Perceived Exertion (Borg, 1998). The Original Borg’s Rate of Perceived Exertion called for participants to measure their own perceived exertion on a 6-20 rating scale, ranging from ‘Very, Very Light’ to ‘Maximum Exertion’. 6 and 7 considered ‘very, very light’, 9 considered ‘very light’ and 11 considered ‘fairly light’. 13 is considered as ‘somewhat hard’, and around 15 is deemed ‘hard’. Lastly, 17 is perceived to be ‘very hard’, 19 as ‘very, very hard’ and 20 is considered ‘maximum exertion’.  For better clarity and to avoid misunderstanding or confusion, as opposed to only being shown the test, the participants were also asked to rate the difficult of their breathing simultaneously. As opposed to having to write whilst travelling upon the treadmill, the instructor displayed a piece of paper and asked for the participants to call out a number based on where they perceived to be on the scale.

Following the completion of the exercise, and to conclude the session, the participants were then asked to conclude a second round of the Brunel Mood Scale. 

Each of the three questionnaires are available at the bottom of this research article. 

Results

 The following results will be displayed into two separate sections: music present and no-music. The results ensuing ‘Music Present’ will detail the results retrieved from the week each participant travelled on the treadmill with the use of music. Furthermore, the results ensuing ‘No-Music’ will detail the results retrieved from the week each participant travelled on the treadmill with no music being made available. 

Music Present

Brunel Mood Scale (BMS)

 Given the complexities surrounding the results emanating from the Brunel Mood Scale, the following results will be divided per each sub-scale that are prominent in the Brunel Mood Scale.
[bookmark: _Hlk39675424]
[image: ]Graph 1. Before and After Exercise Results of Anger in BMS with Music Present

[bookmark: _Hlk39675651]
[bookmark: _Hlk39597442]Graph 1 highlights the before and after exercise results of the sub-scale Anger in the Brunel Mood Scale with music present. 100% of the participants displayed less anger post-exercise compared to pre-exercise. 50% displayed no signs of anger pre-nor-post-exercise. No participant displayed higher level of anger post-exercise.


Graph 2. Before and After Exercise Results of Confusion in BMS with Music Present
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 Graph 2 highlights the before and after exercise results of the sub-scale Confusion in the Brunel Mood Scale with music present. 100% of the participants displayed less confusion post-exercise compared to pre-exercise. 12.5% displayed no signs of confusion pre-nor-post exercise. No participant displayed higher level of confusion post-exercise, though 25% displayed some signs of confusion. 75% displayed no sign of confusion post-exercise. 


   Graph 3. Before and After Exercise Results of Depression in BMS with Music Present
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Graph 3 highlights the before and after exercise results of the sub-scale Depression in the Brunel Mood Scale with music present. 100% of the participants displayed less depression post-exercise compared to pre-exercise. 37.5% displayed no sign of depression pre-nor-post exercise, and 62.5% showed no sign of depression post-exercise.
 


Graph 4. Before and After Exercise Results of Fatigue in BMS with Music Present
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 Graph 4 highlights the before and after exercise results of the sub-scale Fatigue in the Brunel Mood Scale with music present. 62.5% of the participants displayed less fatigue post-exercise compared to pre-exercise. 25% displayed more signs of fatigue post-exercise. One participant (12.5%) displayed the same amount fatigue pre and post exercise. The results vary substantially in this particular table.


        Graph 5. Before and After Exercise Results of Tension in BMS with Music Present
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[bookmark: _Hlk39602025]Graph 5 highlights the before and after exercise results of the sub-scale Tension in the Brunel Mood Scale with music present. 100% of the participants displayed less tension post-exercise compared to pre-exercise. 37.5% displayed no tension pre-exercise and post-exercise. 62.5% displayed no tension post-exercise. 

Graph 6. Before and After Exercise Results of Vigour in BMS with Music Present
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Graph 6 highlights the before and after exercise results of the sub-scale Vigour in the Brunel Mood Scale with music present. 87.5% of the participants displayed more vigour post-exercises compared to pre-exercise. 12.5% reported a lower level of vigour post-exercise when compared to pre-exercise. 

Brunel Music Rating Inventory-2

 The following results of the Brunel Music Rating Inventory-2 will be divided per genre of music. 


[image: ]Graph 7. The Accumulated Responses to the Two Songs from the Classical Genre 


 Graph 7 highlights the accumulated scores to the two classical songs played to the participants. 25% of the responses rated a classical song with the lowest possible score. 12.5% of the participants graded both classical songs with the lowest possible score. 37.5% of the participants graded the two classical songs they listened to with the same score. 100% of the responses from both songs failed to surpass the mean score of 24.













Graph 8. The Accumulated Responses to the Two Songs from the Rock Genre
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Graph 8 highlights the accumulated scores to the two rock songs played to the participants. 25% of the participants graded the two rock song they listened to with the same score. 25% of the participants graded the second rock song with the higher accumulated score, whereas 37.5% graded the first rock song with the higher accumulated score. 100% of the responses from both songs surpassed the mean score of 24.


Graph 9. The Accumulated Responses to the Two Songs from the Dubstep Genre
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Graph 9 highlights the accumulated scores to the two dubstep songs played to the participants. 12.5% of the participants graded the two dubstep songs they listened to with the same score. 50% of the participants scored the first song with a higher score than the second song, whereas 37.5% scored the second song with the higher accumulated score. 100% of the responses from both songs surpassed the mean score of 24.  


      Graph 10. The Accumulated Responses to the Two Songs from the Country Music Genre
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Graph 10 highlights the accumulated scores to the two country music songs played to the participants. 100% of the participants scored the first country music song played with the higher accumulated score. 12.5% of the responses managed to surpass the mean score of 24.

              Graph 11. The Accumulated Responses to the Two Songs from the Pop Genre
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Graph 11 highlights the accumulated scores to the two pop songs played to the participants. 62.5% of the participants graded the first pop song with a higher grade compared to the second pop song. 25% scored the second pop song with a higher score compared to the first pop song. 12.5% of the participants graded both songs with the same score. 100% of the scores surpassed the mean score of 24.

[bookmark: _Hlk39677314]Rating of Perceived Exertion (RPE) Scale

[bookmark: _Hlk39677369]Graph 12. Rating of Perceived Exertion per 5 Minutes when Music is Present
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Graph 12 highlights the participants’ rating of perceived exertion when music was present during their 30-minute activity. 100% of the participants rated their perceived exertion to be ‘fairly light’ or under for the entirety of the first 10 minutes, with 87.5% of the participants rating their perceived exertion to be ‘fairly light’ or under for the first 15 minutes. 62.5% of the participants graded their perceived exertion to be ‘very hard’ or over at some point during their run. 100% of the participants believe they had reached a level of ‘somewhat hard’ and/or ‘hard’ at one point. No participants believe they had reached a level of ‘maximum exertion’. 
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Heart-Rate Levels

Graph 13. Heart Rate Levels per 5 Minutes when Music is Present
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Graph 13 highlights the participants’ heart-rate levels at every 5 minutes when music was present. The graph shows a gradual increase in heart-rate levels for 87.5% of the participants. 12.5% saw a large singular, fluctuation in heart-rate level at approximately minute 25. 

Music Absent

Brunel Mood Scale (BMS)

Graph 14. Before and After Exercise Results of Anger in BMS with Music Absent
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Graph 14 highlights the before and after exercise results of the sub-scale Anger in the Brunel Mood Scale with music absent. 87.5% of the participants reported less anger post-exercise when compared to pre-exercise. 12.5% reported the same amount of anger post-exercise as pre-exercise. 50% reported to have no anger pre-nor-post exercise. 62.5% of the participants reported no anger post-exercise. No participant displayed a higher level of anger post-exercise.

Graph 15. Before and After Exercise Results of Confusion in BMS with Music Absent
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Graph 15 highlights the before and after exercise results of the sub-scale Confusion in the Brunel Mood Scale with music absent. 87.5% displayed less confusion post-exercise when compared to pre-exercise. 12.5% reported the same amount of confusion post-exercise as pre-exercise. 50% reported to have no confusion post-exercise. No participant displayed a higher level of confusion post-exercise. 

















Graph 16. Before and After Exercise Results of Depression in BMS with Music Absent
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Graph 16 highlights the before and after exercise results of the sub-scale Depression in the Brunel Mood Scale with music absent. 87.5% of the participants reported less depression post-exercise when compared to pre-exercise. 12.5% reported the same amount of depression post-exercise as pre-exercise. 25% reported no levels of depression pre-nor-post exercise. 37.5% reported no levels of depression post-exercise. No participant displayed a higher level of depression post-exercise. 

Graph 17. Before and After Exercise Results of Fatigue in BMS with Music Absent
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Graph 17 highlights the before and after exercise results of the sub-scale Fatigue in the Brunel Mood Scale with music absent. 50% of the participant reported more levels of fatigue post-exercise. 25% reported less fatigue post-exercise. 25% reported the same amount of fatigue post-exercise as pre-exercise. 


Graph 18. Before and After Exercise Results of Tension in BMS with Music Absent
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Graph 18 highlights the before and after exercise results of the sub-scale Tension in the Brunel Mood Scale with music absent. 62.5% of the participant reported a drop in tension post-exercise when compared to pre-exercise. 37.5% reported the same levels of tension post-exercise when compared to pre-exercise. No participant reported a greater level of tension post-exercise. 

Graph 19. Before and After Exercise Results of Vigour in BMS with Music Absent
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Graph 18 highlights the before and after exercise results of the sub-scale Vigour in the Brunel Mood Scale with music absent. 75% of the participants reported an increase in vigour post-exercise when compared to pre-exercise, with 25% of the participant reporting the same level of vigour post-exercise as pre-exercise. 

Rating of Perceived Exertion (RPE) Scale

Graph 20. Rating of Perceived Exertion per 5 Minutes when Music is Absent
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Graph 20 highlights the participants’ rating of perceived exertion when music was absent during their 30-minute activity. 100% of the participants rated their perceived exertion to be ‘fairly light’ or under for the entirety of the first 10 minutes. 62.% reported to have broken through the ‘easy’ threshold and into the ‘hard’ section by the 15th minute. 50% of the participants graded their perceived exertion to be ‘very hard’ or over at some point during their run. 100% of the participants believe they had reached a level of ‘somewhat hard’ and/or ‘hard’ at one point. No participants believe they had reached a level of ‘maximum exertion’.

Heart-Rate Levels

[image: ]Graph 21. Heart Rate Levels per 5 Minutes when Music is Absent

Graph 21 highlights the participants’ heart-rate levels at every 5 minutes when music was absent. The graph shows a gradual increase in heart-rate levels for 87.5% of the participants. 12.5% saw a singular, fluctuation in heart-rate level at approximately minute 25.

Discussion

 The graphs presented in this research paper displays an interesting set of results, ones that largely concurs previous studies, however a segment, primarily the RPE results, illustrates that an argument can be made to what has been investigated previously. However, given the smaller sample size of eight individuals, we cannot generalize the results to represent a larger population. The first aim of this study was to discover and identify the similarities or differentials to the participants’ overall moods, pre and post exercise. Comparing the results when music is present, to when music is absent. The two Brunel Mood Scales found there to be no significant differences to the participants’ moods post exercise. However, results of the Brunel Mood Scale, which can be seen from graphs 1-7 and 14-19, shows that the aftermath of exercises where music was present were nominally improved compared to when music was absent, with less confusion, depression and fatigue were reported, significantly less tension reported, and more vigour recorded. These outcomes largely correlate Kiran et al’s (2016) work, who found that the fast, upbeat music managed to ‘improve vigour, reduce fatigue and also to decrease anger, depression, confusion and tension’. However, the difference in results are not considerable enough, and it’s unclear if music was the definitive factor, in particularly when these outcomes (less depression, less fatigue, less tension, more vigour) are common psychological responses to exercise. While it is not definitive that music can affect one’s mood, it is unquestionable that exercise is extremely effective tool in improving moods, and that there is a place for exercise to improve the student population’s mental health, and that it is an element that needs additional attention. 

 The second aim of the study was to discover the rate of perceived exertion of each participant, comparing the results when music is present, to when music is absent. The findings present a contrasting outcome to what has previously been found (Stanley et al, 2007; Schuker et al, 2013). This study’s findings, which can be seen in graphs 12 and 20, found that greater RPE was reported during the exercise when music as present. This finding corresponds with a further aim that this study set out to examine - measuring the heart-rate of the participants when exercising with the use of music, and to compare against the heart-rate when music is absent. The results established that participants’ heart-rate levels (graphs 13 and 21) were considerably higher when music was present. This lends support to Borg’s (1998) belief that there is a high correlation that exists that a person’s RPE is a reliable estimate of the actual heart-rate levels during exercise. The study also somewhat agrees with the work conducted by Edworthy & Waring (2006), in that participants generally worked harder when the participants listened to music when exercising. 

 A further aim of this study was to assess the extent to which a certain piece, or genre of music can motivate during an exercise. The results, which can be seen from graph 7 to graph 11, show that rock, dubstep and pop songs were seen as the more popular genres of music when asked if that specific genre could motivate them when exercising. All three of rock, dubstep and pop surpassed the mean score, whereas country music fell below, and classical significantly below. These findings support the suggestions Hodges’ (2009) made, who stated that listening to songs with more beats per minute has the ability to enhance physical performance. It also supports Karageorghis and Priest’s (2012) findings that faster-paced music contributes to improving athletic performance when in a self-paced exercise. In continuing with Karageorghis and Priest’s work, this study’s findings also corresponds with their notion that music was largely ineffective in reducing perceptions of exertion. 

 Upon compiling, and publishing these results, it is interesting to see that is closely resembles the findings of Hogue (2012)’s study, who also happened to have had a smaller pool of participants. That study also found that music, no matter the genre, had any, or at the very least, limited, effect at lowering RPE, with a further note which poises the argument that the frequency of an activity/activities has a greater effect on RPE, than what is being listened to.

Conclusion

 This independent study had been administered to discover the examine the effects of self-selected music on exercise performance, physical and affective states. Prior to investigating, both a null and alternative hypothesis had been presented. The alternative hypothesis for this study was the outcomes to reveal significant differences for overall exercise performance, physical and affect states when music is played, compared to when music is absent, with a decrease in rate of perceived exertion, with improved anxiety and mood state. However, the null hypothesis, with its conjecture of no significant differences, is seen as the more accurate outcome for this study.

Future Considerations

 If this study were to be repeated, it would be recommended that future researcher to acquire a larger sampler size, in order to reflect a more extensive range of population. It would also be recommended that any future studies are aimed towards a population with similar activity levels, as opposed to including an assortment of individuals, whose activity levels and enthusiasm for being active differ wildly. In this study, the participants were given a fair amount of control over their own exercise, having been informed prior that they could travel at their own pace, and incline. This afforded the participants the ability to change pace drastically, wherein they would sprint at a high-intensity level at one moment, to then travelling at walking pace the next. The advice to whomever may attempt a similar study would be to ensure that periods results are divided per the intensity the participants travel at, or to map out periods of the activity where participant agree to travel at certain intensity for a period of time – with the intensity being at a level the participants agree upon, thus preventing a forceful, precarious, and ultimately, unhealthy form of investigating. 

 It is also recommended that any future researchers look to keep an open-mind on other verifiable scales that would be useful. Beck’s Anxiety Inventory (1988) could be a useful tool in investigating the participants’ state of mind prior to, and post exercise. Furthermore, other methods could be introduced when measuring RPE. This study included Borg’s RPE scale, and heart-rate monitors, however there are other, more scientific methods such as blood pressure monitors and VO2 max that could prove to be advantageous when measuring RPE. 
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Brunel Mood Scale

Below is a list of wards that describe feelings. Please read each one carefully, then mark the box that best describes how you feel right now. Make sure you answer every question. 

	
	Not At All (0)
	A little (1)
	Moderately (2)
	Quite A Bit (3)
	Extremely (4)

	Panicky
	
	
	
	
	

	Lively
	
	
	
	
	

	Confused
	
	
	
	
	

	Worn Out
	
	
	
	
	

	Depressed
	
	
	
	
	

	Downhearted
	
	
	
	
	

	Annoyed
	
	
	
	
	

	Exhausted
	
	
	
	
	

	Mixed-Up
	
	
	
	
	

	Sleepy
	
	
	
	
	

	Bitter
	
	
	
	
	

	Unhappy
	
	
	
	
	

	Anxious
	
	
	
	
	

	Worried
	
	
	
	
	

	Energetic
	
	
	
	
	

	Miserable
	
	
	
	
	

	Muddled
	
	
	
	
	

	Nervous
	
	
	
	
	

	Angry
	
	
	
	
	

	Tired
	
	
	
	
	

	Bad Tempered
	
	
	
	
	

	Alert
	
	
	
	
	

	Uncertain
	
	
	
	
	


Rating of Perceived Exertion
Borg’s RPE Scale

	6

7

8

9

10

11
	

Very, Very Light





Very Light



Fairly Light

	12

13

14

15

16
	


Somewhat Hard



Hard

	17

18

19

20
	Very Hard




Very, Very Hard

Maximum Exertion









Brunel Music Rating Inventory-2

Title of Song: __________


                                         Strongly Disagree                                                    Strongly Agree
	
1
	
The rhythm of this music would motivate me during running.
	

  1
  
	

  2
	

   3
	

   4
	

  5
	

   6
	

   7

	
  2
	
The style of this music (i.e., rock, dance, jazz, hip-hop) would motivate me during running.

	
  
  1
	

  2
	

   3

	

   4

	

   5
	

   6
	

   7

	
  3
	
The melody (tune) of this music would motivate me during running. 
	

  1
	

  2
	

   3
	

   4
	

   5
	

   6
	

   7

	
  4
	
The tempo (speed) of this music would motivate me during running.
	

  1
	

  2
	

   3
	

   4
	

  5
	

   6
	

   7

	
  5
	The sound of the instruments used (i.e. guitar, synthesiser, saxophone) would motivate me during running.
	

  1
	

  2
	

   3
	

   4
	

   5
	

   6
	

   7

	
  6
	

The beat of this music would motivate me during running.
	

  1
	

  2
	

   3
	

   4
	

   5
	

   6
	

   7
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