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Thesis Abstract 

Overall, this thesis presents a theoretical model of the cognitive mechanisms involved in 

analgesic Music Listening Interventions (MLIs), followed by three empirical studies. The 

scoping review presented in Chapter 2 introduces a comprehensive overview of five 

cognitive mechanisms and how they fit together to form the Cognitive Vitality Model. 

Initially, at a lower level, music captures our attention. Following this a person uses their 

Cognitive Agency to actively engage with the music listening experience. Processes of 

Enjoyment and Meaning Making, contribute to an intrinsically rewarding experience which 

motivates the person to continue listening until they become completely absorbed in the 

music. When patients become fully immersed they integrate the music with their pain, which 

makes it less unpleasant and less intense. Instead the person becomes more connected 

with aspects of their self that are reflected in the music, which leads to a strengthened 

sense of self, and ultimately a greater level of Cognitive Vitality. The development of the 

Cognitive Vitality Model helped to generate testable hypotheses in relation to the relative 

impact of each specific mechanism. Based on the findings from the scoping review 

presented in Chapter 2, empirical methods were to explore three specific mechanisms 

(Automated Attention, Cognitive Agency and Enjoyment and Meaning Making). The impact 

of Cognitive Agency was demonstrated in the audio feature analysis presented in Chapter 3 

which identified that people choose music with different intramusical features compared to 

music chosen by experimenters. Subsequently, the limit of Automated Attention was 

highlighted in the behavioural experiment presented in Chapter 4 which highlighted that 

intramusical features alone cannot account for the analgesic effects of music listening. 

Importantly this was the first study to isolate the role of making a choice on the analgesic 

benefits of music listening, independently but alongside the benefits attributable to 

Enjoyment. Accordingly, top-down processes in music interventions should be continued to 

be explored in the context of music-based pain management strategies. Lastly the field 

study presented in Chapter 5 was used to examine the external validity of the Cognitive 

Vitality Model with a clinical population. Chronic pain patients were in agreement that 
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musical absorption mediates the analgesic benefits of self-chosen music, and helps to elicit 

a strengthened sense of self. While one of the main strengths of this thesis is that it 

provides an overarching evidence-based model of the cognitive mechanisms involved in 

MLIs it is important to recognize some of the methodological limitations including the validity 

of using Spotify audio features from a psychological perspective. Areas for future research 

in this area were dutifully considered in light of current conceptualisations of enjoyment and 

the potential for additional behavioural experiments. Overall, these findings contribute 

greater insight into the cognitive mechanisms involved in mediating the analgesic benefits 

of self-chosen music. 
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Chapter 1 

 

General Introduction 

 

Overview of Introduction 

 The current thesis presents the findings from four studies that were conducted to 

explore the cognitive mechanisms that mediate the analgesic benefits of music listening. I 

begin this first section with an introduction to the origins of music interventions and outline 

current models of music therapy, which primarily focus on physiological responses to 

music. Next I will outline cognitive models of music engagement, and advocate for the 

consideration of these models more explicitly in the development of music therapy 

interventions. I will then outline the importance of considering patients as active participants 

in music interventions and the implications that this has on how components of music 

interventions are conceptualised. Finally, I will outline the ontological perspective taken in 

this thesis before providing a short overview of the current thesis. 

 

Origins of music interventions 

 The concept of music as a source of healing is a powerful idea. This idea has 

captured the imagination of many influential scientists and philosophers for millennia across 

the globe (Horden, 2016; Pratt & Jones, 1987). In the sixth century B.C. the renowned 

scientist Pythagoras suggested that daily singing could facilitate emotional catharsis and 

maintain harmony between the body and the soul (Pratt & Jones, 1987; Nilsson, 2008). The 

ancient Greek God Apollo was worshipped simultaneously for his influence on both music 

and healing practices. In Persian, Indian and Hebrew traditions, music has been recognised 

as a source of healing as far back as records go. Indeed, Indian ayurvedic medicine and 

sub-Saharan African rituals continue to be influenced by these ancient traditions and 
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practiced by millions of people on a daily basis (Horden, 2016). While each of these 

traditions have evolved independently, they agree that the regularity seen in musical 

rhythms and harmonies can help to balance the body and the mind (Horden, 2016). 

 Although there is nothing new about music as a source of healing, formal music 

interventions were not introduced until more recent times. During world war two music was 

actively used in healthcare settings to create a sense of wellbeing and boost soldiers’ 

morale (Thaut & McIntosh, 2010). Subsequently, the modern profession of music therapy 

was developed and has continued to grow substantially. There are members from 28 

countries subscribed to the world federation of music therapy, and over 126 available 

training courses worldwide (Horden, 2016) including the recently opened training 

programme in the University of Limerick, here in Ireland. The widespread introduction of 

music interventions has encompassed a myriad of formats and a wide range of musical 

experiences, from listening to simple tape recordings in the background of a clinic room, to 

attending full orchestral performances in hospital lobbies (Miu, & Baltes, 2012).  

 Despite the well-recognised benefits of music in medical contexts, and the 

substantial scale of music therapy, early music therapy practitioners did not identify the 

causal mechanisms underpinning these beneficial effects (De L’Etoile, 2016). Initially 

psychoanalytical, behavioural, and humanistic approaches were used to explain the 

observed benefits of music therapy, because the client therapist interaction was of 

paramount importance to an effective music intervention (Thaut & McIntosh, 2010; Horden, 

2016). It was assumed that the music therapist was key to a successful music intervention, 

because of their skills and expertise in selecting an optimal piece of music for each 

individual (De L’etoile, 2016). However, these approaches did not account for the observed 

benefits of music listening in the absence of a music therapist (De L’etoile, 2016). For 

example, a recent meta-analysis based on 97 music intervention studies demonstrated that 

music listening interventions (MLIs) deliver comparable results to formal music therapy, 

even though they do not require delivery from a trained music therapist or necessitate 



 
 

16 

additional techniques (Lee, 2016). MLIs involve listening to either live or recorded music, 

that can be provided by either a health professional or music therapist and relies on the 

music listening experience as the primary therapeutic component. In order to get a better 

understanding of how music interventions work, music therapy researchers are now more 

inclined to use null hypothesis testing based on psychological methodology rather than 

single case studies (Thaut & McIntosh, 2010; De L’Etoile, 2016). This will help to develop a 

scientific rationale for the introduction of music therapy in different contexts and provide a 

greater understanding of the psychological benefits from music interventions. 

 

Current models of music interventions  

 In an attempt to explain the scientific basis of music interventions, early 

explanations primarily focused on physiological responses to music interventions. In line 

with models of entrainment it was thought that music interventions mediated their effects by 

directly effecting physiological parameters (Nilsson, 2008). Music of 60-80 beats per minute 

was recommended as the optimal tempo to help regulate respiration and induce relaxation 

(Nilsson, 2008). However, the major problem with this approach is that the physiological 

response to music is characteristically idiosyncratic from person to person, with fast tempo 

sometimes leading to an increase in heart rate, and other times to a reduction in heart rate 

(Thaut, 2016). Accordingly, the role of tempo in mediating the benefits of music 

interventions has not been observed consistently across the literature (Bradt, et al., 2016; 

Garza-Villarreal, et al., 2017; Lee 2016). Instead it has been observed that effective music 

interventions can vary widely in terms of genre, tempo, loudness, duration, timing and 

equipment used (Bradt, et al., 2016; Garza-Villarreal, et al., 2017; Lee 2016). yet still 

achieve comparable results. This precludes the notion that a one to one relationship exists 

between musical features and physiological responses (Brattico, 2015), and emphasises 

the role of functional equivalence in music interventions. This means that not only do 

different people often respond very differently to the same piece of music, reciprocally 
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people can use different pieces of music to get the same functional effect of analgesia 

(Swaminathan & Schellenberg, 2015). 

 

Music Interventions for Pain Management 

 It is being increasingly recognised that cognitive and emotional responses to music 

contribute to the analgesic benefits of MLIs. Many researchers suggest that MLIs can 

reduce perceived pain because music engagement offers a distraction from painful 

experiences (Kemper & Danhauer, 2005; Koelsch, 2012; Kwekkeboom, 2003). This is 

reflected by patient reports, with 65% of patients claiming that music distracts them from 

their pain (Huang et al., 2010). While not unique to music medicine, the first 

multidimensional pain model to demonstrate the relevance of psychological factors in pain 

experience was Melzack and Wall’s Gate Control Theory (Melzack, 1996). Specifically, the 

Gate Control theory suggests that there is a gating mechanism that controls whether nerve 

impulses continue from the peripheral nervous system into the central nervous system, 

depending on whether the ‘gate’ is open or closed. The gate is thought to be located in the 

dorsal horn of the spinal cord and controlled by nerve impulses from the central nervous 

system which are in turn influenced by cognitive and emotional processes. This original 

theory has been further developed into the pain neuromatrix to more heavily emphasise the 

role of attentional resources in pain management strategies (Melzack, 1999), and is widely 

referred to as the basis of many MLIs in analgesic contexts (Mitchell & Mac Donald, 2006). 

Similar to limited capacity models of attention, the pain neuromatrix theory proposes that a 

distracting task such as music listening, reduces the available cognitive resources to 

process pain, and subsequently reduces the level of pain perceived (Mitchell & MacDonald, 

2006). While these theories are credible, they do not explain the results seen in MLI studies 

in analgesic contexts. When directly compared as a pain management strategy, music 

listening is more similar in terms of outcome to listening to poetry than it is to compute 

mental arithmetic (Arruda, Garcia, & Garcia, 2016). Crucially this emphasises the role of 
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aesthetic and rhythmic engagement, which are specific forms of cognitive engagement 

involved when listening to music or poetry.  

 

Cognitive models of music engagement 

 Many authors acknowledge the need for further studies with music interventions to 

isolate the working components of music interventions (Keenan & Keithley, 2015; 

Krishnaswamy & Nair, 2016; Lee, 2015). However, with so many competing explanations 

as to how music interventions work, further investigation of specific models of music 

cognition may help to differentiate the factors that lead to the high levels of variance seen in 

meta-analyses (Lee, 2016). Specifically, this thesis will consider the unified theory of 

musical emotions and neuroaesthetic models of music engagement in more detail to help 

further our understanding of the cognitive mechanisms involved in MLIs.  

 The unified theory of musical emotions outlines several factors considered to 

mediate emotional responses to music (Juslin & Västfjäll, 2008; Juslin, 2013; Juslin, et al., 

2013). Notably this model highlights a range of individual and contextual factors that may 

help to explain the variation found in music intervention studies, including evaluative 

conditioning, episodic memory, expectancy and aesthetic evaluation. The inclusion of 

episodic memory acknowledges that specific pieces of music evoke emotions related to 

previous autobiographical memories (Juslin & Västfjäll, 2008; Koelsch, 2012), and the 

valence associated with the memory becomes attributed to the music (Baumgartner, 1992). 

Stronger or more salient memories lead to stronger and more salient emotional responses 

(Koelsch, 2012), which are related to increased activation in the dorsomedial prefrontal 

cortex (Janata, 2009), a part of the brain known to process social information. The 

expectancy factor of the unified theory of emotion involves five expectation related emotion 

response systems; imagination, tension, prediction, reaction, and appraisal (Huron, 2006). 

These expectations are learned over time as people become enculturated to musical idioms 

through statistical learning after repeated exposure (Huron, 2006; Swaminathan & 
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Schellenberg, 2015). Emotional responses occur because specific features of the music 

violates, confirms, or delays the listener’s expectation, causing neural reward or surprise 

responses (Huron, 2006; Juslin et al., 2013; Meyer, 1956). The final component of the 

unified theory of emotions is aesthetic responses, which means that aesthetic responses 

are classified as emotional responses in this context. An important aspect of aesthetic 

responses is that they involve making a personal value judgment based on an evaluation of 

the music. This personal value judgement is based on a personally developed aesthetic 

criteria involving contributions from some or all of the other factors outlined in the unified 

theory of musical emotions (Juslin & Västfjall, 2013). Collectively these principles account 

for how people ascribe personal meaning to music and neuroaesthetic approaches attempt 

to explain this process from a neuroscientific perspective (Brattico, 2015). 

 Neuroaesthetic models of music engagement also provide a framework that help to 

understand how the cognitive principles outlined in the unified theory of emotions relate to 

neural activity. Neuroaesthetic models use neuroscientific methods to explore the 

implications of classic theories in aesthetics such as Berlyne’s (1971) U-arousal hypothesis. 

In this hypothesis Berlyne (1971) outlines that pleasure from music listening is derived from 

an optimal combination of intramusical features of the music in terms of complexity, 

familiarity, novelty, and uncertainty, which directly influence the listener's level of 

physiological arousal (Brattico & Pearce, 2013). Intermediate degrees of physiological 

arousal correspond to maximum pleasure, low arousal can lead to boredom, and high 

arousal can lead to irritation or over-stimulation (Brattico & Pearce, 2013). In line with this 

theory many studies attempted to connect music listening to changes in arousal in terms of 

respiration, heart rate, and galvanic skin responses (Baltes, et al., 2011; Grewe, et al., 

2005; Miu, & Baltes, 2012; Suda, et al., 2008).  

 However neuroaesthetic models highlight that changes in arousal due to music 

listening are only the first step in deriving pleasure from music listening (Brattico, 2015; 

Lindquist, et al., 2012;). Alongside lower level physiological changes, neuroimaging 
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techniques have now identified the neural signature of peak emotional responses to music 

in terms of increased endogenous dopamine release in the ventral striatum (Blood & 

Zatorre, 2001; Koelsch, 2014; Pereira et al., 2011; Salimpoor et al., 2011). In response to 

music listening increased neural activity is seen in the ventral striatum including the nucleus 

accumbens which controls dopamine release in the ventral tegmental area (Salimpoor et; 

al., 2011; Brattico & Pearce, 2013). This increase in dopamine release is responsible for 

mediating reward, pleasure and motivational responses from music listening, and is likely a 

key component of the analgesic benefits of music listening. At the same time the ventral 

striatum is also involved in decision-making processes which implicates the role of higher 

level top down processes in the subjective experience of pleasure. Further cognitive 

processing using executive attention and categorization processes bring the stimulus into 

the individual’s conscious awareness. It as this stage that personal meaning is attributed to 

the stimulus based on personal associations, knowledge, social constructs, and other top-

down processes (Brattico, 2015).  

 Crucially, neuroaesthetic perspectives emphasise that the processes of decision-

making and cognitive appraisal underpin neural reward from music listening, rather than 

simply the sensory components of the stimulus. Functional Magnetic Resonance Imaging 

(fMRI) studies have found differential activation in the right striatum, when consonant 

chords are perceived as being beautiful compared to consonant cords that are not 

perceived as beautiful (Nemoto, et al., 2010). This distinction dissociates the experience of 

pleasure from mere pleasantness and would explain how people may feel the benefits of an 

MLI, even if sad or angry music was chosen. Although dopaminergic neural reward can 

occur in response to a range of aesthetic stimuli (Brattico, 2015), it is much more likely to 

occur in response to an individual’s self-chosen favourite piece of music (Salimpoor, et al., 

2015). This indicates that dopaminergic neural reward is not simply an automated 

physiological response because it requires a personally meaningful interaction. 
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 It is important to highlight that while these processes are important in mediating 

reward pathways and appreciation of music, these pathways have not yet been implicated 

in mediating the analgesic benefits of music. Instead one fMRI study indicates that 

decreases in pain intensity from music listening occur as a function of the connectivity 

between the left angular gyrus and the precentral gyrus, which are both important 

components of the default mode network (Garza-Villareal, Jiang, Vuust, et al., 2015). Again 

this implicates the role of top-down regulation of the pain modulatory network by the default 

mode network. This would suggest that engagement with music can activate the default 

mode network which in turn modulates the pain network, and undermines the notion of a 

direct effect of music on the pain modulatory system.  

 

Considering patients as active participants in music interventions 

 If we consider that music interventions require a meaningful interaction between the 

person and the music, it seems that it is no longer appropriate to talk about music as an 

automatic distraction away from pain. Instead in line with patient-centered approaches and 

current models of music cognition it seems more appropriate to consider patients as active 

participants in music interventions. This means that music interventions are conceptualised 

as an interaction between music and patient, where patients are actively engaging with 

music, rather than conceptualising music interventions as something that is done to patients 

(Huron, 2006). By taking a patient-centred approach the emphasis is no longer on the 

person delivering the intervention, and instead conceptualises music interventions from the 

patients perspective. Rather than telling patients about the music they should be listening 

to, patient centred approaches emphasise the importance of patient preferences in music 

interventions. This seems particularly relevant in music intervention contexts since patients 

own choice of music is seen as a cornerstone of successful music interventions. On 

examination of a database looking at the impact of music on pain from more than 90,000 

patients; the person’s own choice of music was seen as fundamental to the success of the 
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music intervention. Additionally, the importance of personal choice in music interventions 

has been replicated in several systematic meta-analyses of the literature (Bradt et al.,2015; 

Lee, 2016; Tsai, et al., 2014). One meta-analysis with 3731 cancer patients demonstrated 

that personally chosen music had a much larger impact on pain reduction compared to 

researcher chosen music (Bradt et al., 2016). Subsequently, an even larger meta-analysis 

with 6,430 patients, also demonstrated the importance of self-chosen music over 

experimenter chosen music (Lee, 2016).  

 While self-chosen music may be the best indicator of a successful music 

interventions there are many barriers preventing patients with chronic pain from engaging 

with their favourite music. Many patients with chronic pain report that they experience 

decreased interest in their daily activities including leisure activities such as music 

engagement and tend to withdraw from social interactions (Wallace, Wexler, McDougle 

Miser Haddox, 2014). Withdrawal from social interactions can indirectly lead to decreased 

music engagement since many social situations will have music in the background, and can 

also directly limit music engagement through reduced attendance at concerts, nightclubs, or 

choir practice etc. On top of this many patients with chronic pain experience an internalized 

stigma related to their chronic pain which can further exacerbate social withdrawal and 

feelings of alienation, and lead to further inactivity (Waugh, Byrne, & Nichola, 2014). These 

barriers to engagement with music should be considered and addressed in any music 

interventions developed to help manage chronic pain. It may be important to transfer the 

focus of music interventions away from choosing the music for the patient and instead focus 

on how to support the patient in actively engaging with music on a regular basis.    

 In order to promote the likelihood that patients will actively engage with MLIs it is 

important to consider the wider musical experience (Lee, 2016) from the patient’s 

perspective. The quality of the music offered (Lee, 2016), and the presence of other major 

distractors (Brattico & Pearce, 2013), underpin music engagement more generally and 

should be considered in an MLI context. Music listening is a relatively flexible activity that 
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could be adapted to be introduced alongside activities of daily living, or rehabilitation 

programmes as well as for focused music listening sessions, depending on the needs of the 

individual. In order for an aesthetic experience with music to occur, an individual must be 

immersed in the music, which depends not only on the listener, but also on the listening 

environment (Hargreaves & North, 2010; Brattico & Pearce, 2013; Brattico, 2015). While it 

is unclear as to how the presence or absence of medical staff may have on music 

intervention outcomes, previous research has demonstrated the impact of listening alone 

versus listening with a close friend on intensity of emotions experienced (Liljeström, et al., 

2013). Additional strategies to enhance the music listening experience should also be 

considered. Previous studies have demonstrated the benefits of audio-visual presentation 

of music interventions, in cancer settings (Chanda & Levitin, 2013), which would likely 

enhance engagement than audio only interventions. By providing an additional visual 

support to music interventions, it may help to increase the likelihood of immersion in the 

music experience.  

 Another issue that should be considered is the nature of music engagement itself. 

Although engagement with music is considered to be a universal ability (Meyer, 1956), 

individual musicality exists in different degrees across the population. Different levels of 

musicality have been found to moderate musical experiences more generally, because 

people with higher levels of musicality possess more effective means of achieving their 

goals when engaging with music (Müllensiefen, 2014). On the other extreme of musical 

engagement, people with congenital amusia have difficulties with pitch discrimination and 

extraction of melodic contour, which prevents them from engaging with music in an 

enjoyable way (Stewart, 2011). It is possible that individual strategies for music 

engagement could impact on the effectiveness of music interventions, however it is 

currently not yet clear how individual differences may interact with the outcomes seen in 

music interventions.  
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The ontological perspective of the current thesis 

 Patient centred approaches in music interventions require ontological perspectives 

that embrace the unique perspective of the individual (Chamberlain, & Murray, 2009). 

Traditionally this would be achieved by using idiographic approaches to inform the research 

design. Idiographic approaches use rich qualitative research methods to give a full account 

of the phenomenological experience of mental life (Teo, 2009). However, the problem with 

idiographic approaches is that the findings are limited to the individual and make it difficult 

to move towards generalisable conclusions. For this reason, nomothetic approaches that 

rely on numerical and statistical methods are often used in psychology contexts. The major 

drawback with numerical and statistical approaches is that they can become overly 

reductionistic, and fail to fully reflect the richness of inner mental activities. Nomothetic 

approaches are dominated by the assumption that individual responds to stimuli, and 

neglect not only the subjectivity of human experience but also the agency and meaningful 

reflection involved psychological engagement (Holzkamp, 1992). In order to develop new 

insight into the cognitive processes that mediate the beneficial effects of music 

interventions, it is important to adopt a research methodology that embraces both the 

capacity of the idiographic approach to capture the unique experience of individual music 

listening and the capability of nomothetic approaches to contribute to the evidence base. 

Interactionism is an alternative approach that embraces the interaction between objective 

numerical data and subjective accounts of unique experiences (Picione, et al., 2018). By 

focussing on how different levels of analysis interact with one another it is possible to 

develop creative methodology to examine the patient’s perspective in a systematic way that 

is both systematic and meaningful. This thesis aims to bridge the gap between overly 

reductionistic approaches, such as those based solely on physiological responses and 

overly idiosyncratic approaches exploring the phenomenological experience of successful 

music therapy practices. This thesis does not fall into the classic ontological criteria of 

idiographic or nomothetic and embraces an interactionist approach. For this reason a range 
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of different methodological approaches are used alongside one another and synthesised, 

that simultaneously try to avoid the pitfalls of reductionism while maintaining a systematic 

approach that could be used to inform the evidence base for music interventions. 

 

Overview of the current thesis 

 Overall, this thesis presents a theoretical model of the cognitive mechanisms 

involved in analgesic MLIs, followed by three empirical studies. The importance of 

personally selecting the music is integral to the overall effectiveness of a music listening 

intervention (MLI) and this has been demonstrated using meta-analysis (Bradt et al., 2016). 

However, several questions remain in terms of how personally chosen music facilitates 

analgesic effects. This thesis will address several questions in order to gain a better 

understanding of the advantages of self-chosen music over experimenter chosen music.  

 To this end, Study 1 uses a systematic scoping review to examine the previous 

literature on using music for pain management. This scoping review was conducted with the 

explicit purpose of identifying the theoretical rational provided by previous authors and 

synthesizing this myriad of theoretical rationales into one comprehensive overarching 

model. The protocol for the review was registered in the PROSPERO database (See 

Appendix A), and published in a peer reviewed journal (Howlin, et al., 2018; See Appendix 

B). in line with best practice guidelines. Using thematic synthesis themes were developed to 

describe the cognitive mechanisms involved in MLIs for pain management and were used 

in the hypothesis development and research design of each of the subsequent studies.  

 Next this thesis examines the role of intramusical features in music interventions. 

Although several meta-analyses identify the importance of patient chosen music (Garza-

Villarreal, et al., 2017; Lee, 2016;), it is not yet clear if patient chosen music departs 

significantly in terms of intramusical features compared to experimenter chosen music. It is 

important to understand the type of music that people choose for pain management order to 
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isolate whether a specific type of music can mediate analgesic benefits as suggested by 

theories of entrainment. Alternatively analgesic benefits may rely more on unique or 

personal musical interactions that facilitate musical emotional responses, as implicated by 

contemporary theories of musical emotion (Juslin, et al., 2013; Juslin, & Västfjäll, 2008), 

and neuroaesthetics (Brattico & Pearce, 2013). Patient chosen music is often characterised 

as being entirely heterogeneous in terms of genre and tempo with no obvious patterns of 

intramusical features discernible (Bradt et al., 2016; Garza-Villarreal, et al., 2017, Lee, 

2016). But just how different are patients music choices from experimenter choices, and are 

there any unifying similarities amongst patient chosen music? The objective of study 2 is to 

determine if self-chosen music departs significantly from experimenter chosen music in 

terms of specific intramusical features and to examine patients music preferences in pain 

management contexts. Study 2 uses systematic review methodology to identify the specific 

music that has been used in previous studies in pain management contexts.  

 Following on from the first two studies, study 3 tests the Cognitive Vitality Model 

outlined in study 1, taking account of the music preferences of patients identified in study 2. 

Study 3 provides an objective experimental paradigm to systematically investigate the role 

of different cognitive mechanisms. Study 3 explores the degree to which it is the act of 

making a choice, enjoyment, or intramusical features that facilitate the analgesic benefits of 

music listening.  

 The final study of this thesis explores patient perspectives of the cognitive 

mechanisms outlined by the Cognitive Vitality Model. An important aspect of study 4 is to 

explore the degree to which the Cognitive Vitality Model could account for the analgesic 

benefits of music listening observed by a specific clinical population. To address the main 

research question a sequential explanatory mixed method approach was used, which 

involves two components. The first used an online experimental design to examine music 

listening preferences for pain management with a chronic pain population. The second 

component involves a qualitative analysis using thematic synthesis of patients’ responses 
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to gain more insight into the benefits of music listening for pain management from the 

patient’s perspective. Overall this study provides preliminary evidence that the Cognitive 

Vitality Model reflects patient experiences of music listening for pain management. 

 Finally, this thesis ends with a summary of the key findings from each of the four 

studies followed by a synthesis of the overall findings. The final chapter discuss the overall 

implications of these findings in light of theoretical and methodological considerations. 

Finally, future directions are dutifully considered in light of current developments and an 

overall conclusion is proposed. 

 

Summary 

 Embracing music as a means to enhance wellness has been advocated across the 

globe from the time of the ancient Greeks to the current day (Horden, 2016; Pratt & Jones, 

1987). In line with this music therapy has burgeoned rapidly since the second world war, 

despite the fact that very little explanation has been offered in the context of MLIs. Initial 

attempts to isolate the working mechanisms of music interventions focussed on 

physiological responses to music listening. However, researchers soon realised that people 

displayed idiosyncratic physiological responses to the same pieces of music, making it 

impossible to characterise positive outcomes in terms of a physiological profile. Moreover, 

these studies highlighted that featural components of music interventions can vary widely in 

terms of genre, tempo, loudness, duration, timing and equipment used (Bradt et al., 2016; 

Garza-Villarreal, et. al., 2017, Lee, 2016), yet still achieve the same positive effect known 

as functional equivalence. This means that not only do different people often respond very 

differently to the same piece of music, reciprocally people can use different pieces of music 

to get the same functional effect of analgesia (Swaminathan & Schellenberg, 2015). The 

concept of functional equivalence in MLIs is evidenced by empirical studies that 

demonstrate that personally chosen music is of paramount importance in terms of the 

overall success of the intervention (Dobek et al., 2014; Garza-Villareal et al., 2014; Mitchell 
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et al., 2007; Mitchell & MacDonald, 2007;). However at this point it is unclear whether self-

chosen music is beneficial because of the specific intramusical features that people choose, 

or because of the specific ways people cognitively engage with the music irrespective of the 

intramusical features. Neuroaesthetic approaches help to understand how it is possible for 

personally chosen music to mediate analgesic benefits through processes of decision-

making and cognitive appraisal. This highlights the importance of individual cognitive 

processes in mediating the analgesic benefits of MLIs. This underlines the importance of 

considering patients as active participants in music interventions and has implications for 

how the components of music interventions are conceptualised.  
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Chapter 2 

 

Study 1: The cognitive mechanisms in music listening 

interventions for pain. A Scoping Review. 

Preface to study 1 

 The introduction highlights the need for a greater understanding of the cognitive 

mechanisms that mediate the analgesic effects of music listening. To address this study 1 

uses a systematic scoping review to examine the previous literature on using music for pain 

management. This scoping review was conducted with the explicit purpose of identifying 

the theoretical rational for introducing music as a pain management intervention provided 

by previous authors and them into one comprehensive overarching model. The following 

review is presented as it was accepted for publication in the Journal of Music Therapy 

(Howlin & Rooney, 2020a).  

  

Abstract 

 Music interventions have been introduced in a range of pain management contexts, 

yet considerable inconsistencies have been identified across evaluation studies. These 

inconsistencies have been attributed to a lack of clarity around the prospective cognitive 

mechanisms of action underlying such interventions. The current systematic scoping review 

was conducted to examine the theoretical rationales provided in the literature for 

introducing Music Listening Interventions (MLIs) in pain contexts. Three search terms 

(music, listening and pain) were used in four electronic databases, and seventy-five articles 

were included for analysis. Content analysis was used to identify that more intensive 

listening schedules were associated with chronic and cancer pain compared to procedural 

pain. The degree to which patients had a choice over the music selection could be 

categorized into one of five levels. Thematic synthesis was then applied to develop five 
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themes that describe the cognitive mechanisms involved in MLIs for pain. These 

mechanisms were brought together to build the Cognitive Vitality Model, which emphasizes 

the role of individual agency in mediating the beneficial effects of music listening through 

the processes of Meaning Making, Enjoyment, and Musical Integration. Finally, content 

analysis was used to demonstrate that only a small proportion of studies were explicitly 

designed to examine the cognitive mechanisms underlying MLIs, and suggestions for ways 

to improve future practice and empirical research are included. We call on researchers to 

design and evaluate MLIs in line with the Cognitive Vitality Model of MLIs for pain.  

 

Introduction 

 Music therapists and other healthcare professionals have implemented music 

interventions in a range of healthcare settings such as obstetrical care, neurological 

rehabilitation, oncology treatment, and palliative care (Mainka, et al., 2016). The 

introduction of music interventions in pain contexts is underpinned by a series of meta-

analyses that have consistently shown beneficial effects (Bradt et al.,2016; Cepeda, et al., 

2006; Garza-Villarreal, et al., 2017, Lee, 2016). Specifically, results from a meta-analysis, 

based on 23 studies involving 1761 patients, showed that music interventions have a 

moderate effect in reducing the use of non-opioids and a small effect on reducing opioid 

medication (Lee, 2016).  

 However, there is substantial inconsistency in the effects seen across studies 

(Cepeda, et al., 2006; Lunde, et al., 2018), partly due to a lack of consideration given for the 

prospective cognitive mechanisms of action underlying music interventions. This point is 

evident from a recent systematic review of music interventions in a range of healthcare 

contexts, which showed that the majority of studies did not provide an intervention theory or 

other rationale for the delivery of music (Robb, et al., 2018). Where theory is present, it 

often lacks detail. For example, within the music listening experience, two components that 

are considered to underlie the analgesic effects of music listening are attention and emotion 
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(Lunde et al., 2018). Here authors propose that music is a distracting stimulus that 

automatically diverts attention from competing noxious stimuli (Lunde, et al., 2018). While 

plausible, proposals such as this are criticized for their simplification and lack of clarity. 

Critics argue that there is insufficient detail to explain how these components combine, 

interact or whether they work in isolation.  

 Other more sophisticated theories, such as the unified theory of musical emotions 

(Juslin, et al., 2008), provide a more general and detailed description of music cognition 

with ample empirical support (Blood & Zatorre, 2001; Jentschke, et al., 2009; Koelsch, et 

al., 2006; Swaminathan & Schellenberg, 2015). Although, it is not clear how many music 

intervention studies explicitly consider empirically supported principles of music 

engagement. Accordingly, researchers have repeatedly called for the cognitive 

mechanisms of action involved in music interventions to be identified and clarified more 

precisely, to allow investigators to define how, why and for whom music interventions work 

(Keenan & Keithley, 2015; Krishnaswamy & Nair, 2016; Lee, 2015; Robb et al., 2018). 

 A major challenge in understanding music interventions is that current 

conceptualizations refer to a broad class of interventions ranging from clinic room 

background music, to full orchestral performances (Miu, & Baltes, 2012). Identifying the 

active mechanisms in MLIs requires clarity as to what constitutes an MLI. Even where 

interventions may overlap in their mode of delivery, they often differ in every other possible 

dimension including rationale, choice, duration, frequency, style, genre, equipment, 

preparation, and personnel adopted (Lee, 2016). Another classic distinction made in music 

intervention research focusses on the person delivering the intervention, and whether they 

are a music therapist delivering music therapy or a health professional delivering music 

medicine (Bradt, et al., 2015; Bradt, et al., 2016). While these distinctions make sense at 

the broadest level, there are many instances where music medicine and music therapy are 

less readily distinguished. These instances include guided imagery not delivered by music 

therapists (Lin, 2011), live music creation facilitated by nurses (Robb et al., 2018) or pre-
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recorded music selected by music therapists (Palmer, 2015). Moreover, results of meta-

analysis of music interventions in pain contexts do not reveal any significant difference in 

pain outcomes depending on whether the intervention is delivered by a music therapist or 

not (Lee, 2016). Instead of such focus on the person delivering the intervention, research 

may benefit from exploring the active components of effective MLIs. For example, previous 

meta-analyses indicate that music interventions are most likely to be effective when the 

patient chooses the music themselves rather than having music chosen by a researcher or 

health professional (Garza-Villareal, et al., 2016). This last point demonstrates the import 

contribution that theory driven research can make to establishing the active mechanisms 

behind effective MLIs. 

 In addition to the wide and varied forms music interventions can take, previous 

studies are often non-specific in terms of the proposed benefit of music interventions. Thus, 

their associated evaluations focus on a range of clinical outcomes such as pain, anxiety, 

and quality of life often considered simultaneously from the same intervention (Robb, et al., 

2018). This non-specific approach in definition, delivery and evaluation of MLIs makes it 

inherently difficult to isolate the cognitive mechanisms underpinning music interventions 

and compare effects between studies. In order to understand the cognitive mechanisms 

involved in MLIs used in pain contexts, consideration needs to be given to the theoretical 

rationales that have already been identified by researchers in specific clinical contexts. 

 The current paper defines a MLI as a receptive music intervention which involves 

listening to either live or recorded music, that can be provided by either a health 

professional or music therapist and relies on the music listening experience as the primary 

therapeutic component. The current study will build on previous research by conducting a 

qualitative scoping review to examine the theoretical rationales for music listening in pain 

contexts. It will do so in a systematic way that provides more breadth and depth than is 

achievable with a meta-analysis. The primary aims of this scoping review are to answer the 

following research questions: 
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• RQ1: What are the characteristics of MLIs used in analgesic settings (such as 

listening schedules, and music selection), as observed in the reviewed literature? 

• RQ2: How have the major theoretical cognitive mechanism involved in MLIs in pain 

settings been conceptualized in the literature? 

• RQ3: In what way are previous MLI evaluation studies designed? (To what extent 

are they designed to investigate the role of attention or emotion in mediating the 

analgesic benefits of music listening?) 

This paper builds on previous scoping literature reviews by synthesizing the findings from 

the above questions into a theoretical model to explain the beneficial effects of MLIs in the 

context of pain management. 

 

Method 

Study Design 

 A research team with expertise in cognitive psychology, music psychology, and 

research methodology conducted a scoping review using a descriptive-analytical method in 

line with previous guidelines (Arksey & O’Malley, 2005; Daudt, et al., 2013; Levac, et al., 

2010). Specifically, the research team was comprised of the main author who has expertise 

in both pain management and music cognition; the supervisor of the thesis oversaw all 

aspects of the review and acted as the third reviewer, and assisted with the development of 

themes; one psychology lecturer with expertise in research methodology and health 

psychology; a graduate student with expertise in music cognition assisted with abstract 

screening and full text review; and a research librarian helped to refine the search terms 

and build an effective search strategy. The first author submitted the protocol to the 

PROSPERO database for registration, with the registration number CRD42017060641 and 

subsequently published in a peer reviewed journal (Howlin, et al., 2018b; See Appendix B). 

The method and preliminary results for this paper were initially presented at a Systematic 
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Musicology Conference and the published proceedings can be found at (Howlin, et al., 

2018a). 

 

 
 

 

 

Search strategy 

 A sensitive search strategy was developed in consultation with a university librarian 

specializing in literature reviews. Three search terms (music, listening, and pain) were 

used, along with their variations and MESH terms. The first author searched for each term 

separately, before combining the searches. Each search was limited to include peer 
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Reproduced with permission from Howlin, Lynch, Guerin, and Rooney, (2018), 
originally from Moher, Liberati, Tetzlaff, Altman, The PRISMA Group (2009). 

Records identified through 
database searching

(n =   474)

Records after duplicates 
removed

(n = 314)

Records screened
(n = 314)

Records excluded
(n = 175)

Full-text articles 
assessed for eligibility

(n = 104)

Full-text articles 
excluded

(n = 29)

Studies included in 
qualitative synthesis

(n = 75)

Figure 2.1  

Prisma Flow Diagram of Research Paper Inclusion Process for Study 1. 
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reviewed articles that were published in English (as this was the only language of the 

research team). Additionally, the search was limited to include articles with available 

abstracts over a ten-year timeframe, published between January 1st 2006 and June 15th 

2017. Four electronic databases were searched with identical search parameters 

(EBSCOhost Psychology and Behavioural Sciences Collection, EBSCO Music Index and 

RILM, CINAHL Plus and Pubmed). The search strategy was designed to bring about 

'conceptual saturation', that is, heterogeneity was maximised in the range of concepts found 

in the studies, rather than focusing on the narrow homogeneity often produced by meta-

analyses (Thomas & Harden, 2008).  

Study Selection  

 Two independent reviewers screened the abstracts and titles of each study 

identified in the initial search to deduce which articles should be included for full text 

screening (See Figure 2.1). Where there was no agreement between the two reviewers, 

articles were included for full text review. For the full text review, each article was reviewed 

in full by at least one author to deduce suitability for inclusion, according to a minimal 

quality appraisal and the inclusion and exclusion criteria (See Table 2.1). This was a 

patient-centered study focusing on how music could change the person's experience of 

their pain, so studies of the experience of pain were reviewed, rather than studies that 

focused on pain-related behavioral outcomes.  
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Table 2.1  

Inclusion, Exclusion and Quality Appraisal Criteria for Study 1 

Inclusion Criteria  
1. Evaluate pain experience in wakeful patients in the presence of music listening 
2. Are applied in a healthcare or laboratory setting 
3. Use receptive music interventions where the person actively or passively observes music, 

either live or recorded for at least one part of the research study. This can be in 
conjunction with other activities, i.e. visualisation or dance performance, but this is the 
minimum requirement for an MLI.  

4. Measure pain by either self-report measures or reduced pharmacological analgesic 
requirements. 

5. Are empirical studies with primary data collection, including randomised, quasi-
randomised, one armed trials, and qualitative accounts of MLIs 

Exclusion criteria 
6. Only focus on the process of making music 
7. Focus on pain or injuries caused by performing music 
8. Primarily examine issues of hearing loss, hearing disorders or other issues of aural health 
9. Focus on the use of music as part of a patient information material 

'Fatal Flaws' Quality Appraisal Criteriaa 
1. Are the aims and objectives of the research clearly stated? 
2. Is the research design clearly specified and appropriate for the aims and objectives of the 

research? 
3. Do the researchers display enough data to support their interpretations and conclusions? 
4. Do the researchers provide a clear account of the process by which their findings were 

produced? 
5. Is the method of analysis appropriate and adequately explicated? 

Note. aStudies were excluded according to the fatal flaws criteria where the data to be extracted 

on the extraction tool could not be extracted due to a lack of clarity and would have required 

inference on behalf of the reviewers. 

Data Extraction 

 A customized data extraction form was piloted by two reviewers on a sample of 10 

papers to ensure the data being extracted was consistent with the research question 

(Colquhoun, et al., 2014), and amended where required. Double data extraction was then 

completed on a 10% random sample of papers with single data extraction completed on the 

remainder of papers. All discrepancies that arose were resolved through discussion 

between the research team, with a bias towards including data where discrepancies were 

difficult to resolve. 
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Descriptive Analysis 

 Descriptive analysis was conducted by the research team using both content 

analysis and descriptive frequencies to characterize the range of studies included in the 

review and to assess the number of studies that previously tried to isolate components of 

attention or distraction in an MLI context.  

Thematic Synthesis 

 The thematic synthesis strategy was developed by the research team according to 

Thomas and Harden (2008) and involved three stages. First, the reviewer coded the text 

line by line according to its meaning or content using EPPI (Evidence for Policy and 

Practice Information) reviewer 4 software (Thomas, et al., 2010). Next, codes were grouped 

together based on their similarity, so as to develop descriptive themes. Codes that only 

applied to three or fewer studies were re-coded into larger descriptive themes where 

possible. Finally, descriptive themes were then grouped together by two reviewers to form 

analytical themes.  

 

Results 

 In total 474 documents were retrieved across the four databases (See Figure 2.1 for 

PRISMA flow chart). After duplicates were removed, two independent reviewers screened 

314 titles and abstracts according to the inclusion and exclusion criteria (See Table 2.1) 

and included 104 for full text screening (Inter-rater Krippendorf’s α = 0.68). Out of the 104 

articles that were reviewed in full, 75 articles were included in the qualitative synthesis. 

Study Characteristics 

 A wide geographical range in MLI research was observed with 29 different countries 

represented. The majority were from the US (n = 14), followed by Turkey (n = 8), China (n = 

6), Scotland (n = 6), and England (n = 5). Six different pain classifications were identified in 

the literature including labor, cancer, chronic pain, surgical recovery, synthetic pain, and 
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procedural pain (See Table 2.2). These descriptions of pain corresponded with descriptions 

of pain management present in the literature. Labour pain referred to pain caused by giving 

birth. Cancer pain referred to pain experienced while having a cancer diagnosis. Chronic 

pain referred to pain caused by chronic health conditions, injuries, accidents, or primary 

chronic pain. Procedural pain referred to pain or discomfort induced as a result of a medical 

procedure including colonoscopy and surgery. Synthetic pain referred to pain induced as a 

result of an experimental paradigm where pain was synthetically induced for research 

purposes using the cold pressor tasks, thermal stimulation, or electric shock. For an 

overview of the general characteristics e.g. study setting, interventionist, music choice, 

sample size, and study population See Table 2.3. 

 

Table 2.2  

Study Characteristics 

 n (%) 

Reported Pain Classification 
Labour 2 (2.7) 
Cancer 4 (5.3) 
Chronic 12 (16.0) 
Surgical recovery 13 (17.3) 
Synthetic 18 (24.0) 
Procedural 26 (34.7) 

  
Setting 

Hospital and Home 1 (1.3) 
Day Centre 4 (5.3) 
Everyday Environment 7 (9.3) 
Hospital  7 (9.3) 
Post-operative recovery 12 (16.0) 
Lab 17 (22.7) 
Hospital during procedure 27 (36.0) 

 

Note. Abbreviations, n = number of studies, % = valid 

percent of total studies included in review 

 

Table 2.3  

General Characteristics of Included Studies 

Authors and 
Year 

Country Setting Interventionist 
Music 
Choice 

Study Population / 
Procedure 

Sample 
Size 

Age 
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Abraham & 
Drory, 2014 

Israel Hospital During 
Procedure 

Not Reported SCL Nerve Conduction Studies, 
e.g. Radiculopathies, 
Sensory Disturbance 

60 Adults 

Akbas, et 
al.,2016 

Turkey Hospital During 
Procedure 

Urologist SCL Urology Patients 470 Adults 

Alam, et al., 
2016 

USa Health Clinic - 
During Procedure 

Nurse & 
Psychologist 

EC Skin Cancer Excision 155 Adults 

Allred, et al., 
2010 

US Hospital Post Op Nurse & 
Physical 
Therapist 

EC Knee Surgery 56 Adults 

Alparslan, et al., 
2016 

Turkey Home Not Reported EC Fibromyalgia Patients 37 Adults 

Arruda, et al., 
2016 

Brazil Hospital Researcher EC Cancer Patients 65 Adults 

Aydin, & 
Sahiner, 2017 

Turkey Hospital During 
Procedure 

Paedeatric 
Nurses 

SCL Phlebotomy Patients 200 Children 

Bilgic, & 
Acaroglu, 2017  

Turkey Outpatient 
Chemotherapy 

Unit 

Researcher EC Chemotherapy Patients 70 Adults 

Binson, et al., 
2013 

Thailand Hospital During 
Procedure  

Music Therapist EC Haemodialysis In-Patients & 
Outpatients 

54 Adults 

Björkman, et al., 
2013 

Sweden Hospital During 
Procedure 

Nurse EC Colonoscopy 120 Adults 

Bradshaw, 2012 US Lab Researcher EC Healthy Participants 53 Adults 

Bradt, et al., 
2015 

USa Hospital Music Therapist ECPP Cancer Patients 31 Adults 

Cakmak, et al., 
2017  

Turkey Hospital During 
Procedure 

Not Reported SCL Urology Patients 200 Adults 

Calcaterra, 2014  Italy Hospital Post Op Not Reported EC Day Surgery Patients 42 Children 

Chantawong, 
2017 

Thailand Hospital During & 
Pre Procedure 

Not Reported EC Cervical Cancer Patients 150 Adults 

Chen, 2015 Taiwan Hospital Pre & 
Post Procedure 

Researcher EC Knee Surgery 30 Adults 

Clark, 2006 USa Hospital Music Therapist ECPP Curative Radiotherapy 63 Adults 

Coen, et al., 
2009 

UK Hospital During 
MRI  

Not Reported EC Healthy Participants 12 Adults 

Dobek, 2014 Canadaa Lab Researcher SCU Healthy Participants 12 Adults 

Finlay, 2014 UK Home Researcher EC Chronic Pain Patients 23 Adults 

Finlay, & Anil, 
2016 

UK Lab Researcher SCU Healthy Participants 41 Adults 

Finlay, & 
Rogers, 2015 

UK Lab Researcher EC Healthy Participants 70 Adults 

Finlay, et al., 
2016 

Scotland Hospital Pre & 
Post Procedure 

Researcher SCU Knee Surgery 98 Adults 

Garcia, & Hand, 
2016 

Scotland Lab Researcher EC Healthy Participants 30 Adults 

Garza-Villarreal 
et al., 2015 

Mexico Hospital During 
Procedure - MRI 

Researcher SCU Fibromyalgia Patients 23 Adults 

Garza-Villarreal 
et al., 2014 

Mexico Lab Researcher SCU Fibromyalgia Patients 22 Adults 

Gold, & Clare, 
2013 

UK Everyday 
Environment 

Researcher SCU Chronic Pain Patients 11 Adults 

Good, 2010 US Hospital Pre & 
Post Surgery 

Researcher EC Surgical Patients 517 Adults 

Guétin, et al., 
2012 

France Hospital and 
Home 

Researcher EC Chronic Pain Patients 87 Adults 

Hamidi, & 
Ozturk, 2017 

Turkey Hospital During 
Procedure 

Not Reported SCL Urinary Tract Dysfunction / 
Obstruction 

100 Adults 

Harikumar, 2006 India Hospital During 
Procedure 

Researcher SCL Colonoscopy 78 Not 
Reported 

Hook, et al., 
2008 

Malaysia Hospital Pre & 
Post Surgery 

Researcher SCU Surgical Patients 102 Adults 

Hsieh, 2014 US Lab Physician & 
Nurse 

ECPP Healthy Participants 48 Adults 

Jafari, et al., 
2012 

Iran Hospital - Post Op Nurse & Music 
Expert 

SCL Open Heart Surgery 60 Adults 

Kenntner-
Mabiala, et al., 
2007 

Germany Lab Researcher SCU Healthy Participants 38 Adults 

Khavari, 2013 US Hospital During 
Procedure 

Nurse SCL Urology Patients 51 Adults 

Linnemann, et 
al., 2015 

Germany Home Not Reported SCL Fibromyalgia Patients 30 Adults 
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Liu et al.,2010 Taiwan Hospital During 
Procedure 

Researcher SCL Primiparous Women 60 Adults 

Liu, & Petrini, 
2015 

China Hospital - Post Op Researcher EC Thoracic Surgery Patients 112 Adults 

Martindale, et 
al., 2014 

Australia Hospital During & 
Pre Procedure 

Researcher EC Colonoscopy 34 Adults 

Meeuse, et al., 
2010 

Netherlandsa Hospital During 
Procedure 

Not Reported SCL Sigmoidoscopy 307 Adults 

Mercadíe, 2015 France Home Researcher  SCL Fibromyalgia Patients  22 Adults 

Mitchell, et al., 
2006 

Scotland Lab Researcher SCU Healthy Participants 44 Adults 

Mitchell, et al., 
2008 

Scotland Lab Researcher SCU Healthy Participants 80 Adults 

Mitchell & 
Macdonald, 
2006 

Scotland Lab Researcher SCU Healthy Participants 54 Adults 

Mitchell, et al., 
2007 

Scotland Chronic Pain 
Clinic 

Researcher SCU Chronic Pain Patients 318 Adults 

Nagata, et al., 
2014 

Japan Hospital During 
Procedure 

Researcher EC Colonography 220 Adults 

Nguyen, et al., 
2010 

Vietnam Hospital During & 
Pre Procedure 

Researcher SCL Leukaemia Patients 40 Children 

Nilsson, et al., 
2009 

Sweden Hospital Pre, 
During & Post 

Surgery 

Not Reported EC Day Surgery Patients 80 Adolescent
s 

Nilsson, 2009 Sweden Hospital Post Op Researcher EC Cardiac Surgery 58 Adults 

Noguchi, 2006 US Hospital During 
Procedure 

Researcher & 
Nurse 

EC Routine Immunization 
Injections 

62 Children 

Onieva-Zafra, et 
al., 2013 

Spain Home Researcher EC Fibromyalgia Patients 55 Adults 

Ottaviani, et al., 
2012 

France Day Centre During 
Joint Lavage  

Researcher EC Knee Osteoarthritis 62 Adults 

Ovayolu, et al., 
2006 

Turkey Hospital During & 
Pre Procedure 

Nurse EC Colonoscopy 60 Adults 

Özer, et al., 
2013  

Iran Intensive Care 
Unit 

Researcher EC Open Heart Surgery 
Patients 

60 Adults 

Pothoulaki, et 
al., 2008 

Greece Hospital Not Reported SCL Haemodialysis In-Patients & 
Outpatients 

60 Adults 

Rafer, et al., 
2015 

US Post-Op Recovery Researcher EC Elective Hysterectomy 56 Adults 

Raheem, et al., 
2015 

US Healthcare Centre Nurse and 
Researcher 

EC Urology Patients 137 Adults 

Roy, et al., 2008 Canada Lab Medical Staff EC Healthy Participants 18 Adults 

Roy, et al., 2012 Canada Lab Researcher EC Healthy Participants 30 Adults 

Ruscheweyh, et 
al., 2011 

Germany Lab Researcher SCU Healthy Participants 27 Adults 

Siedlecki, 2009 US Daily Routine Midwife ECPP Chronic Pain Patients 60 Adults 

Silvestrini, 2011 Switzerland Lab Nurses SCL Healthy Participants 20 Adults 

Simavli, et al., 
2014 

Turkey Hospital During 
Labor 

Researcher SCE Primiparous Women 132 Adults 

Soo, et al., 2016 US Hospital During 
Procedure 

Researcher SCL Breast Biopsy 121 Adults 

Vaajoki, et al., 
2012a 

Finland Hospital Bed Post 
Op 

Research 
Nurses 

SCL Surgical Patients 168 Adults 

Vaajoki, et al., 
2012b 

Finland Hospital 
Room/Ward 

During Post-Op 
Recovery 

Music Therapist SCU Major Abdominal Surgery 168 Adults 

Villarreal, 2012 Denmark Lab Not Reported SCL Healthy Participants 48 Adults 

Wagner, et al., 
2009 

Germanya Hospital During 
MRI 

Music Therapist  EC Healthy Participants 40 Adults 

Wang, et al., 
2014 

China Hospital During 
Procedure + Pre 

Procedure 

Not Reported EC Surgical Patients 40 Adults 

Wright, & 
Raudenbush, 
2010 

US Lab Researcher EC Healthy Participants 75 Adults 

Yeo, et al.,2013 Korea Hospital During 
Procedure + Pre 

Procedure 

Not Reported EC Urinary Tract Dysfunction 70 Adults 

Yu, et al., 2009 China During Procedure Nurse SCL Children with Cerebral Palsy 60 Children 
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Zhang, et al., 
2014 

China Hospital During 
Procedure 

Nurse SCL Urology Patients 124 Adults 

Zhao & Chen, 
2009 

China Lab Researcher EC Healthy Participants 20 Adults 

Notes. aIndicates Country of first author, where country of study location is not reported within the text. 

Abbreviations SCU: Self-Chosen Music from Unlimited Range, SCL: Self-Chosen Music from Limited 

Range, SCE: Self-Chosen Music Under Guidance from Experimenter, ECPP: Experimenter Chosen 

Based on Participant Preference, EC: Experimenter Chosen, Op: Operation, MRI: Magnetic 

Resonance Imaging 

 

 (RQ 1): Intervention Characteristics: 

 Music Selection and Listening Schedule. A content analysis was conducted by 

the main researcher on components that were previously identified in the literature 

specifically, music selection, music duration, and music frequency (See Table 2.4). 

Although music selection is usually described in dichotomous terms between experimenter 

selected and participant selected, the data extracted for this review could be categorized 

into five levels of music selection between experimenter chosen and participant chosen 

(See Table 2.4). The largest proportion of studies (50.7%) used experimenter chosen music 

without any reported consideration of participant preferences. Conversely, only 18.7% of 

studies used music based on the participants choice of music from an unlimited choice. 

 The duration of each music listening session was classified using seven different 

categories, including the entire procedure and patients’ discretion where patients could 

listen to as much or as little music as they wished (See Figure 2.2). The most popular 

duration identified in the studies overall was 15.01 min - 30.00 min minutes used in 28.0% 

of all studies. The number of music sessions was also categorized into five groups (See 

Table 2.4) and demonstrated that the most common schedule was one session which 

accounted for 57% of the studies included. Finally, the duration of music listening, and 

number of music sessions was categorized in the context of each pain type and 

demonstrated different patterns of MLI schedules depending on the type of pain (See 

Figure 2.2). Single music exposure sessions are most common in the context of procedural, 
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pain, synthetic pain, surgical recovery, and labour. The minimum listening duration was 15 

minutes in the context of labour and surgical recovery, whereas listening durations were 

often below five minutes in the context of synthetic pain and procedural pain. The most 

common music listening duration used for procedural pain was the entire duration of the 

procedure. Cancer and chronic pain were the only categories to use 21 music listening 

sessions or more. They were also the most likely categories to allow patient discretion in 

terms of the listening duration in each session, which is complimentary with the prolonged 

and varied nature of these types of pain.  
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Figure 2.2  

Number of Music Listening Sessions and Duration of Each Music Listening Session by 

Pain Type. 

(a) 

(b) 

Note. Illustrating (a) the number of sessions used in each pain category and (b) the duration of 

music used in each pain category. For comparison purposes, percentages reflect proportion of 

studies within that category type. Synthetic n = 18; Procedural n = 26; Labour n = 2; Surgical 

Recovery n = 13; Cancer n = 4; Chronic n = 12; Total across all studies N = 75. 

 

(a)

Total across all studies

Synthetic

Procedural

Labour

Surgical Recovery

Cancer

Chronic

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1 session multiple trials 1 session
2-8 session > 21 session
Patients Discretion
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Table 2.4.  

Results of Content Analysis of Music Selection and Listening Schedules 

 n (%) 

Music Choicea 
Ppt chosen from unlimited range. 14 (18.7) 
Ppt chosen from limited range 19 (25.3) 
Ppt chosen under guidance from Experimenter 1 (1.3) 
Experimenter chosen based on Participant preference 3 (4.0) 
Experimenter chosen 38 (50.7) 

 
Duration 

5.00 min or less 20 (26.7) 
5.01 min - 15.00 min 4 (5.3) 
15.01 min - 30.00 min 21 (28.0) 
30.01 min - 1 hr 6 (8.0) 
> 1hr 3 (4.0) 
Entire Procedure 14 (18.7) 
Entire procedure and additional time before or after procedure 2 (2.7) 

Patients discretion 5 (6.7) 
 

Frequency 
Multiple trials within one session 12 (16.0) 
1 session 41 (54.7) 
2-8 sessions 12 (16.0) 
22+ sessions 6 (8.0) 
Patients Discretion 4 (5.3) 

Notes. aMusic Choice categories were derived from descriptions in the methods section in each 

included study and were categorised as participant selected from an unlimited choice, participant 

selected from a limited choice, participant selected under guidance from the experimenter, 

experimenter chosen based on participant preferences, or experimenter chosen. Abbreviations, n 

= number of studies, % = valid percent of total studies included in review. Total studies included N 

= 75. 

 

(RQ 2): Cognitive Mechanisms identified in the literature 

 Thematic synthesis was used to examine the author's rationale, justification or 

explanation for using music in a pain management context, as described in either the 

introduction or discussion in each study. From these explanations five major themes were 

identified that describe the cognitive mechanisms involved during MLIs, these were (1) 

Automated Attention, (2) Cognitive Agency, (3) Meaning-Making and Enjoyment, (4) 

Musical Integration, and (5) Cognitive Vitality.  
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 Automated Attention. This theme is based on explicit references to the limited 

capacity model of attention as the theoretical underpinning of several studies (Finlay, et al., 

2014; Garza-Villareal, et al., 2014; Gold, et al., 2013; Mitchell & Mac Donald, 2006; Mitchell 

et al., 2006; Mitchell, et al., 2008; Noguchi, 2006; Pothoulaki, et al., 2008; Simalvi, et al., 

2014). This theory outlines that attentional capacity is limited, so when people listen to 

music they have insufficient cognitive resources to focus on their pain, which reduces their 

overall experience of pain. Within this framework music is described as a stimulus that 

induces an automated response almost in a mechanistic way, with an expectance of 

specific physiological changes or immediate attention shifting as a result (Abraham & Drory, 

2014; Calcaterra, et al., 2014; Chantawong, et al., 2017; Chen, et al., 2015, Hamidi, et al., 

2017; Kenntner-Mabiala, et al., 2007; Liu, et al, 2010; Onieva-Zafra, et al., 2013; Raheem, 

et al., 2015; Wang, 2016; Yeo, et al., 2013; Zhang, et al., 2014). Accordingly, based on the 

assumption of universalism, several studies reported using music chosen by the 

experimenter based on specific intramusical features (Abraham, & Drory, 2014; Finlay & 

Anil, 2016; Garza-Villareal, et al., 2014; Hook, et al., 2008; Liu & Petrini, 2015; Mitchell & 

Mac Donald, 2006; Mirbagher, et al., 2013; Zhao, & Chen, 2009). For example several 

studies reported using slow tempo music to relax patients (Alam et al., 2016), or music with 

positive valence to increase patient’s mood (Zhao & Chen, 2009; Silvestrini, et al., 2011). 

These studies assume that the valence of the music will directly influence the mood of the 

patient, without further consideration how patients might cognitively process the music. 

However, despite the orienting response elicited by music several studies question the 

usefulness of exclusively relying on the limited capacity model of attention (Ruscheweyh, et 

al., 2011; Zhao, & Chen, 2009).  

 Cognitive Agency. This theme acknowledges that people have specific reasons for 

choosing the music to which they listen. These reasons mediate the way in which people 

cognitively engage with the MLI by increasing individual motivation (Finlay, 2014; Good, et 

al., 2010; Hseih, et al., 2014; Linnemann, et al., 2015; Mitchell, et al., 2006; Mitchell et al., 
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2008; Nagata, et al., 2014; Nguyen, et al., 2015;  Nilsson, 2009; Nilsson et al., 2009; 

Pothoulaki, et al., 2008; Roy, et al., 2008; Siedlecki, et al., 2009; Vaajoki, et al., 2012a). The 

specific reasons that people have for listening to music is described as an important part of 

how health-benefits are mediated from music listening (Linnemann, 2015). Accordingly, 

several authors specified that self-chosen music is more accessible to the patient due to 

enhanced levels of sustained attention and entrainment mediated through familiarity (Bradt 

et al., 2015; Clark, et al., 2006; Finlay & Rogers, 2015; Finlay, & Anil, 2016; Jafari, et al., 

2012; Linnemann, et al., 2015; Mitchell, et al., 2006; Mitchell, et al., 2008; Noguchi, 2006; 

Özer et al., 2013; Pouthlaki et al.,2008; Villarreal, et al., 2008). Self-chosen music may be 

particularly good at reducing the experience of pain because people are more likely to enjoy 

it and find it easy to entrain to (Garza-Villareal, et al., 2015). Active participation can be 

further increased by allowing patients to control the volume (Martindale, et al., 2014). 

Cognitive Agency of the listener recognizes the contributions of top-down processing in 

pain modulation, which was mentioned in several studies and can be seen as active 

participation in the music listening. In a music listening context, active participation is 

exemplified by focused listening, which involves concentrating on particular streams within 

the music in order to maintain the music listening experience. It is also noted by many 

researchers that although active participation is required, that this participation is much less 

effortful compared to other types of cognitive tasks (Allred, et al., 2010; Mitchell, et al.,2006; 

Noguchi, 2006; Özer, et al., 2013, Silvistrini, et al., 2011; Wright, et al., 2010; Zhao & Chen, 

2010). 

 Meaning-Making and Enjoyment. This theme was derived from descriptions in the 

literature that recognize that it is not the specific content of the music that mediates the 

analgesic effect of music listening, but the specific meaning that the person derives from 

the music listening experience and subsequent pleasure or enjoyment responses (Allred, et 

al.,2010; Alparsplan, et al., 2016; Arruda, et al., 2016; Binson, et al., 2013; Björkman, et al., 

2013; Bradshaw, et al., 2013; Nguyen, et al., 2015; Gold & Clare, 2013; Harikumar, et al., 
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2006; Liu, et al., 2010; Mitchell, et al., 2008; Yu, et al., 2009). Several studies highlighted 

that people derive meaning due to extramusical associations that they hold with the music 

(Finlay, 2014; Finlay, et al., 2016; Villareal, et al., 2012; Garza-Villareal, et al., 2015; 

Mitchell, et al., 2007). These may take the form of pleasant episodic memories or imagery 

triggered by the music, or conditioned associations (Ottiviani, et al., 2012) with the music. 

Furthermore, the degree to which music listening reduces pain experience depends on the 

strength of the conditioned relationship that the individual patient has with the music (Hsieh, 

2014). This means that the more a patient enjoys the music, the stronger the analgesic 

benefits (Finlay & Anil, 2016). Several studies explained the complexity of pleasure or 

enjoyment responses, which can manifest with either a hedonistic immediacy (Mercadíe et 

al., 2015; Villareal, et al., 2012) or eudiamonically, reflecting a sense of deeper personal 

reflection and aesthetic appreciation (Finlay, 2014; Kenntner-Mabiala, et al., 2007; Liu et 

al., 2010; Mitchell et al.,2007). As described by Bradt (2015), "Self-selected music has been 

described in the literature as a powerful means to "constitute ontological security" through 

creating a deeper sense of aesthetic belonging" (p. 1270). Accordingly, within the complex 

dynamics between pain and emotion, sad music could be considered beneficial in some 

instances where it was found to be rewarding to the listener. Negative emotional release 

can be facilitated if patients feel a connection between the negative emotions that they feel 

and the negative emotions expressed by the performer, leading to a sense of catharsis 

(Gold, 2013). Several studies also reported that subjective pleasure responses to music 

related to activation of neural reward networks and endogenous opioid release (Arruda et 

al., 2016; Dobek, et al., 2014; Garza-Villareal, et al., 2015; Hseih, et al., 2014). 

Furthermore, it was noted that the more people like or enjoy the piece of music, the more 

effective the music is at ameliorating their experience of pain (Finlay, et al., 2016; Guétin, et 

al., 2012; Özer, et al., 2013; Rafer, et al., 2015; Zhao & Chen, 2009). Conversely, if a 

patient dislikes the music or does not find it enjoyable, then music listening will not offer any 

analgesic benefits (Finlay & Anil, 2016). Here researchers suggest that a threshold for 

enjoyment is required for effective analgesia in MLIs. 
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 Musical Integration. The theme of Musical Integration highlights that pain 

experiences can be shaped by integrating the sensory, emotional, and cognitive elements 

provided by music into the pain experience (Ovayolu, et al.,2006). This is different from 

previous descriptions of “Integration” in the music therapy literature (Ghetti, 2012), because 

Musical Integration requires that music is absorbed into the individual’s conscious 

experience alongside pain, rather than as an enhanced focus on the pain itself. The 

concept of Musical Integration was supported in a number of sources (Dobek, et al., 2014; 

Finlay, 2014; Garza-Villareal et al., 2015; Mitchell et al., 2006). Direct references to the 

neuromatrix theory of pain outlines that pain experience is constituted from several factors 

including stress, cognition, emotion, and sensory stimuli, alongside any noxious stimuli 

(Melzack & Katz, 2013). Within this framework music is integrated into the person's 

experience as a sensory stimuli and has the potential to impact the person on a multitude of 

levels. The interaction between music and pain is multi-faceted requiring optimal levels of 

arousal in combination with both emotional and cognitive engagement, before the music 

can be fully integrated into the patient’s experience (Garcia & Hand, 2016). Support for the 

role of Musical Integration was identified in some MRI studies that identified activation of 

neural hubs involved in multimodal integration during music listening to reduce pain stimuli 

(Coen et al., 2009; Dobek et al., 2014; Garza-Villareal, et al., 2015). Some studies went a 

step further, by suggesting that music is not just integrated as an additional sensory 

component, but as an entirely absorbing experience on a cognitive, and emotional level 

(Bradshaw, et al., 2013; Finlay, 2014; Finlay, et al., 2016; Gold & Clare, 2013; Guétin et al., 

2012). Once people become absorbed in the music their phenomenological experience is 

characterized by their music experience rather than their pain experience, in line with 

models of constructionism. Full absorption into the musical experience prevents the 

formation of competing constructions of reality that would place more emphasis on the pain 

experience (Bradshaw, et al., 2012). The role of absorption of music on the persons 

impression of reality is manifested in terms of an altered sense of time perception, so that 
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people estimate that time is passing faster than it really is (Bradt, et al., 2015; Finlay, & Anil, 

2016; Finlay, et al.,2016; Hook, et al., 2008).  

 Several studies attempted to maximize the role of Musical Integration by introducing 

multisensory stimuli alongside music, such as images (Kenntner-Mabiala, et al., 2007; 

Khavari, et al., 2016; Meeuse, et al., 2010; Wagner, et al., 2009; Wright, et al., 2010), virtual 

reality (Bradshaw, et al., 2013), aromatherapy (Nagata, et al., 2014) or distraction cards 

(Aydin & Sahiner, 2017). Other studies highlighted the importance of minimizing stressful 

stimuli such as noise pollution to maximize musical integration (Akbas, et al.,2016; Cakmak, 

et al., 2017; Rafer, et al., 2015; Vaajoki et al., 2012a). However, researchers recognized 

that additional elements need to be combined carefully so that they enhance the musical 

experience, without overwhelming or annoying the patient.  

 Cognitive Vitality. The theme of Cognitive Vitality corresponds with descriptions of 

enhanced cognitive capacity (Finlay, 2014), a strengthened sense of self (Coen, et al., 

2009; Gold & Clare, 2013; Mitchell, et al., 2008), increased self-efficacy (Finlay & Rogers, 

2015), and enhanced motivation (Hsieh, et al., 2014; Kenntner-Mabiala, et al., 2007; 

Mercadíe, et al., 2015; Mitchell, et al., 2008; Gold & Clare, 2013) as a result of listening to 

music. The term Vitality was chosen to describe this theme to reflect the energization of 

psychological processes to empower the self as a result of engaging with autonomously 

motivated music listening in line with Self-Determination Theory (Deci & Ryan, 2008). A 

renewed sense of personhood is restored after the person is immersed in personally 

significant music. Increases in self-efficacy and a strengthened sense of self help to equip 

patients with the cognitive energy required to engage more fully in everyday activities that 

are important in ongoing pain management strategies. Accordingly, several papers 

emphasized feelings of energy, encouragement, and motivation as being central to the 

analgesic effects of MLIs (Nguyen, et al., 2015; Hsieh, et al., 2014; Linneman, et al., 2015; 

Nilsson, et al., 2009; Roy, et al., 2008). In qualitative studies, patients were directly asked 

how they benefited from music, for example Hsieh (2014) reports on one participant who 
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said: "music made me feel...energized and in control of myself", and Alparsplan and 

colleagues (2016): "After listening to music, I feel myself very energetic. I sweeped [sic] the 

house today." (p. 1320). Some studies described how music was used to facilitate sleep in 

pain contexts which may contribute to cognitive replenishing through a parallel process 

(Finlay et al., 2016; Good, et al., 2010; Rafer, et al., 2015). Sleep restoration through 

enhanced relaxation also contributes to an overall sense of Cognitive Vitality (Good, et al., 

2010). Cognitive Vitality encompasses the idea that enhanced cognitive energy 

subsequently facilitates adaptive coping styles including dissociation or acceptance of 

painful experience, or an enhanced locus of control within the painful experience (Bilgic, & 

Acaroglu, 2017; Hsieh, et al., 2014; Vaajoki, et al., 2012a). Cognitive dissociation from pain 

requires constant attentional effort and patients may use music to boost their ability and 

motivation to actively maintain this cognitive dissociation. Music listening can facilitate a 

response shift which enables patients to distance themselves from their pain and reflect 

more positively on other aspects of their care (Finlay, 2014). These different accounts 

suggest that different pain management strategies should be considered in the context of 

the level of pain management required. For example, self-efficacy enhancement is hugely 

important in the context of ongoing chronic pain management, whereas cognitive 

dissociation from painful stimuli is more suitable in the context of procedural or post-

operative acute pain.  

(RQ 3): Evaluating the Research Design of MLIs. 

 Each study was examined using content analysis to assess whether the study 

actively examined the cognitive mechanisms of MLIs. Forty-eight (64%) studies did not 

actively investigate any factors related to the underlying cognitive mechanisms of MLIs. 

Twenty- six studies (34.6%) reported that they assessed or recorded factors related to the 

underlying cognitive mechanisms of MLIs using self-report methods. These factors included 

perceived or induced emotion, previous musical experience, or behaviors, level of 

engagement, imagery, aesthetic appeal, cognitive style of participants, expectancy, and 
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whether the intervention was perceived to be motivating or relaxing (See Table 2.5). 

Methods that authors used to assess engagement included assessing if participants used 

active or passive listening strategies, and active listening tasks.  
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Table 2.5  

Components of Attention or Emotion Examined by Previous Research Designs 

 n (%)  
Components Measured by Self-Report   

Engagement 7 (9.3)  
Previous musical experience 6 (8.0)  
Perceived or Induced Emotion 5 (6.7)  
Imagery 3 (4.0)  
Aesthetic appeal 1 (1.3)  
Expectancy 1 (1.3)  
Cognitive Style of Participants 1 (1.3)  
Feelings of motivation / relaxation 1 (1.3)  

Total 26 (34.5)  
   
Components Experimentally Manipulated   

Emotional Content 7 (9.3)  
Engagement 5 (6.7)  
Imagery 3 (4.0)  
Arousal 2 (2.7)  
Aesthetic Interaction 1 (1.3)  
Expectancy 1 (1.3)  

Total 19 (25.3)  

Notes. Abbreviations, n = number of studies, % = valid percent of total studies 

included in review. Total studies included N = 75.  

 Only 19 studies (25.3%) were designed to isolate or manipulate the cognitive 

mechanisms underpinning MLIs, which included isolating the role of engagement, 

emotional content imagery, aesthetic interactions, arousal, and expectancy (See Table 2.5). 

Level of engagement was examined using a range of methods including introducing 

additional distractors, comparing the impact of live versus recorded music, and 

manipulating engagement using a music listening task that varied in complexity of the 

auditory signal. Several individual factors that may influence musical engagement were 

examined using self-report measures including previous musical experience and individual 

cognitive style. 

 

Discussion 

 One of the major issues facing music intervention research is that many research 

studies lack a theoretical rationale, failing to explicitly propose defined cognitive 
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mechanisms of action. The absence of a cognitive framework emphasizing the active 

mechanisms involved in MLIs, has led to variations in terms of how MLIs are designed and 

delivered (Miu, & Baltes, 2012). This non-specific approach can undermine the quality of 

music interventions in both research and clinical practice, and potentially reduce their 

overall effectiveness. The aim of this review was to characterize MLIs used in pain 

contexts, provide a framework of cognitive mechanisms involved in MLIs in pain settings, 

and explore the research designs of MLI evaluations. Characterization of MLIs for pain 

using content analysis identified that more intensive listening schedules tend to be used for 

chronic and cancer pain compared to procedural pain. It also identified that music selection 

happened on one of five levels of patient choice. Using thematic synthesis, five inductive 

themes that correspond with the cognitive mechanisms for MLIs within pain contexts, were 

identified in the literature. These mechanisms are (1) Automated Attention (3) Cognitive 

Agency (2) Meaning Making and Enjoyment (4) Musical Integration, and (5) Cognitive 

Vitality. Finally, content analysis was used to identify that only a small proportion of studies 

were explicitly designed to examine the cognitive mechanisms underlying MLIs. Each of 

these findings will now be discussed in more detail and a model of the cognitive 

mechanisms involved in MLIs for pain will be described.  

Music Selection and Listening Schedules 

 In terms of how the music was selected, five levels of choice were identified ranging 

from participant chosen from an unlimited range, to experimenter chosen without 

consideration of participant preferences. Many studies continue to use experimenter 

chosen music, despite the clear advantage of self-selected music, previously demonstrated 

using meta-analysis (Bradt, et al., 2016; Lee, 2016). Although previous studies have 

characterized music interventions as being heterogeneous, patterns emerge when the 

interventions are examined in terms of the type of pain. It is clear that more intensive music 

listening schedules were used in the context of cancer or chronic pain, and it seems likely 

that different types of pain may in fact benefit from different types of music. Additionally, in 
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cancer and chronic pain contexts participants were given more discretion in terms of how 

much music they listened to, which may also impact the level of Cognitive Agency people 

experience during the MLI.  

Cognitive Mechanisms involved in MLIs for Pain.  

 The first theme identified, Automated Attention, emphasizes that intramusical 

features induce a range of physiological responses, which inherently command attention 

through an orienting response. The proposal is that lower level attention or an awareness of 

music in the environment must first occur before deeper or more personal engagement can 

occur. The authors suggest that this mechanism may provide distraction from mild pain. In 

addition, it is the foundational level for further cognitive engagement and Meaning-Making 

with music, that provides additional analgesic effects that may be required for more intense 

levels of pain. Automated Attention is supported by studies that demonstrate some benefits 

from introducing any type of music compared to no music (Finlay, 2014). However, it is 

important not to rely on the misguided assumption of universality (Meyer, 1956), which 

assumes that a specific profile of intramusical features would be universally distracting or 

relaxing to all patients. It is now known that individual responses to music are 

characteristically idiosyncratic, fast tempo music sometimes leads to an increase in heart 

rate, and other times to a reduction in heart rate (Thaut, 2016), suggesting that a variety of 

different music can be used to achieve the same functional effect (Swaminathan & 

Schellenberg, 2015).  

The second theme identified in this study, Cognitive Agency corresponds with active 

listening, and the active volitional participation of the listener which mediates the benefits of 

MLIs. As mentioned in the results, active participation is exemplified by focused listening, 

and increased concentration on particular streams within the music in order to maintain the 

music listening experience. In this way, Cognitive Agency recognizes the role of the 

individual listener in how they actively engage with the music rather than conceptualizing 

music as a stimulus that induces certain responses (Huron, 2006). Similarly, increased 
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agency has also been demonstrated to facilitate an increase in pain tolerance after physical 

exercise (Fritz, et, 2018). Additionally, Cognitive Agency acknowledges the importance of 

decision making within the MLI, and efforts to increase active participation by allowing 

patients to select the music, and control the volume. Since the benefit of self-chosen music 

has already been demonstrated using meta-analysis (Bradt et al.,2016; Lee, 2016), more 

consideration needs to be given to the role of other types of individual preferences such as 

volume control or listening schedule within an evidence-based framework.  

 The theme of Meaning-Making and Enjoyment reflects the complexity of the 

meaning making process that people engage with during music listening, and how this can 

lead to pleasurable responses. The meaning making process underpins emotional 

responses with music and is the cornerstone of emotional engagement with music (Meyer, 

1956). Personal meaning is derived from either the musical structure itself due to emotional 

contagion, musical expectation or related to extramusical associations people have with 

specific pieces of music, such as personal memories, positive associations, or spontaneous 

visual imagery (Juslin, & Västfjäll, 2008; Juslin, et al., 2013; Meyer, 1956). These factors 

that mediate Meaning-Making and Enjoyment are outlined by the unified theory of musical 

emotions (Juslin, & Västfjäll; 2008; Juslin, et al., 2013). While this theory goes to great 

lengths to illustrate the complexity of meaning making through emotional engagement with 

music, it is notably absent from the majority of MLI studies. Most studies fail to 

acknowledge any psychological theory of emotion, let alone one dedicated to musical 

emotions. Notably, several studies included in this review make reference to individual 

components such as personal memories, positive associations or visual imagery, in a 

simplistic manner without further consideration of the complexity of emotional engagement 

or meaning making. Similarly, many studies do not acknowledge the cognitive complexity of 

enjoyment (Brattico & Pearce, 2013; Menninghaus, et al.,2018), or the associated neural 

and physiological responses such as activation of the neural reward network, and 'chills', 

respectively (Blood & Zatorre, 2001). The absence of a formal framework illustrating the 
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complexity of Meaning Making and Enjoyment, is inherently limiting to those studies that 

aim to investigate or isolate the cognitive mechanisms involved in MLIs. 

 The theme of Musical Integration, which addresses how pain and music interact on 

a multitude of levels, combines emotional components or pleasurable aspects of the music 

experience, with both physiological and emotional aspects of pain. Successful integration of 

music into a person’s immediate experience is characterized by musical absorption, and 

evidenced by an altered sense of time perception, where people estimate that time is 

passing faster than it really is (Finlay & Anil, 2016). In line with models of constructivism, 

once people are fully absorbed by the music listening experience, they are then influenced 

by this meaningful rewarding experience in subsequent appraisals of their pain (Bradshaw, 

2012). This type of reappraisal is considered to be most beneficial for intense pain stimuli 

rather than low intensity pain (Mc Caul & Mallott, 1984). The importance of integrating 

music into the individual’s experience is underlined by the neuromatrix theory, which 

acknowledges that pain experience is derived from a combination of sensory inputs such as 

music, the stress-regulation system and cognitive and emotional components, since they 

influence the cognitive interpretation of any noxious stimulus (Melzack, 1999; Melzack & 

Katz, 2013). Consequently, many studies explicitly sought to optimize engagement and 

maximize the likelihood that musical absorption would occur by introducing multi-modal 

elements to the MLI, such as visual or olfactory stimuli. However, it is important to note that 

several studies, limited their conceptualization of the music pain interaction, on the now 

outdated predecessor of the neuromatrix theory, called the gate control theory (Melzack, 

1999). The gate control theory suggests that pain is controlled by a gating mechanism that 

is triggered automatically and is manifest in studies that rely on intramusical features alone 

to mediate the analgesic effects of MLIs without considering the wider context. 

 Finally, the theme of Cognitive Vitality describes the cognitive benefits that people 

may derive from MLIs. The theme of Cognitive Vitality was derived from explicit references 

to the motivational and energizing effects of MLIs, including enhanced cognitive capacity, a 
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strengthened sense of self and enhanced self-efficacy. The term Vitality is used to describe 

the energization of psychological processes to empower the self as a result of 

autonomously motivated music listening in line with Self-Determination Theory (Deci & 

Ryan, 2008). Cognitive Vitality captures descriptions that a dynamism of cognitive 

resources may help patients to engage in a range of strategies to manage their pain such 

as cognitively dissociating from their pain or helping them to accept their pain. This 

suggests that MLIs facilitate a vigilant coping style through enhanced self-realization and 

self-efficacy. In this regard Cognitive Vitality, closely corresponds with self-determination 

theory (SDT) accounts of vitality and self-realization. Such accounts indicate that physical 

wellbeing is enhanced through self-realization by encouraging a more active coping 

strategy in the face of existential life challenges (Deci & Ryan, 2008; Miquelon & Vallerand, 

2008). Additionally, SDT emphasizes that it is only through the pursuit of autonomous goals 

that wellbeing can be enhanced (Miquelon & Vallerand, 2008), which corresponds closely 

with the theme of Cognitive Agency identified in the current review.  

Figure 2.3  

The Cognitive Vitality Model.  
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Note. Illustration of the cognitive mechanisms identified in the literature and how they fit together; 

collectively facilitating Cognitive Vitality of the person. 

 

The Cognitive Vitality Model of Cognitive Mechanisms Involved in MLIs for Pain. 

 Drawing from a thematic synthesis of over a decade of research, combining the five 

mechanisms mentioned above, I propose a model of the cognitive mechanisms involved in 

MLIs used in pain contexts, which is illustrated in Figure 2.3. The presence of any music will 

initially attract at least Automated Attention, in line with the orienting response, and this 

lower level attention can be the foundation for deeper levels of music engagement. Based 

on current theories of emotional engagement with music (Juslin & Västfjäll, 2008; Juslin, 

2013; Juslin, et al., 2013; Koelsch, 2012) the authors do not propose any specific music 

features will affect attention or emotion in a universal way (although additional empirical 

research is needed to examine the role of different music characteristics). Once music has 

activated our attention, individuals use Cognitive Agency to direct attention to different 

streams within the music. This process relies on the individual’s specific reasons for 

Meaning Making & Enjoyment 
Personal Associations with Music 

Rewarding Experience

Automated Attention 
Lower level attention only 

Similar to orienting response

Integration 
Music becomes an absorbing experience 

Listener Loses track of time

Cognitive Agency 
Active Listening 

Specific Reason for Listening

Cognitive Vitality 
Strengthened Sense of Self 

Enhanced Motivation 
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listening, and a conscious awareness of the music. The interaction between the listener and 

the characteristics of a piece of music they enjoy operate in a process of emotion 

regulation, similar to Gross’ model (1998), where the listener can monitor and influence 

their response to the music. Subsequently, continued focused listening for a specific 

reason, acts as part of a Meaning-Making process, initiated either by spontaneous 

emotional engagement with the music, or by cognitive appraisals of the lyrical meaning or 

aesthetic features of the music. Emotional and cognitive engagement during the Meaning-

Making process may happen simultaneously, reciprocally or in isolation. Ultimately, this 

emotional and cognitive engagement should lead to a rewarding experience for the listener, 

which may include an opportunity for personal reflection. As the personal Meaning-Making 

process continues, the listener may use their Cognitive Agency to decide to focus on 

different streams within the music, until the person finds the music listening experience to 

be rewarding, leading to Enjoyment. The reward of music listening acts as an incentive for 

the person to continue to listen and effortlessly maintain active engagement, until they 

become absorbed in the musical experience. Musical Integrated brings the music into the 

forefront of their consciousness, not just as an additional sensory component, but as an 

entirely absorbing phenomenological experience on a cognitive and emotional level. As a 

result of this meaningful, rewarding, absorbing music listening experience people develop a 

strengthened sense of self, which leads to enhanced Cognitive Vitality. This additional 

Cognitive Vitality helps to facilitate vigilant coping with the painful experience, in a flexible 

manner that is appropriate to the type of pain being experienced.  

Evaluating the Research Design of MLIs. 

 The majority of studies did not attempt to explicitly manipulate or measure any 

aspect of distraction or affect, which indicates that many theoretical rationales are not 

always empirically tested. Secondly, many studies focused on the emotional content of the 

music such as arousal, expectancy, imagery, and aesthetic interaction, which broadly 

correspond with the unified theory of musical emotions (Juslin, et al., 2013; Juslin & 
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Västfjäll, 2008). However, complex emotional responses to music, such as wonder, awe or 

transcendence were rarely considered, and emotional responses were often reduced to a 

dichotic scale of positive versus negative. In order to capture a wider range of emotional 

responses during MLIs in a systematic way, it may be worth considering using previously 

validated scales, such as the Geneva emotional music scale (GEMS 25; Zenter, et al., 

2008). This may help to identify whether previously identified musical emotions underpin 

the analgesic benefits of MLIs. Similarly, since previous music behavior was mentioned as 

a precursor to musical engagement in MLIs, some emphasis should be placed on 

assessing individual levels of musicality using a standardized questionnaire, such as the 

Goldsmiths Musical Sophistication Index (GMSI; Müllensiefen et al.,2014).  

Strengths and Limitations 

 The introduction of the Cognitive Vitality Model provides a theoretical rationale for 

MLIs that was previously lacking in the music intervention literature (Robb, et al.,2018). A 

major strength of this study is that it illustrates the cognitive complexity of music pain 

interactions and simultaneously provides an evidenced-based framework that can be used 

to inform future music intervention practice. By explicitly considering the cognitive 

mechanisms highlighted in the Cognitive Vitality Model, practitioners and researchers will 

be able to make better choices in their MLI design to optimize music engagement 

depending on the specific pain context. Moreover, including a theoretical rationale for using 

an MLI, and specifying the cognitive processes increases the scientific rigor and the 

probability of clinical translation from lab-based studies (Robb, et al., 2018). However, the 

major limitation of this study is that it does not link specific mechanisms to the effectiveness 

of MLIs for pain. Considerably more research will be required to refine the role and nature 

of each of these cognitive mechanisms, and to establish whether they are directly driving or 

indirectly mediating the analgesic benefits of MLIs. Additionally, it is not yet clear whether 

these mechanisms can be applied across all pain contexts or if there are limitations to their 
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scope. Our findings pull together and synthesize a theoretical foundation upon which future 

research can explore these deeper questions. 

Suggestions for Future Research 

 From these findings, future research can examine the role of each cognitive 

mechanism identified in the current study, as well as how these mechanisms interact, 

taking the specific environment and pain context into account. Greater efforts to explore 

specific components of musical engagement and emotional responses in an MLI context is 

required to fully understand and verify the role of each component. It may be the case that 

some mechanisms play a bigger role than others, or perhaps the role of different 

mechanisms may vary in importance depending on specific pain or listening contexts. In 

line with previous recommendations, future studies should consider the complexity of 

musical enjoyment and Meaning-Making more explicitly in their research design 

(Menninghaus, et al.,2018), and provide music listening conditions where musical 

absorption is most likely to occur. Additionally, the impact of increasing choice, and volume 

control within MLIs should be examined more closely, given the role of Cognitive Agency 

highlighted in the current review. It would be enlightening to explore the relative 

contributions of each component of our model in an effort to deduce the way in which the 

MLI becomes effective. Future studies are needed to systematically test the role of each 

cognitive process with adequate controls for disengagement from music listening, sound 

quality, patient musicality, emotional responses and specific reasons for music listening.  

Implications for Clinical Practice 

 Our results suggest that MT clinicians should conceptualize MLIs as an active 

interaction between the listener's mental state, and the music, rather than a unidirectional 

process where certain types of music evoke specific physiological or psychological 

responses. Drawing from the literature, the results show that people with pain need different 

types of music at different times. Sometimes people need music to help them relax, but 

other times people may need music to motivate and energize them. The role of the patients’ 
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sense of agency within a music listening intervention, was emphasized in the literature and 

the need to recognize each person’s individual needs and their reasons for choosing 

specific pieces of music. Accordingly, it may be helpful to provide patients with information 

about how different types of music may benefit them, however it seems important to 

encourage patients to choose whatever music that they find enjoyable to listen to.  

 

Conclusion 

 To conclude, a range of cognitive processes involved in MLIs in pain management 

contexts have been identified in the literature, including (1) Automated Attention, (2) 

Cognitive Agency, (3) Meaning-Making and Enjoyment, (4) Musical Integration, and (5) 

Cognitive Vitality. These mechanisms are linked together as the Cognitive Vitality Model, 

which emphasizes that MLIs involve a dynamic multidimensional interaction between the 

stimulus and the listener’s mental state, rather than a unidirectional music stimulus that 

evokes certain responses. This study identified from the literature that MLIs work via a 

dynamic interaction between automatic and active engagement that is meaningful and 

highlights the importance of enjoyment and absorption to build Cognitive Vitality. 

Furthermore, MLI comprise a combination of intramusical features, extramusical 

associations, environmental comfort, and are characterized as patient-centered 

interventions that facilitate patients' own music choice. In contrast, the study also shows 

that the majority of research has operated with a more limited model of MLI mechanisms of 

action, and thus are operationalized in a way that may not maximize the impact of MLIs in 

pain contexts. We call on researchers to design and evaluate MLIs in line with the 

theoretical model proposed here. 
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Chapter 3 

 

Study 2: Patients choose music with high energy, danceability, and 

lyrics in analgesic music interventions. 

 

Preface to study 2 

 Study 1 used a systematic scoping review to develop five core themes that describe 

the cognitive mechanisms of MLIs for pain management. These five themes were combined 

together to form the Cognitive Vitality model for MLIs. As emphasised in the theme of 

Cognitive Agency, self-selected music is the best predictor of a successful outcome in 

music interventions, but the reasons behind this are unclear. One suggestion is that 

patients choose different types of music compared to experimenters. To explore this 

suggestion, study 2 focuses on the decision-making of patients in music interventions and 

characterises the different types of music that arise as a result of these choices. Study 2 

presents an extended version of the literature review presented in study 1 with additional 

hand-searches to identify as many relevant articles as possible. The following paper is 

presented as it was accepted for publication in the Psychology of Music. 

 

Abstract 

 Self-selected music is the best predictor of a successful outcome in music 

interventions, but the reasons behind this are unclear. One suggestion is that patients 

choose different types of music compared to experimenters. To explore this suggestion, the 

current study identified specific pieces of music that were used in previous studies for pain 

management using a scoping review, and analysed each track in terms of the Spotify audio 

features of energy, danceability, instrumentalness, valence and tempo. Music was 

categorised depending on whether it was chosen by the patient from an unlimited choice 
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(PUC), a limited choice (LC), or chosen by the experimenter (EC), so that comparisons 

could be made between groups. One-way ANOVAs identified that PUC music was 

significantly higher in energy, and danceability and lower in instrumentalness, compared to 

PL or EC music. A logit ordinal regression demonstrated that as people are given more 

freedom to choose music to reduce their pain, they increasingly choose music that is higher 

in energy and danceability, and more likely to contain lyrics. This study also demonstrates 

the impact of allowing patients to choose music from an unlimited range compared to 

choosing from a limited range of music. 

Keywords: music therapy, music features, pain, choice, music listening 

 

Introduction 

 Listening to pre-recorded music is being widely introduced as an analgesic 

treatment in a range of clinical pain management settings (Robb, et al., 2018), including 

cancer pain, procedural pain, labour pain, and even surgical recovery (Lee, 2016). In 2008, 

a systematic review of 42 studies indicated positive outcomes in 59% of music intervention 

studies for pain (Nilsson, 2008). Since 2008, subsequent systematic reviews based on 97 

studies (Lee, 2016) and 14 studies (Garza-Villarreal, et al., 2017), were able to identify an 

even greater impact of music interventions and conclude that there is a statistically 

significant small to moderate effect of music interventions for pain management. Music 

listening can effectively reduce both opioid and non-opioid analgesic requirements (Lee, 

2016) and reduce subjective measures of perceived pain, and pain unpleasantness (Garza-

Villarreal, et al., 2017). Additionally, some evidence indicates that music listening in clinical 

contexts also lowers heart rate, systolic blood pressure and respiration (Lee, 2016), and 

may decrease cortisol levels indicating a reduction in the biological stress response (Finn & 

Fancourt, 2018). However, despite these encouraging effects, it is important to note that 

there is a great degree of inconsistency in music intervention studies in terms of how they 

are delivered and subsequently the degree to which they are effective (Bradt, et al., 2011; 
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Lunde, et al.,  2019). For example Clark (2006) asked patients to listen to a personalized 

tape whenever they felt like it, which ultimately led to some patients not listening to the 

music, making evaluation impossible. Accordingly, several authors have identified the need 

for a greater understanding of the patient-music interaction that mediates analgesic benefits 

in MLIs (Fancourt, et al., 2014; Keenan & Keithley, 2015; Krishnaswamy & Nair, 2016; Lee, 

2016). Unlike music therapy, MLIs do not involve discussing or creating music or rely on a 

patient-therapist interaction (Bradt, 2012; Robb et al., 2018). Instead MLIs rely on direct 

engagement with the musical pieces and can involve listening to pre-recorded or live music, 

and may be delivered by the bedside or in more public hospital spaces (Bradt, 2012; Finn & 

Fancourt, 2018).  

 Many MLIs use non-lyrical, instrumental, low tempo music with about 60-80 bpm 

(Soo, et al., 2016; Ovayolu, et al., 2006; Björkman, et al., 2013), as this type of music was 

found beneficial to aid relaxation after elective surgery (Nilsson, 2008). This 

recommendation is in line with models of entrainment, based on the idea that a slow 

musical tempo would lead to slower respiration and subsequent relaxation coupled with a 

reduction in perceived pain (Allred, 2010; Labbé & Grandjean, 2014). However, when this 

model has been explicitly examined using pain ratings, randomised controlled trials 

demonstrate that the relationship is not so simple (Hsieh, et al., 2014; Allred, 2010). 

Individual responses to music are idiosyncratic, and people do not experience a universal 

response to a given piece of music. This means that different people can respond very 

differently both physiologically and psychologically to the same piece of music. For 

example, music with a fast tempo can sometimes lead to an increase in heart rate, but 

other time people actually demonstrate a reduction in heart rate in response to high tempo 

music (Thaut, 2016), which undermines the entrainment hypothesis (Allred, 2010; Labbé, & 

Grandjean, 2014). Additionally, while some people may find low tempo music relaxing, 

other people associate low tempo music with sadness, boredom, longing or disgust 

(Gabrielsson & Lindström, 2010). At the same it has also been shown that high tempo 
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music is more likely to be perceived as more positive in terms of emotion (Gabrielsson & 

Lindström, 2010), which may be beneficial in facilitating positive effects in some music 

interventions (Mitchell & MacDonald 2012). Qualitative studies have previously identified 

that patients find music beneficial in chronic pain contexts because it energises them (Gold 

& Clare, 2013). Similarly, in a lab study using heat stimuli participants reported that they 

chose music that was upbeat and energizing, because they thought it would be more 

distracting (Hsieh et al., 2014). 

 Rather than focussing on musical features in isolation, the person’s own choice of 

music is considered fundamental to the success of a music intervention (Mitchell & Mac 

Donald, 2012; Horden, 2016; Hsieh, et al., 2014). In fact, several meta-analyses 

demonstrate that patients' own choice in music, is the best predictor of a successful music 

intervention, regardless of who delivers the intervention (Tsai, et al., 2014; Lee, 2016; 

Garza-Villareal, et al., 2017). The reason for the enhanced effectiveness of self-selected 

music is still unclear, yet different pieces of music become functionally equivalent, in their 

ability to reduce the experience of pain (Swaminathan & Schellenberg, 2015). Questions 

arise whether it is the act of making a choice, or whether people choose music with different 

features, compared to music chosen by experimenters, that ultimately enhances 

effectiveness. The act of making a choice has been related to enhancing the individual's 

locus of control within the healthcare environment, which is related to increases in wellbeing 

(Hsieh, et al., 2014; Linnemann, et al.,  2015). Another potential mechanism is the 

enhanced emotional response that people have to self-chosen music (Lunde, et al., 2019). 

When patients are asked, they emphasize the energizing and motivating effect of music 

(Gold & Clare, 2012; Hsieh, et al., 2014), particularly in the context of chronic pain (Gold & 

Clare, 2012). This corresponds with the Cognitive Vitality Model of music interventions for 

pain management presented in this thesis, which emphasizes that the benefits of music 

listening is derived through enhanced motivation and cognitive vitalization (Howlin & 

Rooney, 2020a). Another apparent discrepancy in the literature is that while instrumental 
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music is advocated in many music listening studies (Björkman, et al., 2013; Ovayolu, et al., 

2006; Soo, et al., 2016), patients declare that they often find song lyrics useful in mediating 

analgesic benefits (Garza-Villarreal et al., 2015; Mitchell, et al., 2007; Mitchell, et al., 2008;). 

 To date there has been no comparison of the musical features within music chosen 

by patients compared to music chosen by experimenters. This is partly due to poor 

reporting standards in music intervention studies, with only 15% of studies giving details of 

the specific music used, which has usually been limited to the reporting of tempo (Robb et 

al., 2018). But it is now possible to examine additional musical features on a large scale by 

extracting quantitative audio features based on Spotify Developer analyses (See Table 3.1), 

which are being increasingly adopted in academic research (Park, et al., 2019). Spotify 

audio features use a combination of lower level features to give a more complete picture 

about the overall gestalt of the music. In order to quantify the difference between participant 

chosen music and experimenter chosen music, this study aims to characterise the audio 

features found in patient selected music and compare them to the audio features found in 

experimenter chosen music. Specifically, this study will examine the levels of energy, 

instrumentalness, valence, and tempo (See Table 3.1) since these features have been 

emphasised in the literature as core components of music interventions (Allred, 2010). If 

people are choosing music that facilitates motivational and cognitive vitalizing processes 

more readily, it seems plausible that patients may in fact be choosing music that is higher in 

energy. Similarly, it seems useful to examine patterns of danceability, since it is based on 

rhythmic patterns which have previously been considered as the bridge between music 

listening and pain reduction (Spintge, 1996).  
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Table 3.1  

Descriptions of Spotify Audio Features 

Audio Feature Description 

Energy Energy is a measure from 0.0 to 1.0 and represents a perceptual measure 

of intensity and activity. Typically, energetic tracks feel fast, loud, and noisy. 

For example, death metal has high energy, while a Bach prelude scores low 

on the scale. Perceptual features contributing to this attribute include 

dynamic range, perceived loudness, timbre, onset rate, and general 

entropy. 

Instrumentalness Predicts whether a track contains no vocals. “Ooh” and “aah” sounds are 

treated as instrumental in this context. Rap or spoken word tracks are 

clearly “vocal”. The closer the instrumentalness value is to 1.0, the greater 

likelihood the track contains no vocal content. Values above 0.5 are 

intended to represent instrumental tracks, but confidence is higher as the 

value approaches 1.0. 

Danceability Danceability describes how suitable a track is for dancing based on a 

combination of musical elements including tempo, rhythm stability, beat 

strength, and overall regularity. A value of 0.0 is least danceable and 1.0 is 

most danceable. 

Valence A measure from 0.0 to 1.0 describing the musical positiveness conveyed by 

a track. Tracks with high valence sound more positive (e.g. happy, cheerful, 

euphoric), while tracks with low valence sound more negative (e.g. sad, 

depressed, angry). 

Tempo The overall estimated tempo of a track in beats per minute (bpm). In 

musical terminology, tempo is the speed or pace of a given piece and 

derives directly from the average beat duration. 

Note. For additional information on audio features, including typical distribution profiles see the 

Spotify for Developers documentation. 

 The aim of this study was to focus on the decision-making of patients and 

experimenters in music interventions, and characterise the different types of music that 

arise as a result of these choices. The primary research question is to explore the degree to 

which audio features in music chosen for pain relief can be predicted by the person 

choosing the music, and will be addressed in two parts; 

• RQ1a: What type of music do patients choose for pain management?  

• RQ1b: Are there any differences in the pattern of audio features, between self-

chosen music from an unlimited range, compared to self-chosen music from a 

limited range or music chosen by an experimenter?  
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By addressing this, we can identify patterns of music chosen by patients, and gain greater 

insights into the differences between experimenter chosen music and patient-chosen 

music. 

 

Method 

Study Design and Methodology 

 This study was conducted in two stages. Stage 1 consisted of a systematic literature 

review that was conducted to identify pieces of music that were previously used in pain 

management settings. Stage 2 involved classifying how the music was chosen, and 

analysing each corpus of songs in terms of the Spotify audio features, energy, danceability, 

instrumentalness, tempo, and valence. Finally, statistical analyses were conducted to 

examine whether there were any differences in audio features, depending on how the 

music was chosen.  

 

Stage 1: Track identification.  

 This study was based on the scoping review presented in chapter 2 using an 

amended version of the original protocol (Howlin, et al., 2018a). The search strategy used 

three core terms, music, listening and pain, along with their variations and MESH terms. 

Each search was limited to include peer reviewed articles, published in English as this was 

the only language of the research team. The search was limited to include articles 

published before June 15, 2017, however no start date was used to increase the number of 

articles in included in the review. The search string and limiters was then used in four 

databases; EBSCO Music Index and RILM, and EBSCOhost Psychology and Behavioural 

Sciences Collection, CINAHL Plus (EBSCO), Pubmed (Medline). Additional hand searching 

of the Cochrane database was also conducted in order to identify additional articles that 

meet the inclusion and exclusion criteria. 



 
 

70 

 

 

 Study selection. A total of 721 studies were retrieved across the four databases, 

with 519 articles remaining after duplicate analysis (See Figure 3.1 for PRISMA flow chart). 

Two independent reviewers completed title and abstract screening, and included 154 

articles for full text review. Each article was then reviewed in full by at least one author to 

deduce the quality of the article and its suitability for inclusion based on the inclusion and 

exclusion criteria (See Table 3.2). A minimal quality appraisal was conducted to ensure that 

all studies included met the appraisal criteria of the five ‘fatal flaws’ (See Table 3.2; Dixon-

Woods et al., 2006). The overall outcome of each study was not taken into account when 

selecting the study for inclusion. Twenty-one studies were included in the final quantitative 

analysis.  
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Figure 3.1  

Prisma Flow Diagram of Research Paper Inclusion Process for Study 2. 
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Table 3.2.  

Full Text Review, Inclusion, Exclusion and Quality Appraisal Criteria for Study 2 

Inclusion Criteria 

Research studies were deemed suitable for inclusion if they met all of the following criteria: 

1. The study evaluated pain experience of wakeful patients in the presence of music 
listening, 

2. The study was applied in a healthcare or laboratory setting 
3. The study used receptive music listening where the person actively or passively listened 

to live or recorded music, as the primary intervention. This could be in conjunction with 
other activities, i.e. visualisation or dance performance, but this is the minimum 
requirement for an MLI 

4. The study measured pain by self-report or pharmacological analgesic requirements 
5. The study was empirical studies with primary data collection, including randomised, 

quasi-randomised, one armed trials, or qualitative accounts of MLIs 
6. The study named the specific piece of music used in the intervention 

Exclusion criteria 

Research Studies were excluded if they met one or more of the following criteria: 

7. The study only focused on the process of making music 
8. The study only focused on pain or injuries caused by performing music 
9. The study primarily examined issues of hearing loss, hearing disorders or other issues 

of aural health 
10. The study focused on the use of music as part of a patient information material 

'Fatal Flaws' Quality Appraisal Criteria 

1. Are the aims and objectives of the research clearly stated? 
2. Is the research design clearly specified and appropriate for the aims and objectives of 

the research? 
3. Do the researchers display enough data to support their interpretations and 

conclusions? 
4. Do the researchers provide a clear account of the process by which their findings were 

produced? 
5. Is the method of analysis appropriate and adequately explicated? 

 

 Data extraction. Each article was checked to see if the specific music used in the 

MLI was identified in the methods section, or if a tracklist was included as a supplementary 

material. A customised data extraction form was used to extract the titles of specific songs 

mentioned in each article.  

Stage 2: Track Audio Feature Characterisation 

 Classification. Each song was manually coded by a reviewer blind to the overall 

hypothesis, and subsequently classified in terms of how the music was chosen. This 

resulted in three choice categories: Experimenter's Choice (EC) where the experimenter 



 
 

72 

chose the music without consideration of the patient's preferences; Limited Choice (LC) 

where patients picked music from a limited selection or the music was picked by the 

experimenter after checking the patients general preferences; and Patient Unlimited 

Choice, (PUC) where patients picked music from an unlimited selection. These categories 

were considered to reflect three levels of increasing choice, with the experimenter's choice 

reflecting the lowest level of choice from the perspective of the patient, and patient 

unlimited choice reflecting the greatest level of choice. In some studies participants could 

listen to several pieces of music, and in other studies participants were limited to one piece 

of music, however this did not impact the track classification. 

 Audio feature analysis. Spotify audio features of energy, instrumentalness, 

danceability, tempo, and valence were extracted from the Spotify website (See Table 3.1 

for definitions), using the Application Programme Interface (API) values from the main 

Spotify website. This involves retrieving the specific API for each individual track, and then 

inputting the API into the Spotify developer website using a 'Get Token'. The Spotify 

developer website releases a specific numeric value for each audio feature for each specific 

track. The statistical software package SPSS 24 was used to compare the audio features of 

the music depending on how it was chosen, and to investigate the relative contributions of 

each feature using a logistic ordinal regression.  

 

Results 

 Twenty-one studies specifically named the music used to reduce pain effects. In 

total, 288 pieces of music were identified that were previously used in receptive music 

listening sessions with an aim to reduce the experience of pain, 19 of these pieces of music 

were not available on Spotify, leaving 268 pieces of music available for further analysis. 

Each of the 268 pieces of music were classified by one researcher in terms of whether they 

were PUC, LC, or EC (See Table 3.3). This enabled us to identify the pattern of audio 

features present in music for pain management when it is self-chosen from an unlimited 
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selection, self-chosen from a limited selection, or chosen by the experimenter. The mean 

values for each audio feature are displayed in Table 3.3, and demonstrate that patients 

choose music high levels of energy (.67), moderate levels of danceability (.55) and valence 

(.51) and low levels of instrumentalness (.08). 

Table 3.3  

Descriptive Statistics 

 

 

 In order to examine whether there was any difference in the patterns of audio 

features depending on how the music was chosen, one-way ANOVAs were used to 

compare the music selected by the PUC, LC or EC (See Figure 3.2). Significant differences 

were found between the categories in the levels of energy, F(2, 265) = 122.20, p < 0.001, 

η2 = .480, degree of instrumentalness, F(2, 265) = 89.58, p < .001, η2 = .403, danceability, 

F(2, 265) = 43.99, p < 0.001, η2 = .249, and valence, F(2, 265) = 29.44, p < 0.001, η2 = 

.182; however there was no difference between the three categories in the tempo of the 

music, F(2, 265) = 1.62, p > .05. 

Table 3.3 

Descriptive Statistics 

 

 PUC LC EC Total 

Frequency     

Included Studies 4 3 14 21 

Participants 232 91 739 1062 

Songs 153 51 64 268 

Audio Feature M (SD) M (SD) M (SD)  

Energy* .67 (.22) .36 (.22) .20 (.20)  

Instrumentalness* .08 (.21) .28 (.40) .64 (.33)  

Danceability* .55 (.17) .42 (.16) .32 (.16)  

Valence* .51 (.25) .34 (.22) .25 (.23)  

Tempo 113.78 (31.27) 116.74 (30.79) 107.72 (29.46)  

Note. Abbreviations, PUC = Patient Unlimited Choice, where patients picked music from an unlimited 

selection; LC = Limited Choice, where patients picked music from a limited selection, or experimenters 

selected the music on the patient’s behalf; EC = Experimenter's Choice, where the experimenter chose 

the music without consideration of the patient's music preferences.  

*Difference significant at the alpha .001 level tested using one-way ANOVA. 
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Note. Error bars denote one standard error around the mean. 

 

 To understand the direction of these significant effects, post-hoc tests were carried 

out which demonstrated that music energy was significantly higher in the LC category 

compared to the EC category (p < .001, [95% CI .071, .260]), and significantly higher in the 

PUC category compared to the LC category (p < .001, [95% CI .225, .388), with the 

greatest increase in music energy seen between PUC and EC (p < .001, 95% CI [.397, 

.547]). An opposite pattern was seen in relation to the degree of instrumentalness the 

music. The degree of instrumentalness in the music was significantly lower in the LC 

category compared to the EC category (p < .001, 95% CI [-.530, -.198]), and also 

significantly lower in the PUC category compared to the LC category (p = .003, [95% CI -

.345, -.062). Again, the greatest reduction in the degree of instrumentalness was seen 

between the EC category and the PUC category (p < .001, 95% CI -.673, - .462). Similar to 

the pattern seen with energy, levels of danceability were significantly higher in the in the LC 

category compared to the EC category (p = .004, [95% CI .027, .176]), and significantly 

higher in the PUC category compared to the LC category (p < .001, [95% CI .063, .192]), 

Figure 3.2  

Displaying the mean Spotify audio feature values for energy, danceability, and 

instrumentalness, according to how the music was chosen.  
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with the biggest increase in danceability seen in the PUC category compared to the EC 

category (p < .001, [95% CI .169, .288]). Finally, in terms of valence multiple comparisons 

demonstrated that music in the PUC category was significantly higher compared to music in 

the LC category (p < .001, 95% CI [.083, .266]) or the EC category; (p < .001, 95% CI [.174, 

.343]), however no difference was found between the LC and EC categories (p > .05, 95% 

CI [-.023, .190]).  

 A logit ordinal regression was calculated to examine the likelihood that audio 

features are related to how the music was chosen. This allowed an estimation of the 

relative contribution of each audio feature in the characterisation of Patient selected music. 

Evaluation of the regression model using the likelihood ratio test indicates that it is more 

effective than the null model. χ2(5) = 189.91, p < .001, with a Nagelkarke R2 of .589. 

Examining the log of the odds estimates shown in Table 3.4 demonstrate that an increase 

in the level of music choice was positively related to music energy (p < .001) and music 

danceability (p = .033), but negatively related to music instrumentalness (p < .001). Valence 

and tempo did not significantly contribute to this model. Examining the odds ratios 

demonstrates that for a one unit increase in energy, the odds of the song being from a 

higher level of choice is 229.98 [95% CI, 43.77, 1208.34], Wald χ2(1) = 41.26, p < .001, 

times greater, given that the other variables in the model are held constant. Similarly for 

every one unit increase in danceability, the odds of the song being from a higher level of 

choice is 9.91 [95% CI, 1.20, 82.02], Wald χ2(1) = 4.52, p = .036, times greater, given that 

all the other variables in the model are held constant. For every one unit increase in 

instrumentalness, the odds of the song being from a lower level of choice is .15 [95% CI, 

.07, .37], Wald χ2(1) = 3.70, p < .001, given that all the other variables in the model are 

held constant. In other words, the more choice people were given, the more likely they were 

to choose music with high energy, danceability, and less likely to be instrumental. 

Additionally, the test of parallel lines, indicated that the assumption of proportional odds 

was met, χ2(5) = 5.40; p < .05, which indicates that the relationship between the predictors 
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of energy, instrumentalness, and danceability, holds consistently across the three levels of 

choice.  

 

 To summarise, the results demonstrate that as people are given more freedom to 

choose music to reduce their pain, they increasingly choose music that is significantly 

higher in energy and danceability, and lower in the degree of instrumentalness. Also, when 

we consider that instrumentalness is an index of the likelihood to contain lyrics, with values 

closer to one indicative of no vocal content (See Table 3.1), we can see that music in the 

EC category, with a mean value .64 (SD = .33) of is more likely to have no vocal content 

compared to music in the PUC with a mean value of .08 (SD = .21). The logistic regression 

allowed us to evaluate the degree to which each factor contributed to an overall model 

characterising the music chosen by participants. This demonstrated that music energy was 

the greatest contributor to the model, followed by danceability, and then instrumentalness, 

Table 3.4  

Ordinal Regression Results 

Predictor Estimate SE Wald's χ2 df p 

 95% CI for Exp(B) 

Exp(B) Lower Upper 

Energy 5.44 .85 41.26 1 .000 229.98 43.77 1208.34 

Instrumentalness -1.87 .44 17.70 1 .000 .15 .07 .37 

Danceability 2.29 1.08 4.52 1 .036 9.91 1.20 82.02 

Valence -.88 .81 1.19 1 .338 .42 .09 2.01 

Tempo -.01 .01 3.71 1 .056 .99 .98 1.00 

Test   χ2 df p    

Overall Model Test         

Likelihood Ratio Test   335.26 5 .000    

Goodness-of-fit test         

Pearson   571.56 529 .098    

Note. Cox and Snell R2 = .506. Nagelkerke R2 = .589 In the column Exp(B) the results are presented as 

proportional odds ratios (the coefficient exponentiated). The lower and upper 95% confidence interval, have 

also been calculated, which can be interpreted as we would odds ratios from a binary logistic regression. 

The test of parallel lines, indicated that the assumption of proportional odds was met, χ2(5) = 5.40, p = .369, 

which indicates that the relationship between the predictors of energy, instrumentalness, and danceability, 

holds consistently across the three levels of choice. 
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albeit to a much lower degree. It is important to note that the level of energy, danceability, 

and instrumentalness in the limited choice category and the patient unlimited choice 

category were different from experimenters’ choice in a linear way indicating that even 

when participants had a limited choice, the pattern of audio features departed from the 

music chosen by experimenters.  

 

Discussion 

 The aim of this study was to focus on the decision-making of patients and 

experimenters in music interventions, and characterise the different types of music that 

arise as a result of these choices. The results demonstrate that as people are given more 

choice, they are more likely to choose music with higher levels of energy and danceability, 

and less likely to choose instrumental music. It is important to note that the level of energy, 

danceability, and instrumentalness were different across conditions in a linear fashion, 

indicating that just having any choice matters, but that having more choice matters more. 

No difference was found in the overall tempo of the music chosen, with relatively high 

tempo music (~115 bpm) chosen overall, regardless of the method of selection. The role of 

valence is unclear from these results, with apparent differences between music chosen 

from an unlimited range compared to a limited range or no choice, however these 

differences were not predictive in the regression model.  

 This is the first study to demonstrate that participants are more likely to choose high 

energy music with lyrics that is good to dance to, in pain management contexts. These 

findings are directly in contrast with studies that advocate music based on so-called 

relaxation properties, i.e., low tempo, without lyrics and without strong rhythms (Allred et al., 

2010; Nilsson, 2008). This distinction is particularly important given that meta-analyses 

demonstrate that patient chosen music is the best predictor of a successful music 

intervention compared to experimenter chosen music (Garza-Villareal, et al., 2017; Tsai, et 

al., 2014). By highlighting a clear trend in the type of music that is chosen by patients, we 



 
 

78 

have identified a commonality across studies that was not previously identified. Additionally, 

this study emphasises the importance of allowing patients to choose from an unlimited 

range of music, rather than requiring them to choose from a limited range.  

 Identifying that patients choose music with higher levels of energy is directly 

consistent with the Cognitive Vitality Model of MLIs which emphasizes the motivational and 

energizing benefits of music listening in pain contexts (Howlin & Rooney, 2020a). High 

energy music can help motivate people with chronic pain (Gold & Clare, 2013), and 

participants reported that they choose upbeat and energizing music because they find it 

more distracting (Hsieh, et al., 2014). The finding that patients are more likely to choose 

music with lyrics is also consistent with the Cognitive Vitality Model, which emphasizes the 

importance of lyrics as a means for listeners to immerse themselves in the musical content 

and meaning making processes (Howlin & Rooney, 2020a). No specific pattern was 

observed in relation to music valence, across the three levels of choice. This is not entirely 

unexpected given that people can use music with the different valences to produce the 

same overall effect in line with the concept of functional equivalence (Swaminathan & 

Schellenberg, 2015). Also this corresponds with previous findings that demonstrate that 

musical valence does not necessarily correspond to structural elements in a one to one 

fashion (Gabrielsson & Lindström 2010), in this case, energy and danceability.  

 It is worth noting that although previous studies recommend using low tempo music 

(Nilsson, 2008), the music chosen by experimenters had a much wider range of tempos, 

exemplified by the large standard deviation. Similarly patient chosen music also had a wide 

range of tempos, indicating that tempo is not a good descriptor for the music in each choice 

category. This recommendation is emphasised by several meta-analyses that find no link 

between music tempo and the effectiveness of music interventions (Garza-Villareal et 

al.,2015; Lee, 2016). Music energy is a more complex way to characterise music compared 

to tempo, because it is a composite metric of basic music features such as dynamic range, 

perceived loudness, timbre, onset rate, and general entropy. Furthermore, music energy is 
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not directly related to the valence or characteristic emotion of a song. This is evident when 

songs with different a valence receive similar energy ratings. For example 'Firestarter' by 

the Prodigy, and 'Smooth' by Santana, were both songs chosen by the participants from an 

unlimited choice, and both songs had a high energy of over 0.9 on a range of 0 - 1.0. 

However, these songs are very different in terms of their valence, 'Firestarter' has a 

negative valence, and 'Smooth' has a positive valence, and this was also reflected in their 

Spotify audio features.  

 Findings from the current study raise the question of how of Spotify quantitative 

audio features map onto perceived qualitative experiences of the music. The distinction 

between the audio-features and the perception of the listener is comparable to how the 

frequency of a sound is both different and directly related to how a listener perceives pitch. 

Similarly, Spotify has labelled a specific combination of quantitative audio-features as 

“danceability”, but research is needed to explore how this maps onto a listener’s perception 

of the music. Similarities can be drawn between danceability and the perception of 

“groove”. Danceability describes how suitable a track is for dancing, based on tempo, 

rhythm stability, beat strength and overall regularity (See Table 3.1). Similarly, groove 

corresponds with an increased desire to move some part of the body (Madison, 2006), is 

more likely to occur at optimal tempos (Holbrook & Anand, 1990), depends on specific 

rhythmic patterns (Witek, et al., 2014), and is induced by a repetitive rhythmical patterns 

that emerge at a comfortable rate (Madison, et al., 2011). With evidence that perceived 

groove leads to increased excitability of the motor cortex (Stupacher, et al., 2013), is 

preferred by listeners (Janata, et al., 2012; Fitch, 2016), and highly correlated with 

enjoyment and pleasure responses (Labbé & Grandjean, 2014; Witek, et al., 2014), 

research testing how quantitative audio-features map onto to perceptions can make an 

important contribution to our understanding of the analgesic effects of music.  

 Another issue for consideration is that energy, instrumentalness, danceability and 

valence have not been fully validated in terms of their construct validity, so it is unclear if 
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these measures truly measure the audio features that they pertain to, or indeed overlap 

with musical constructs already in the music science literature. This would help to extend 

the use of these audio features to other research contexts, and in the development of music 

interventions for pain management on a daily basis. Nonetheless, it seems that there are 

clear differences in the patterns in the audio features found in music chosen by patients 

compared to music chosen by experimenters, and these patterns were consistent with what 

we might expect to see based on the literature. While this study provides a new insight into 

the type of music patients choose in music interventions for pain, it must be acknowledged 

that it is not clear whether these specific musical features are responsible for the overall 

outcomes found in previous studies (Lee, 2016). 

 Future clinical and lab studies are needed to determine the role of such choice and 

audio features in mediating analgesic benefits of music listening. Future meta-analyses 

could consider these audio features as potential moderators in MLIs and extract them 

accordingly, or prospectively control for patient choice. Additionally, other combinations of 

music features such as time signature or modality could also be investigated in future 

research. Before this can become possible it is important that MLI studies publish the 

specific music chosen in each study (Robb, et al., 2018), so that they can be evaluated 

fully. Nonetheless, these findings show that the more choice a patient is given, the more the 

features of the music move away from the experimenter chosen music. Since several meta-

analyses already demonstrate that patient chosen music is the best predictor of a 

successful MLI (Garza-Villareal et al., 2017; Lee, 2016; Tsai et al., 2014), it seems that the 

type of music patients are choosing should also be considered in more detail. Moreover, 

this study emphasises the importance of allowing patients to choose from an unlimited 

range of music, rather than restricting their choice from a limited range. 

 

 

  



 
 

81 

Chapter 4 

 

Study 3: The Illusion of Choice can increase pain threshold: 

Isolating the role of agency in music listening interventions 

 

Preface to study 3 

 Study 2 was used to focus on the decision-making of patients in music interventions 

and characterises the different types of music that arise as a result of these choices. The 

results demonstrate that as people are given more freedom to choose music to reduce their 

pain, they increasingly choose music that is higher in energy and danceability, and more 

likely to contain lyrics. This gives credence to the possibility that patients use music to 

energise themselves in pain management contexts, and stands in contrast to models of 

music therapy that advocate for low tempo music to help patients relax. However, it must be 

acknowledged that it is not clear whether these specific musical features are responsible for 

the overall outcomes found in previous studies. Following on from study 2, study 3 uses a 

repeated measures design to empirically test the role of Cognitive Agency and Enjoyment 

outlined in study 1, taking account of the music preferences of patients identified in study 2. 

This provides an objective experimental paradigm to systematically investigate the role of 

different cognitive mechanisms. This thesis considers that if self-chosen music affords 

greater opportunities for enjoyment due to familiarity and aesthetic preferences, then 

perhaps enjoyment is involved in mediating the analgesic benefits of music listening. 

Additionally this thesis explores the degree to which the act of making a choice facilitates 

the analgesic benefits of music listening. 
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Abstract 

 Self-chosen music is the greatest predictor for a successful music listening 

intervention. The degree to which the benefits of self-chosen music depend on intramusical 

features or enjoyment independently from the enhanced agency from making a choice is 

currently unknown. Fifty-two participants completed a repeated measures experiment which 

involved listening to different pieces of music while completing the cold pressor task. The 

experiment was designed to manipulate both the intramusical features (High Momentum, 

and Low Momentum) and the level of apparent choice (no choice, illusion of choosing from 

2, illusion of choosing from 4) of the music, to see how these different components would 

impact pain threshold. A generalised linear mixed model analysis indicated that increased 

levels of choice predicted increases in pain threshold when enjoyment was accounted for 

by the model, whereas intramusical features did not predict increases in pain threshold. 

This study demonstrates that the reason self-chosen music is particularly effective in 

reducing pain is not because people choose a particular music feature, but because they 

enjoy the music more and experience enhanced agency through the act of making a 

choice. Overall this study provides support for the Cognitive Vitality Model.  

 

Introduction 

 Music interventions are emerging as a new tool for assisting with pain management. 

However the strong enthusiasm for music interventions is not entirely matched in our 

understanding about the cognitive mechanisms that make music interventions work. 

Without a clear understanding of how music interventions work for specific outcomes, it is 

difficult to ensure that they work consistently, and this is reflected in the wide variability 

observed across studies (Lee, 2016).  

 Previous researchers argued that certain types of music features are particularly 

effective for pain management. In particular, previous authors have recommended 



 
 

83 

instrumental music with gentle rhythms and low tempo of approximately 60-80 beats per 

minute (bpm; Nilsson, 2008). The rationale for this is that low tempo music may be more 

likely to help patients to relax through processes of entrainment, which would subsequently 

reduce their pain experience through a reduced stress response. However, when the 

overall results of music interventions were combined in a meta-analysis, low tempo was not 

found to influence the outcome of a music intervention (Garza-Villareal, et al.,2017). Instead 

when patients are given more choice over the music, the music interventions are more 

likely to be effective (Bradt, 2015; Garza-Villareal, et al.,2017; Lee, 2016; Tsai, et al.,2014) 

however the reasons for this are currently not clear.  

Why does self-chosen music help reduce pain?  

 Is self-chosen music more effective because patients intuitively pick music with 

features that assist with pain management strategies, or is self-chosen music more 

effective because patients choose their preferred music which is more enjoyable due to 

personal associations with the music? Another extremely important factor to consider is the 

active role of choice and decision-making in mediating analgesic effects. 

 A recent review has indicated that patients choose different music compared to 

practitioners and researchers in pain management settings (Howlin & Rooney, 2020b See 

Chapter 3). It was found that patients chose music that was significantly higher in the 

Spotify audio features of energy, danceability and lyrics. Based on this finding it was 

hypothesised that High Momentum music may be useful for pain management because of 

its motivational and energising properties (Howlin & Rooney, 2020b; See Chapter 3). 

However, this was tested retrospectively using data obtained from a systematic scoping 

review of existing research and was not investigated using a controlled experiment. It is yet 

unclear if different Spotify audio features of energy, danceability, and instrumentalness can 

account for different emotional responses, that may contribute to the analgesic benefits of 

music listening.  
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 Alternatively, based on current theories of emotional engagement with music (Juslin, 

& Västfjäll, 2008; Juslin, et al., 2013; Koelsch, 2012), it may be more important to consider 

the way in which people interact with the music rather than focusing on any specific group 

of intramusical features. The inherent familiarity in self-chosen music presents enhanced 

opportunities for emotional engagement and enjoyment for the listener (Good, et al., 2010; 

Lunde, et al., 2019). Finlay and Anil (2016) suggest that enjoyment is fundamental to elicit 

the analgesic effect of music, and suggest that the more enjoyable the music, the better the 

effects of music listening on pain. Conversely, asking people to listen to music that they 

don't enjoy, may cause them to feel distress rather than pleasure (Noguchi, 2006; Rafer, et 

al., 2015). Pleasure was also emphasised as an important factor in analgesic music 

interventions by a recent fMRI study which isolated differential neural activity previously 

implicated in reward circuitry in response to music only, pain only, and music-pain 

experimental conditions (Dobek, et al., 2014). For example, Dobek and colleagues (2014) 

found that pleasurable music induces dopamine release in the mesolimbic system while 

evoking opioid release that may activate the descending analgesia pathway.  

 In order to understand the role of enjoyment in MLIs it is important to distinguish 

between pleasant music and the subjective experience of pleasure. Pleasantness is 

considered to be an objective characteristic of the music, generally equated with a positive 

valence (Zhao & Andrews, 2009). The experience of pleasure on the other hand refers to 

the subjective psychological experience of enjoying a piece of music, and can happen in 

response to any piece of music preferred by the listener. The distinction here is important, 

because not everyone will experience pleasure in response to pleasant music (Alparslan, 

2016; Garza-Villareal, et al., 2015;  Hseih, et al., 2014, Jafari, et al., 2012; Mitchell, et al., 

2006). Several authors suggest that a deeper level of meaning is required to mediate 

analgesic of music listening (Bradt, 2015; Finlay, 2014), and further exploration of aesthetic 

emotions in the context of health benefits has been called for (Menninghaus, et al., 2019). 

Despite increasing calls to consider individual enjoyment as a core component of analgesic 
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MLIs, the review reported in Chapter 2 highlights that only 1 out of 75 papers assessed the 

aesthetic appeal of the music, and no paper directly assessed self-rated enjoyment as an 

outcome variable (Howlin & Rooney, 2020a; See Chapter 2). In order to address this gap in 

the literature, it is now necessary to empirically evaluate the role of enjoyment in mediating 

the analgesic benefits of music listening.  

The importance of making a choice in music interventions 

 When patients are given control over the music that they listen to, they also 

experience a greater sense of perceived control over painful sensations (Garza-Villareal, 

2014; Hseih, 2014; Jafari, 2012; Linnemann, 2015; Mitchell et al., 2008; Thanh, 2010; 

Vaajoki, 2012). The Cognitive Vitality Model for MLIs outlined in Chapter 2 emphasizes the 

specific reasons people have for selecting a piece of music, and how these reasons may 

enhance their sense of Cognitive Agency (Howlin & Rooney, 2020a). At the broadest level 

agency refers to the subjective experience of having ownership of one's actions feelings 

and thoughts, and of being the driving force in your own life (Jeannerod, 2003). Additionally, 

SDT emphasizes that it is only through the pursuit of autonomous goals that wellbeing can 

be enhanced (Miquelon & Vallerand, 2008), which highlights the importance of agency to 

wellbeing. More and more agency is being recognised as a core component of wellbeing 

across the lifespan (Deci & Ryan, 2008; Miquelon & Vallerand, 2008; Saarikallio, 2019), 

and music is considered as a resource for agency and empowerment (Saarikallio, 2019). 

For example, when participants were given enhanced agency over music production in a 

gym based exercise routine, known as the 'jymmin paradigm', they experienced a decrease 

in the perceived exertion required to complete the routine, coupled with an increase in 

mood (Fritz, 2017). It is difficult to separate put the effect of making a choice from the effect 

of the music that is chosen, and this has not been done before. This leaves an important 

gap that now needs to be explored. We need to explore the degree to which having control 

over the music increases pain threshold, independently from other factors such as musical 

features or subjective enjoyment.  
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Present Study 

 In the current study, the relative contributions of musical features, subjective 

enjoyment and choice are explored in the context of MLIs for pain management. The aim 

was to isolate three potential mechanisms (musical features, enjoyment, and agency 

operationalised through the illusion of choice paradigm) by which self-chosen music 

produces analgesic effects, and to examine the degree to which each cognitive mechanism 

could predict changes in pain threshold. To do this, the illusion of choice paradigm was 

specifically devised for this research study to give participants the illusion of choice when 

selecting unfamiliar music. By using this paradigm, the degree to which participants felt like 

they had a choice could be manipulated, while controlling the stimulus they listened to in 

terms of musical features. Participants were given the impression that they were choosing a 

piece of music based on listening to a series of music samples, but participants were naïve 

to the fact that the music that was played during the cold-pressor task was actually 

predetermined by the experimenter.  

 Pain is multidimensional with both physical and emotional components. Accordingly 

it is important to evaluate both the intensity and unpleasantness associated with a pain 

experience. Due to the inherently subjective nature of pain, it is not possible to measure 

pain with an objective measure and so self-report measures are used in pain management 

research (Breivik, Borchgrevink, Allen, et al., 2008). Numeric rating scales (NRS) are 

considered the gold standard for measuring patient's subjective feeling of pain intensity and 

pain unpleasantness, because they are more sensitive than other self-report measures at 

detecting differences in pain intensity or pain unpleasantness (Breivik, Borchgrevink,  Allen, 

et al., 2008). One of the strengths of this study is that it uses a multi-dimensional evaluation 

of pain threshold, comprised of both a behavioral test in the form of duration on the cold 

pressor task, alongside self-report Numeric Rating Scales for both pain intensity, and pain 

unpleasantness.  
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 Overall the aim of this study was to explore the cognitive mechanisms involved in 

mediating the analgesic benefits of self-chosen music. However before the cognitive 

mechanisms involved in mediating the benefits of music listening could be explored, it was 

necessary to replicate the findings of previous studies. This was done to validate the 

experimental paradigm and to examine whether under these laboratory conditions self-

chosen music would lead to an increase in pain threshold. There was two core research 

questions, each with two parts: 

• RQ1a: Does self-chosen music from an unlimited choice have an effect on 

participants’ pain perception?  

• RQ1b: To what extent do emotional responses to self-chosen music predict 

changes in pain perception?  

• RQ2a: Is the effectiveness of self-chosen music driven by the chosen musical 

features, participants’ enjoyment of the music or by the act of making a choice? 

• RQ2b: What are the relative contributions of each variable (intramusical features, 

participants’ enjoyment and the act of making a choice) to the effectiveness of self-

chosen music in reducing participants’ pain?  

 

Method 

Study Design  

 A repeated measures experimental design was used, with music features and level 

of music choice as the independent variables, and pain scores as the dependent variables. 

Participants rated how much they enjoyed each song after they completed each trial. Music 

features were controlled in terms of tempo and the Spotify audio features of energy, and 

danceability. Low Momentum music had a tempo of 60-80bpm and low levels of energy, 

and danceability. High Momentum music had a tempo of 100-110bpm and high levels of 

energy and danceability. Music choice had three levels, no choice, illusion of choice 
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between two songs, and illusion of choice from four songs. A Latin square design was used 

to randomize the order of the 6 music trials.  

Participants  

 Fifty-Two people were recruited to participate via social media and on campus 

advertisements (age range of 19 – 58, M = 30.25, SD = 8.01; 31 females and 21 males). 

The group consisted of 29 (55%) undergraduate and postgraduate students, 20 (38.5%) 

people in full time employment, 3 (5.7%) people who worked part-time or were unemployed. 

All participants provided anonymous informed consent in line with University ethics 

guidelines (See Appendix C for details of ethical approval and associated documents). 

 

Note. Image displays ice water bath at 5C on the left and water bath with water at 30C on the 

right.  

Figure 4.1  

Experimental Set-Up for Cold Pressor Task. 
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Measures 

 Subjective Pain. Pain unpleasantness and pain intensity were self-rated by 

participants using Numeric Rating Scales (NRS) ranging from 0 - 100 on a Likert scale after 

they took their hand out of the ice water bath. 

 Pain threshold. Duration on the cold pressor task was used as an objective 

measure of pain. The cold pressor task was conducted using a previously validated method 

(Lovallo 1975; See Figure 4.1). Participants submerged their hand into a circulating ice 

water bath at 5C and removed it as soon as it became too uncomfortable to continue. The 

duration of time that the person kept their hand in the ice water was measured by the 

experimenter with a stopwatch. Participants were also provided with an additional water 

bath at 30C to bring their hand back to body temperature between trials. 

 Emotional Response. Participants completed the short version of the Geneva 

Emotional Musical Scale (GEMS-9; Zentner, Grandjean, & Scherer, 2008) to evaluate 

emotional response to each piece of music (See Appendix D). 

 Enjoyment. Participants rated how much they enjoyed each piece of music using 

an on-screen Likert slider scale ranging from 0 - 100. 

Music Stimuli 

 A pilot study was used to select 6 pieces of music based on the Spotify Audio 

features of danceability, energy, and tempo, and familiarity ratings from six people on a 

continuous rating scale from 0 'not familiar at all' to 10 'Extremely Familiar' (See Appendix E 

for details). Music with high levels of energy, danceability and tempo were labelled as High 

Momentum, and music with low levels of energy, danceability, energy and tempo were 

labelled as Low Momentum. All songs were commercially available, the songs did not have 

lyrics and each song had a mean familiarity rating of 3 or lower. This resulted in three Low 

Momentum music pieces; Sleeping Music by Deep Sleep Music Collective, This Isn't You 

by Kyle Dixon, and Danger of Hell by Thomas Newman; and three High Momentum music 
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pieces; Solero by Sons of Maria, Lighthearted by Deep Chills, and The Balance by Moses 

Boyd. 

Experimental Procedure 

 Each participant completed six trials where they were either given no choice, a 

choice from two music samples, or a choice from four music samples, and asked to select 

the music that they would like to listen to when completing the cold pressor task. Each 

sample was 3 seconds of unfamiliar music without lyrics. For trials with a choice between 

two or four samples, participants were naïve to the fact that they were listening to different 

parts of the same song, so the final “chosen” song was predetermined by the experimenter 

in each trial. In this way, participants were given the illusion of choice, even though the 

song selection for each trial was already predetermined. In total six pieces of music were 

used for the six trials, 3 High Momentum songs and 3 Low Momentum songs. During the 

cold pressor task, participants could listen to the entire song for the entire duration of the 

cold pressor task.  

 Before the music trials a baseline assessment was completed for all participants. 

For the baseline assessment participants rated their physical discomfort using the Intensity 

and Unpleasantness NRS before and after completing the cold-pressor task.  

 For each music trial, participants selected from a limited range of music samples, 

according to the illusion of choice paradigm and then listened to the entire song on 

Sennheiser sound excluder headphones while completing the cold pressor task. 

Participants provided pain intensity and unpleasantness scores immediately after removing 

their hand from the ice water bath. Following this, participants completed the GEMS-9; 

(Zentner, Grandjean, & Scherer, 2008) to evaluate emotional response to each piece of 

music.  
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 At the end of the six trials using the illusion of choice paradigm, participants 

completed an additional condition where they could choose whatever song they wanted to 

listen to from Spotify while completing the cold pressor task.  

Data Analysis 

 To address the second research question a generalised linear mixed model (GLMM) 

was conducted using SPSS 24. This allowed us to model the relative contribution from each 

of the three independent variables, intramusical features, self-rated enjoyment, and level of 

choice on each of the three dependent variables duration on the cold pressor task, pain 

intensity, and pain unpleasantness. The details of each analysis are outlined below.  
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Results 

Preliminary Analysis 

 Emotional Responses to high momentum and Low Momentum music. Before 

answering the research questions it was necessary to first check there was any difference 

in participants’ emotional responses to High Momentum music compared to Low 

Momentum music. A preliminary analysis was conducted to compare mean emotional 

ratings on the GEMS-9 (Zentner, et al., 2008) between Low Momentum and High 

Momentum music. Participants provided emotional ratings for each song after each trial of 

the cold-pressor task. High energy music was rated significantly higher in terms of 

Activation, t(51) = -14.22, p <.001, 95% CI [-1.87, -1.41], and Power, t(51) = -12.87, p 

<.001, 95% CI [-1.59, -1.16], whereas Low Momentum music resulted in significantly higher 

ratings for Peacefulness, t(51) = 8.73 , p <.001, 95% CI [.86, 1.38], Nostalgia t(51) = 8.96 , 

p <.001, 95% CI [.82 ,1.29], Transcendence, t(51) = 5.91 , p <.001, 95% CI [.47, .95], 

Tenderness, t(51) = 6.23, p <.001, 95% CI [.53, 1.03] and Sadness, t(51) = 6.0, p <.001, 

95% CI [.36, .72]. There was no significant difference in ratings for Wonder or Tension 

between the high and Low Momentum music. Overall this demonstrates that the High 

Momentum music led to emotional responses consistent with increases in activation and 

power, whereas the Low Momentum music led to emotional responses consistent with 

peacefulness, tenderness, and sadness (See Figure 4.2).  
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 Replicating previous research. The first research question examined whether self-

chosen music has an effect on participants pain perception. This was done to validate the 

experimental paradigm in this study against previous findings, and to examine whether 

under these laboratory conditions self-chosen music would lead to an increase in pain 

threshold. Additionally we examined the degree to which changes in pain threshold could 

be predicted by emotional responses to the music. 

(RQ1a) Does self-chosen music from an unlimited choice have an effect on 

participants’ pain perception?  

 Paired t-tests were used to compare mean duration, intensity, and unpleasantness 

scores between the baseline task and the self-chosen music condition. Participants were 

able to keep their hand in the ice water for a significantly longer duration when listening to 

their self-chosen music (M = 127.71 seconds, SD =125.42) compared to no music (M = 

38.50 seconds, SD = 48.55), t(51) = -5.84 , p < .001. There were no significant differences 

Figure 4.2  

Mean Ratings On GEMS-9 For High Energy and Low Momentum Music for Study 3 

 

Note. Error bars denote one standard error around the mean. *significant at the .001 alpha 

level 
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found in pain intensity scores, t(51) = .87, p > .05 or pain unpleasantness score, t(51) = .32, 

p > .05, between the self-chosen music and no music conditions. Participants were able to 

keep their hand in the ice water for a significantly longer amount of time, without 

experiencing increases in pain intensity or pain unpleasantness. 

(RQ1b): To what extent do emotional responses to self-chosen music predict 

changes in pain perception?  

 An exploratory analysis was conducted to examine the degree to which increases in 

duration while listening to self-chosen music could be characterized by emotional 

responses to the music. A general linear regression was calculated to predict duration on 

the cold pressor task based on emotional responses captured by the GEMS-9 (Zentner, et 

al., 2008). A significant regression equation was found, F(1, 49) = 7.25, p < .010, R2 = .129. 

The GEMS-9 (Zentner, et al., 2008) subscale of wonder was the only emotional response 

that significantly contributed to the overall model, t(51) = 2.70, p > .01 [B= 26.17 S.E. 9.72, 

95% CI 6.64, 45.70]. This indicates that increases in duration on the cold pressor task could 

be predicted by self-reported ratings of Wonder. For every 1 unit increase of self-reported 

wonder on the GEMS-9 scale duration on the cold pressor task increased by 26.17 

seconds. 

 

(RQ2) Cognitive Mechanisms mediating the analgesic benefits of self-chosen music 

 Next the second research question aimed to increase understanding of the cognitive 

mechanisms that underpin the analgesic benefits of listening to self-chosen music. First 

RQ2a was explored to see, if the effectiveness of self-chosen music is driven by the chosen 

musical features, participants’ enjoyment of the music or by the act of making a choice. 

Then RQ2b was addressed to examine the relative contributions of each variable 

(intramusical features, participants’ enjoyment and the act of making a choice) to the 

effectiveness of self-chosen music in reducing participants’ pain. To explore each part of 
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the second research question three GLMM analyses were conducted to examine the impact 

of choice, music features and enjoyment on each of the three pain measures of pain 

intensity, pain unpleasantness and duration on the cold pressor task. 

Figure 4.3  

Estimated Mean Values for Duration, Intensity and Unpleasantness for Each Level on the 

Illusion of Choice Experiment.  

 

Note. Duration is measured in seconds. Intensity and Unpleasantness were measured on 0-10 

Likert scales. Error bars denote one standard error around the mean. 

 

 Pain Intensity. The first GLMM examined the impact of intramusical features, 

enjoyment, and choice on self-reported pain intensity during the cold pressor task. There 

was no main effect of intramusical features on pain intensity F(1, 307) = .23, p > .05, 

despite the fact that participants provided different patterns of emotional responses for High 

Momentum music compared to Low Momentum music. There was a significant main effect 

of enjoyment, F(1, 307) = 40.87, p < .001. The negative co-efficient for enjoyment (See 

Table 4.1) means that increases self-rated enjoyment were related to small but significant 
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decreases in pain intensity. There was also a significant main effect for the level of choice, 

F(2, 307) = 4.55, p < .01. Pairwise comparisons identified that pain intensity was rated as 

significantly lower when participants had the illusion of choosing from four songs compared 

to the illusion of choosing from two songs, t(1, 307) = -2.84, p < .01, S.E. 1.08, 95% CI [-

4.97, -.72], or had no choice, t(1, 307) = -2.51, p < .01, S.E. .99, 95% CI [-4.45,-.56]. This 

indicates that there was a significant decrease in self-rated pain intensity when participants 

had the illusion of making a choice between four songs compared to making a choice 

between two songs, or having no choice, as illustrated in Figure 4.3.  

 Looking at the coefficients and confidence intervals for enjoyment and choice (See 

Table 4.1) shows that having the illusion of choosing from 4 songs had a higher co-efficient 

than enjoyment. This indicates that the level of choice is a stronger predictor of decreases 

in pain intensity compared to enjoyment. The 95% Confidence Intervals do not cross zero 

for the illusion of choice from 4 or enjoyment, which increases the confidence in this result.  

Table 4.1  

Fixed coefficients and confidence intervals for the repeated measures generalized linear mixed 

model using choice, music features and enjoyment to predict decreases in pain intensity on the 

cold pressor task.  

   95% CI 

Parameter Coefficient Standard Error Lower Upper 

Intercept 12.08 1.93 8.28 15.87 

Choice from 4 -2.51 .99 -4.45 -.56 

Choice from 2 .34 1.07 -1.76 2.44 

No Choice b . . . . 

High Momentum -.42 .87 -2.14 1.30 

Low Momentum b . . . . 

Enjoyment -.13 .02 -.16 -.09 

Note. All models are generalized linear mixed models with a link identity function and participants 

as a random factor. Fixed coefficients are based on a comparison between levels. b. This 

coefficient is zero because it is a base comparison variable. Abbreviation CI Confidence Interval.  
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 Duration on Cold Pressor Task. The second GLMM was used to examine the 

impact of intramusical features, enjoyment and choice, on duration on the cold pressor task. 

There was no effect observed of intramusical features on duration on the cold pressor task 

F(1, 307) = 2.31, p > .05. There was a significant main effect of enjoyment, F(1, 307) = 

61.89, p < .001. The positive co-efficient for enjoyment (See Table 4.2) means that 

increases in enjoyment were related to increases in duration times on the cold pressor task.  

 There was also a marginal main effect of choice, F(2, 307) = 3.03, p = .05 on 

duration on the cold pressor task. Pairwise comparisons demonstrated that participants had 

significantly longer duration times on the cold pressor task when they had the illusion of 

choosing from four songs compared to the illusion of choosing from two songs, t(1, 307) = 

2.43, p < .05, S.E. 4.96, 95% CI [2.26, 21.76]. Participants also demonstrated marginally 

longer duration times when they had the illusion of choosing from four songs and no choice, 

t(1, 307) = 1.73, p = .082, S.E. 4.20, 95% CI [-.943, 15.59]. However looking at the 95% 

Confidence intervals shows that the values cross zero which undermines the confidence in 

this result. Overall this indicates that there was a significant increase in duration when 

participants had the illusion of making a choice between four songs compared to making a 

choice between two songs, or having no choice, as illustrated in Figure 4.3.  

 The coefficients and confidence intervals for enjoyment and choice (See Table 4.2) 

show that having the illusion of choosing from 4 songs had a higher co-efficient than 

enjoyment. This indicates that the level of choice is a stronger predictor of increases in 

duration on the cold pressor task. While caution must be taken when interpreting the role of 

choice on duration due to the marginal result, it is clear that this result fits with the overall 

pattern seen with pain intensity, and pain duration. 
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Table 4.2  

Fixed coefficients and confidence intervals for the repeated measures generalized linear mixed 

model using choice, music features and enjoyment to predict increases in duration on the cold 

pressor task. 

   95% CI 

Parameter Coefficient Standard Error Lower Upper 

Intercept -10.45 6.98 -24.29 3.39 

Choice from 4 7.33 4.20 -1.0 15.65 

Choice from 2 -4.7 4.29 -13.17 3.81 

No Choiceb . . . . 

High Momentum 5.34 3.51 -1.59 12.26 

Low Momentum b . . . . 

Enjoyment .65 .08 .48 .81 

Note. All models are generalized linear mixed models with a link identity function and participants 

as a random factor. Fixed coefficients are based on a comparison between levels. b. This 

coefficient is zero because it is a base comparison variable. Abbreviations, CI Confidence Interval. 

 

 Pain Unpleasantness. The third GLMM analysis was used to examine the impact 

of intramusical features, enjoyment, and choice on self-reported pain unpleasantness. 

There was no main effect of intramusical features on pain unpleasantness F(1, 307) = 1.30, 

p > .05, despite the fact that participants provided different patterns of emotional responses 

for High Momentum music compared to Low Momentum music. There was a significant 

main effect from enjoyment; F(1, 307) = 66.45 p < .001. The negative co-efficient for 

enjoyment (See Table 4.3) means that increases in self-rated enjoyment were related to 

significant decreases in pain intensity. The confidence intervals indicate every one unit of 

increased enjoyment can lead to a decrease in pain unpleasantness scores in the range of 

1.35 to 2.21 on a pain unpleasantness scale from 1 - 10. Furthermore, the 95% Confidence 

Intervals do not cross zero which increases the confidence in this result. When the 

coefficients and confidence intervals for enjoyment are compared between pain intensity 

(See Table 4.1) and pain unpleasantness (See Table 3.3), it appears that enjoyment has a 
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larger effect on pain unpleasantness than pain intensity. There was no significant effect 

observed from the level of choice on pain unpleasantness F(2, 307) = 1.96 p > .05. 

Table 4.3  

Fixed coefficients and confidence intervals for the repeated measures generalized linear mixed 

model using choice, music features and enjoyment to predict decreases in pain unpleasantness on 

the cold pressor task.  

   95% CI 

Parameter Coefficient Standard Error Lower Upper 

Intercept 12.32 2.07 8.26 16.39 

Choice from 4 -2.10 1.17 -4.40 .20 

Choice from 2 -1.45 1.11 -3.64 .75 

No Choice 0b . . . 

High Momentum -1.04 .91 -2.83 .75 

Low Momentum b 0b . . . 

Enjoyment -.18 .022 -.22 -.14 

Note. All models are generalized linear mixed models with a link identity function and participants as 

a random factor. Fixed coefficients are based on a comparison between levels. b. This coefficient is 

zero because it is a base comparison variable. Abbreviation CI Confidence Interval.  

 

Discussion 

 In the first part of this study the finding from previous studies, that self-chosen music 

is the most effective for pain management, was successfully replicated (Dobek et al., 2014; 

Gold & Clare, 2013; Mitchell & MacDonald, 2007; Mitchell et al., 2007). This study 

demonstrated that self-chosen music increased pain threshold in terms of pain intensity, 

pain unpleasantness and increased duration on the cold pressor task. Additionally, 

increases in duration on the cold pressor task in response to self-chosen music were 

predicted by the emotional response of wonder. This means that participants characterised 

musical engagement with their self-chosen music as 'feeling dazzled or allured' in line with 

the full description of Wonder on the GEMS-9. This is a relatively complex emotional 

response and cannot be characterised as simply 'positive' or 'negative’ and could be 
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experienced in response to either positive or negative music. This might help to explain 

previous findings where both positive and negative music has been found useful in 

ameliorating pain responses. Zhao (2009) who found that both happy and sad melodies 

increased pain threshold.  

The effect of music features, enjoyment and the act of making a choice on the 

analgesic effects of music. 

 In the second part of this study it was demonstrated that the intramusical features of 

energy, danceability and tempo did not universally contribute to the analgesic effects of 

music listening. However, the results did identify that subjective enjoyment, and the act of 

making a choice both contribute help to the analgesic benefits of music listening during the 

cold pressor task.  

 Why does the illusion of choice increase your pain tolerance? The authors propose 

that active decision making in MLIs enhances the individual’s Cognitive Agency, by 

activating top-down mechanisms responsible for mediating pain perception. The illusion of 

choice paradigm was used to isolate the effect of making a choice, independently from the 

types of music features present in the music and the level of enjoyment experienced in 

response to each piece of music. When participants had the illusion of choice over the 

music, they experienced increases in pain threshold in terms of increases in duration on the 

cold pressor task, and decreases in reported pain intensity. This effect was related to how 

much people enjoyed the music, with increases in enjoyment also contributing to increases 

in pain threshold. 

 This is the first study to isolate the role of making a choice on the analgesic benefits 

of music listening, independently from other confounding factors attributed to familiarity or 

personal enjoyment. Participants’ pain tolerance increased when they were given the 

illusion of choice between four songs compared to having the illusion of choice between just 

two songs or having no input in the music selection. This was despite the fact that all 6 

pieces of music were previously determined by the experimenters based on their 
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intramusical features, and the participants had no actual control of the music during the 

experimental trials. This allowed the music features to be controlled for and manipulated in 

a systematic way.   

 When people have control of the music they ultimately become an active participant 

in the intervention which inherently makes it a more engaging activity (Fritz, 2017). This 

enhanced sense of agency may help to increase their sense of control over the pain even 

though the intensity of the pain may not be completely diminished (Hseih, 2014; 

Linnemann, 2015; Mitchell, 2008). Music has previously been considered as a resource for 

agency and empowerment in identity construction in adolescent contexts (Saarikallio, 2019) 

and perhaps the benefit of enhanced agency over music should be considered in clinical 

contexts. Giving people control over, how, where and when they listen to music further 

contributes to the analgesic benefits, likely due to enhanced agency as identified here.  

 What is the relationship between subjective enjoyment and emotional response to 

music in the context of pain management? The current study demonstrates that subjective 

enjoyment is more important in mediating the analgesic benefits of music than the specific 

intramusical features of energy, danceability or tempo. Also, this study found a different 

pattern of emotional responses for High Momentum music and Low Momentum music, but 

this did not seem to make a difference to the analgesic benefit of music. This demonstrates 

two things. First it emphasises that enjoyment is not linearly linked to any specific emotional 

response. Second it shows that the energy or perceived valence of the music is not as 

important as the level of enjoyment an individual derives from the music listening 

experience. In line with current theories of emotional engagement with music (Juslin, & 

Västfjäll, 2008; Juslin, 2013; Juslin, et al., 2013; Koelsch, 2012;) it is most important to 

consider how patients cognitively interact with the music, rather than focusing on the 

intramusical features or valence of the music. This corresponds with the idea of functional 

equivalence which highlights that people can derive the same psychological benefits from 

completely different pieces of music (Swaminathan & Schellenberg, 2015). If music is 
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considered to be functionally equivalent it is more important to understand how people 

engage with the music, rather than focussing on specific intramusical features of the music. 

This finding is similar to previous studies that demonstrated that increases in perceived 

pleasantness was related to increases in pain threshold, regardless of whether the music 

was categorised as positive or negative based on the intramusical features (Zhao, 2009). 

This suggests that deciding on whether you like the music is more important than 

interpreting the emotion contained with the music.  

 Music enjoyment is an important component in mediating the analgesic effects of 

music listening. However only a minority of music listening studies consider self-rated 

enjoyment as an important outcome variable as outlined in the review presented in Chapter 

2 (Howlin & Rooney, 2020a). Further exploration of the nature of this type of enjoyment and 

the role of aesthetic emotions should be considered in future research (Menninghaus, et al., 

2019). MLIs should be conducted in a way that is enjoyable from the patient’s perspective. 

This may mean providing a suitable time or space for patients to listen to music, or ensuring 

that music listening is not interrupted unnecessarily. More serious consideration of self-

rated enjoyment may help to inform future music interventions and potentially improve their 

overall quality.  

 The research design was able to account for the separate but contributing effect of 

self-rated enjoyment in mediating the analgesic benefits of MLIs (Alparslan, et al., 2016; 

Calcaterra, 2014; Chang & Chen, 2010; Finlay & Anil, 2016; Garza-Villareal, et al., 2015; 

Hseih et al., 2014; Liu, Jafari, 2012; Mitchell, et al., 2006) A direct relationship between 

enjoyment and pain threshold was observed, with greater levels of enjoyment related to 

higher levels of pain tolerance. The role of enjoyment is supported by an fMRI study that 

emphasises the role of neural reward circuitry in mediating the analgesic benefits of music 

listening (Dobek, et al., 2014). By introducing a pleasurable experience at the same time as 

a painful stimulus, the brain is being asked to process two opposing stimuli simultaneously, 
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which may lead to a misattribution of arousal to the music stimulus rather than the pain 

sensation (Cotton, 1981; Marin, et al., 2017). 

 The main limitation of this study is that it uses an experimental paradigm to examine 

a specific type of pain so it is not yet clear if these findings will generalise to different types 

of pain in clinical settings. A further limitation of this study is that there may be a potential 

confound of enjoyment and pain with the current experimental design. It is possible that the 

self-report enjoyment was influenced by pain, rather than the other way around. A potential 

solution to this would be to have participants rate their enjoyment of the music before 

completing the experiment to get a clear baseline measure of enjoyment.  However an 

issue here is that this approach would conflate the issue of familiarity as participants would 

become more familiar with the music which may evoke processes of entrainment and 

expectation more robustly. The aim of this experiment was to separate out the impact of 

familiarity from enjoyment and intramusical features, and so this approach was not taken, 

however it would be a valuable way to further explore the role of enjoyment. Nonetheless, 

this experimental method was a useful way to isolate the specific role of decision-making in 

mediating the analgesic benefits of music listening. Until now it was not clear that the act of 

making a choice could contribute to the analgesic effect of music listening, which could only 

be established using an experimental paradigm. Given that self-chosen music has been 

shown to consistently ameliorate pain more than experimenter chosen music in clinical 

settings (Bradt, 2015; Garza-Villareal, et al., 2017; Lee, 2016; Tsai, et al., 2014), it is now 

time to investigate the specific contributions of the act of making a choice in clinical 

settings.  

Context 

 In the first part of this study the finding from previous studies was successfully 

replicated and demonstrated that self-chosen music increases pain threshold in terms of 

pain intensity, pain unpleasantness and increased duration on the cold pressor task. 

Additionally, it was demonstrated that increases in duration on the cold pressor task in 
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response to self-chosen music were predicted by the emotional response of wonder. In the 

second part of this study it was demonstrated that the intramusical features of energy, 

danceability and tempo did not contribute to the analgesic effects of music listening. 

However, this is the first study to identify that subjective enjoyment, and the act of making a 

choice help to increase pain threshold in a validated experimental paradigm. Overall this 

study provides support for the Cognitive Vitality Model, and lends support for the cognitive 

mechanisms of Cognitive Agency and enjoyment in mediating the analgesic benefits of 

music listening. When participants had the illusion of choice over the music, they 

experienced increases in pain threshold and decreases in reported pain intensity. This 

effect was dependent on how much people enjoyed the music, with increases in enjoyment 

also contributing to increases in pain threshold. In contrast to some previous 

recommendations, this study did not find any difference in the analgesic benefits of High 

Momentum music compared to Low Momentum. This study highlights that intramusical 

features cannot be relied upon to mediate the analgesic effects of MLIs. In line with current 

findings greater attempts should be made to enhance MLIs so that they maximize the 

individual's Cognitive Agency and are designed to be as enjoyable as possible. 
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Chapter 5 

 

Study 4: Understanding the analgesic potential of self-chosen 

music by chronic pain patients 

 

Preface to study 4 

 Study 3 was used to demonstrate the impact of the act of making a choice on the 

analgesic effects of music listening. The repeated measures experiment in study 3 involved 

selecting different pieces of music under the illusion of choice paradigm while completing 

the cold pressor task. The illusion of choice paradigm enabled me to isolate the act of 

making a choice from additional co-founding factors such as enjoyment and familiarity. 

Additionally study 3 is also used to demonstrate that the cognitive mechanisms of Cognitive 

Agency and subjective enjoyment are more important in mediating the analgesic benefits of 

music than the specific intramusical features of energy, danceability or tempo. While study 

3 provides empirical support for the Cognitive Vitality Model, it is not yet clear if these 

findings will generalise to different types of pain in clinical settings. To address this study 4 

will explore patient perspectives of the cognitive mechanisms outlined by the Cognitive 

Vitality Model. An important aspect of study 4 is that it focusses on how the Cognitive 

Vitality Model relates to the analgesic potential music chosen by chronic pain patients for 

pain management.  

 

Abstract 

 Music interventions are more successful when patients choose the music 

themselves. The analgesic potential of the music is the degree to which patients estimate 

that their music selection will be helpful with their pain management. The main aim of this 

study is to explore the degree to which the analgesic potential of patients’ self-chosen 



 
 

106 

music can be predicted by components of the Cognitive Vitality Model, from the perspective 

of chronic pain patients. Seventy patients with chronic pain completed an online 

experimental study, which asked patients to choose a piece of music and then answer a 

questionnaire based on the Cognitive Vitality Model and this music choice. Additionally 

patients completed a series of music listening trials to assess chronic pain patients’ 

preferences for energy levels in music. To address the main research question a sequential 

explanatory mixed method approach was used. This involved a two phase quantitative 

analysis followed by a qualitative analysis using thematic synthesis of patients’ response to 

an open question. Overall the findings demonstrate that patients rated the factors of 

Musical Integration and Cognitive Agency as the most strongly linked to the analgesic 

potential of their chosen song. Regression analysis was used to demonstrate that the 

Analgesic Potential rating was significantly predicted by Musical Integration and Cognitive 

Agency. Thematic synthesis of patient responses was used to gain more insight into how 

these processes mediate the analgesic benefits of music listening from the perspective of 

chronic pain patients.  

 

Introduction 

 The World Health Organisation recommends arts based interventions including 

music interventions as part of routine clinical care (Fancourt & Finn, 2019). This is 

particularly welcome for conditions that are not well managed by pharmacological 

treatments, such as chronic pain (Mainka, et al., 2016). Chronic pain management often 

requires multi-disciplinary approaches alongside traditional pharmacological treatment, 

such as psychological coaching, tailored physiotherapy and occupational therapy. The 

multi-disciplinary team can help patients to build physical strength, self-confidence and 

develop cognitive strategies to cope with extreme pain 'flare-ups'. Music based 

interventions provide new avenues to a wider range of supports for chronic pain patients, 

however, there is still much debate in terms of the way to optimize the introduction of music. 
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For example music interventions can be self-directed music listening (Gold & Clare, 2013), 

structured music therapy (Fitzpatrick, Moss, & Harmon, 2019), or as a cue to movement 

(Murrock & Higgins, 2009) which can indirectly improve pain management outcomes.  

  This use of music in interventions in routine pain management settings is supported 

by the results of several meta-analyses which indicate that music interventions reduce self-

rated chronic pain (Garza-Villarreal, et al., 2017), and can subsequently reduce the need for 

analgesic medication (Lee, 2016). The popularity of music interventions is also propelled by 

patients themselves who reportedly enjoy music listening and often use it as a way to relax 

(Fitzpatrick, et al., 2019). One of the most appealing aspects of music interventions, is that 

they are completely flexible and can quickly be adapted to meet the immediate needs of the 

patient. Additionally music listening can be done at a time and place that is convenient for 

the patient (Fitzpatrick, et al., 2019; Robb, et al.,2018), and does not require additional 

hospital appointments or specialized equipment.  

What are the Cognitive Mechanisms that mediate the analgesic benefits of music 

listening? 

 There is now growing need to understand the cognitive mechanisms that mediate 

the beneficial effects of MLIs in order to further refine music interventions and increase their 

overall therapeutic quality (Keenan & Keithley, 2015; Krishnaswamy & Nair, 2016; Lee, 

2016). The Cognitive Vitality Model introduced in Chapter 2 (Howlin, & Rooney, 2020a) 

provides a theoretical framework to understand the cognitive mechanisms involved in music 

interventions for pain management but is yet untested with a patient population. The 

Cognitive Vitality Model outlines five cognitive mechanisms that mediate the analgesic 

benefits of music listening, and a brief overview of these mechanisms will be outlined here. 

Automated Attention orientates the individual’s attention to the music and provides a lower 

level distraction from pain. Cognitive Agency is the way in which the person actively 

engages with the music through actively maintained attention and entrainment. Meaning-

Making and Enjoyment is required to elicit personal reflection or aesthetic appreciation to 
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deepen the level of engagement the individual has with the music. At this stage Musical 

Integration can occur, which means that the music is absorbed fully into the individual’s 

conscious experience on a cognitive, and emotional level. Full absorption into the musical 

experience prevents the formation of competing constructions of reality that would place 

more emphasis on the pain experience. Finally the person feels an enhanced sense of 

Cognitive Vitality and cognitive energy which facilitates adaptive coping styles, such as 

dissociation, acceptance, or an enhanced locus of control. However as this is a theoretical 

model, these cognitive mechanisms need to be evaluated in a range of contexts to validate 

and extend the model. 

 Chapter 4 provides evidence to support the Cognitive Vitality Model in pain 

management contexts. In a cognitive psychology experiment participants completed the 

cold pressor task while listening to music. The experiment used an illusion of choice 

paradigm to isolate the role of Cognitive Agency independently of other co-founding factors 

such as familiarity or enjoyment. Participants thought that they were choosing the music, 

but it was actually predetermined by the researcher. Even when patients only had the 

illusion that they were choosing the music they demonstrated increases in pain threshold. 

Additionally self-rated enjoyment was a strong predictor of decreases in pain threshold, but 

was identified as a separate predictor in the overall model. These result provide evidence 

for the role of Cognitive Agency and Enjoyment in mediating the analgesic effects of music 

listening in the context of synthetic pain. 

 Although the Cognitive Vitality Model is strong step towards understanding the 

cognitive mechanisms that mediate the wellness benefits of music listening, it is yet 

untested with a patient population. This is particularly important because the psychological 

experience of chronic pain is completely different from the psychological experience of 

other types of pain (Ballantyne & Sullivan, 2015; Finlay, 2014; Gold & Clare, 2013; Mitchell, 

et al., 2007). It is possible that different cognitive strategies would be beneficial in different 

ways for different groups of patients, depending on their specific needs and pain 
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experiences. In order to understand the relevance of the Cognitive Vitality Model to chronic 

pain management contexts it is now necessary to evaluate the model specifically with 

chronic pain patients.  

How does the Cognitive Vitality Model relate to the analgesic potential of self-chosen 

music? 

 One of the first things to explore is the degree to which the mechanisms outlined in 

the Cognitive Vitality Model relate to the analgesic potential of music selected by the 

patient. The analgesic potential of the music is the degree to which patients estimate that 

their music selection will be helpful with their pain management. Understanding the factors 

that contribute to the analgesic potential of music is important because self-selected music 

is the best predictor of a successful music intervention (Bradt, et al., 2016; Cepeda, et al., 

2006; Garza-Villarreal, et al., 2017, Lee 2016;). The specific reasons patients have for 

choosing music is considered to be an important component in mediating the analgesic 

potential of music listening (Linnemann, 2015), because they increase patient motivation to 

maintain active cognitive engagement (Finlay, 2014; Good et al., 2010; Hseih et al., 2014; 

Linnemann et al., 2015; Mitchell et al., 2006; Mitchell et al., 2008; Nagata et al., 2014; 

Nguyen et al., 2015; Nilsson, 2009; Nilsson et al., 2009; Pothoulaki et al., 2008; Roy, et al., 

2008; Siedlecki et al., 2009; Vaajoki et al., 2012a). Previous research has identified that 

different pieces of music can be used to achieve the same analgesic benefits, known as 

functional equivalence (Swaminathan & Schellenberg, 2015). What is not known is whether 

patients use the same cognitive strategies with different pieces of music to achieve these 

benefits. It is now time to explore how specific cognitive strategies relate to the analgesic 

potential of the music. This will help to understand which mechanisms are more important 

in designing MLIs for pain management.  

 Another important factor to explore is degree to which patients with chronic pain 

have a preference for certain intramusical features, such as the music energy level (High 

Momentum or Low Momentum music). In line with current theories of emotional 
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engagement with music (Juslin, & Västfjäll, 2008; Juslin, 2013; Juslin, et al., 2013; Koelsch, 

2012;) the authors do not propose any specific music features will be superior for pain 

management in a universal way, but instead will be driven by patient preferences. However 

the role of arousal in pain management contexts deserves further consideration due to 

conflicting accounts in the literature. Several studies report using low tempo music to relax 

patients (Alam, et al., 2016), or music with positive valence to increase patient’s mood 

(Zhao & Chen, 2009; Silvestrini, et al., 2011). However, in a retrospective review of the 

literature patients demonstrated a preference for high energy music compared to 

experimenter chosen music, as presented in Chapter 3 (Howlin & Rooney, 2020b). This 

raises the question as to whether enhanced energy or motivation may be beneficial in some 

pain management contexts. At the same time, it is known that different types of music with 

different features can achieve the same analgesic benefits (Garza-Villarreal, et al., 2017, 

Lee, 2016, Bradt et al., 2016). In line with the principle of functional equivalence it is also 

possible that patients would not demonstrate a clear preference for one type of music over 

another type of music (Thaut, 2016). This study will help to disentangle the relative 

contributions between the cognitive strategies used in music interventions for pain 

management, and the role of specific music features in supporting these cognitive 

strategies. 

Present Study 

 The present study examines the nature of patient choice in MLIs using an online 

experimental design. The main aim of this study is to explore the degree to which the 

analgesic potential of patients’ self-chosen music can be predicted by components of the 

Cognitive Vitality Model. This will be addressed by using a questionnaire based on the 

mechanisms identified in the Cognitive Vitality Model. Additionally the patient’s perspective 

using qualitative analysis will be further explored to gain a deeper understanding of the 

patients experience of music listening for pain management. A secondary aim of this study 

is to assess patient preference for different types of music.  
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These aims will be addressed by exploring the following research questions:  

• RQ1a: To what extent can the analgesic potential of patients self-chosen music be 

predicted by components of the Cognitive Vitality Model.  

• RQ1b: In what way do patient descriptions of music listening for pain correspond 

with the Cognitive Vitality Model? 

• RQ2: Do patients with chronic pain report any preferences in terms of the type of 

music that they find most beneficial for pain management?  

 

Method 

Study Design 

 This study uses an online experimental design accessible by smart phone, tablet or 

home PC. To address the main research question a sequential explanatory mixed method 

approach was used, as outlined by Ivankova and colleagues (2006) which involves two 

phases. The first phase was quantitative which involves an exploratory factor analysis and 

regression analysis. The second phase involves a qualitative analysis using thematic 

synthesis of patients’ response to an open question. Mixed-methods sequential explanatory 

design are particularly useful to capture the multi-dimensional aspects of pain management 

(Carr, 2009). The study design was approved by St. Vincent’s Hospital Research Ethics 

Board, and all patients provided anonymous electronic consent in line with hospital ethics 

policy and GDPR guidance (See Appendix F for letter of ethical approval and associated 

documents for study 4).  

Patient Characteristics 

 Seventy patients with chronic pain completed the study. Nine participants were 

recruited from pain management clinics in St. Vincent’s University Hospital, Dublin. The 

primary researcher attended weekly clinics and provided information leaflets for the study to 

400 patients over 6 weeks. Additionally sixty-one people were recruited to participate via 
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social media. The entire sample of 70 patients had an age range of 18 - 70 (M = 43.12, SD 

= 12.09), and was comprised of 56 females, 13 males and 1 transgender person. Patients 

named their diagnosis, which was then classified by the primary researcher according to 

the ICD-11 classification for chronic pain (Treede, et al., 2015). The sample consisted of 26 

(37.1%) patients with primary chronic pain, 17 (24.3%) patients with chronic 

musculoskeletal pain, 7 (10.0%) patients with neuropathic pain, 6 (8.6%) patients with 

multiple independent diagnoses, 6 (8.6%) patients with chronic visceral pain, 4 (5.7%) 

patients with chronic postsurgical and posttraumatic pain, 3 (4.3%) patients with chronic 

headache and orofacial pain, and 1 (1.4%) patient with chronic cancer pain. Pain intensity 

scores ranged from 0 - 10 with a mean of 5.43 (SD = 1.98). Pain unpleasantness scores 

ranged from 0 - 9 with a mean of 5.20 (SD = 1.99). Wellbeing scores measured using the 

CASP-19 ranged from 7 - 54 and patients reported a mean wellbeing score of 28.31 (SD = 

9.48). 

Measures 

 Subjective Pain. Pain unpleasantness and pain intensity were self-rated by 

participants using Numeric Rating Scales ranging from 0 - 100 on a Likert scale. 

 Wellbeing. The CASP-19 Quality of Life Scale was used to measure wellbeing 

based on four domains; Control, Autonomy, Self-realization and Pleasure (Hyde, et al., 

2003; See Appendix G). The CASP-19 includes 19 items which are scored on a 4-point 

Likert scale ranging from 0 'never' to 3 'often'. Scores range from 0 to 57 with higher scores 

indicating a higher quality of life.   

 Analgesic potential of self-chosen music. Patients were asked to estimate how 

much their chosen song would be help to reduce their pain on a continuous Likert scale 

ranging from 0 'it would not help at all’ to 100 'It would help alot'. 

 Cognitive Vitality Questionnaire. Twenty one items were created for the Cognitive 

Vitality Questionnaire based on the results of the scoping review which included results 
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from MRI studies, randomised controlled trials, and qualitative patient studies. Items were 

created based on the codes that contributed to the themes in the Cogntive Vitality Model 

and participants were asked the degree to which they agreed or disagreed with each 

statement. Twenty-one items were included in the factor analysis, but only 16 items 

contributed to the final factor structure, as outlined in Table 5.1. Participants responded on 

a Likert scale ranging from 0 'strongly disagree' to 100 'completely agree'. See Appendix H 

for all items included in the Cognitive Vitality Questionnaire. 

 Musical Emotional Response. Participants completed the short version of the 

Geneva Emotional Musical Scale (GEMS-9; Zentner, et al., 2008) to evaluate emotional 

response to each piece of music (See Appendix D). The GEMS presents a nine-

dimensional emotional structure to account for emotional responses to music. Each factor is 

independent of the other factors which has been established with exploratory and 

confirmatory factor analyses and the model provides a better account of emotional 

responses to music than non domain-specific emotional models. (Zentner, et al., 2008). 

 Pleasure Responses. Enjoyment, Boredom and Irritation were self-rated by 

participants using an on screen slider to represent a Likert scale ranging from 0 - 100. 

Music Stimuli 

 A pilot study was used to select 6 pieces of music based on the Spotify Audio 

features of danceability, energy, and tempo, and familiarity ratings from six people on a 

continuous rating scale from 0 'not familiar at all' to 10 'Extremely Familiar' (See Appendix E 

for details). Music with high levels of energy, danceability and tempo were labelled as High 

Momentum, and music with low levels of energy, danceability, energy and tempo were 

labelled as Low Momentum. All songs were commercially available without lyrics had a 

mean familiarity rating of 3 or lower. This resulted in three Low Momentum music pieces; 

Sleeping Music by Deep Sleep Music Collective, This Isn't You by Kyle Dixon, and Danger 

of Hell by Thomas Newman; and three High Momentum music pieces; Solero by Sons of 

Maria, Lighthearted by Deep Chills, and The Balance by Moses Boyd. 
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Procedure 

 Participants completed the survey at a time and location that was convenient for 

them. Each participant listened to six pieces of music which were presented in 

counterbalanced order. For each piece, participants completed the GEMS-9; (Zentner, et 

al., 2008) and rated the music in terms of enjoyment, boredom and irritation. Once the trials 

were complete patients were asked to name a song that they thought would be good to 

help manage their pain. Patients then completed the Cognitive Vitality Questionnaire in 

response to the song that they had chosen. Finally patients responded to the following open 

question "Is there anything else you would like to tell us about what you think about 

listening to music when you have chronic pain?" The experiment took approximately 45 

minutes to complete.  

Data Analysis 

 Exploratory factor analysis was conducted on patient responses to the cognitive 

vitality questionnaire to examine the factor structure of the responses. Regression analysis 

was then used to examine if scores for each factor could predict ratings for how effective 

the patients thought the self-chosen song would be for pain management. This allowed us 

to examine which factors were most important in mediating the analgesic benefits of music 

listening from the patient’s perspective. The qualitative analysis was used to explore the 

quantitative results in more detail.  

 

Results 

 The main research question was examined using a sequential explanatory mixed 

methods approach. This approach allows us to conduct a quantitative analysis followed by 

a qualitive analysis in order to gain a greater understanding of the quantitative findings 

(Ivankova, et al., 2006).  

(RQ1a) To what extent can the analgesic potential of patients’ self-chosen music be 
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predicted by components of the Cognitive Vitality Model? 

 The goal of the quantitative phase was to identify the degree to which the 

mechanisms outlined in the Cognitive Vitality Model relate to the analgesic potential of 

music selected by the patient. In order to achieve this the quantitative analysis was 

conducted in two parts. First an exploratory factor analysis was conducted to examine the 

factor structure of the questionnaire and quantify how patient responses corresponded with 

the cognitive mechanisms identified in the Cognitive Vitality Model. Second a regression 

analysis was conducted to examine how patient scores for each factor of the cognitive 

vitality questionnaire predicted the analgesic potential of the patients chosen song.  

 Factor Structure of Cognitive Vitality Questionnaire. An exploratory factor 

analysis was conducted to examine the factor structure of the cognitive vitality 

questionnaire, to examine the factor structure of the questionnaire, and to identify the 

patterns that emerge in patient’s agreement with the cognitive mechanisms identified in the 

Cognitive Vitality Model. The exploratory factor analysis used principal axis factoring and a 

varimax (orthogonal) rotation. The analysis yielded a five factor solution explaining a total of 

64.12% variance for the entire set of items. The factor loadings for each item and 

communalities are listed in Table 4.1. Each factor was named based on the original 

meanings of the items as outlined by the Cognitive Vitality Model. Factor 1 was labelled 

Musical Integration and explained 29.91% of the variance. Musical Integration refers to how 

music is integrated into the person’s conscious awareness on a cognitive and emotional 

level. Musical Integration relies on absorption in the music and is characterized by losing 

track of time. Factor 2 was labelled Attention and Enjoyment and explained 10.57% of the 

variance. Attention and enjoyment refers to the way in which any music will automatically 

grab people's attention and that enjoyment or reward responses are implicit in the 

automatic engagement. Given that these two are in the same factor, this factor represents a 

positively valanced automatic motivation to engage. Factor 3 was labelled Motivation and 

explained 9.06% of the variance. Motivation is a subcomponent of the mechanism called 
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cognitive vitality and refers to the motivation that people can feel as a result of personal 

music listening. Factor 4 was labelled Personal Meaning and accounted for 7.65% of the 

variance. Personal meaning refers to the personal connection people have with and may 

remind them of a significant person or event in their life or be an important part of their 

identity. Finally, factor five was labelled Cognitive Agency and explained 6.86% of the 

variance. Cognitive Agency refers to the specific reasons people have when choosing a 

piece of music to listen to which can increase the patient’s locus of control. These factors 

corresponded with the factors outlined in the Cognitive Vitality Model, however from the 

analysis of patient responses we identified that enjoyment overlapped more with automated 

attention processes rather than meaning making.  

Table 5.1  

Factor analysis table for Cognitive Vitality Questionnaire 

 F1 F2 F3 F4 F5 

This song produces a whole body experience .879     

I lost track of time as I am listening to music .780     

Listening to this song gives me an opportunity to be myself .640     

This song gives me mental strength .619     

Overall how much were you bored by this song?a  .861    

Overall how much did you enjoy this song?  .690    

This is mainly just Background music  .642    

This song does not capture my attentiona  612    

Overall, how much were you distracted by this song?  .561    

Overall how much does this song make you want to move   .949   

Overall how much are you energized by this song   .721   

The lyrics in this song are meaningful to me    .825  

This is a beautiful piece of music to me    .565  

Most people would agree with my opinion of this song    .435  

I have a specific reason that I would listen to this song     .631 

I don't think this was a good choice of songa     .574 

 

Eigenvalue 5.70 2.01 1.72 1.45 1.30 

%of Total Variance 29.30 10.57 9.06 7.65 6.87 

Total Variance    64.12% 

Note. This table illustrates the factor loadings of each questionnaire item from the factor analysis. 
There is no cross-loading, each item only loads onto one factor which indicates that each factor is 
independent from the other factors. Questions from the original set of 21 items that did not load above 
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.3 were excluded from the interpretation and analysis. Overall this factor structure accounts for 
64.12% of the variance in responses which is quite high. Abbreviations F1 Factor 1 Musical 
Integration, F2 Factor 2 Attention and Enjoyment, F3 Factor 3 Motivation, F4 Factor 4 Personal 
Meaning, and F5 Factor 5 Cognitive Agency. aitems were reverse scored. 

 

 Relationship between CVQ factors and analgesic potential of patient chosen 

music. Next we examined how patient scores for each factor of the cognitive vitality 

questionnaire were related the analgesic potential of the patients’ chosen song. Once each 

factor was identified, mean scores were calculated for each factor. Each factor was then 

correlated with the analgesic potential of the music. To account for the skewness in the 

data non-parametric spearman's correlations were used. Overall higher levels of agreement 

with each factor were positively related to how much the music would help to reduce their 

pain experience. Moderate positive correlations were found between the analgesic potential 

rating and the factors Musical Integration rs(69) = .682, p < .001, Automated Attention and 

Enjoyment rs(69) = .530, p < .001 and Cognitive Agency rs(69) = .492, p < .001. Weak 

positive correlations were found between the Benefit for Pain rating and Motivation rs(68) = 

.317, p < .01 and Meaning Making rs(68) = .318, p < .01. The strength of the correlations 

was used to select which factors to include in a regression analysis. The three factors 

(Musical Integration, Automated Attention and Enjoyment, and Cognitive Agency) that were 

moderately correlated with the analgesic potential rating were then entered into a linear 

regression analysis. Regression analysis was conducted to predict the Analgesic Potential 

rating based on three factors Musical Integration, Automated Attention and Enjoyment, and 

Cognitive Agency. The regression model was significant (F(1, 64) = 39.85, p < .001), with 

an R2 of .559. The analgesic potential was significantly predicted by Musical Integration (ß 

= .67, t(63) = 6.69, p < .001 S.E. .10 95% CI [.47, 87]) and Cognitive Agency (B = .24, t(63) 

= 2.96, p < .01; S.E. .08, 95% CI [.08, 41]). This indicates that Musical Integration was the 

best predictor as it had the highest beta co-efficient followed by Cognitive Agency. 

(RQ1b) In what way do patient descriptions of music listening for pain correspond 

with the Cognitive Vitality Model? 
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 The goal of the qualitative phase was to help understand why Musical Integration 

and Cognitive Agency were the mechanisms most closely linked to whether patients 

thought their chosen song would be beneficial for pain management. Qualitative analysis of 

patient responses to an open ended question was completed using thematic synthesis and 

the results are displayed in Table 5.2. Forty four patients responded to the question 'Is 

there anything else you would like to tell us about what you think about listening to music 

when you have chronic pain?'. The thematic synthesis strategy was developed by the 

research team according to Thomas and Harden (2008) and involved three stages. The first 

reviewer coded the text line by line according to its meaning or content. Next, codes were 

grouped together based on their similarity, so as to develop descriptive themes. Descriptive 

themes Finally, descriptive themes were then grouped together to form analytical themes. 

When developing the analytical themes the researchers focussed on descriptions related to 

Musical Integration and Cognitive Agency highlighted by patients as important in the 

quantitative phase. Additionally two other analytical themes were developed based on 

patient responses. A second reviewer performed a credibility check on all of the descriptive 

themes and analytical themes, and agreed with 90% of the coding decisions made by the 

first reviewer. After discussion some codes were amended and both reviewers were in 

100% agreement. Four themes were developed, Musical Integration, Cognitive Agency, 

Emotion Regulation and Optimal Arousal.  

 Musical Integration. The theme of Musical Integration included the descriptive 

themes of absorption, transportation, escape from reality, and forget about pain. Patients 

described how music could be used as an mental escape from pain to transport them out of 

their current and subsequent experiences. As described by patient 30 "I use music to 

transport myself out of this world". The benefits of being transported away were attributed 

to emptying the mind of pain related thoughts even though the physical sensation may be 

present as described by patient 34 "So, it's more about Not Thinking. Pain may still be there 

but subdued". Musical Integration was described as having long lasting effects after music 
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listening due to an enhanced mood. This was highlighted by several patients including 

patient 3 "It's an escape, not just into the music but beyond afterwards with the effects on 

my mood directly lessening my pain" Patients provided several descriptions of musical 

engagement that were consistent with absorption e.g. "zoned out" and linked these to 

feeling disconnected from their current environment including physical pain sensations and 

thoughts about pain. 

 Cognitive Agency. The theme of Cognitive Agency was comprised of several 

descriptive themes including independence, self-strengthening, and active engagement.. 

Patients described the importance of engaging in an activity that was personally important 

to them, and emphasised the importance of music in their life more generally. Some 

patients expressed an independence in their music listening preferences habits, and 

emphasised that they thought the way that they used music to manage pain was quite 

specific to them and would be unlikely to benefit other people. For example patient 10 

reports "This works for me and probably wouldn't work for others". Similarly, patients 

described that having an opportunity to express themselves in a way that was independent 

of their pain was an important factor in identifying the different parts of themselves that co-

exist alongside their pain identity. This was highlighted by patient 6 "It provides an anchor 

and reminds me that I am more than my illness". Additionally several patients reported 

ways in which they actively engage with music, either by taking music lessons or by 

selecting specific soundtracks 

 Emotion Regulation. The theme of Emotion Regulation encompassed the 

descriptive themes of Personal Meaning, Emotion Regulation, and Familiarity. Patients 

reported that music can be used either to elevate mood or as an emotional release which 

may involve crying or laughing. Familiar music with meaningful lyrics was considered 

beneficial for emotion regulation by several patients. Two patients identified that they use 

music which reminds them of a significant loved one which brings them great comfort. 

Participant 17 summarized how music with a sentimental meaning made them feel happier: 
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"And sometimes it's nice just to listen to songs with sentimental meaning to bring me back 

to a happier time or place in my mind." However, patients were divided on the degree to 

which emotional regulation can actually lessen the physical sensation of pain. While some 

patients reported that music can directly help their pain, other patients reported that music 

had no impact on their physical sensation of pain and was only useful for emotional 

regulation. 

 Optimal Arousal. The theme of Optimal Arousal included the descriptive themes of 

Attention and Enjoyment, Motivation, Relaxation, Negative Effects. The overwhelming 

commentary that came from patients reflected the importance of matching music energy to 

the desired outcome for the patient. Across the board patients highlighted the importance of 

matching the music to the patients pain level, and the type of task they wished to engage in. 

Participant 36 summarizes how different types of music can be used for different activities: 

"Sometimes I need energetic music I can sing along to while I try do some housework. 

Then to relax something more complex with various layers to it that I can close my eyes 

and concentrate on and follow an instrument." An apparent paradox was identified by 

several patients that they liked music that could simultaneously energise them and help 

them to feel relaxed by relieving their tension. For example patient 31 describes how they 

like 'soothing music' that gets the 'circulation going' Patients had very unique perspectives 

in terms of which features they thought would be most effective, and no features were 

considered universally effective by the patient group.. For example while some patients 

preferred strong beats, while others preferred meditative or string music. It is important to 

note that several patients reported that they would find any music irritating during times of 

severe pain, as highlighted by patient 61 "in an episode of severe pain I would feel irritated 

listening to even my favourite music so was unable to choose a song to use as a therapy".  
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 Table 5.2  

Results of Qualitative Analysis 
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(RQ 2) Do patients with chronic pain report any preferences in terms of the type of 

music that they find most beneficial for pain management?  

 Finally patient preferences in music for chronic pain management were explored. 

Paired t-tests were used to demonstrate that patients rated music with low values of energy 

as significantly more enjoyable; t(69) = 3.57, p < .001 95% CI [6.32, 22.39] with a 

significantly higher analgesic potential; t(69) = 5.16, p < .001 95% CI [11.25, 25.42] and 

significantly less irritating t(69) = 4.86, p < .001 95% CI [9.22, 22.10] compared to music 

with high levels of energy. However while these results demonstrate that patients rated Low 

Momentum music as more enjoyable, more helpful for reducing pain, and less irritating 

compared to High Momentum music overall it is important to note that the wide confidence 

intervals here indicate a high degree of variation between individual patients. No difference 

was found in ratings of boredom between High Momentum music and Low Momentum 

music. Additionally we compared patients' emotional responses between music with high 

levels of energy and low levels of energy. Low Momentum music was rated as inducing 

significantly higher Wonder, Transcendence, Tenderness, Peacefulness, Sadness, and 

Nostalgia responses compared to High Energy music (See table 3). High Energy Music was 

rated as inducing significantly higher Power, Activation, and Tension responses compared 

to Low Momentum music (See table 3). These results indicate that chronic pain patients 

had different patterns of emotional responses to High Energy music compared to Low 

Momentum music.  
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Figure 5.1  

Mean Ratings On GEMS-9 For High Energy and Low Momentum Music 

 

Note. Error bars denote one standard error around the mean.  

*significant at the .001 alpha level 

 Although different levels of enjoyment were identified between the two different 

types of music, we also wanted to investigate the role of enjoyment overall and examine 

how it relates to the analgesic potential in patients chosen music. To account for the 

skewness in the data a non-parametric spearman's rho correlation was calculated. A 

moderate positive correlation was found between patient ratings of enjoyment and patient 

ratings for the analgesic potential of their chosen song rs(69) = .497, p < .001. Subsequently 

a linear regression was calculated and identified that self-rated enjoyment was a significant 

predictor of how helpful people thought their chosen song was for pain management F(1, 

67) = 11.57, p < .001, with an R2 of .147. This indicates that while enjoyment is a significant 

predictor of the likelihood of pain reduction, on its own it only accounts for 14.7% of the 

variance.  
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Discussion 

 The main aim of this study was to explore the degree to which the analgesic 

potential of patients’ self-chosen music can be predicted by components of the Cognitive 

Vitality Model. Overall the findings demonstrate that patients rated the factors of Musical 

Integration and Cognitive Agency as the most strongly linked to the analgesic potential of 

their chosen song. This result was based on a quantitative analysis that was conducted in 

two parts. First an exploratory factor analysis was conducted to examine the factor structure 

of the questionnaire and quantify how patient responses corresponded with the cognitive 

mechanisms identified in the Cognitive Vitality Model. The factor analysis demonstrated that 

the pattern of patient responses corresponded with five factors that represented the five 

cognitive mechanisms outlined by the Cognitive Vitality Model. This suggests that chronic 

pain patients are largely in agreement with the cognitive mechanisms outlined in the 

Cognitive Vitality Model. While patients may differ in the specific music that they choose for 

pain management, it seems that there is relatively strong agreement in terms of why 

patients are choosing the music. Second a regression analysis was conducted to examine 

how patient scores for each factor of the cognitive vitality questionnaire predicted the 

analgesic potential of the patients chosen song. The regression analysis demonstrated that 

the analgesic potential of the music was most strongly predicted by the factors of Musical 

Integration and Cognitive Agency. This result is in line with the Cognitive Vitality Model 

which emphasizes the importance of Musical Integration and Cognitive Agency in 

facilitating an enhanced sense of self as and enhanced Cognitive Vitality as a result of 

music listening for pain management. Patients tendency to acknowledge the relationship 

between the Cognitive Mechanisms of Cognitive Agency and Musical Integration and the 

music's analgesic potential suggests that patients have a conscious awareness of these 

two mechanisms. In this instance patients recognised that their music choice was motivated 

by specific reasons, which gives participants a chance to exert their individual autonomy 
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and subsequently enhance their internal locus of control. Additionally patients interpretation 

of Musical Integration on the questionnaire was tightly related to a strengthened sense of 

self and mental energy. This suggests that the mechanism of Musical Integration is not 

readily separable from the mechanism of Cognitive Vitality from the patients perspective. It 

seems that these two mechanisms may be more tightly interwoven than initially outlined by 

the model. Perhaps Cognitive Vitality should be considered as the outcome of successful 

Musical Absorption. Until now, the degree to which the Cognitive Vitality Model corresponds 

with chronic pain patients experience of music listening as a pain management strategy, 

was untested. The results of the current study help to provide support, and demonstrate the 

external validity of the Cognitive Mechanisms outlined in the Cognitive Vitality Model.  

Patient descriptions of music listening for pain that correspond with the Cognitive 

Vitality Model   

 Next patient descriptions of the benefits of music listening were used to explore the 

questionnaire responses in more detail using qualitative analysis. This helped to gain a 

greater understanding of the quantitative results, and to provide more insight into the 

specific reasons patients have for using music for pain management. The specific reasons 

for music listening are an important component of MLIs (Linnemann, 2015), since they 

increased patients’ motivation to maintain active engagement and sustain the musical 

experience (Finlay, 2014; Good, et al., 2010; Hseih, et al., 2014; Linnemann et al., 2015; 

Mitchell, et al., 2006; Mitchell, et al., 2008; Nagata, et al., 2014; Nguyen et al., 2015; 

Nilsson, et al., 2009; Pothoulaki, et al., 2008; Roy, et al., 2008; Siedlecki et al., 2009; 

Vaajoki, et al., 2012a). Four themes were developed using thematic synthesis, which were 

Musical Integration, Cognitive Agency, Emotion Regulation, and Optimal Arousal. Since the 

two mechanisms of Musical Integration and Cognitive Agency were related to the analgesic 

potential of patient’s self-chosen music, this will now be discussed in more detail.  

 Patient descriptions consistent with Musical Integration outlined that music 

absorption can help to provide an escape from the reality of pain. Specifically, patients 
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reported that music could be used to transport them out of their current experience, and 

helped them to stop thinking about their or problems and to focus on something else. These 

descriptions from patients correspond with the idea that music helps to reduce pain 

because it is absorbing on a cognitive and emotional level (Bradshaw, et al., 2013; Finlay, 

2014; Finlay, et al., 2016; Gold & Clare, 2013; Guétin, et al., 2012). Patients rich 

descriptions of Musical Integration suggest that full musical absorption as opposed to music 

listening is required to mediate the analgesic benefits of musical engagement. This 

highlights the importance of facilitating immersive music listening experiences in order to 

maximize patient engagement with the music (Bradshaw, 2013). In order to maximize the 

likelihood that patients will become fully absorbed, it is important to consider the wider 

musical experience to reduce the presence of other major distractors (Brattico & Pearce, 

2013; Lee, 2016;). Also additional strategies to enhance the music listening experience, 

such as additional visual supports (Chanda & Levitin, 2013) and an optimal listening 

environment should also be considered.  

 Patient descriptions related to the theme of Cognitive Agency encompassed active 

engagement and the importance of individuality which were related to a strengthened sense 

of self-identity and social connectedness. This is particularly important in chronic pain 

management contexts where people often experience low self-esteem and low self-efficacy 

due to diminished capacity as a result of having chronic pain (Jensen, et al., 1991). This 

finding is in line with previous suggestions that personally significant music can be used to 

enhance an individual's sense of Cognitive Agency, and that this in turn can assist with 

identity formation (Saarikallio 2019). Many patients with chronic pain become disconnected 

from their social network and experience a reduction in their capacity to complete daily 

activities. At the same time people with chronic pain report that they sometimes feel trapped 

and as if their personal world is getting smaller. The combined effect is that people with 

chronic pain find it difficult to integrate their experience of chronic pain and maintain a 

sense of their own personal identity. Music listening can be used to help patients maintain a 
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sense of their personal identity (Saarikallio, 2019) and provide the opportunity for patients 

to actively engage in a personally meaningful activity. Cognitive Agency of the listener also 

recognizes the contributions of top-down processing in pain modulation, which involves 

concentrating on particular streams within the music in order to maintain the music listening 

experience. Although active participation is required, this participation is much less effortful 

compared to other types of cognitive tasks (Allred, et al., 2010; Mitchell et al.,2006; 

Noguchi, 2006; Özer, et al., 2013; Silvistrini, et al., 2011; Wright, et al., 2010; Zhao & Chen, 

2010), due to an intrinsic motivation based on the patients’ specific reasons for listening, 

and so is a suitable activity when patients may have diminished cognitive resources 

available due to the experience of chronic pain. 

Patients’ music preferences 

 A secondary aim of this study was to assess patient preference for music based on 

the levels of energy in the music. The results demonstrate that patients rated unfamiliar 

Low Momentum music as significantly more enjoyable, with a significantly higher analgesic 

potential and significantly less irritating compared to unfamiliar High Momentum music. 

Additionally, patients demonstrated different patterns of emotional responses to music with 

low values of energy compared to music with high values of energy. Low Momentum music 

was rated as inducing significantly higher Wonder, Transcendence, Tenderness, 

Peacefulness, Sadness, and Nostalgia emotional responses compared to High Energy 

music. These results contrast with the results found in some experimental settings, where 

participants did not demonstrate a clear preference for a particular music energy (Zhao & 

Chen, 2009; See Chapter 4). This may be due to the fact that patients with chronic pain are 

already in a state of relatively high arousal due to the presence of pain, which means they 

are more likely to become overloaded by unfamiliar High Momentum music compared to 

healthy participants. In line with Berlyne's (1971) inverted-U theory in order to facilitate an 

enjoyable music listening experience, music should not be too low in arousal or else it may 

be perceived as boring, and also should not be too high in arousal or it may be perceived 
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as irritating. When we consider that patients have a tendency to choose music that is higher 

energy compared to experimenter music (Howlin & Rooney, 2020b), it is possible that the 

unfamiliar nature of this music may have made it particularly irritating due to a lack of 

context and meaning. We should consider the importance of optimizing arousal within the 

music listening experience to ensure it is neither over stimulating or boring, based on each 

specific pain management context. As recommended by Finlay and colleagues (2015) it 

may be useful to introduce music that induces moderate levels of arousal to account for the 

possibility that chronic pain patients are already in an elevated state of arousal.  

Strengths and Limitations  

 An important aspect of this study is that it is the first study to investigate the 

cognitive mechanisms that mediate the analgesic benefits of music interventions with a 

specific clinical population. This is important because as we can see from these results, 

patient responses to music can be quite different to responses to music from healthy 

controls. The results of the current study help to provide support, and demonstrate the 

external validity of the Cognitive Mechanisms outlined in the Cognitive Vitality Model. 

However continued research on the relationship of these mechanisms to one another is 

required to further refine the model to gain a greater understanding of the cognitive 

mechanisms that mediate the analgesic effects of music listening. Further work with 

different patient groups is required to develop our understanding of the cognitive 

mechanisms underlying successful music interventions. It is also important to note the 

benefits of using research methods that facilitate enhanced patient access to the study. In 

this study we used online data collection methods to include patients from a range of 

geographical locations who may be unable to attend multiple hospital appointments, and 

invited patients to complete the survey at a time and location that was convenient for them. 

A limitation of this study is that it does not evaluate the direct effects of music listening for 

chronic pain management. Instead this study focuses on the factors that patients think are 

most important in mediating the analgesic effects of music listening. Future studies should 
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use the findings from the current study to inform music based interventions for chronic pain, 

and evaluate the longitudinal effects.  

Implications 

 Until now the degree to which the Cognitive Vitality Model as outlined in Chapter 2 

corresponds with chronic pain patients experience of music listening as a pain management 

strategy, was untested. Overall this study suggests that patients’ reports are in line with the 

mechanisms outlined in the Cognitive Vitality mode (Automated Attention, Cognitive 

Agency, Meaning Making, Musical Integration, and Cognitive Vitality), mediate the 

analgesic benefits of music listening. In this study patients identified that the cognitive 

mechanisms of Cognitive Agency and Musical Integration were important in mediating the 

beneficial effects of music listening for chronic pain. Qualitative responses from patients 

highlighted that Cognitive Agency was important because active engagement and 

individuality can help patients to strengthen their sense of self. This is particularly important 

for chronic pain management where people often experience low self-esteem and low self-

efficacy due to diminished capacity as (Jensen, et al., 1991), and pain management 

strategies that enhance the patient’s internal locus of control have been shown to be the 

most effective (Crisson & Keefe, 1988; Finlay. 2014; Mitchell et al., 2006, 2007;). 

Additionally patient descriptions highlighted that Musical Integration is important because a 

truly immersive music listening experience can provide an escape from painful experiences. 

Pain management programmes aim to support patients in developing self-management 

skills, which requires ongoing motivation on behalf of the patient. MLIs provide an 

opportunity to support patients on a daily basis, by encouraging them to engage in a 

personally meaningful and absorbing activity. Additional focus should also be placed on the 

best way to incorporate music interventions in a multi-disciplinary approach to pain 

management. For example, the role of music interventions as a support to physiotherapy 

has yet to be explored. The introduction of music to pain management programmes may 

facilitate ongoing motivation and participation by enhancing patient’s cognitive vitality. This 
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may provide the basis for using music as a compliment to or therapeutic alternative to usual 

Cognitive Behavioural Therapy (CBT) based rehab for the population of patients with 

chronic pain. 
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Chapter 6 

 

General Discussion and Conclusion 

Overview of Discussion and Conclusion 

 The current thesis presents the findings from four studies that were conducted to 

explore the cognitive mechanisms that mediate the analgesic benefits of music listening. 

This final section begins with a reminder of the context of previous research that identifies 

the importance of personally selected music in effective analgesic music interventions 

(Bradt, 2016; Lee, 2016; Villareal, 2017). Next a summary of the key findings from each of 

the four studies is provided, followed by a synthesis of the findings from the choice 

experiment and the field study with chronic pain patients. Then the overall implications of 

these findings is discussed, in light of theoretical and methodological considerations 

including the validity of using Spotify audio features from a psychological perspective. 

Finally, future directions are dutifully considered in light of current developments and an 

overall conclusion is proposed. 

 

Background 

 Music intervention models based on physiological responses to specific intramusical 

features are undermined by the fact that people can experience the same analgesic effects 

from different pieces of music, a phenomenon known as functional equivalence 

(Swaminathan & Schellenberg, 2015). The concept of functional equivalence suggests that 

the specific music used in music interventions is of secondary importance. Instead greater 

focus needs to be placed on how people cognitively engage with music to mediate 

analgesic effects. The importance of functional equivalence in music interventions is 

supported by meta-analyses (Bradt, 2016; Garza-Villarreal, et al., 2017; Lee, 2016;) that 

demonstrate that using self-selected music rather than experimenter chosen music is the 
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best predictor of a successful music intervention. Self-selected music can vary widely in 

terms of the tempo, genre and meaning, and yet provide analgesic benefits, more reliably 

than experimenter chosen music. However, it was not clear from these previous studies 

exactly how personally chosen music could mediate analgesic effects more effectively than 

experimenter chosen music.  

 This thesis sought to address several questions in order to gain a better 

understanding of the advantages of self-chosen music over experimenter chosen music. 

Specifically, this thesis set out to explore the role of choice and identify if people choose 

music with different intramusical features compared to music chosen by experimenters. 

Next this thesis considers that if self-chosen music affords greater opportunities for 

enjoyment due to familiarity and aesthetic preferences, then perhaps enjoyment is involved 

in mediating the analgesic benefits of music listening. Another key research question in this 

thesis, is whether the actual act of making a choice is also important in facilitating analgesic 

effects of music listening. Finally this thesis explores the music preferences for pain 

management with a specific clinical population, to examine the relationship between patient 

motivations for choosing music and the Cognitive Vitality Model. A summary of the key 

findings from each of the four studies is now provided. 

 

Key Findings from Study 1: Introducing the Cognitive Vitality Model 

 Study 1 comprised a systematic scoping review of the literature that focused 

specifically on MLIs in pain contexts. This scoping review was conducted with the explicit 

purpose of identifying the theoretical rational provided by previous authors and synthesizing 

this myriad of theoretical rationales into one comprehensive overarching model. Seventy-

five articles were identified systematically and examined line-by-line to identify the 

underlying rationale for introducing music listening in pain management contexts. Using 

thematic synthesis five themes were developed to describe the cognitive mechanisms 

involved in MLIs for pain management. These five themes were Automated Attention, 
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Cognitive Agency, Meaning-Making, Musical Integration, and Cognitive Vitality. I propose 

that each theme represents a key cognitive mechanism involved in mediating the analgesic 

benefits of music listening. I will now describe each theme and how they fit together to 

constitute the Cognitive Vitality Model. 

 The Automated Attention mechanism, reflects how the presence of any music will 

initiate the orienting response and attract lower levels of attention. Based on current 

theories of emotional engagement with music (Juslin, & Västfjäll, 2008; Juslin, 2013; Juslin, 

et al., 2013; Koelsch, 2012) This thesis does not propose any specific music features will 

affect attention or emotion in a universal way. However some level of attention to the music 

is necessary as a foundation for deeper levels of music engagement. Once music has 

activated our attention, Cognitive Agency is required to direct attention to different streams 

within the music and relies on the individual’s specific reasons for listening, and a conscious 

awareness of the music. Cognitive Agency reflects that music listening is an interactive 

process between the listener and the characteristics of a piece of music, where the listener 

can monitor and influence their response to the music in a process of emotion regulation, 

similar to Gross’ model (1998). As people continue to actively listen for a specific reason, 

they begin to engage in Meaning Making processes, initiated either by spontaneous 

emotional engagement with the music, or by cognitive appraisals of the lyrical meaning or 

aesthetic features of the music. Meaning-Making processes involve both emotional and 

cognitive components which may occur simultaneously, reciprocally or in isolation. 

Ultimately, this emotional and cognitive engagement will lead to a rewarding experience for 

the listener, and act as an incentive for the person to effortlessly maintain active 

engagement, leading to absorption in the musical experience. Musical Integration brings the 

music into the forefront of their consciousness, not just as an additional sensory 

component, but as an entirely absorbing phenomenological experience on a cognitive and 

emotional level. As a result of this meaningful, rewarding, absorbing music listening 

experience people develop a strengthened sense of self, which characterises enhanced 
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Cognitive Vitality. Cognitive Vitality provides the basis for vigilant coping in a flexible 

manner that is appropriate to specific contexts and the type of pain being experienced.  

 The development of the Cognitive Vitality Model sets the foundation for the three 

subsequent studies. Each of the following studies were carefully designed to explore the 

degree to which the five cognitive mechanisms of Automated Attention, Cognitive Agency, 

Meaning Making, Musical Integration, and Cognitive Vitality may be involved in mediating 

the analgesic effects of music interventions.  

 

Key Findings from Study 2: Characterising the music that patients choose 

 Although several meta-analyses identified the importance of patient chosen music 

(Lee, 2016; Garza-Villarreal, et al., 2017), it was not yet clear if patient chosen music 

departed significantly in terms of intramusical features compared to experimenter chosen 

music. The intention of study 2 was to focus on the decision-making of patients in music 

interventions and characterise the different types of music that arise as a result of these 

choices. Specifically, study 2 aimed to explore the role of intramusical features in mediating 

the analgesic effects of music listening by testing the hypothesis that patient chosen music 

is different from experimenter chosen music.  

 In order to identify pieces of music that were used in pain management contexts, a 

second systematic review was conducted. Previous research papers were only included if 

they named the pieces of music used in either the method or the supplementary materials. 

Overall 21 studies were identified that matched the inclusion criteria and a total of 288 

pieces of music were analysed. This led to three categories of choice; patient chosen music 

from an unlimited selection, music chosen from a limited selection, or experimenter chosen 

music. This enabled an analysis of the pattern of audio features present in music for pain 

management when it is self-chosen from an unlimited selection, self-chosen from a limited 

selection, or chosen by the experimenter.  
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 Spotify audio features were used as a tool to quantitatively compare intramusical 

features of patient chosen music compared to experimenter chosen music. Patient chosen 

music is often characterised as being entirely heterogeneous in terms of genre and tempo 

with no discernible pattern of individual intramusical features (Bradt et al., 2016; Garza-

Villarreal, et al., 2017; Lee, 2016;). One of the benefits of Spotify audio features is that they 

are based on a combination of lower level acoustic features such as onset rate, inter-beat 

intervals, entropy, and rhythm stability, and can provide a more complete picture about the 

overall gestalt of the music. Specifically, study 2 examined levels of energy, 

instrumentalness, valence, and tempo since these features were previously emphasised in 

the literature as core components of music interventions (Allred, 2010).  

 It was found that patient chosen music had significantly different patterns of audio 

features compared to experimenter chosen music. Specifically, patient chosen music from 

an unlimited choice had significantly higher levels of energy and danceability and 

significantly lower levels of instrumentalness compared to experimenter music or music 

chosen by the patients from a limited choice. An ordinal regression model indicated that as 

people are given more freedom to choose music in pain management contexts, they 

increasingly choose music that is significantly higher in energy and danceability, and more 

likely to contain lyrics. This has important implications for understanding the cognitive 

mechanisms of music listening because it is possible that some of the benefits from self-

chosen music could be related to these intramusical characteristics. Additionally, the finding 

that people choose music with high levels of energy for pain management is consistent with 

The Cognitive Vitality Model which suggests that a core benefit of music listening is feeling 

energised and motivated by the music listening experience.  

 

Key Findings from study 3: Isolating the Mediating Role of Cognitive Agency  

 Study 3 was designed to empirically test the Cognitive Vitality Model outlined in 

study 1, taking account of the music preferences of patients identified in study 2. Three 
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mechanisms identified in the Cognitive Vitality Model were represented in the experimental 

design. The role of Automated Attention was examined by manipulating the intramusical 

features of the music. The impact of Cognitive Agency was examined by manipulating 

participants’ apparent level of choice and Meaning Making and Enjoyment was explored by 

asking participants to self-rate their enjoyment.  

 Fifty-two participants completed a repeated measures experiment which involved 

listening to different pieces of music while completing the cold pressor task. This enabled 

an evaluation of pain threshold in terms of both a behavioural test in the form of duration on 

the cold pressor task, alongside self-report measures of pain intensity, and pain 

unpleasantness. Commercially available pieces of electronic instrumental music were used 

in the experiment. Each piece of music was carefully selected based on whether it had high 

levels of energy and danceability or low levels of energy and danceability, based on the 

average values of audio features identified in study 2. High energy music corresponded 

with average values of energy for participant chosen music from an unlimited selection and 

Low Momentum music corresponded with average values of energy for experimenter 

chosen music. Participants were also asked to rate subjective enjoyment and emotional 

responses to each piece of music after each trial. In order to manipulate the level of choice 

the illusion of choice paradigm was specifically devised for this research study. This 

paradigm provided an objective experimental technique for manipulating the degree to 

which participants felt like they had a choice, while controlling the stimulus they listened to 

in terms of musical features as described above. Participants were given the impression 

that they were choosing a piece of music based on listening to a series of music samples, 

but participants were naïve to the fact that the music that was played during the cold-

pressor task was actually predetermined by the experimenter. 

  The study examined the relative contributions of each variable (intramusical 

features, participants’ enjoyment and the act of making a choice) to the effectiveness of 

self-chosen music in reducing participants’ pain. The results demonstrated that intramusical 
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features did not have any impact on pain threshold. Instead subjective enjoyment and the 

act of making a choice were both significant predictors of reduced pain experienced on the 

cold pressor task. Participants pain tolerance increased when they were given the illusion of 

choice between four songs compared having the illusion of choice between just two songs 

or having no input in the music selection. This was despite the fact that all 6 pieces of music 

were previously selected based on their intramusical features, and the participants had no 

actual control of the music during the experimental trials. Overall, these results provide 

empirical evidence for the role of the cognitive mechanism of Cognitive Agency and 

Meaning Making and Enjoyment in mediating the analgesic benefits of music listening as 

outlined in the Cognitive Vitality Model. The main limitation of study 3 is that it only 

examines synthetic pain in an experimental setting so it is unclear from this study alone if 

the Cognitive Vitality Model can be generalised to clinical pain settings, however this thesis 

attempted to address this shortfall in study 4. 

 

Key findings from Study 4: Patient Perceptions of the Cognitive Vitality Model  

 An important aspect of study 4 was to explore the degree to which the Cognitive 

Vitality Model could account for the analgesic benefits of music listening with a specific 

clinical population. Accordingly, study 4 examined the nature of music listening preferences 

for managing pain with a chronic pain population, using an online experimental design. The 

main aim of study 4 was to explore the degree to which chronic pain patient reports are in 

agreement with the cognitive mechanisms identified in the Cognitive Vitality Model mediate 

the analgesic effects of music listening. 

 Seventy patients with chronic pain completed the online experiment, which was 

conducted in two parts. First patients listened to 6 music samples and provided emotional 

and enjoyment ratings for each piece of music. The 6 pieces of music were the same 

pieces of music that were used in study 3, which were comprised of 3 Low Momentum and 

3 High Energy pieces of music. After the music listening trials patients chose a song that 
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they thought would be good for pain management and answered a questionnaire based on 

the Cognitive Vitality Model about the song that they chose. Each item of the questionnaire 

was developed to reflect a different mechanism of the Cognitive Vitality Model and 

participants were asked how much they agreed with each statement.  

  The results from the music listening trials demonstrated that patients had a 

preference for the Low Momentum music for pain management. Patients reported that they 

found the Low Momentum music significantly better for pain management, and significantly 

more enjoyable compared to the High Energy music. In line with this, chronic pain patients 

also reported that they found the High Energy music significantly more irritating. This finding 

is consistent Berlyne's (1971) inverted-U theory which suggests that there is an optimal 

level of arousal for music enjoyment, with boredom occurring when the arousal is too low 

and irritation occurring when arousal is too high. Chronic pain patients are already likely in a 

state of increased arousal due to the presence of chronic pain, and may be at an increased 

risk of overstimulation. Instead rather than focussing on any specific type of music energy, it 

is important that music interventions are optimized (Finlay, et al., 2015), so that patients are 

fully supported to choose music that meets their individual needs both in terms of arousal 

and also personal meaning. 

 The results from the questionnaire based on the Cognitive Vitality Model indicated 

that the pattern of patient responses corresponded with five separate factors. Overall 

patient reports agreed that these five factors were related to how beneficial they thought 

their chosen song would be for pain management. Additionally, regression analysis 

indicated that patient ratings for the cognitive factors of Musical Integration and Cognitive 

Agency predicted the degree to which patients thought the song would be helpful for 

reducing their pain. Patients felt that Musical Integration and Cognitive Agency were the 

most important factors to help manage pain from their perspective. Additionally, patients 

described in their own words how music listening can lead to a strengthened sense of self-

identity and social connectedness. This finding corresponds with previous suggestions that 
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personally significant music can be used to enhance an individual's sense of Cognitive 

Agency (Saarikallio, 2019). This is particularly important in chronic pain contexts where 

people often experience a diminished sense of self. Together these findings provide 

empirical support for the cognitive vitality model from the perspective of chronic pain 

patients.  

 

Synthesis of the main findings to revisit the Cognitive Vitality Model  

 Next the findings from studies 2, 3, and 4 will be synthesised paying particularly 

close attention to where these findings converge and conflict, to re-examine the Cognitive 

Vitality Model outlined in Study 1.  

Intramusical Features and Automated Attention.  

 In Study 3 there was no overall difference in participants’ enjoyment ratings between 

Low Momentum music and High Energy music. However, in study 4 chronic pain patients 

rated Low Momentum music as significantly more enjoyable than High Energy music. 

Additionally, chronic pain patients rated Low Momentum music as having significantly 

higher analgesic potential compared to High Momentum music, and rated High Energy 

music as significantly more irritating. The difference between the healthy laboratory 

experiment participants and the chronic pain patients highlights an important issue that 

should be considered. People with chronic pain experience higher levels of arousal, due to 

disrupted homeostatic regulation of the stress response system leading to higher levels of 

circulating cortisol (Melzack, 2001). This means that people with chronic pain can be more 

sensitive to auditory stimuli, and it is important to consider this when designing music 

listening interventions. As recommended by Finlay and colleagues (2015) it may be useful 

to optimise music listening to take account of the specific levels of pain experienced by 

individual patients. However, alongside the physical sensitivities that chronic pain patients 

encounter, it is also vital to take account of patients music preferences, and emotional 
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needs. The experimental work in Study 3 demonstrates that intramusical features alone are 

not responsible for overall increases in pain threshold. Alongside this Study 4 demonstrates 

that individual chronic pain patients can have directly conflicting opinions in terms of the 

type of music that is most helpful. During extreme pain flare-ups, some patients find the 

most benefit from music with strong beats, and other patients report that music with strong 

beats would make their pain feel worse rather than better. This underlines that while music 

may be chosen for some core intramusical features, there is considerable individual 

variation in terms of how and when different types of music may be used, depending on the 

specific needs of the patient.  

Choice and Cognitive Agency. 

 Cognitive Agency was identified in the literature review in Study 1 as one of the core 

cognitive mechanisms that mediate the analgesic benefits of music listening. Following this 

Study 2 was used to demonstrate that when patients were given more choice, they chose 

different music from experimenters. Crucially, Study 3 was used to isolate the role of 

Cognitive Agency as opposed to other factors that are confounded in self-chosen music 

such as familiarity or personal meaning. In Study 3 the illusion of choice experimental 

paradigm was devised to demonstrate that increasing levels of the illusion of choice 

predicted decreases in pain experience. Study 3 emphasises that the act of making a 

choice can contribute to the analgesic benefits of music interventions, in isolation from other 

parallel processes. Similarly, in study 4 the degree to which patients reported that their 

chosen song gave them a sense of Cognitive Agency predicted the analgesic potential of 

the chosen song. Together these findings support the role of the cognitive mechanism of 

Cognitive Agency in mediating the analgesic benefits of self-chosen. Patients tendency to 

acknowledge the role of Cognitive Agency is in line with the Cognitive Vitality Model, which 

suggests that patients increased awareness of enhanced Cognitive Agency contributes to a 

strengthened sense of self.  
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 The impact of making a choice emphasises the role of top-down processes in 

mediating pain perception. In line with the neuromatrix theory of pain (Melzack, 2001) top-

down processes can either amplify or dampen the initial nociception, depending on the 

nature of the top-down process. In this instance, asking people to make a choice over the 

music, gives the individual greater perceived control over the music. This enhanced 

perception of control may help to effortlessly change the nature of the interaction from being 

a passive listening process to one where the participant is more likely to become actively 

engaged. People might be more motivated to actively engage with the music when they 

have been more invested in the selection. In study 4 patients report that they have a 

specific reason for listening to their self-chosen piece of music to help with pain 

management. This provides a more ecologically valid insight into the role of Cognitive 

Agency in MLIs. In this instance choosing music is motivated by specific reasons, which 

gives participants a chance to exert their individual autonomy and subsequently enhance 

their internal locus of control. This finding corresponds with previous studies that have 

found that self-chosen music is related to an increased locus of control (Mitchell et al., 

2006, 2007). Pain management strategies that serve to enhance the patient’s internal locus 

of control have been shown to be the most effective in a range of different contexts (Crisson 

& Keefe, 1988; Mitchell, et al., 2006, 2007; Finlay, 2014). Accordingly, top-down processes 

in music interventions should be continued to be explored in the context of music-based 

pain management strategies.  

Enjoyment and Meaning Making. 

 When the findings from Study 3 and Study 4 are considered together, there appears 

to be converging evidence that enjoyment is an important part of mediating the beneficial 

effects of music listening. In Study 3 increased enjoyment was a strong predictor of 

decreased pain. Specifically, higher levels of enjoyment were related to decreases in pain 

intensity and unpleasantness, and increased duration times on the cold pressor task. In 

Study 4 a linear regression analysis is used to demonstrate that enjoyment was a 
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significant predictor of patient ratings of the analgesic potential of the music. While 

enjoyment was not directly assessed in Study 2, it is conceivable that people chose music 

that they found most enjoyable, which could actually be confounded with the intramusical 

features of energy and danceability. Together these findings demonstrate the importance of 

enjoyment both in a controlled experimental setting and also from the perspective of chronic 

pain patients. This is important because until now, very few studies have focussed on the 

role of enjoyment in mediating the analgesic benefits of music listening, as highlighted in 

Study 1.  

 In order to understand the mechanism of meaning making and enjoyment further 

this mechanism will now be considered more closely. Some authors claim that a deeper 

level of meaning and aesthetic engagement on a cognitive level is required in order to 

mediate the analgesic effects of music listening (Bradt, 2015; Finlay, 2014). In contrast to 

this, in Study 3 participants demonstrated an increased pain threshold related to enjoyment 

of unfamiliar music. The music was typical of generic pop music, without lyrics and seems 

unlikely to have provided an opportunity for self-reflection or deeper levels of engagement. 

Additionally, in Study 4 the factor analysis grouped the item referring to Enjoyment as being 

most similar from the patients perspective to Automated Attention rather than Meaning 

Making. Together these findings suggest that the mechanism of 'Meaning-Making and 

Enjoyment' could be further refined into two separate but interrelated components. 

Hedonistic forms of sensation seeking may be sufficient to provide at least minimal 

analgesic responses. However in study 3 and study 4 there is also parallel evidence that 

deeper levels of Meaning Making through personal meaning or cognitive appraisal also 

contribute to the analgesic benefits of music listening. For example, in study 3 when 

participants chose their own music from an unlimited selection, they experienced a much 

greater decrease in pain experience compared to any of the music listening trials. Similarly 

in study 4 chronic pain patients reported that the personal meaning of the lyrics contributed 

to the analgesic potential of the music. 
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 The Cognitive Vitality Model presents the process of meaning making and 

enjoyment as one mechanism. However, based on the findings and discussion in this thesis 

it must be acknowledged that these two components are potentially slightly different 

subcomponents of one over-arching mechanism. Enjoyment can occur at the very early 

stages of music listening, in the absence of personally meaningful music as demonstrated 

in Study 3. Whereas Meaning-Making tends to occur over a greater period of time and 

signifies the personal meaning that a person actively derives from music listening, based on 

both emotional references and cognitive appreciation (Meyer, 1956). At the same time, both 

Enjoyment and Meaning-Making rely on subjective evaluations of the music and result in a 

rewarding experience for the listener. In this regard it seems that these two processes are 

interlinked. However, based on the results of Study and 3 and Study 4 the relative hierarchy 

between Enjoyment and Meaning Making as outlined in the initial version of the Cognitive 

Vitality Model may need to be revised. Rather than Meaning-Making leading to enjoyment 

responses, it seems that Enjoyment happens at an earlier stage of the process and can 

happen in the absence of personally meaningful music. 

 Recent MRI studies may help to explain why subjective Enjoyment and Meaning 

Making could account for the analgesic benefits of music listening. Both hedonistic types of 

enjoyment and deeper forms of aesthetic engagement can be characterised in terms of 

activation of dopaminergic reward neural networks (Brattico & Pearce, 2013). Additionally, 

fMRI studies of music listening specifically in pain contexts, also illustrate increased activity 

in dopaminergic reward networks, that have been differentially linked to analgesic 

responses (Dobek, et al., 2014). By introducing a pleasurable experience at the same time 

as a painful stimulus, the brain is being asked to process two opposing stimuli 

simultaneously, which may lead to a misattribution of arousal to the music stimulus rather 

than the pain sensation (Cotton, 1981; Marin, et al., 2017). Accordingly, the high arousal 

state could be interpreted as pleasure rather than pain.  

Musical Integration and Cognitive Vitality 
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 The mechanisms of Musical Integration, and Cognitive Vitality were not manipulated 

using an experimental design to assess their role in mediating the analgesic benefits of 

music listening. In order to comprehensively assess the role of these mechanisms in 

mediating the analgesic benefits of music listening additional studies would be required. 

Nonetheless it should be recognised that Study 4 provides preliminary evidence of the role 

of Musical Integration based on patient self-reports and helps us to understand the level of 

awareness patients have in relation to the emotional or cognitive impact of music listening. 

Patients rich descriptions of Musical Integration suggest that full musical absorption as 

opposed to music listening is required to mediate the analgesic benefits of musical 

engagement. Perhaps Cognitive Vitality should be considered as the outcome of successful 

Musical Absorption. This highlights the importance of facilitating immersive music listening 

experiences in order to maximize patient engagement with the music (Bradshaw, 2013). In 

order to maximize the likelihood that patients will become fully absorbed, it is important to 

consider the wider musical experience to reduce the presence of other major distractors 

(Lee, 2016; Brattico & Pearce, 2013). Also additional strategies to enhance the music 

listening experience, such as additional visual supports (Chanda & Levitin, 2013) and an 

optimal listening environment should also be considered. Similarly the long term 

implications of enhanced Cognitive Vitality subsequent to musical engagement cannot be 

assessed based on the current findings, and warrants further investigation. 

Revisiting the Cognitive Vitality Model 

 At this point the Cognitive Vitality Model will be re-visited in light of the discussion 

based on the synthesized findings from Chapter 3, Chapter 4, and Chapter 5 and present a 

refined version of the model which takes these empirical findings into account. Specifically 

the relative hierarchy of Enjoyment and Meaning-Making should be reconsidered in light of 

patient responses to the Cognitive Vitality Questionnaire presented in Chapter 5. The 

Factor Analysis in Chapter 5 identified that patient responses related to Enjoyment were 

most similar to items related to Attention rather than Meaning Making. So it seems that 
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Enjoyment is involved at an earlier stage of the overall process, and may be act 

independently from Meaning Making. It seems plausible that Enjoyment may be required to 

sustain attention beyond an automated response. With this in mind a slightly refined version 

of the Cognitive Vitality Model will now be presented. 

 The presence of any music will initially attract at least Automated Attention, in line 

with the orienting response, and this lower level attention can be the foundation for deeper 

levels of musical engagement. Based on the patient responses to the Cognitive Vitality 

Questionnaire from Chapter 5 it seems that Enjoyment is required to sustain attention 

beyond an automated response. The reward of music listening acts as an incentive for the 

person to continue to listen and effortlessly maintain active engagement, self-chosen music 

is more likely to elicit higher levels of Enjoyment compared to unfamiliar music. 

 People then use Cognitive Agency to pay even closer attention to different streams 

within the music. This process relies on the individual’s specific reasons for listening, and a 

conscious awareness of the music. The role of Cognitive Agency is directly supported by 

the experimental results in Chapter 4 which that the actual act of making a choice can 

contribute to the analgesic effect of musical engagement. The interaction between the 

listener and the characteristics of a piece of music they enjoy operate in a process of 

emotion regulation, similar to Gross’ model (1998), where the listener can monitor and 

influence their response to the music.  

 Subsequently, continued focused listening for a specific reason, acts as part of a 

Meaning-Making process, initiated either by spontaneous emotional engagement with the 

music, or by cognitive appraisals of the lyrical meaning or aesthetic features of the music. In 

line with current theories of emotional engagement with music (Juslin, & Västfjäll, 2008; 

Juslin, 2013; Juslin, et al., 2013; Koelsch, 2012;) Meaning Making processes, are more 

important than the specific intramusical features of the music. Emotional and cognitive 

engagement during the Meaning-Making process may happen simultaneously, reciprocally 

or in isolation. Ultimately, this emotional and cognitive engagement should lead to a 
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rewarding experience for the listener, which may include an opportunity for personal 

reflection. The importance of Meaning Making processes were indirectly highlighted by the 

results in Chapter 4 which demonstrated a greater degree of pain decrease in response to 

self-chosen music compared to the unknown music trials.  

 As the personal Meaning-Making process continues, the listener may use their 

Cognitive Agency to decide to focus on different streams within the music, until they 

become absorbed in the musical experience. Musical Integration brings the music into the 

forefront of their consciousness, not just as an additional sensory component, but as an 

entirely absorbing phenomenological experience on a cognitive and emotional level. 

Patients rich descriptions of Musical Integration in Chapter 5 highlight that full musical 

absorption as opposed to music listening is required to mediate the analgesic benefits of 

musical engagement.  

 Finally, as a result of this meaningful, rewarding, absorbing music listening 

experience people develop a strengthened sense of self, and feel cognitively energized 

which is characteristic of enhanced Cognitive Vitality. Cognitive Vitality can be considered 

as the outcome of successful Musical Absorption. This additional Cognitive Vitality helps to 

facilitate vigilant coping with the painful experience, in a flexible manner that is appropriate 

to the type of pain being experienced. The flexibility of music listening means that it can be 

introduced alongside activities of daily living, as well as for focused music listening 

sessions, depending on the specific needs of the individual. However, in line with the 

Cognitive Vitality Model the specific parameters of MLIs need to be developed in a ways 

that facilitate enjoyment, absorption and active engagement with the music, as opposed to 

a passive music listening experience. 

 

Adaptive and maladaptive responses to self-chosen music 

 It is worth mentioning that if people are encouraged to choose their own music, it is 

possible that they may choose music that results in maladaptive coping strategies rather 
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than adaptive coping strategies (Carlson, Saarikallio, Toiviainen, Bogert, Kliuchko, & 

Brattico, 2015; Garrido & Schubert, 2013). For example music with negative emotions can 

be used adaptively as discharge music, where the music is used to express negative 

emotions in a constructive way, but music with negative emotions can also lead to 

rumination which is maladaptive. In a healthy population listening to music with negative 

emotions has been found to increase levels of anxiety and neuroticism (Carlson, et al., 

2015). Another issue is the possibility that positively valanced music could cause a sense of 

cognitive dissonance, if it feels very far removed from the persons current emotional state. 

 The impact of negatively valanced music has not been explicitly examined in a pain 

management context. Given that people with chronic pain often feel alienated and 

stigmatized (Waugh, Byrne, & Nichola, 2014), it is possible that music with negative 

emotions could help make people feel more connected to other people by recognising that 

negative effect is a normal part of human experience that many people endure. At this point 

it may be useful to assess the importance of music valence in the context of the Cognitive 

Vitality Model. An issue that may be more important than the valence of the music, is the 

degree of absorption that the person experiences. Some authors suggest that negatively 

valence music can seem less unpleasant depending on the individual’s capacity to enter 

states of absorption (Garrido, Schubert, 2013). If entering a state of absorption can 

deactivate displeasure circuits (Garrido & Schubert, 2013), then perhaps a state of 

absorption could also decrease the level of unpleasantness associated also with pain. The 

importance of absorption in mediating the analgesic effects of music listening is support by 

an fMRI study that highlights the role of the default mode network in mediating analgesic 

responses to music (Garza-Villareal, Jiang, Vuust, et al., 2015), as mentioned in the 

introduction. Increased activity in the default mode network supports self-referential 

thoughts and tends to reflect a reduced awareness of the external environment (Sheline, 

Barch, Price, et al., 2009). This reduced awareness of the external environment is in line 

with the concept of absorption, and indeed the mechanism of Musical Integration in the 
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Cognitive Vitality model. If absorption can reduce the perceived unpleasantness associated 

with the music, then the focus needs to be placed on creating absorbing music 

experiences, and the valence of the music becomes less important. 

 

 At the same time it is important not to disregard the potential for harm if music with 

negative affect encourages rumination with the chronic pain population, and this issue 

needs to be explored more explicitly in future studies. However when the patient responses 

in study 4 are considered, it seems that many patients with chronic pain seem to have good 

insight in terms of how to choose their music to match their needs. Many patients described 

how they would choose different music to support different activities, and for different pain 

management requirements, as identified by the theme Optimal Arousal (See Table 5.2). 

Some patients seemed to use music successfully to help self-manage their pain. However 

many others reported that they had never thought about using music, or mentioned that 

music they used music less as a result of their chronic pain. For this reason, in chronic pain 

contexts it may be important to transfer the focus of music interventions away from 

choosing the music for the patient and instead focus on how to support the patient in 

actively engaging with music on a regular basis.   

 

Contextualizing the findings in light of strengths and limitations 

 From a theoretical perspective the overall findings from this thesis contribute greater 

insight into the cognitive mechanisms involved in mediating the analgesic benefits of self-

chosen music. A scoping review in Chapter 2 introduced a comprehensive overview of five 

cognitive mechanisms and how they fit together to form the Cognitive Vitality Model. By 

introducing a theoretical framework, the Cognitive Vitality Model helped to generate testable 

hypotheses in relation to the relative impact of each specific mechanism. This provided a 

theoretical foundation which was then explored using empirical approaches. Subsequently, 
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empirical methods were used to explore the specific mechanisms of Automated Attention, 

and Cognitive Agency using audio feature analysis in Chapter 3. Then Chapter 4 was used 

to explicitly test the separate power of these two mechanisms while controlling for the role 

of Enjoyment in a behavioural experiment. Finally, in Chapter 5 patient perspectives on the 

Cognitive Vitality Model with a clinical population were explored, to determine the external 

validity of the model. The behavioural experiment presented in Chapter 4 is the first study to 

isolate the role of making a choice on the analgesic benefits of music listening, 

independently from other confounding factors attributed to familiarity or personal enjoyment. 

Participants’ pain tolerance increased when they were given the illusion of choice between 

four songs compared having the illusion of choice between just two songs or having no 

input in the music selection. This was despite the fact that all 6 pieces of music were 

previously determined by the experimenters based on their intramusical features, and the 

participants had no actual control of the music during the experimental trials. An additional 

strength of the behavioural experiment presented in Chapter 4 is that it is one of the few 

studies to directly explore the relationship between self-rated enjoyment and the analgesic 

effects of music listening. Despite increasing calls to consider individual enjoyment as a 

core component of analgesic MLIs, the scoping review presented in Chapter 2 identified 

that only 1 paper out of 75 assessed the aesthetic appeal of the music, and no paper 

directly assessed self-rated enjoyment as an outcome variable (Howlin & Rooney, 2020a). 

Together these findings support the Cognitive Vitality Model, and help us to understand the 

theoretical basis for music interventions for pain management.  

 An important limitation of the current thesis is that the Spotify audio features of 

energy and danceability have not yet been fully validated from a psychological perspective. 

This has implications for the overall validity of this method. It is not clear how the specific 

features of energy and danceability map onto psychological experience of listening to 

music, which makes it difficult to make firm conclusions from the results. Nonetheless, the 

findings from the audio feature analysis presented in Chapter 3 show that the more choice 
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a patient is given, the more the features of the music move away from the experimenter 

chosen music. Additionally, by characterising the music chosen by patients in terms of 

audio features, it facilitated a greater degree of experimental control over the music 

samples used in subsequent experimental paradigms in a more meaningful way. It is 

unlikely that any specific combinations of musical features universally lead to analgesic 

benefits. However to maximise the ecological validity of the experimental paradigm it is 

useful to be able to control for intramusical features of real music so that alternative 

cognitive mechanisms can be explored in a rigorous but controlled manner.  

 Future research could use outcome driven paradigms in order to identify the degree 

to which Musical Integration and Cognitive Vitality actually mediate the analgesic effects. 

Specifically, future experiments could isolate the role of absorption and the perception of 

time passing as two core components of Musical Integration. Additionally future studies 

could examine the outcomes associated with experiences of Musical Integration to assess if 

they correspond with descriptions of the mechanism Cognitive Vitality as outlined by the 

Cognitive Vitality Model. Additionally, this thesis demonstrates that enjoyment is an 

important component in mediating the analgesic effects of music listening, however only a 

minority of music listening studies consider self-rated enjoyment as an important outcome 

variable (Howlin & Rooney, 2020a). Further exploration of the nature of this type of 

enjoyment and the role of aesthetic emotions should be considered in future research 

(Menninghaus, et al.,2019). More behavioural experiments that capture self-rated 

enjoyment and explore the nature of meaning making processes within music experiences 

may help to understand how these processes interlink and inform future music 

interventions. Further validation of the Cognitive Vitality Model in this way will help to gain 

greater understanding of the cognitive mechanisms that mediate the analgesic benefits of 

music listening, and potentially help to improve the overall quality and consistency of MLIs. 
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Overall conclusion  

 The current thesis is the first attempt to understand the cognitive mechanisms that 

make MLIs work in pain contexts. This thesis addressed several research questions in 

order to gain a better understanding of the advantages of self-chosen music over 

experimenter chosen music. Overall, this thesis presented a theoretical model to explain 

the cognitive mechanisms involved in analgesic MLIs, followed by three studies to test the 

model. The scoping review presented in Chapter 2 introduced a comprehensive overview of 

five cognitive mechanisms and how they fit together to form the Cognitive Vitality Model. 

Initially, at a lower level, music captures our attention. Following this a person uses their 

Cognitive Agency to actively engage with the music listening experience. Processes of 

Enjoyment and Meaning Making, contribute to an intrinsically rewarding experience which 

motivates the person to continue listening until they become completely absorbed in the 

music. When patients become fully immersed they integrate the music with their pain, which 

makes it less unpleasant and less intense. Instead the person becomes more connected 

with aspects of their self that are reflected in the music, which leads to a strengthened 

sense of self, and ultimately a greater level of Cognitive Vitality.  

 The development of the Cognitive Vitality Model helped to generate testable 

hypotheses in relation to the relative impact of each specific mechanism. Based on the 

findings from the scoping review presented in Chapter 2, empirical methods were used to 

explore three specific mechanisms (Automated Attention, Cognitive Agency and Enjoyment 

and Meaning Making). The impact of Cognitive Agency was demonstrated in the audio 

feature analysis presented in Chapter 3 which identified that people choose music with 

different intramusical features compared to music chosen by experimenters. Subsequently, 

the limit of Automated Attention was highlighted in the behavioural experiment presented in 

Chapter 4 which highlighted that intramusical features alone cannot account for the 

analgesic effects of music listening. Importantly this was the first study to isolate the role of 

making a choice on the analgesic benefits of music listening, independently but alongside 
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the benefits attributable to Enjoyment. Accordingly, top-down processes in music 

interventions should be continued to be explored in the context of music-based pain 

management strategies. Lastly the field study presented in Chapter 5 was used to examine 

the external validity of the Cognitive Vitality Model with a clinical population. Chronic pain 

patients were in agreement that musical absorption mediates the analgesic benefits of self-

chosen music, and helps to elicit a strengthened sense of self.  

 While one of the main strengths of this thesis is that it provides an overarching 

evidence-based model of the cognitive mechanisms involved in MLIs it is important to 

recognize some of the methodological limitations including the validity of using Spotify 

audio features from a psychological perspective. Areas for future research in this area were 

dutifully considered in light of current conceptualisations of enjoyment and the potential for 

additional behavioural experiments. Overall, these findings contribute greater insight into 

the cognitive mechanisms involved in mediating the analgesic benefits of self-chosen 

music. 
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Abstract 

Aim: The aim of this review is to examine what is known from the existing literature about the characteristics of effective 

music listening interventions used in analgesic settings.   

Background: While meta-analyses demonstrate the effectiveness of music listening interventions, regardless of whether 

they are classed as music medicine or music therapy, it is not yet clear how the positive effects of music listening 

interventions (MLIs) are mediated. The absence of defined cognitive mechanisms coincides with inconsistencies in terms of 

how MLIs are delivered and evaluated with wide variability in terms of duration, frequency, style, genre, equipment, 

preparation, choice, rationale, personnel adopted and often a lack of suitable controls. Future improvement and refinement 

of MLIs depends on identifying the characteristics that mediate analgesic effects.  

Design: The protocol was designed using the principles from Arksey and O’Malley (2005) and Levac (2010).  

Methods: The protocol includes decisions about the review objectives, search strategy, inclusion/exclusion criteria, article 

selection process, data charting and synthesis and quality assessment.  

Discussion: The scoping review will help to identify what is known from the existing literature about the characteristics of 

effective MLIs used in analgesic settings and will contribute to guidance on optimal MLI design. 
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Introduction 
 

Music interventions are currently being implemented in 

anaesthesia and pain medicine, geriatrics, obstetrical care, 

neurological dysfunction and palliative care [1]. Music 

therapy interventions are differentiated from music 

medicine interventions, primarily because they involve a 

music therapist whereas music medicine interventions, 

involve listening to music offered by a health professional 

[2,3]. Music therapy relies on the therapeutic interaction 

between patient and therapist and often involves creating 

and discussing music [4], whereas music medicine 

interventions do not involve a music therapist and simply 

rely on music listening. However, meta-analyses have 

found no statistical difference between music therapy and 

music medicine studies [5,6], yet no explanation has been 

provided for the success of music listening interventions 

[5,6]. Moreover, in the absence of a music therapist or 

music creation, it is not yet clear how the positive effects 

of music listening interventions (MLIs) are mediated [7,8]. 

The absence of defined cognitive mechanisms 

coincides with inconsistencies in terms of how music 

interventions are delivered and evaluated [9,10], with wide 

variability in terms of duration, frequency, style, genre, 

equipment, preparation, choice, rationale, personnel 

adopted [5] and often a lack of suitable controls [10]. This, 

in turn, has led to large variations in overall effect sizes 

[6]. It is clear that further studies are required to isolate the 

characteristics of effective MLIs [5].   

Previously cited explanations of how music listening 

interventions mediate analgesic effects reflect a range of 
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factors, impacting different levels of neuropsychological 

processing of pain [1]. These include direct physiological 

stimulation of pain-inhibiting networks including 

endogenous opioids from the striatum [1-3,11]. It also 

includes two indirect mechanisms that may explain the 

effect of MLIs on pain. First, attention is re-directed from 

the pain stimulus to the aesthetic musical experience [12], 

which distracts people from the pain sensation [1,6,13,14] 

and corresponds with the result that 65% of patients report 

that they use music to distract themselves from pain [15]. 

Second, music influences affective states which may 

indirectly facilitate a re-evaluation of pain experiences as 

less severe [16] as an artefact of improved mood. This has 

been demonstrated in relation to headaches where 

increased positive affect leads to a decrease in perceived 

severity of a headache [17,18]. 

 

 

Why conduct a systematic scoping 

review on cognitive mechanisms? 
 

The analgesic effects of music interventions were initially 

demonstrated across a range of pain management contexts 

by Cepeda, Carr, Lau and Alvarez [19] although with 

considerable statistical heterogeneity in the data. However, 

these findings were reinforced when a recent meta-analysis 

that included 97 studies demonstrated that music 

interventions reduced both opioid and non-opioid intake 

[5]. It is noteworthy that neither of these reviews explored 

the cognitive mechanisms underpinning effective MLIs in 

the absence of a music therapist, despite many authors 

recognizing that these mechanisms need to be identified 

[3,5,7,8,20]. This is important given that the underlying 

cognitive mechanisms will be influenced by the 

characteristics of the intervention itself and so, in order to 

improve music listening interventions, we need to 

understand how they work. Furthermore, previous reviews 

have differentiated music interventions in terms of who 

delivers the intervention [6], despite the fact that MLIs 

could be considered both music therapy and music 

medicine. To address this, the current review will examine 

the characteristics of music interventions that focus on 

music listening  and explore potential cognitive 

mechanisms that are present with positive outcomes 

[3,5,10,21]. Specifically, the literature will be examined to 

identify if distraction or affect are identified as potential 

mediating principles of MLIs and how specific 

characteristics of MLIs are indicative of the concepts of 

distraction and affect. 

 

Aim 

 

The aim of this review is to examine what is known from 

the existing literature about the characteristics of effective 

music listening interventions used in analgesic settings. 

 

 

 

 

Review Objectives 

 

The primary objective of this scoping review is to explore 

the cognitive mechanisms underpinning music listening 

interventions in the context of analgesic effects, in order to 

inform future music intervention development by (1) 

identifying and describing the characteristics of music 

listening interventions when used in analgesic settings, (2) 

comparing the characteristics between MLIs that were 

effective to MLIs that were not effective & (3) identify 

whether characteristics of MLIs enlist increased distraction 

or changes in affect. 

 

 

Methods 
 

Study Design 

 

This study will comprise a systematic scoping review as 

opposed to a literature review as this method is considered 

more appropriate for collating descriptive aspects of 

empirical studies [22,23]. A descriptive-analytical method 

will be applied, which involves applying a common 

analytical framework to the primary research reports and 

collects standard information on all included studies. 

 

Search Strategy and source selection 

 

Electronic Databases 

 

A university librarian, specialising in literature reviews, 

helped to devise a sensitive search strategy to produce the 

type of studies relevant to the research question. An initial 

search strategy was devised that was later refined in the 

light of early results. This included specific search 

parameters that allowed a targeted search without using 

extensive limiters that may reduce the quality of the 

search. Limiters included studies published in the English 

language, since this was the only language of the 

researchers and studies published in peer review journals 

and studies where abstracts were available to enable 

further examination.  A systematic search will be 

conducted using a subgroup of the electronic databases 

included in the study by Lee [5] EBSCO Music Index and 

RILM and EBSCOhost Psychology and Behavioural 

Sciences Collection, CINAHL Plus (EBSCO) and Pubmed 

(Medline). These databases were chosen as they include 

music listening studies in a range of healthcare contexts 

from a multitude of health professionals, including music 

therapists. Unlike Lee [5], additional hand searching of 

music therapy journals will not be performed, given that 

these journals are included in the Music Index RILM 

database and will be searched systematically. 

 

Search Terms 

 

The primary search will include three search terms and 

their variations and MESH terms; pain, music and 

listening. As recommended by the research librarian the 
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Figure 1 Sample Charting form 

  

 Sample Charting form 

 Authors, year of publication, 

  location 

 

 Intervention timing, duration, 

 setting and comparator if any 

 

 Mode of music delivery, speakers, 

 earphones, video, quality of sound 

 

 Emotional valence of music used, 

  tempo and  genre 

 

 Carer group and care recipient 

 group 

 

 Methodology 
 

 Outcomes measured 
 

 Source Funding Source 
 

 

Quality Assessment 

 

In line with current guidance [25,26] a formal assessment 

of the methodological quality of included papers will not 

be conducted. However, only articles published in peer 

reviewed journals will be included, ensuring the integrity 

of the evidence base. 

 

 

Conclusion 
 

Previous literature reviews have examined the 

effectiveness of music interventions in analgesic settings 

[5,6], but have failed to identify the cognitive mechanisms 

underpinning music listening interventions [7,8]. This, in 

turn, has led to inconsistencies in terms of how music 

interventions are delivered and evaluated [9,10]. Since 

cognitive mechanisms will be influenced by characteristics 

of the music intervention, a systematic scoping review is 

needed to identify the characteristics of effective music 

listening interventions in analgesic settings. This will help 

identify what is known from the existing literature about 

the characteristics of effective music listening 

interventions used in analgesic settings and will contribute 

to future guidance on optimal music listening intervention 

design. 
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UCD School of Psychology 

 

Scoil na Síceolaíochta UCD 

Newman Building, 

University College Dublin, 

Belfield, Dublin 4, Ireland 

 

T: +353 1 716 8363/8369 

F:  +353 1 716 1181 
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An Coláiste Ollscoile, Baile Átha Cliath, 

Belfield, Baile Átha Cliath 4, Eire 

 

psychology@ucd.ie 

www.ucd.ie/psychology 

Information Leaflet for Choice and Music Listening Study 

 

This study is being conducted by Claire Howlin a PhD student, and supervised by Dr. Brendan Rooney, 

who are both based in the School of Psychology in University College Dublin. The study is focused on the 

role of choice in music listening, and how this impacts physical discomfort. 

What is this research about? This study is being conducted to try and understand more about how 

personal choice can impact the experience of listening to music, and how this might effect their ability to 

keep their hand in a basin of cold water with a temperature of 5°C. It is being completed as part of a PhD 

project by Claire Howlin.  

Why have I been invited to take part? People aged 18 years of age or older, who do not have a hearing 

impairment or need analgesic medication (painkillers) or treatment, and do not have any hypersensitivity 

to temperature, are being invited to take part. 

What will happen if I decide to take part in this research study? You will be asked to complete a series of 

tasks that involve selecting music and listening to the music while your hand is placed in a cold basin of 

water, and then answering some short questions directly afterwards. Placing your hand in the 5°C water 

poses the risk of mild physical discomfort. It is important that you and remove it as soon as it becomes 

too uncomfortable to continue.   This procedure will be repeated 7 times. Afterwards you will be asked to 

complete three questionnaires. The entire duration of the experiment will be 45 minutes. 

What are the risks of taking part in this study? There is a minimal risk that you may experience some 

mild physical discomfort during this study, if you leave your hand in the cold-water bath beyond the time 

instructed by the experimenter.  There is also a risk of inconvenience, as the study is expected to take 45 

minutes and it is important to consider this before agreeing to take part. 

What are the benefits of taking part in this research study? There are no direct benefits to you for taking 

part in this study, however your participation may contribute to our understanding of the impact of 

choice in music listening.  

How will the data be used? Your de-identified data will be stored anonymously using password 

protection and encryption so that your privacy will be fully protected. Findings from this study will be 

presented at university level and at national and international conferences. The findings will also be 

submitted for publication in peer-reviewed journals. However, no individual participant will be identified 
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CONSENT FORM 

DECLARATION  

I have read this information sheet and have had time to consider whether to take part in this 

study.  

I understand that my participation is voluntary (it is my choice) and that I am free to withdraw 

from the research at any time before the completion of the data collection session without any 

disadvantage. 

I understand that my data will be collected electronically and stored anonymously for an 

indefinite duration under password protection. 

I have had the opportunity to ask questions and discuss the study and I agree to take part in 

this research.  

 

By signing this consent form I agree to:  

a) Take part 

b) allow my anonymised data to be used for analysis 

c) allow my anonymised data to be archived indefinitely under password protection  

 

Name of Participant: 
(in block letters) 

 

Signature : 
 

Date:   
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Appendix D: Procedure for music stimuli selection 

1. Twenty pieces of music were selected from Spotify by the primary researcher. None 

of the music had any lyrics and represented a range of styles.  

2. The Spotify audio features of Energy and Danceability were extracted for each song 

from the Spotify Developer website, using API values (see Table 7.1).  

Table 7.1  

Spotify Audio Features 

 

Number Track Name Danceability Energy Tempo 

1 Sleeping music (calm sleep) 0.13 0.002 72 

2 Danger of Hell - Thomas Newman 0.19 0.009 78 

3 This isn't you - Kyle Dixon 0.13 0.019 80 

4 Abusey Junction - Kokoroko 0.72 0.346 84 

5 Streets of Philadelphia - Dúo Calientes 0.61 0.515 85 

6 Atlas - Estelle Blanca 0.47 0.552 87 

7 Printemps dans les restaurants - Restaurant Jazz 0.64 0.395 95 

8 Cornfield Chase - Hans Zimmer 0.33 0.229 96 

9 Lighthearted - Deep Chills 0.77 0.433 100 

10 Muscavado - Ralph Thomas 0.51 0.592 103 

11 The Balance - Moses Boyd 0.62 0.841 120 

12 Share My Dreams Extended Mix - MYNGA 0.76 0.615 122 

13 Bullit radio edit - Watermät 0.56 0.745 122 

14 Solero Original Mix - Sons of Maria 0.80 0.937 122 

15 Good Morning Susie Soho - Esbjörn Svensson Trio  0.58 0.314 126 

16 Wes Original Mix - Fritz Kalkbrenner 0.73 0.623 128 

17 Chasing Visions - vvano 0.60 0.582 130 

18 Pure Shade - Ezra Collective 0.47 0.419 137 

19 Never End - Deep Divers 0.69 0.267 152 

20 Loran's Dance - Idris Muhammad 0.53 0.574 157 

 

3. The Spotify audio features were categorised into low and high. Danceability values 

from 0 - 0.5 were classified as low, and danceability values from 0.51 - 1.0 were 

classified as high. Energy values from 0 - 0.4 were classified as low, and energy 

values from 0.41 - 1.0 were classified as high.  

4. The ratings for each song were compared, and songs were excluded if they had 

high values on one feature and low values on the other feature. Songs with both 
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high Energy and high Danceability were categorised as High Momentum music. 

Songs with both low energy and low Danceability were categorised as Low 

Momentum music.  

5. In order to determine potential familiarity of each song, 6 people rated each piece of 

music in terms of familiarity using a continuous rating scale that ranged from 0 'Not 

familiar at all' to 10 'Extremely Familiar'. Songs that received a Mean familiarity 

rating above 3 were excluded. 

6. This left 4 Low Momentum songs and 6 High Momentum songs (See Table 7.2). 

Three songs were picked in each category based on the most extreme danceability 

values. The songs selected for the Low Momentum trials were; Sleeping Music by 

Deep Sleep Music Collective, This Isn't You by Kyle Dixon, and Danger of Hell by 

Thomas Newman. The songs selected for the High Momentum trials were; Solero 

by Sons of Maria, Lighthearted by Deep Chills, and The Balance by Moses Boyd. 

 
Table 7.2  

Remaining Songs after Exclusion  

Track Name Danceability Energy Tempo Familiarity 

    Mean SD 

Low Momentum Songs      

Sleeping music - Deep Sleep Music Collectivea 0.13 0.002 72 3 3.16 

This isn't you - Kyle Dixona 0.13 0.019 80 2.6 3.21 

Danger of Hell - Thomas Newmana 0.19 0.009 78 2.2 2.68 

Cornfield Chase - Hans Zimmer 0.33 0.229 96 2.2 2.95 

High Momentum Songs      

Muscavado - Ralph Thomas 0.508 0.592 103 2.8 2.05 

Loran's Dance - Idris Muhammad 0.526 0.574 157 2.17 1.60 

Chasing Visions - Vvano 0.601 0.582 130 1.33 1.37 

The Balance - Moses Boyd b 0.618 0.841 120 1 1.22 

Lighthearted - Deep Chills b 0.767 0.433 100 1.8 1.30 

Solero Original Mix - Sons of Maria b 0.802 0.937 122 2.5 2.59 

Note. a denotes songs used in Low Momentum trials. b songs used in high energy songs. 

Abbreviation SD Standard Deviation. 
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Appendix E: Geneva Emotional Musical Scale and Permission  

Geneva Emotional Music Scale (GEMS-9) 
 

 

Instructions 

 

When providing your ratings, please describe how the music you listen to makes you feel (e.g., 

this music makes me feel sad). Do not describe the music (e.g., this music is sad) or what the 

music may be expressive of (e.g. this music expresses sadness). Bear in mind that a piece of 

music can be sad or can sound sad without making you feel sad. Please rate the intensity with 

which you felt each of the following feelings on a scale ranging from 1 (not at all) to 5 (very 

much). 

 

 

                      1                    2                         3                      4                       5 

Not at all        Somewhat        Moderately        Quite a lot        Very Much 
 

1. 
Wonder 
Filled with wonder, Dazzled, Allured, Moved 

1     2     3     4     5  

2. 
Transcendence 

Fascinated, Overwhelmed, Feelings of transcendence and spirituality 
1     2     3     4     5 

3. 
Power 

Strong, Triumphant, Energetic, Fiery 
1     2     3     4     5 

4. 
Tenderness 
Tender, Affectionate, In love, Mellowed 

1     2     3     4     5 

5. 
Nostalgia 

Nostalgic, Dreamy, Sentimental, Melancholic 
1     2     3     4     5 

6. 
Peacefulness 
Serene, Calm, Soothed, Relaxed 

1     2     3     4     5 

7. 
Joyful Activation 

Joyful, Amused, Animated, Bouncy 
1     2     3     4     5 

8. 
Sadness 
Sad, Sorrowful 

1     2     3     4     5 

9. 
Tension 
Tense, Agitated, Nervous, Irritated 

1     2     3     4     5 
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From: Zentner, Marcel Robert Marcel.Zentner@uibk.ac.at

Subject: Re: Request for GEMS

Date: 20 August 2018 at 16:11

To: Claire Howlin claire.howlin@ucdconnect.ie

Hi Claire, 

enclosed is the GEMS in 2 versions (the brief and ultra-brief). I am assuming that for the purpose of your study you need something 

economical (the full version has 45 items). I also enclosed an old study of ours that seems somewhat related to yours  (we did not use the 

GEMS then, b/c the study was conducted before the scale's publication). 

I am happy to grant you permission to use either version in the study you describe. For uses in other studies a separate permission would be 

required. 

Wishing you good luck with your study,  

Marcel

_______________

Marcel Zentner, Ph.D.

Professor of Psychology, Personality and Assessment

Editor-in-Chief (joint): Frontiers in Personality & Social Psychology

Department of Psychology | University of Innsbruck

Research Website | Email: marcel.zentner@uibk.ac.at

Am 20.08.2018 um 16:58 schrieb Claire Howlin <claire.howlin@ucdconnect.ie>:

Hi Marcel

I’m writing to request access to the GEMS. 

I am conducting a research project as part of my PhD that is exploring the cognitive mechanisms of music listening 

interventions in pain contexts. Several studies emphasise the role of musical emotions in mediating the benefits of music 

listening interventions, but very few have controlled or explicitly measured the role of musical emotions.

Currently we are designing an experiment using a cold pressor task, that will examine how long people can leave their hand in 

a cold basin of water while listening to different excerpts of music. As part of this study we want to measure musical emotions 

using a validated instrument, to examine the impact they have on pain perception. I include a link to my research gate 

profile so that you can see some of the preparatory work we have done for this study. 

We have signed the user agreement, included below and hope that it will be possible to access the GEMS questionnaires.

Best wishes,

Claire 

Claire Howlin
Music Psychology Researcher

PhD Candidate
Psychology of Media and Entertainment Lab
School of Psychology, 
University College Dublin

 +353 86 4106081 | claire.howlin@ucdconnect.ie | @dancingresearch | @irishresearch 

<gems_useragreement .pdf><PastedGraphic-1.tiff>

GEMS-25.pdf GEMS-9.pdf MusicandAudito

ryDistr…ion.pdf
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Appendix F: Ethical Approval and associated study documents for study 4 
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DEPARTMENT OF PSYCHOLOGY, ST. VINCENT’S UNIVERSITY HOSPITAL 

Research Team Contact Details 

 

Principal Investigator:  Dr. Paul D’Alton Email: paul.dalton@ucd.ie 

Clinical Advisor:  Dr. Rosemary Walsh, Department of Pain Medicine, St. Vincent’s University 

Hospital 

Academic Supervisor: Dr. Brendan Rooney, School of Psychology, University College Dublin. 

PhD Researcher:  Claire Howlin Email: claire.howlin@ucdconnect.ie 

RESEARCH PARTICIPANT’S RIGHTS 

If you have any questions about your rights as a research participant, then you may contact the 

Hospital’s Quality & Patient Safety Department 01 2214013 

 

 

  

mailto:paul.dalton@ucd.ie
mailto:paul.dalton@ucd.ie
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ONLINE INFORMATION PROVIDED TO PATIENTS: 

 

Using music in chronic pain management settings - What do 

patients think?  
  

  

 

  

WHAT IS THE PURPOSE OF THIS STUDY? The primary aim of this study is to assess if 

patients are interested in using music to help manage their pain, and to find out what types 

of music people with chronic pain prefer to listen to. 

  

WHY HAVE I BEEN CHOSEN? As a patient diagnosed with chronic pain we have invited 

you to participate in this study.  

  

ARE THERE ANY BENEFITS FROM MY PARTICIPATION? While you will not benefit 

directly from taking part in this study, the information we will obtain may help to improve 

music listening interventions for people with chronic pain. 

  

ARE THERE ANY RISKS INVOLVED IN PARTICIPATING?While there are no conceivable 

physical or psychological risks associated with this study, participants should be aware that 

questions will focus on their own personal experiences of music listening. Should you 

become distressed at any stage, you will have access to the Clinical Psychology team at St. 

Vincent’s Hospital.  

  

WHAT HAPPENS IF I DO NOT AGREE TO PARTICIPATE?If you decide not to participate 

in this study your treatment will not be affected in any way. 

  

CONFIDENTIALITY: Your participation in this study will be completely anonymous, no 

personal details or any information that could be used to identify you will be requested from 

you as part of the study. The data will be completely and irreversibly anonymized, meaning 

that it will not be possible to identify you from the data.  

  

WHO IS ORGANISING AND FUNDING THIS RESEARCH? This study is organized jointly 

by St. Vincent's University Hospital and University College Dublin and is funded by the 

Irish Research Council. You will not be paid for taking part in this study. 

  

HAS THIS STUDY BEEN REVIEWED BY AN ETHICS COMMITTEE? The St. Vincent’s 

Healthcare Group, Ethics and Medical Research Committee have reviewed and approved 

this study. 

  

CONTACT DETAILS:At this time, you may ask any questions you have regarding this 

research. Consequently, if any part of this research study is unclear, please do not hesitate to 

seek clarification from the researcher or her supervisor. If additional questions or concerns 

arise at a later date, you can contact the researcher via the information outlined below.  
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Principal Investigator:  Dr. Paul D’Alton  Email: paul.dalton@ucd.ie 

 

Clinical Advisor:  Dr. Rosemary Walsh, Department of Pain Medicine, St. Vincent’s 

University Hospital 

 

PhD Researcher:  Claire Howlin  Email: claire.howlin@ucdconnect.ie 

 

Academic Supervisor: Dr. Brendan Rooney Email brendan.rooney@ucd.ie 
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Log on to: tiny.cc/musicstudy

Is chronic pain impacting 

your everyday life?
If you are over 18 years old, this study may be for you.

Music study for adults with 

chronic pain

We're looking for adults 18 years and older who 

suffer from chronic pain to assess their interest 

in using music to help manage their pain, and to 

find out what types of music people with chronic 

pain prefer to listen to.

Participants will be asked to

• Scan the QR code below or log on to the 

website tiny.cc/musicstudy

• Complete an online survey 

• Listen to different pieces of music

• Rate each piece of music in terms of 

whether they find it energizing, relaxing, 

irritating, boring or enjoyable

Location
• The study can be completed at home or 

a location that is convenient for you, on 
a smartphone, tablet or home PC. The 
entire study takes 45 minutes to 

complete.

Are you eligible?
• 18 Years or older
• Currently have chronic pain

If you’re unsure if you meet 
the requirements, the study 

team:

• Claire Howlin, PhD Candidate
• claire.howlin@ucdconnect.ie

If you would like to take part 
scan the QR code or log on to 

tiny.cc/musicstudy
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Appendix G: CASP-19 Wellbeing Questionnaire 

 

   Often Sometimes Not 

Often 

Never 

1 C1 My age prevents me from doing the things I 

would like to 

0 1 2 3 

2 C2 I feel that what happens to me is out of my 

control 

0 1 2 3 

3 C3 I feel free to plan for the future 3 2 1 0 

4 C4 I feel left out of things 0 1 2 3 

5 A1 I can do the things that I want to do 3 2 1 0 

6 A2 Family responsibilities prevent me from doing 

what I want to do 

0 1 2 3 

7 A3 I feel that I can please myself what I do 3 2 1 0 

8 A4 My health stops me from doing things I want 

to do 

0 1 2 3 

9 A5 Shortage of money stops me from doing the 

things I want to do 

0 1 2 3 

10 P1 I look forward to each day 3 2 1 0 

11 P2 I feel that my life has meaning 3 2 1 0 

12 P3 I enjoy the things that I do 3 2 1 0 

13 P4 I enjoy being in the company of others 3 2 1 0 

14 P5 On balance, I look back on my life with a 

sense of happiness 

3 2 1 0 

15 SR1 I feel full of energy these days 3 2 1 0 

16 SR2 I choose to do things that I have never done 

before 

3 2 1 0 

17 SR3 I feel satisfied with the way my life has turned 

out 

3 2 1 0 

18 SR4 I feel that life is full of opportunities 3 2 1 0 

19 SR5 I feel that the future looks good for me 3 2 1 0 
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Appendix H: All items included in Cognitive Vitality Questionnaire 

Cognitive Vitalising Questionnaire (CVQ v1) 

 
In relation to the song you have just listened to, please indicate on the line how much you 

disagree or agree with the following statements: 

 
 

1. Overall how much did you enjoy this song? 

I did not enjoy it at all  I enjoyed it very much 

 

2. Overall how much were you bored by this song? 

I was not bored at all  I was completely bored 

 

3 Overall, how much were you distracted/immersed by this song? 

I was not distracted at all  I was completely distracted 

 

4. Overall, how much were you energized by this song? 

I was not energized at all  I was completely energized 

 

5. Overall, how much did this song make you want to move? 

I did not want to move at all  I wanted to move very much 

 

6. How much do you think this music would help to reduce your pain?  

It would not help at all  It would help alot 

 

7.. Would you recommend this song to other people to help with pain management? 

I definitely would 

recommend this song 

 I definitely wouldn't 

recommend this song 

 

8. This song would take over my thoughts effortlessly 

Strongly Disagree  Strongly Agree 

 

9. The lyrics in this song are meaningful to me 

Strongly Disagree  Strongly Agree 

 

10. This is mainly just background music 

Strongly Disagree  Strongly Agree 

 

11. I have a specific reason that I would listen to this song again 

Strongly Disagree  Strongly Agree 

 

12.. I don't think this was a good choice of song 

Strongly Disagree  Strongly Agree 

 

13.. This song gives me energy and mental strength 

Strongly Disagree  Strongly Agree 

 

14. Most people would agree with my opinion of this song 
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Strongly Disagree  Strongly Agree 

 

15. This is a beautiful piece of music to me 

Strongly Disagree  Strongly Agree 

 

16. This song does not capture my attention 

Strongly Disagree  Strongly Agree 

 

17. I lost track of time as I was listening to this song 

Strongly Disagree  Strongly Agree 

 

18. This song produces a whole body experience 

Strongly Disagree  Strongly Agree 

 

19. This song doesn't remind me of any specific memories 

Strongly Disagree  Strongly Agree 

 

20. Listening to this song doesn't give me an opportunity to be myself 

Strongly Disagree  Strongly Agree 

 

21. Listening to this song reminds me of good times 

Strongly Disagree  Strongly Agree 

 

 

Items 10, 12, 16, and 19, 21 are reverse coded. 

The line in each question response represents a continuous rating scale. 

 

 


